


















































































































































































































































































































































































































































































































































































































































Organic Contaminants 1in Biota

Delaware River Basin Commission staff (1984) discussed data from
analysis of fish tissue from the Delaware River. They reported only two
sources of this data: (1) routine fish tissue sampling begun in 1979 by the
four Delaware River Basin States as part of EPA's Basic Water Quality
Monitoring Program (They sampled up to ten locations in the river per year,
but the data was not all available then.), and (2) a 1983 special study by
the U.S. Department of Interior, Fish and Wildlife Service which contained
only limited fish tissue data. Some chlordane values from these sources
were a concern (1980 and 1981 data from Trenton, New Jersey and data from
the Delaware Estuary), but they reported only small (below action level)
quantities of other contaminants such as DDT and PEB in fish tissues. They
found concentrations of most toxics they measured from biota in the lower
Estuary and upper Delaware Bay even below detectable limits. The Commission
made clear, however, that "sufficient data have not been collected from
which to draw scientifically valid conclusions.

Butler (1973) reported pesticide residues in tissues of clams, oysters,
and mussels from six locations along the Delaware side of the Delaware Bay
from sampling 1967-1969. He also reported pesticide and PCB residues in
tissues of oysters from five locations along the New Jersey side of the Bay
from sampling 1966-1972. Following is a summary of the eastern oyster,
Crassostrea virginica, maximum residue data, with values shown in ppb, dry
weight (Stations are listed in geographical order going down river to the
mouth of the Bay.):

Delaware Stations DDT Dieldrin PCB
3 860 125
y 450 50
5 450 -—-

New Jersey Stations
5 1,225 115 5
Y 1,390 130 10
3 625 60 -
2 715 25-50 5
1 1,065 60 10

Butler commented that the "magnitude of DDT residues in Delaware clams and
oysters showed no trend toward increased or decreased levels during the 3-
year monitoring period. His New Jersey data show a decreasing residue trend
in 1971 compared to 1968-1969 data. The DDT tissue residues in New Jersey
oysters was clearly higher than residues in Delaware oysters from the
opposite shore of the same Delaware Bay.
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Effects: Populations

0'Conner (1986) discussed results of a NOAA project searching for
correlations between historical records of fishery stock size and
contaminant inputs. While data was too "sketchy" and methods of extraction
too imprecise to test for correlation between contaminant input and stock
sizes, O'Conner summarized some results indicating a negative correlation
between at least one increasing trend in human population or industrial
activity over the fifty year period 1928-1978 and stock sizes of blue crabs,
butterfish, scup, and shad.

There is evidence from 1982 and 1983 sampling upstream of the tidal
Delaware River by the Delaware River Basin Commission (1984) that these
sediments are not toxie. They found healthy, diverse, macroinvertebrate
populations there.

Maurer (1979), after reviewing some of his own earlier studies and
those of other investigators regarding pollutants and benthic invertebrate
populations in Delaware Bay, felt there was "little evidence to suggest that
levels of pesticides and hydrocarbons recorded in lower Delaware Bay have
any measurable, harmful effects on adult invertebrates."

Biggs, et al. (1984) studied and reported on the effects of coal
transfer on the aquatic environment of lower Delaware Bay. They expected no
measurable degradation to occur in surface waters of the Bay at any likely
annual transfer by any loading methodology and no measurable degradation in
bottom waters by use of conveyor/auger systems for coal transfer,
"Measurable environmental degradation will occur in the bottom waters from
dust emissions associated with five million tons per year loaded by
clamshell bucket" (Biggs, et al., 1984). They discussed composition of coal
including the existence of carcinogenic PAHs and the potential for leaching
of toxic organics from the coal into the aquatic environment. They
considered pH and dissolved oxygen concentration the parameters having the
greatest influence on the leaching of materials into seawater. They
suggested that coal dust could "capture" natural and anthopogenic organics
which would otherwise flow through the estuary into the ocean. The organics
adherring to the coal dust could then enter the food chain or become
incorporated into sediments.

Zooplankton could be adversely affected by the inecreased particulate
load from coal dust particles and that could lead to expanding detrimental
effects. Mysids comprise a large portion of the bottom-dwelling
invertebrates in the Delaware Bay and are important along with other
zooplankton and small benthic invertebrates as food for fish and crabs. The
larvae and juvenile of weakfish in the Delaware Bay feed primarily on
copepods and mysids. "Reduction in food resources of these fish would
adversely affect their populations" (Biggs, et al., 1984).
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NEW YORK: HUDSON RIVER - RARITAN BAY ESTUARY

The consolidated metropolitan area associated with New York City is the
most heavily populated in the United States, at 17,539,344 in 1980,
according to the 1986 World Almanac. Certainly we would expect high
production of anthropogenic pollutants to be reflected in high
concentrations in sediments and biota there, and in adjacent bodies of
water, unless some very effective controls have been used. We have used
over fifty sources of information regarding organic contaminants in the New
York Harbor, Hudson River - Raritan Bay, and New York Bight Apex areas to
form an image of the type and magnitude of a problem that may exist in this
aquatic enviromment. Figures 1 and 2, maps of the area, are included to
identify sites discussed.

PAHs in Sediments

~ Boehm (1981), Macleod, et al, (1981), O'Conner, et al. (1982), Reid, et
al. (1982), and Stainken (1984) all reported concentrations of PAHs in
sediments from locations in the Hudson - Raritan estuaries and in the New
York Bight.

Boehm (1981) sampled surface sediments from the New York Bight sewage
sludge dumpsite in the summer of 1980 and sampled from water column
- 8tations, and sediments in the Bight and in outer and inner New York Harbor
in the summer of 1981. He particularly noted differences between the sewage
sludge and the dredge spoil sediment composition. He reported total PAH
concentration in sewage sludge as 47,300 ppb; in the top 4.5 cm of dredge
spoil as 1,800 ppb; and in the layer 4.5 - 9 cm deep of dredge spoil as
27,000 ppb total PAH. Results of analysis of sediments for concentrations
of individual PAHs led to the estimate that 85 to 90 percent of the PAH
found in the sewage sludge samples originated from petroleum sources.
Dredge spoil samples, on the contrary, were rich in pyrogenic PAHs.

0'Connor, et al. (1982) reported concentrations of PAHs in sediments of
various sites in the Hudson - Raritan estuary, in the New York Bight region,
and in sewage sludge. Sampling was conducted in 1978 and 1979 and
originally reported in MacLeod, et al. (1981) and in O'Connor, et al. (in
Press, Environmental Pollution). O'Connor, et al. (1982) said that the
major source of PAHs to the estuarine/coastal system is the New York
metropolitan region. PAHs in harbor sediments come from oil spills, sewer
overflows, municipal wastewater discharges, and atmospheric fallout. A
summary of their data for mean values of total PAH in sediments follows:

Hudson - Raritan estuary = 42,700 ppb (dry wt.)
New York Bight region (range) = 22 - 6,000 ppb (dry wt.)
Sewage Sludge = 20,400 ppb (dry wt.)

O'Connor, et al. (1982) said that of the three classes of organic compounds

they studied - PAHs, PCBs, pesticides - "the PAHs represent the majority of
organic contaminants discharged into the Bight apex each year."
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Reid, et al. (1982) observed "PAHs . . . were widely distributed but
patchy, . . . with highest concentrations in the inner bight."

MacLeod, et al. (1981) gave results of analysis of sediments collected
from sites in various areas in New York Harbor and the New York Bight from
1977-1980. Following are some of these data for mean concentrations of
total PAH, shown in ppb (dry wt.):

Location Date PAH
Lower Bay Oct. '77 75, 442
Sandy Hook Bay Aug. '77 3,055
N.Y. Bight Apex Aug. 'T7 2,640
N.Y. Bight Apex Oct. '77 3,928
Mamaroneck River, empties

into N. Long Is. Sound Aug. '78 8,860
Hudson River at W.

Manhattan Is. Oct. '78 1,940
Shooters Is. Oct. '78 12,710
Hudson River, N. of Yonkers May '80 294
Upper Bay May '80 2,012
Ch. N. of Shooters Is. May '80 6,423
Fresh Kills Reach May '80 10,529

Stainken (1984) reported the mean value for PAH in his Raritan Bay
sediment samples as 911 ppb. He sampled in October and November of 1977.
Stainken's investigation indicated that circulation in the Bay deposited
PAHs, especially the high molecular weight 3-6 ring ones, which are less
soluble than others, in sediments along the southern shore of Staten Island.

Carriker, et al. (1982) stated that concentrations of PAHs in the New
York estuarine system and Bight were very high in sewage sludge samples
(1,000,000 ppb) and in estuarine sediments (2,000,000 ppb) and were low in
outer Bight samples (30 ppb).

PCBs and Pesticides in Sediments

Bopp (1979) called the New York Harbor "the largest area of rapid
sediment deposition in the tidal Hudson." He said that a million tons of
fine grained sediment are removed from the harbor each year by maintenance
dredging.

Bopp, et al. (1981) concluded from their study of PCBs in sediments of
the Hudson River that the system had been contaminated during the previous
three decades by discharges from two General Electric capacitor plants on
the upper Hudson to an average level of about 10,000 ppb PCBs in
contemporary tidal Hudson sediments. They found that the level of
contamination decreased with distance downstream from these manufacturing
plants. Carriker, et al. (1982) also called the capacitor manufacturing
plants the largest point sources of PCBs to the Bight/estuary region and
said the PCBs continue to be transported downstream with sediments even
though the discharges have stopped.
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Data concerning concentrations of PCBs in sediments from the Hudson
Raritan Bay, the New York Harbor, upper and lower Bays, and the New York
Bight Apex as reported by several investigators is shown in Table 1.

Dieldrin and chlordane concentrations reported by Bopp, et al. (1982)
are shown in Table 1. Pesticides enter the Hudson-Raritan estuary via
Hudson River transport and municipal wastewater. Major sources of the
pesticides are agricultural use in the Hudson/Mohawk and Raritan watersheds,
agricultural zones of eastern Long Island, and application of pesticides in
the metropolitan area for control of cockroaches and other vermin (O'Conner,
et al. 1982).

Belton, et al. (Oct., 1985) described a study by the Office of Science
and Research of the New Jersey Department of Environmental Protection in
which they discovered the highly toxic synthetic toxin, 2,3,7,8-TCDD, in
sediments and biota of the Passaic River-Newark Bay system. They found the
highest level of this dioxin in sediments at a site adjacent to the former
Diamond Alkali site in Newark, N.J., even though the plant had not been
operating for twelve years. They also discovered TCCD contaminated
sediments upstream adjacent to the Givauden Chemical Company. TCCD is a
chlorinated tricyclic aromatic compound which is an impurity produced when
certain other chlorinated chemicals such as chlorophenols, widely used as
pesticides, are manufactured.

PAHS in Water

Stainken and Frank (1979) sampled and analyzed bottom water (2-3 feet
above bottom) from 18 sites in the Lower New York Bay-Raritan Bay Camplex in
1977. Their analysis identified various PAHs present in water from some
sites, but most samples had concentrations of PAHs below their detection
level. A sample from near the Oakwood Sewage Treatment Plant (OKWD) was an
exception. Concentrations of 1, 2, 3 and 4 ring PAHs were approximately 5-
10 ppb each in the OKWD samples. "Although relatively high concentrations
of polynuclear aromatic hydrocarbons are found in sediments and animals,
very low concentrations occur in the water column" (Stainken and Frank,
1979).

Boehm (1983) reported mean total PAH concentration within the estuary,
landward of Rockaway Point as 13 parts per trillion (.013 ppb) and in the
New York Bight seaward of Rockaway Point as 1.9 parts per trillion (.0019
ppb) in surface waters and 55 parts per trillion (,055 ppb) in mid and
bottom waters.

Stainken (1984) found substantially lower mean values of PAHs in water

than in sediments and in bivalves of Raritan Bay. He reported a range of 5-
20 parts per trillion in Raritan Bay water samples.
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Table 1. Memn valwes far contaminant concentrations in New Yark sediments (ppb, dry wt.).

Location ]
{depth in am if known) Date Conc., Contaminant Reference
Raritan Bay (0-7) T3-716 200 P®B 1242 Bopp (1979)
Hudson Estuary at Manhattan

Island (0-53) H=T7 b,425 P 1212 Bopp (1979)

(53-60) =TT 75 PCB 12ip Bopp (1979)

Hudson River off Manhmattan

Island (050) 1975 4,950 P®B 1242 Bopp, et al. (1982)
Hudson River off Manhattan :

Island (0-50) - 1975 1,949 P®B 1254 Bopp, et al. (1982)
Hudson River off Manhattan .

Island (0-5) 1975 6,900 P 1242 Bopp, et al. (1982)
Hudson River off Manhattan ‘

Island (0-5) 1975 1,%0 P 1254 Bopp, et al. (1982)
Upper Bay (0-260) 1975 2,513 PCB 12l Bopp, e al. (1982)
Upper Bay (0-260) 1975 1,079 P®B 1254 Bopp, et al. (1982)
Upper Bay (0-10) 1975 1,630 PCB 12l Bopp, et al. (1982)
Upper Bay (0-10) 1975 610 PGB 1254 Bopp, et al. (1982)
Raritan Bay 1977 110 IPGB Stainken (1984)
Raritan Bay (0-12) 1977 125 PGB 12l Bopp + Simpson (1984-857)
Raritan Bay (0-12) 1977 % P®B 1254 Bopp + Simpson (1984-85?)
Raritan Bay 1977 2 IP®B Stainken + Rollwagen (1979)
Sandy Hook Bay 1977 700 IP(B Madleod, et al. (1981)
Lower Bay 1977 7 IPGB Mad.eod, et al. (1981)
N.Y. Bight Apex 1977 1,035 IPCB MadLeod, et al. (1981)
Sandy Hook 1977 72 IPGB Stainken + Rollwagen (1979)
Lover Bay 1977 10 IPGB Stainken + Rollwagen (1979)
Staten Is., intertidal 1977 467 PGB Stainken + Rollwagen (1979)
Mamaroneck River (empties

into Long Is. Sand) 1978 450 PGB MadLeod, et al. (1981)
Hudson River, Manhattan

Harbor, dredged material 1978 500 IPGB Mad.eod, et al. (1981)
Shooters Is. dredged material 1978 3,500 IP(B Mad.eod, et al. (1981)
Raritan Bay (0-12) 1980 488 P8 122 Bopp + Simpson (unpublished)
Raritan Bay (0-12) 1980 333 PB 1254 Bopp + Simpson (unpublished)
Raritan Bay (12) 1980 160 PGB 12l Bopp + Simpson (unpublished)
Raritan Bay (12) 1980 179 P®B 1254 Bopp + Simpson (unpublished)
Hudson River, N. of Yonkers 1980 & IPGB Mad.eod, et al. (1981)
Upper Bay 1980 130 IPGB Mad.eod, et al. (1981)
Ch. N. of Shooters Is. 1980 3,200 IPGB MadLeod, et al. (1981)
Fresh Kills Reach 1980 2,000 IPGB MadLeod, et al. (1981)
Hudson River, off Manhattan -

Island (0-5) 1975 65 chlardane Bopp, et al. (1982)
Hudson River, off Manhattan

Island (550) 1975 137 chlardane Bopp, et al. (1982)
Upper Bay, (0-10) 1975 165 chlardane Bopp, et al. (1982)
Upper Bay (10-250) 1975 178 chlardane Bopp, et al. (1982)
Hudson River, off Manhattan

Island (0-5) 1975 17 dieldrin Bopp, et al. (1982)
Hudson River, off Manhattan

Island (5-50) 1975 37 dieldrin Bopp, et al. (1982)
Upper Bay (0-10) 1975 37 dieldrin Bopp, et al. (1982)
Upper Bay (10-250) 1975 51 dieldrin Bopp, et al. (1982)
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PCBs and Pesticides in Water

Boehm (1983) remarked that average PCB concentrations in the estuary
landward of Rockaway Point are much higher than outside the estuary. He
also noted that PCB levels are higher in bottom waters than in surface
water.

Bopp and Simpson (unpublished) gave values for total PCBs they measured
in Hudson River water in 1979 and 1980. The average of PCB concentrations
from stations in the lower Hudson below the Tappan Zee Bridge and including
an East River station was 15 parts per trillion (.015 ppb). The range was
very small, from 14 to 17 parts per trillion. In Hudson River stations
above the Tappan Zee Bridge but only up to milepost 82 (82 miles north in
the Hudson from the Battery at the tip of Manhattan Island), concentrations
were higher, averaging 37 parts per trillion (.037 ppb).

MacLeod, et al. (1981) detected .01 ppb total PCBs in subsurface water
from a New York Bight station sampled in 1978. A surface microlayer sample
from the same station contained .2 ppb total PCBs, .003 ppb Dieldrin, and
.01 ppb Heptachlor.

Sloan, et al. (1985) reported PCB concentrations from two locations,
Stillwater and Waterford in the upper Hudson from sampling 1977-1983. These
data shown below basically indicate progressive decrease in PCB levels
through time; also levels are slightly higher in water from the more
northern location of Stillwater:

Hudson: at Stillwater at Waterford
1977 .69 ug/l .37 ug/l
1978 Jagoom .34 "
1979 82 A7 oom
1980 .33 0" 22 "
1981 .34 0 26 "
1982 24 .16 "
1983 .25 " A5 00

PAHs in Biota

O'Conner, et al. (1982) stated that "Contamination of biota with
pesticides, PCBs, and PAHs is essentially ubiquitous in the system (New York
Bight), but is at relatively low levels."™ They noted that PAH
concentrations in biota of the Bight were highest in blue mussels and
lobsters and lowest in fishes, and that concentrations were higher in
hepatopancreas and livers of lobsters and winter flounder than in edible
flesh. -

Reid, et al. (1982) noticed a slight tendency for total PAH, minus
phenanthrene, for all species combined to be highest in and near
Christiaensen Basin (near the New York Bight apex, betwen sewage sludge and
dredged material disposal sites). They also ranked species they analyzed
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according to overall PAH values - highest in rock crabs (almost all
phenanthrene), lobster next, and red hake next.

Pancirov and Brown (1977) reported measurements of PAH concentration in
fish, mollusk, and crustacean tissue from a variety of locations in North
America. Oysters from Long Island Sound and crabs from Raritan Bay had
higher than 2 ppb, wet wt. (approx. 10 ppb, dry wt.). They explained that
these waters "are exposed to municipal and industrial wastes."™ They
reported about 14 ppb (dry wt.) for total PAHs in their Raritan Bay crabs.,

Ecological Analysts, Inc. and SEAMOcean, Inc. (1983) observed from
results in MacLeod, et al. (1981) that replicate plankton/egg samples at
their station closest to the Sandy Hook - Rockaway Point transect collected
on the same date showed up to 1,000 fold variability in PAH concentrations.

MacLeod, et al. (1981) sampled fish and invertebrates from the New York
Bight area in 1977-1979 and reported tissue levels of individual PAHs for
some; though they found that most PAHs were not present above detection
levels., Following are some of the means of detectable concentrations of
PAHs (shown in ppb, dry wt.) for biota reported by MacLeod:

Lobster, Raritan Bay, 1978 Blue mussel, Sandy Hook, 1977
methynaphthalene........40 naphthalene...ceeeeeseesess50
phenanthrene.......es...30 phenanthrene.......ccec0ve..50
fluoranthene............20 fluoranthene.......ce.....400
PYrene...eceeescesssssss30 PYPreNe.seeeessasesassessss 400

benz(a)anthracene.........700
chrysene...ceceeeeeecesesa300

Blue mussel, Staten Island, 1979 Blue mussel, Coney Island, 1979
naphthalene....cceeeeseesses«100 naphthalene...ceeceseescesss.l40
1-methylphenanthrene..........50 1-methylphenanthrene........400
fluoranthene........vc0ev....300 fluoranthene..............1,000
PYPrEeNe.ceceeeececcssessscncsssdDO  PYreNC.iccesrtersssscssecessssl, 000

Winter flounder, Raritan Bay, Windowpane flounder, Raritan Bay,
1977 o 1977 o

naphthalene (in flesh)........17 naphthalene.....vevveveeveeess23
naphthalene (in liver).......270

Macleod, et al. (1981) reported that PAHs were not found above detection
levels in mackerel sampled from the New York Bight apex in 1977 or in surf
clams sampled from Rockaway Beach 1978-79. Stainken's (1984) mean value of
PAHs in bivalve tissue of the Raritan Bay - Lower New York Bay complex
sampled in 1977 was 387 ppb.

PCB & Pesticides in Biota

Stainken (1984) referring to bivalves sampled from the Raritan Bay -
Lower New York Bay complex in 1977 commented that "The tissues at all sites
generally contained more PCB than did the sediments." Stainken and
Rollwagen (1979) reported a range of PCB values in bivalves of 12-360 ppb,
wet wt. (approx. 60 - 1,800 ppb, dry wt.). Their values for PCBs in tissues

211



of oysters, soft and hard clams, are shown in Table 2 along with PCB levels
in biota reported in other studies of the Raritan Bay - Hudson River Estuary
and New Yor-k Bight apex.

Ecological Analysts, Inc. and SEAMOcean, Inc. (1983) noted that results
in MacLeod, et al. (1981) showed a high variability for PCB concentration in
plankton/egg samples from the New York Bight. Duplicate samples from their
site at the Sandy Hook - Rockaway Point transect had both the highest and
lowest values of PCB concentrations. Variability was in the range of 2-40
fold.

In 1975 Skea, et al. (1979) collected fish from a lake in New York and
placed them in cages in the Hudson River near Fort Edward and Rogers Island
for two weeks, then analyzed whole fish composite samples by species. They
also analyzed uncaged fish. PCB residues in the four species of caged fish
were similar, suggesting to them that bioaccumulation of PCBs from water
"does not differ substantially among species of similar lipid content and
size." Apparently the quantity of PCBs accumulated is closely related to
the fat content and weight of fish. The heaviest fish with the highest fat
content accumulated the largest amount of PCBs per fish. PCB concentrations
for each of the four species of fish caged and analyzed by Skea, et al,.
(1979) are shown in Table 2. The uncaged fish (fish before exposure to
Hudson River water) contained less than 20 ppb Aroclor 1016.

Sloan, et al. (1985) considered pumpkinseed, Lepomis gibbosus, a fish
sensitive to PCB environmental contamination and useful for monitoring
trends in PCB contamination of Hudson River biota. Referring to data from
pumpkinseed and water analysis they noted a decline in PCB concentrations
throughout the river in 1980. This decline was probably a response to the
1977 cessation of major PCB discharges at Fort Edward and Hudson Falls. In
1983 following a flood there was an increase in mean PCB concentration in
yearling pumpkinseed in the lower Hudson River, but there were no
significant changes in PCB concentrations in pumpkinseed collected in the
upper river, After comparing concentrations among other species and age
classes of fish through 1983 they found that "increases were not uniform,
neither was there evidence of continued decline." Given the relatively high
sediment concentrations along with fish concentration data they concluded
that "this system has reached a quasi-stable state with respect to PCB
levels in the biota."™ An October 9, 1981 press release included in New York
State DEC (Dec., 1981) report also stated that the decline in PCB levels in
Hudson River fish following termination of PCB discharges had stabilized.
It warned that higher spring flows could contaminate the lower Hudson
fisheries by washing PCB contaminated sediment down river. See Table 2 for
some of the data from Sloan, et al. (1985).

Belton, et al. (1983) discussed results of investigations of PCB
contamination in fish by the New Jersey Department of Environmental
Protection. The primary type PCB detected during these investigations was
Aroclor 1254, Most heavily contaminated fish included striped bass and
bluefish which "are quite important to both the recreational and commercial
fisheries in New Jersey." American eel, white perch and white catfish also
showed elevated PCB levels for both the sampling periods 1975-1980 and 1981~
1982. Atlantic sturgeon also had high PCB tissue concentrations, but
sampling size was too small to use results for managerial decisions (Bruce
Ruppel, Personal Communication, April 15, 1986). )
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Table 2a.

Organism

Striped bass
Spot
Vinter flounder
60-65 mm
220-495 mm
Snapper bluefish,
*30 cm
Weakfish, (26 cm)
Eels
caged Creek chubsucker
caged Yellow perch
caged Pumpkinseed
caged Brown bullhead
Striped bass
American eel
Bluefish
Striped bass

Bluefish

Winter flounder, with
fin erosion, muscle

Winter flounder, without

. fin erosion, muscle
Winter flounder, with
fin erosion, muscle
Winter flounder, with
fin erosion, liver

Winter flounder, without

fin erosion, liver
Winter flounder, with

fin erosion, liver
Brown bullhead, muscle

Yellow perch, edible flesh

Brown bullhead, edible
flesh
Striped bass, edible
portion
Atlantic tomcod
body tissue
liver
Brown bullhead, muscle
Brown bullhead, muscle
Pumpkinseed, whole

Pumpkinseed, whole

Pumpkinseed, whole

Striped bass, muscle

American shad, muscle

American eel, edible
portion

Location

Raritan Bay
Raritan Bay
Raritan Bay

Raritan Bay

Raritan Bay

Raritan Bay

Hudson near Rogers Is.
Hudson near Rogers Is.
Hudson near Rogers Is.
Hudson near Rogers Is.
Raritan/Sandy Hook Bays
Raritan/Sandy Hook Bays
Raritan/Sandy Hook Bays
Lower Hudson River
(0-15 miles)

Lower Hudson River
(0-15 miles)

Sandy Hook/Raritan Bay

Great Bay, NJ
(control area)
N.Y. Bight Apex

Sandy Hook/Raritan Bay

Great Bay, NJ
(control area)
N.Y. Bight Apex

Hudson at Stillwater
Hudson at Stillwater
Hudson at Stillwater

Staten Island

Hudson River estuary

Hudson at Stillwater
Hudson at Stillwater
Hudson at Stillwater

Hudson at Newburgh
Hudson at Newburgh
Tappan Zee Bridge

Tappan Zee Bridge

East River
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Date

1975
1975
1975

1975

1975
1975
1975
1975
1975
1975
75-80
75-80
75-80
75-80

75-80
76-77
76-77
76-77
76-77
76-77
76-77
1977
1977
1977
1978
1978
1979
1979
1979
1979
1979
1979

1979
1979

Conc.*

640-1,820
530

370
140

NN

N

3,090
630,
2,193
11,000
2,000
12,500
16,500
4,150
5,750
4,900
17,450

W wmNhNN

w w

17,200

365-700"

25-700"

395-5501

7,000-37,0001

1,250-12,0001

10,000-50,0001

532,500
60,000
550,000

26,950

850
187,600
44,850
45,700
99,550

15,150
14,950
34,950

6,850
14,225

1, 2

Mean values for TPCBs in fishes of New York Harbor and surrounding area in ppb, dry wt.

Reference

Pearce, 1979a,b.
Pearce, 1979a,b.
Pearce, 1979a,b.

Pearce, 1979a,b.

Pearce, 1979a,b. '
Pearce, 1979a,b.
Skea, et al. 1979.
Skea, et al. 1979.
Skea, et al. 1979.
Skea, et al. 1979.
Belton, et al. 1982.
Belton, et al. 1982.
Belton, et al. 1982.
Belton, et al. 1982.

Belton, et al. 1982.
Sherwood 1982.
Sherwood 1982.
Sherwood 1982.
Sherwood 1982.
Sherwood 1982.
Sherwood 1982.
Sloan, et al. 1985.
Horn + Skinner 1985.
Horn + Skinner 1985.
NYSDEC (3June) 1981.
Klauda, et al. 1981.
Sloan, et al. 1985.
NYSDEC (June) 1981.
Sloan, et al. 1985.
NYSDEC (June) 1981.
Sloan, et al. 1985.
NYSDEC (June) 1981.
NYSDEC (3June) 1981.

NYSDEC (June) 1981.
NYSDEC (June) 1981.



American eel, edible
portion
Brown bullhead, muscle

Pumpkinseed, whole
Pumpkinseed, whole
Pumpkinseed, whole

Striped bass

Striped bass, muscle
American shad, muscle
American eel, muscle

Yellow perch, edible flesh

Brown bullhead, edible
flesh

Yellow perch, edible flesh

Brown bullhead, edible
flesh

Pumpkinseed, whole

Pumpkinseed, whole

Pumpkinseed, whole

Pumpkinseed, whole

American eel, muscle

Striped bass

American shad, muscle

Pumpkinseed, whole

Pumpkinseed, whole

Striped bass

American eel

Bluefish

Bluefish

Bluefish

Striped bass

American eel.

Striped bass

Winter flounder

Pumpkinseed, whole
Pumpkinseed, whole
Brown bullhead, muscle
Pumpkinseed, whole
Pumpkinseed, whole
Bluefish

Bluefish

Bluefish

Striped bass

American eel

Upper Bay
Hudson at Stillwater

Hudson at Stillwater
Hudson at Stillwater
Hudson at Newburgh

Tappan Zee Bridge
Tappan Zee Bridge
Tappan Zee Bridge
Manhattan (Pier 40)

Ft. Edward/Thompson 1s.
Ft. Edward/Thompson Is.

Hudson at Stillwater
Hudson at Stillwater

Hudson at Stillwater
Hudsen at Stillwater
Hudson at Newburgh
Hudson at Newburgh
Tappan Zee Bridge
Tappan Zee Bridge
Tappan Zee Bridge
Hudson at Stillwater
Hudson at Newburgh
Raritan Bay

Raritan Bay
Raritan/Sandy Hook Bays
Raritan/Sandy Hook Bays
Hudson/Upper N.Y. Bay
Lower Hudson River
(0-15 miles)

Lower Hudson River
(0-15 miles)

Hudson River, km 30

Raritan Bay

Hudson at Stillwater
Hudson at Stillwater
Hudson at Stillwater
Hudson at Newburgh
Hudson at Newburgh
Hudson/Upper N.Y. Bay
Raritan/Sandy Hook Bays
Raritan/Sandy Hook Bays
Lower Hudson River
(0-15 miles)

Lower Hudson River
(0-15 miles)

Yellow perch, edible flesh Hudson at Stillwater
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1979

1980

1980
1980
1980

1980
1980
1980
1980
1980
1980

1980
1980

1981
1981
1981
1981
1981
1981
1981
1981
1981
1981
1981

1981

1981
1981
1981

1981

1982
1982
1982
1982
1982
1982
1982
1982
1982

1982

1982

18,700
61,700

100,600
108,650
23,150

38,400
29,900
7,750
29,450
105,000
50,000

5,000
60,000

68,250
71,700
11,625
13,900
54,150
22,200
7,000
69,100
12,&654
19,650“
5,300“
6,450
6,413
8,900

7,8004

17,5004

60,000
350

45,183
46,050
48,850
8,017
11,100
8,260
3,39
2,300
15,900

24,000

25,000

NYSDEC (Jure) 1981.

Sloan, et al. 1985.
NYSDEC (June) 1981.
NYSDEC (June) 1981.
Sloan, et al. 1985.
Sloan, et al. 1985.
NYSDEC (June) 1981.
NYSDEC (Dec.) 1981.
NYSDEC (June) 1981.
NYSDEC (June) 1981.
NYSDEC (June) 1981.
Horn + Skinner 1985.
Horn + Skinner 198S.

Horn + Skinner 1985.
Horn + Skinner 198S.

Sloan, et al. 1985.
Sloan, et al. 1985.
Sloan, et al. 1985.
Sloan, et al. 1985.
NYSDEC (Dec.) 1981.
NYSDEC (Dec.) 1981.
NYSDEC (Dec.) 1981.
NYSDEC (June) 1982.
NYSDEC (June) 1982.
Belton, et al. 1983.
Belton, et al. 1983.
Belton, et al. 1983,
Ruppel 1983.

Ruppel 1983.

Belton, et al. 1983.

Belton, et al. 1983.

0'Conner, et al.
1982 In: 0'Conner,
et al. (in press.).
0'Conner, et al.
1982 In: O'Conner,:
et al. (in press.).
Sloan, et al. 1985.
Sloan, et al. 1985.
Sloan, et al. 1985.
Sloan, et al. 1985.
Sloan, et al. 1985,
Ruppel 1983.

Ruppel 1983.

Belton, et al. 1983.
Belton, et al. 1983.

Belton, et al. 1983.

Horn + Skinner 1985.



Brown bullhead, edible

flesh

Hudson at Stillwater

American eel, edible flesh Hudson at Stillwater

American eel, edible
flesh

Striped bass, edible
flesh

Pumpkinseed, whole

Pumpkin seed, whole

Brown bullhead, muscle

Pumpkinseed, whole
Pumpkinseed, whole

Yellow perch, edible flesh
Brown bullhead, edible

flesh

Brown bullhead, edible

flesh

Yellow perch, edible flesh
Brown bullhead, edible

flesh

# Wet wt. converted to Dry wt. via Dry wt, = .20 (Wet wt.); therefore, ppb, Dry wt,

'to)
1. Range shown

Newark Bay at
Shooters Island
Newark Bay at
Shooters Island
Hudson at Stillwater
Hudson at Stillwater
Hudson at Stillwater
Hudson at Newburgh
Hudson at Newburgh

Ft. Edward/Thompson Is.
Ft. Edward/Thompson Is.

Hudson at Stillwater

Hudson at Stillwater
Hudson at Stillwater

2. No indication of wet/dry weight basis

:‘ 2231015
s 119

Fish species, Table 2a:

Striped bass ... Morone saxatilus

1982

1982

82-83

1983
1983
1983
1983
1983
1983
1983
1983

1983

1984
1984

Spot ... Leostomus xanthurus

Winter flounder ... Pseudopleuronectes americanus

50,000
150,000
12,425

23,085
45,450
54,250
84,000
13,450
12,817
165,000
75,000

85,000

25,000
55,000

Bluefish ... Pomatomus saltatrix

Weakfish ... Cynoscion regalus

American eel ... Anguilla rostrata

Atlantic tomcod ... Microgadus tomcod

Brown bullhead ... Ictalurus nebulosus

Pumpkinseed ... Lepomis gibbosus

American shad ... Alosa sapidissima

Yellow perch ... Perca flavescens

Creek chubsucker ... Erimyzon oblongus
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Horn + Skinner 198S.

Horn + Skinner 1985.
Belton, et al.,

1985 (Sept.)

Belton, et al.,

1985 (Sept.)

Sloan, et al. 1985.

Sloan, et al. 1985.

Sloan, et al. 1985.

Sloan, et al. 1985.

Sloan, et al. 1985.

Horn + Skinner 1985.
Horn + Skinner 1985.

Horn + Skinner 1985.

Horn + Skinner 1985.
Horn + Skinner 1985.

S (ppb, Wet



Table 2b. Mean values for TPCBs in invertebrates of New York Harbor and surrounding area in ppb,

dry wt.

Organism

Mercenaria mercenaria

Crassostrea virginica

Mya arenaria

Mercenaria mercenaria

Mercenaria mercenaria

Mya arenaria

Mytilus edulis

Homarus americanus flesh
Surf clams

Mytilus edulis

Hytilus edulis
Surf clams

Callinectes sapidus,
whole without shell

Callinectes sapidus,
hepatopancreas

Homarus americanus

Mytilus edulls

Mytilus edulis

Mercenaria mercenaria

Callinectes sapidus,
whole
Homarus americanus

Location Date
Raritan Bay 1977
Raritan Bay 1977
Raritan Bay 1977
Sandy Hook 1977

OKWD outfall in Lower 1977
Bay
Staten Is., intertidal 1977

Sandy Hook Bay 1977
Raritan Bay 1978
Rockaway Beach, Long Is. 1978
Staten Island 1979
Coney Island 1979
Rockaway Beach, Long Is. 1979
Tappan Zee Bridge 1979
Tappan Zee Bridge 1979
fRaritan Bay ?
Sandy Hook ?
Coney Island ?
Raritan Bay ?
Newark Bay

1982
Raritan Bay 1984

Conc.

5501

4051

#551

550
1,800
1,315
1,200
1,350

167
2,500
3,200

150

14,750
33,750

1,500
1,000
2,000

500

7,965!
3,600

Reference

Stainken + Rollwagen
1979.

Stainken + Rollwagen
1979.

Stainken + Rollwagen
1979.

Stainken + Rollwagen
1979.

Stainken + Rollwagen
1979.

Stainken + Rollwagen
1979.

MacLeod et al. 1982.
MaclLeod et al. 1982.
MacLeod et al. 1982.
MacLeod et al. 1982.
MacLeod et al. 1982.
MaclLeod et al. 1982.
NYSDEC 1981.

NYSDEC 1981.

0'Conner, et al.
1982. In: 0'Conner,
et al. (in press).
0'Conner, et al.
1982. In: 0'Conner,
et al. (in press).
0'Conner, et al.
1982. In: 0'Conner,
et al. (in press).
0'Conner, et al.
1982. In: O'Conrer,
et al. (in press).
Belton, et al.

1985 (Sept.)

Belton, et al.

1985 (Oct.)

1. Wet wt. converted to Dry wt. via Dry wt. = .20(Wet wt.); therefore, ppb, Dry wt. = 5(ppb, Wet

wt.)

Invertebrate species, Table 2b: Mercenaria mercenaria

Crassostrea virginica =

Mya arenaria = soft clam
Mytilus edulis = blue mussel

hard clam
Eastern oyster

Homarus americanus = American lobster
Callinectes sapidus = blue crab
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Bruce Ruppel, of .the Office of Science and Research within New Jersey's
Department of Environmental Protection (DEP) wrote in a recent but undated
flier about results of the DEP's PCB survey project. He reported that they
found detectable levels of PCBs in edible flesh of 75 percent of the finfish
and 50 percent of the shellfish. Only 2.4 percent of those finfish and none
of the shellfish contained levels at or above the Food and Drug
Administration "action level" for contaminated food of that time. The FDA
in 1977 proposed a lower PCB tolerance level of 2 ppm (2,000 ppb), then
adopted that level in 1984, Levels of PCBs in 11.1 percent of the finfish
the DEP surveyed exceeded the proposed level,

Belton, et al. (1983) noted that temporal trends in PCB contamination
varied among fish species. Aroclor 1254 concentrations remained relatively
constant in American eel and striped bass samples for the three sampling
periods 1975-80, 1981, and 1982. Concentrations declined steadily in white
catfish for each period. Levels decreased in white perch in 1981, then
increased in 1982, Levels in bluefish were lower in 1982 than in 1975-81.
They found that the larger bluefish (260cm.) contained mean IPCB levels
above the proposed FDA tolerance of 2 ppm (2,000 ppb). Generally results
indicated elevated PCB levels in all fish collected from the Hudson-Raritan
estuary in both 1981 and 1982. Ruppel (undated flier) said that "the Hudson
River still appears to be the most severely contaminated drainage within the
state's (New Jersey) water."

Reid, et al. (1982) reported that PCB values in biota were not
- consistently related to levels in sediments. The rock crab was an
exception. The difference between concentrations in the relatively
contaminated inner New York Bight area and concentrations for rock crabs
outside this area was statistically significant (p<0.01). Tissue level data
from windowpane flounder and lobsters appeared to be related to sediment
levels, but they could not establish definite statistical significance.
They had only one outer Bight sample for lobsters. They thought one reason
for the apparent inconsistency in relation of PCB body burdens to
contamination of sediments might be mobility of the species they sampled.

Reid, et al. (1982) compared their values for PCB concentrations in
biota to those of MalLeod et al. (1981). Theirs were similar for scallops
(<40 ppb wet or < 200 ppb based on dry wt.), and equal to or higher than
those of MacLeod, et al. (1981) for lobster, rock crabs, and windowpane
flounder, ’

Belton, et al. (Oct., 1985) reported concentrations of the highly toxic
dioxin, TCDD, in tissues of finfish and crustaceans from New Jersey
waterways. The following are mean concentration data from 1982 - 1984
samples from Newark Bay that contained detectable TCCD levels:

Blue crab, 1982 503 parts per trillion
composite hepatopancreas
Striped bass, 1983 40 parts per trillion

whole fish composite
Following are some Raritan Bay dioxin data:
Striped bass, (one sample) 1983 20 parts per trillion
American lobster, 1984 4y parts per trillion
muscle and hepatopancreas mixture
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Table 3a. Mean pesticide concentrations in fishes of New Yark Harbar, Hudson River, Raritan Bay, and
New Yark Bight Apex, shawn in ppb, dy wt. ‘

Organism
Mackerel flesh
Mackerel flesh
Winter flounder
Winter flonder
Striped bass

Striped bass
Striped bass

Winter flonder

Bluefish

Bluefish
Bluefish
Bluefish
Bluefish

Blwefish

Table 3. Mean pesticide concentrations in invertebrates of New Yark Harbor,
Yok Bight Apex, shown in ppb, dry wt.

Organism

Blue mussel
Lobster flesh
Blue mussel

Blue mussel,
Blwe mussel

Lobster

Blue mussel

Surf clan

Refarence

Location Dete  Pesticide Cane.
New Yark Bight Apex 1977 Dieldrin 46
New York Bight Apex 1977 DIT and metabolites 222
S. of Montauk, 1978 Dieldrin 4
Long Island

S. of Matauk, 1978 DOT and metabolites 690
Long Island

Tappan Zee Bridge 1980 DoT 1,200
Tappan Zee Bridge 1980 chlardane 0
Hulson River, km 15 2 00T 1,960
Raritan Bay ? DT I5
Raritan/Sandy Hook 1981 chlardane 551
Bays

Hudsarv/'Upper N.Y.Bay 1981 chlardane 1,030
Sandy Hook Bay =~ 1981 chlardane 1,069
Hudsor/Upper N.Y.Bay 1982 chlardane 198
Raritan/Sandy Hook 1982 chlardane 224
Bays

Raritan/Sandy Hook 1982 chlardane 139
Bays

Location
Sandy Hook Bay
Raritan Bay
Staten Islad

Staten Island
Sandy Hook

Raritan Bay

Caney Island

Rockaway Beach

Mad.ecd, e al. 1981.
MacLeod, et al. 1981.
Mad.ecd, e al. 1981.

MacdLeod, et al. 1981.

NYDEC (Dec.) 1981.
NYDEC (Dec.) 1981.
O'Camer, et al, 1982
In: 0'Comer, et al.
(in press).

0' Coner, et al, 1982
In: 0'Comner, e al.
(in press).

Belton, et al. 1983.

Ruppel 1983.
Ruppel 1983,
Ruppel 1983.
Ruppel 1983.

Belton, et al. 1983.

Raritan Bay, and New

Refearence

Dete Pesticide Cone.
1977 DOT and metabolites 21
1978 Dieldrin +H
1979 Dieldrin 10
1979 DIT and metabolites 340
? IDDT 35
? DT 130
? 30)))) 160
? DT 20
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Mad.eod, et al. 1981.
Madleod, et al. 1981.
Mad.eod, et al. 1981.
Mad.eod, et al. 1981,
0' Conner, et al. 1982
In: O'Comer, et al.

(in press).

0' Camner, et al, 1982
In: 0Camer, e al.

(in press).

O' Conner, et al, 1982
In: 0Comer, e al.

(in press).

0' Canner, et al. 1982
In: 0'Comer, et al.

(in press).



O'Conner, et al. (1982) remarked that flesh concentrations of DDT were
higher in striped bass from the estuary (Hudson and New York Harbor) than in
fish from the ocean (off Montauk Point) by a factor of between four and ten.
Table 3 shows mean pesticide concentrations in fish and some invertebrates
as reported by investigators from 1977 - 1982 sampling.

Effects: Populations

Jeffries (1964) studied distribution of estuarine zooplankton species
in Raritan Bay and in two other areas, Narragansett Bay, Rhode Island, and
the York River in Virginia in 1957 and 1958. He noted differences among the
three areas mostly in timing of seasonal changes, presumably due to their
climatic differences. He also noted differences in dominance. "Polychaete
larvae dominated the temporary plankton at both stations in Raritan Bay,
codominated with larval gastropods in Narragansett Bay, and shared secondary
overall relative importance with lamellibranch veligers in the York River."
Jeffries was able to separate local influences on estuarine zooplankton from
normal climatic variation. Consequently he concluded that in Raritan Bay
the relative proportion of major taxonomic groups indicated artificial
complications arising from waste materials. He noted an irregularity
peculiar to Raritan Bay. The copepod, Acartia tonsa, disappeared during
summer., It's disappearance paralleled drastic flucuations in phytoplankton
which respond to nutrients from discharged waste and land runoff with dense,
persistent spring blooms.

Pearce (1974) called the waters of Raritan Bay a "highly impoverished"
environment and discussed the "deterioration" of the Hudson River estuary.
He also noted that benthic invertebrate communities of Lower Bay and of the
area between Sandy Hook and the Rockaways vary tremendously by virtue of
varjations in sediment type, water depth, salinity, channel dredging, waste
disposal, ete.

As example, of the deterioration of the estuary, Pearce (1974) said
that commercially important species, particularly the American oyster, which
once were harvested from Raritan Bay, "are no longer present in sufficient
numbers to warrant commercial activities." He found standing crops,
diversity, and productivity of benthic invertebrates greatly diminished at
sampling stations, particularly at the western end of Raritan Bay, compared
to "the era before man began to impinge upon the waters." He attributed the
deterioration to physical disturbances and pollutants in Raritan Bay.

Pearce (1974) considered the significant effect of ocean dumping on
bottom dwelling invertebrates the important point of his presentation.
Frequently bottom samples from sludge and dredge spoil beds contained none
of the normal benthic fauna expected there. When samples from waste
disposal sites did contain benthic organisms, the divesity of species was
often greatly reduced. Pearce hypothesized that several factors including
toxins in sediments, reducing conditions with associated reduced dissolved
oxygen, and direct burial of the invertebrates were responsible.

Ristich, et al. (1977) reported on results of a 1972 benthic survey of

invertebrate fauna of the 80-mile area of the Hudson River from New York
Harbor to Poughkeepsie. They observed that salinity "was one of the most

219



important measurable factors controlling species range and community
boundaries." Lowest number of species was in fresh water. They reported
the highest number of animals in stations south of the Tappan Zee Bridge
(mile point 26). The data they presented indicated that the Hudson estuary
was healthy. High density of organisms and dominance of organisms such as
Cyathima polita, which are intolerant to pollution and enrichment were signs
of health. They did, however, find obviously stressed areas near sewage
treatment plants, sewage outfalls, and heavy industry, where they collected
few organisms.

Results from a study of the Hudson estuary in 1974-1975 reported in
Weiss, et al. (1978) agree with bivalve distributions reported in Ristich,
et al. (1977). Weiss, et al. (1978) also studied distributions of
foraminifera and diatoms and found them clearly salinity related. Their
descriptions of composite "assemblages" of mollusks, diatoms and
foraminifera should be useful to subsequent investigations attempting to
determine effects of factors other than salinity, such as organic pollution,
on communities in the Hudson estuary. ‘

Wolfe, et al. (1982) agreed with Pearce's (1974) assessment of the
Hudson-Raritan estuary. They believed pollutants had degraded the
enviromments, causing most severe effects in the western portions of Raritan
Bay and the New York Bight Apex. Although ecological changes in the New
York Bight can be documented, they noted the area had been subjected to such
a wide variety of pollutants for such a long time, they could not
distinguish which pollutants were responsible for which changes.

Franz (1982) reported the disappearance of molluscan species from
Staten Island by the 1920's., Historical accounts of New York's oyster
industry provided evidence that the major environmental deterioration of New
York Harbor occurred from 1890-1920. Records showed that "by the 1920's, DO
levels over much of the harbor had declined to critical levels..." (Franz,
1982). He said the number of species remaining in the 1920's is near the
present number. Franz compared species richness of mollusks in muddy sand
assemblages of Raritan Bay with analagous assemblages of other Middle
Atlantic coastal areas. The comparison indicated an impoverished condition
in Raritan Bay. Following are examples of molluscan species richness in a
few muddy sand habitats reported in Franz (1982):

Location Total Reference

Buzzards Bay 23 Sanders (1960)

Long Island Sound 14  Franz (unpublished, 1972 data)
N.Y. Bight Apex 9 Franz (unpublished, 1973 data)
.Raritan Bay 4  McGrath (1974)

Michael (1982) assessed the probable relative importance of petroleum
hydrocarbons in causing changes in benthic communities of the New York
Bight. He observed that changes in benthic community patterns in parts of
the New York Bight and in the Hudson River estuary were similar to those
caused by oil spills in locations where other contaminant levels were very
low, Although petroleum hydrocarbons include toxic and persistent PAH
components, Michael considered it most likely imposssible to identify
individual compounds responsible for changes in the benthic communities,
just as Wolfe, et al. (1982) thought.
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Reid, et al. (1982) identified a small, highly impacted area just west
of the sewage sludge dumpsite dominated by pollution tolerant polychaetes
Capitella sp. and an "enriched" zone surrounding that area. Crustaceans
were scarce, but density of several polychaetes, a small bivalve and an
anthrozoan were higher in the enriched zone. They found the lowest number
of species in the New York Bight at their station in the sewage sludge
deposition area. (Number of species is generally lower in stressed areas.)

Stainken, et al. (1984) reported results of sampling Raritan Bay
macrobenthos during the four seasons of 1979-80. Seasonal species data
indicated presence of different species between summer and fall, and between
spring and summer; but the head of the bay and mid bay consistently
contained the most species. They also reported a lower density of
Mercenaria mercenaria than earlier studies, but still judged from their
macrofaunal survey results that there had not been major changes in the
quality of the enviromment in the last six years.

Stainken (1984) sampled sediments at 14 sites in the Raritan Bay -
Lower New York Bay complex for benthic fauna in June and October - November,
1977. He examined the relationships of sediment PAH and PCB to species
diversity in June and to the dominant infauna, polychaetes and mollusks. He
discovered a correlation of -0.61 with numbers of polychaetes, indicating a
possible influence from the PAHs and PCBs in the sediments. Correlations
for the other relationships examined were indistinct; however, Stainken did
note an apparent trend toward decreasing numbers of species as total organic
loads (hydrocarbons, PCBs, PAH,) exceeded 300-400 ppm (300,000-400,000 ppb).
His study revealed "a trend toward decreasing diversity and density or
richness of fauna as the total sediment hydrocarbons and xenobiotics
increased" (Stainken, 1984). His results also showed decreasing numbers of
species with increasing percent silt-clay composition of sediments. He
considered the sediment characteristics and prevailing local currents the
dominant influences on distribution and abundance of fauna, but also
considered sediment xenobiotic loading a modifying factor.

Effects: Fish Abnormalities

Chang and Longwell (1984) studied abnormality and mortality in
planktonic Atlantic mackerel embryos in the New York Bight. They sampled in
May, 1977 and 1978. Results of multivariate analysis revealed that aromatic
hydrocarbons and salinity associated with the early development stages of
the mackerel as primary variables. Chlorinated compounds and temperature
associated with later development stages of the embryos. "However, in the
case of temperature and PCBs, the correlation of abnormality, mortality and
development delay with temperature is weaker than it is with PCBs" (Chang
and Longwell, 1984).

Sinderman, et al. (1982) declared that early life stages (early embryo
and late larval stages) and gonadal tissues of adult fishes and shellfishes
are particularly sensitive to pollutants. The organic contaminants of
particular importance are PCBs, DDT and its metabolites, and petroleum
hydrocarbons. They were concerned about the potential impact of pollutants
within New York Bight and adjacent estuarine areas on reproduction in the
large number of fish species which spawn there.
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Smith, et al. (1979) observed grossly visible abnormalities in livers
of Atlantic tomcod (Microgadus tomcod) they collected from the Hudson River
estuary. Histopathological examinations revealed a 25 percent frequency of
hepatocellular carcinomas in the 1977-78 spawning population.

Klauda, et al. (1981) measured PCB residues in liver, gonad, and body
tissue of adult Atlantic tomcod they collected in January and February, 1978
from the same spawning populations Smith, et al. (1979) studied and
investigated the speculation by Smith, et al. (1979) that PCBs may play a
role in the development of hepatomas in tomecod. Klauda, et al. (1981)
compared PCB levels from four types of livers - normal, and with each of
three categories of abnormality. They discerned no association between PCB
concentration and type of liver abnormality. They learned of evidence,
however, that tomcod livers which externally appear normal or "hemorrhagic"
(one of their three categories of abnormality) may eventually develop
neoplastic nodules and hepatocellular carcinomas. Thus they suspected
"normal livers may be rare in the Hudson River population of Atlantic
tomcod."

Pearce (1979b) described reports from several studies of fish disSease
in Raritan Bay and the New York Bight Apex. In July-August, 1967, 70
percent of 1,152 bluefish examined were diseased. Scientists found a 15
percent prevalence of fin erosion in 451 winter flounder from Raritan Bay in
March-May, 1973; they found only 2.2% of 480 winter flounder from Great Bay
in central New Jersey afflicted with fin erosion.

Murchelano and Ziskowski (1982) presented results of research on the
prevalence of fin rot disease of New York Bight winter flounder,
Pseudopleuronectes americanus during the five year period 1973-1977. They
found significant differences (P<0.05) in disease prevalence among three
areas - the Apex, Sandy Hook/Raritan Bays, and the control sites (Great Bay,
N.J. and offshore waters of the Bight) - in three of the years (1973, 1974,
1977). "The Apex had the highest prevalence of the disease (7.4%) for the
five year period..." the year of highest disease prevalence was 1973.
Following are percents of winter flounder collected having fin rot in 1973
in each area:

ADEX ©evtieerenennnnaansaaees15.0%
Sandy Hook/Raritan Bay .......8.0%
Control area ..i..vevevecescess2.1%

Study results showed that disease prevalence in all areas declined after
1973 even though the volume of sewage sludge and dredged materials dumped
into the Bight did not change much during the study period. Murchelano and
Ziskowski felt that fin rot would not reduce the marketability of the winter
flounder since the disease does not affect muscle tissue. They considered
presence of fin rot disease in Bight winter flounder an indicator of
environmental stress.

Results of a study of fin erosion of winter flounder from the New York
Bight Apex and Sandy Hook/Raritan Bay region and of flatfishes from Puget
Sound and southern California reported by Sherwood (1982) suggest that
exposure of susceptible species to PCB contaminated sediments contributes to
the development of fin rot. In the study conducted in 1976-1977, they
compared levels of contaminants in diseased flatfishes with levels in
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apparently healthy flatfishes from New York, southern California, and Puget
Sound. In all three regions "total PCBs in muscle, liver, and brain tissue
were higher in fishes with fin erosion from the contaminated areas than in
apparently unaffected specimens from the control areas." Sherwood (1982)
reiterated the point from Murchelano and Ziskowski (1982) that fin rot
disease signals the existence of a degraded enviromment. Sherwood did not
consider the fin condition a threat to public health, but she did caution
that consumption of fishes with eroded fins may be a problem in that they
are likely to have elevated levels of contaminants, possibly exceeding FDA
guidelines for total DDT and/or PCBs.

Effects: Mollusk and Crustacean Abnormalities

C. Austin Farley of the NMFS Northeast Fisheries Center in Oxford,
Maryland gave a presentation on October 30, 1985 at the 1985 Interstate
Seafood Seminar in Ocean City, Maryland entitled "Epizootiology of Presumed
Infectious Sarcomas in Chesapeake Bay Soft Clams, Mya arenaria." Sarcomas,
he defined in his presentation, are non-epithelial cancer type lesions.
Sarcomas, carcinomas (epithelial lesions), and leucemia are all generally
malignant neoplasms. Farley stated in his presentation, "There doesn't seem
to be any relationship with pollution and this disease." He defended that
statement with evidence from Boston Harbor and Raritan Bay where there are
high levels of benzo(a)pyrene. Farley looked at thousands of mollusks from
those areas and from other east coast areas and found no sarcomas in them.
He later elaborated on research results concerning mollusks in Raritan Bay
(Farley, Personal Communication, November 1, 1985), reporting results of
sampling at Ward's Point in Raritan Bay, near Staten Island. Even though
there is a lot of pollution there, he found no neoplasms in the mollusks.
When Farley has found mollusks with sarcomas, such as in soft clams from
Chesapeake Bay, he has not seen a relationship to pollution, though he is
willing to leave the possibility open.

Gopalan and Young (1975) collected shrimp samples from stations in the
New York Bight and from one station in western Long Island Sound from May-
October, 1972 and 1973. They found the incidence of shrimp shell disease as
high as 30 percent in certain localities in the Bight. They found that 30.8
percent of the Raritan Bay shrimp, 25 percent of the shrimp from the New
York Bight apex, about 9.4 percent of the shrimp from stations in Sandy Hook
Bay, and only 7.0 percent of the shrimp from the long Island Sound station
were afflicted with shell disease. "Diseased specimens were rarely
encouuntered in Y48 shrimp collected at Beaufort, North Carolina and 200 at
Woods Hole, Massachusetts, areas without substantive pollution" (Gopalan and
Young, 1975). Although these data suggest a possible relationship between
pollution and shell disease, results of laboratory experiments by Gopalan
and Young suggest a bacterial origin and contagious nature for the shell
disease. An antibiotic medium (artificial sea water with tetracycline
hydrochloride) greatly inhibited the rate of infection. In natural sea
water in an aquarium, half of the initially healthy shrimp became infected;
yet none of the healthy shrimp reared in the artificial medium became
infected. Also the antibiotic in the artificial sea water appeared to
retard the progression of the disease in infected shrimp.
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Young and Pearce (1975) discussed the effect of solid waste disposal in
the New York bight on lobsters, Homarus americanus, and crabs, Cancer
irroratus, inhabiting the vicinity of the dump grounds. The animals they
collected from the vicinity of sewage sludge and dredge spoil areas most
frequently showed pathological conditions such as exoskeleton erosions and
gill abnormality. Young and Pearce also collected crabs and lobsters from
clean areas and held equal numbers for six weeks in aquaria containing clean
sand and in aquaria containing sludge and spoils bottoms. Crustaceans in
aquaria containing sediments contaminated with sewage sludge and dredge
spoils all developed similar erosions. Gills of the crustaceans in those
aquaria became abnormal. Lobster gills were fouled with granular material
and filaments had a dark brown coating. Crab gills developed a brown
coating and distorted cuticle during the six week exposure to contaminated
sediments. These abnormal conditions did not appear in animals held over
clean sand, or in animals collected from clean areas. Disease in these
crustaceans, Young and Pearce think, may develop in response to low oxygen
concentrations and/or high bacterial concentrations in the contaminated
sewage sludge and dredge spoil sediments.

Effects: Sediment Toxicity

Zitko and Boehm present "threat ratings" of various organic compounds
in Chapter 5 of Breteler (1984) which are akin to sediment toxicity data,
but were apparently not calculated from results of experiments exposing
biota to New York Harbor sediments. Rather they used toxicity data from
bioassays establishing toxicity of individual compounds to marine biota and
information from the literature estimating toxicity of these compounds to
humans. They multiplied their "toxicity rating" value (using a scale of 0-
5, with 5 representing highest toxicity) by their sediment concentration
rating (also using a scale of 0-5) to determine "threat ratings." They
calculated sediment concentration rating, also called "abundance rating"
from data in MacLeod, et al. (1981) about the New York Bight including Lower
New York Bay sediments. Resulting ratings for PCBs, dioxins and some
pesticides follow:

Compound Toxicity rating Sed. conec. Threat rating

Humans / Marine rating Humans/Marine

Biota Biota
PCB 1016 + 1242 y 3 h 16 12
PCB 1254 y il 5 20 20
PCB 1260 ] y 4 16 16
Polychlorinated naphthalenes 4 y 1 Yy y
Chlorinated dibenzodioxins 5 5 1 5 5

(2, 3, 7, 8 TCDD)

Heptachlor y 3 2 8 6
Heptachlor epoxide y 3 3 12 9
Aldrin y y 1 ] y
DDT and metabolites 3 y y 12 16
Chlordane 3 y y 12 16
Trans-nonachlor 3 h b 12 16
Dieldrin 4 y 3 12 16
Endrin Y 5 2 8 10
Mirex y y 1 y ]
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Kepone y Yy 1 y y
Toxaphene Tl y 1 Yy y
Endosulfan h y 1 Y y
2,4-D 2 1 1 2 1
2,4,5-T 3 1 1 3 1

They classified the following halogenated hydrocarbons which received
a "threat rating" of 10 or above in the category of "major perceived
threat":

To humans To Aquatic Invertebrates
PCB-1016 PCB-1016

PCB-1254 PCB-1254

PCB-1260 PCB-1260

DDT and metabolites DDT and metabolites
Chlordane Chlordane
Trans-nonachlor Trans-nonachlor

Dieldrin Dieldrin

Lindane Endrin

Heptachlor epoxide

Zitko and Boehm cautioned against exclusive use of acute toxicity values
which may be misleading. As an example they mentioned investigations
demonstrating the chronic toxicity of PCBs to a wide variety of organisms.
Primarily these investigations indicated significant decrease in
reproductive success resulting from prolonged exposure to PCBs. They
considered acute and chronic toxicity as well as carcinogenicity in
assigning toxicity ratings to compounds.

J.M. Neff in Chapter 7 of Breteler (1984) presents "threat ratings"
for total hydrocarbons, alkanes, and PAHs of the Hudson-Raritan estuary,
calculated in a manner similar to calculations for "threat ratings"
described for halogenated hydrocarbons in Chapter 5 by Zitko and Boehm, i.e.
the product of a "toxicity rating" and an "abundance rating." His "threat
rating" to aquatic biota for total hydrocarbons was 8-12 placing them in the
"major perceived threat" category. "Threat rating" of total hydrocarbons to
humans was 4-8, classifying them a "potential significant threat" for
humans. Alkanes received a "threat rating" of 2-3 indicating "no perceived
threat™ to either aquatic organisms or humans. Based on rather high
concentrations of PAHs in sediments and existance of some commercially
important benthic invertebrates in the Hudson-Raritan estuary along with a
toxicity rating of 3, based on acute toxicity of low molecular weight PAHs,
"threat rating" of PAHs to estuarine biota was placed at 9-12, thus
considered "a major perceived threat" to them.

"The main threat to human health of PAH is their well-known mammalian
carcinogenicity. Because carcinogenic PAH occur at relatively high
concentrations in the estuarine system, including the tissues of exploited
fish and shellfish species, the human toxicity rating was placed at 4"
(Breteler, 1984). The resulting "threat rating" for PAH in the estuary to
man was 12-16, considered "a major perceived threat."
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Impacts: History

Pearce (1979a) gave historical examples of pollution problems. He
said Raritan Bay was the most heavily polluted of the major embayments of
the northeasterm United States and that it had been polluted along with
estuarine portions of the rivers for decades. His examples included a
problem of coal oil tainted oysters and shad at the time of the Civil War,
water quality problems necessitating closure of the New York Aquarium in
1912 and a problem of industrial wastes threatening the existance of
commercial oysters during World War I. He discussed disease and low
dissolved oxygen as two causes of decreases in populations. These
parameters in some cases may be related to organic pollution. Pearce noted
"accumulations of organic materials... can be suspected to have locally
resulted in reduced DO in Raritan Bay and the contiguous coastal zone." He
further directed attention to the double threat of organic matter which
accumulates in the sediments off the Hudson-Raritan estuary. This matter is
dredged from shipping channels, then dumped at offshore sites. It affects
the benthic habitat first during accumulation in harbors and estuaries and
second when it is dumped in offshore coastal enviromments.

Impacts: Fisheries and Human Health

Hydroscience, Inc. (1978) conducted a project to estimate possible
effects of remedial action, primarily of various upstream dredging schemes
for reducing PCB sources in the Hudson, on the Hudson River ecosystem, and
especially the fishery there. They reported that effects would vary with
species, location, and age of fish. For example, older fish may retain
higher body burdens due to their lower excretion rates. They estimated
extensive upstream reductions of PCB inputs to the estuary might reduce body
burdens on larger fish by about 30-50 percent; but the levels might still be
close to the 5,000 ppb FDA action level at the time and above the proposed
2,000 ppb action level, (That proposed FDA action level for PCBs in fish
went into effect in 1984). So, the fishery might be in a marginal
condition. Their analysis indicated that if no action were taken, more than
a decade might be required before substantial improvement would be noticed
in PCB concentrations of the fishery especially the striped bass. "Under
extensive upstream dredging, reduction in fish PCB body burden may result
after a period of several years to about less than a decade" (Hydroscience,
Inc. 1978).

Larry Skinner from New York State Department of Environmental
Conservation's Division of Fish and Wildlife spoke about policies in New
York State concerning chemical contaminants in fish (Skinner, October 30,
1985). Impacts are seen in New York in the form of health advisories,
fisheries closures, and fisheries regulations. Some closures resulting from
knowledge of high levels of organic contaminants in fish include the
following: upper Hudson within a 50 mile reach (PCB), lower Hudson,
commercial striped bass (dioxin), and marine waters of western Long Island
and New York Harbor (PCB). Actually fish in the eastern portion of Long
Island have PCB levels nearly as high as those in the western portion.
Levels of 3,000 ppb (above the new FDA action level) are found there, yet
fisheries are still open. The decision regarding drawing the line between
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east and west Long Island was arbitrary and residents of the area are
confused and some (those that 1live and like to fish on the side in which
closure is in effect) are angry about it .

Belton, et al. (Oct., 1985) reported on a study of dioxin
contamination of sediments, fish and crustaceans in waterways of New Jersey
by the Office of Science and Research within the New Jersey Dept. of
Environmental Protection. Results of this study led Commissioners of the
New Jersey Department of Environmental Protection and Health in August of
1984 to order "prohibition on the sale and consumption of all fish and
shellfish taken from the tidal Passaic River." They extended that ban to
include striped bass and blue crabs taken from Newark Bay and some adjoining
waterways. They decided information about lobsters was not sufficient to
make a conclusion about health risks from their consumption.

Using an EPA method of human cancer risk assessment based on results
of a study of effects of PCB 1260 on rats along with their own data on
tissue concentrations of PCB in fish and crabs collected in New Jersey
water, Belton, et al. (Sept., 1985) calculated that lifetime daily
consumption of 36.8 grams of fish contaminated with 2 ppm (2,000 ppb) PCB
would result in approximately 450 cancers per 100,000 people. More
specifically they concluded that "37 persons in a population of 10,000 who
ate 15.7 grams of Hudson River or Newark Bay striped bass per day over a
lifetime might develop some form of liver cancer." This excessive risk,
over the typical benchmark acceptable risk of one cancer/million people, was
the basis for New Jersey's regulatory responses of commercial fisheries
. closures for striped bass in affected areas and of issuing warnings to the
public against consumption of contaminated fish., Belton, et al. (Sept.,
1985) also gave results of a "Fisherman Survey." Fishermen's risk
perception revealed in survey results were interesting. Only 35 percent
thought fish in the New York-Newark Bay area were not safe to eat and 31
percent of those who consumed the fish thought their catch was contaminated,
but ate it anyway!

Ruppel (undated flier) discussed adverse health effects of PCBs
including nervous system disorders, reproductive difficulties, skin rashes,
swollen joints, gum discoloration, eye discharges and lethargy (symptoms
that developed in people ingesting PCB contaminated rice oil in Japan in
1968) and illustrated fish filleting, skinning, and cooking technique
designed to reduce health risk in fish consumption. He added that the FDA
recently determined that "the major source of PCB exposure is through food
ingestion, with fish being the singly most important dietary contributor.

In Chapter 6 of Breteler (1984) M.S. Conner, C.E. Werme, and K.D.
Rosenman discussed the public health consequences of organic compounds in
the Hudson-Raritan estuary. Table U containing Tables 27 and 28 of Breteler
(1984) shows carcinogenicity of PAH, PCB, and certain pesticides,
concentrations of these contaminants in fish and invertebrates and human
cancer risk from consumption of winter flounder, windowpane flounder,
lobster, and mussels from Raritan Bay and striped bass from the Hudson
River.
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Table 27, Carcinogenic potency factor and wet weight concentrations of contaminents in individual fish or shetifish from the Hudson-Raritan Bstuary 8

¥et welght concentrations (ppd) lfommcle

: : Carcinogenlic Raritan Bay . Raritan Bay Hudson River -Raritan Bay Raritan Bay

Compound potency factoe winter flounder windowpane flounder striped bass . lobster mussels
Chlordane 1.61 8.0 8.0 3.0 6.0 3 6.3 I 1 168 &t 17 23 11 L] 10.4
DDT and metabolites 8.42 16.0 0.0 9.0 22,0 131 189 792 1392 306 1.2 10,2 299 20.2 20.2 66.3
Dieldrin 3040 0 (¥ )0 0 38 8.2 0 0 0 (X N 0 22 23 0
Hexachlorobenzene 1.69 0 0 0.6 0 0.4 0.4 | 0 0. 0y 03 14 L1 09 0
Heptachlor 3.3 0 0 0 0 0 0 0 0 0 08 0.7 0 0.2 0.l 0
Lindane 0.78 0 2.0 1.2 (] 0 o8 | o 0 /] 0 0. © 0 02 - 0
Nonachlor od 8.0 6.0 6.0 4.0 1.9 82 192 192 1s 32 3% M6 22 2 6.5
PAH ¢ : -0 6.0. 8.0 10.0 12.0 188 130 10 3 0 " 12.8 233 7727 6.6 368 250.9
pCB 43 100 80 80 160 76 126 12960 8880 3120 96 357 230 220 207 136
A Data from Macl.eod et al. (1981).

b No experimental evidence of carclnogenicity,

€PAH included naphthalene, l-methyinaphthalene, biphenyl, phenanthrene, fluoranthrene, pyrene, chrysene, and benz(aanthracene. No experimental
evidence has finked any of thése compounds to cancer.

Tadle 28. wmw&amknmﬁeamumamﬁﬂm'uam'nq

Raritan Bay Raritan Bay Hudson River Raritan Bay Raritan Bay
Compound winter flounder windowpane flounder striped bass lobster mussels

Chlordane 1.2 . 1.2 1.2 0.9 0.6 0.9 22 2 23 0.72 0.23 0.3% 0.16 0.17 1.6
DDT and metabolites 13 . 7.3 7.0 17 10 15 620 1100 390 8.8 8.0 23.39 16 16 2
Dieldrin 0 11 11 0 1 12 0 0 0 18 1 0 6.2 6.3 0
Hexachlorobenzene 0 0 0.1 0 0.1 0.l 0 0 0 0.03 0.05 0.18 0.17 0.1% 0
Heptachloe 0 0 0 0 0 0 0 0 0 0,25 0.21 0 0.07 0.0% 0
Lindane 0 0.1 0.09 0 0 0.1 0 0 0 0 0 0 0 0.02 0
Nonachtoe 0 0 0 0 0 0 0 0 0 0 0 0 0o .00

PAH 0 0 0 0 0 0. 0 0 0 0 6 0 0 .00 0
1 304:) 40 32 32 (1) 3 31 3200 3600 1300 | 39 180 93 89 & 63
Additive risk 5 3 7] 3] 52 78 5500 4700 1700 67 170 120 110 110 120

Table 4. Tables 27 and 28 (Breteler, 1984).



Reid, et al. (1982) did not seem as concerned about the impact of
organic contaminants in their reported area of study, the New York Bight and
Long Island Sound, on human health as other investigators (Breteler, 1984;
Belton, et al., Sept., 1985 and Oct., 1985; Skinner, Oct. 30, 1985) who
reported on conditions in Newark Bay and the Hudson River - Raritan Bay
estuary. "Contaminants in demersal biota did not appear to be in
concentrations sufficient to cause concern for human health; [although] body
burdens were elevated compared to reported concentrations outside the Bight"
(Reid, et al., 1982). They added, though, that there is uncertainty about
ecological effects.
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NARRAGANSETT BAY

Narragansett Bay is a relatively large estuary in our smallest state,
Rhode Island. It is "a temperate, well-mixed, plankton-based estuarine
ecosystem” (Wakeham, et al., 1982) and an "area of high recreational and
commercial activity" (Lopez-Avila and Hites, 1980). The state capital,
Providence, is located on the Providence River at the head of Narragansett
Bay. Sewage treatment effluents from outfalls at Fields Point and two other
locations are a constant source, and oil spills are occasional sources.of
organic contamination of Narragansett Bay (Van Vleet and Quinn, 1978; Quinn,
1979). Urban runoff is a major source of organic pollution (Hoffman, et
al., 1983, 1984). According to Hoffman (1985) oil spills were a minor part
of the total oil pollution budget for Narragansett Bay and its tributaries.
A map of Narragansett Bay is shown in Figure 1.

Organic Contaminants in Water and Sediments

For two summers (1979 and 1980) and two winters (1980 and 1981)
Wakeham, et al. (1982) sampled water from Narragansett Bay, then analyzed
the samples for volatile organic compounds. They identified fifty séven of
these major compounds. Benzene and toluene were the dominant aromatic
hydrocarbons they found. Distribution along the north-south transect in the
bay indicated that industrial and municipal effluents discharged into the
head of the bay were the major sources, especially of chlorinated and
aromatic hydrocarbons. Table 1 shows data for the combined concentrations
of the PAHs naphthalene, 2-methyl naphthalene, and 1-methyl naphthalene in
various surface and subsurface water samples from sites in Narragansett Bay.
The only apparent geographical trend is that highest concentrations came
from the outfall site. "High concentrations [of aromatic hydrocarbons] in
the Fields Point outfall area and at Conimicut Point in winter are
consistent with uses as industrial solvents and subsequent incorporation
into industrial wastewaters" (Wakeham, et al, 1983). No long term temporal
trend is obvious from these data, but concentrations tended to be higher in
winter than in summer. Wakeham, et al. (1983) explained that in summer
aromatic hydrocarbons are degraded in a few days. ;

McGregor (1983) found evidence suggesting that volatilization was the
main process removing volatile organic compounds from Narragansett Bay
water, followed by "a small but recognizable contribution" by biodegradation
and an insignificant removal by sedimentation or chemical degradation.
Results of McGregor's sampling in 1980 and 1981 and analysis of water
samples disclosed the following major components of the volatile organic
compounds in Narragansett Bay: benzene, trichloroethylene, toluene,
tetrachloroethylene, chlorobenzene, ethylbenzene, xylenes, chlorotoluene, C3
alkyl benzenes. McGregor's data also indicated maximum values for these
contaminants "were more likely to be found in the winter than in the
summer ." He noted a steep decline in volatile organic compound
concentrations in the water in the spring of 1981 coinciding with a series
of strong storms, and suggested that volatilization was responsible. Figure
2 illustrates seasonal trends in monocyeclic aromatic hydrocarbon
concentrations in various locations in Narragansett Bay and their
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Table 1. Mean concentrations (ng/Liter, or parts per trillion) of I
naphthalenes (naphthalene, 2-methyl naphthalene, and 1-methyl
naphthalene) in water samples from Narragansett Bay sites from
Providence River to the mouth (Wakeham, et al., 1982).

Location Concentration Sampling Date
Fields Point, Om b Aug., 1979
Sabin Point, Om 3 Aug., 1979
Sabin Point, 4-10m 2 Aug., 1979
Conimicut Point, 3-3.5m 2 Aug., 1979
Conanicut Point, Om 1 Aug., 1979
Conanicut Point, 6-8m 1 Aug., 1979
MERL, Om 1 Aug., 1979
MERL, 8-13m 2 Aug., 1979
Providence River, Om 32 Feb., 1980
Providence River, im 53 Feb., 1980
Fields Point Outfall 590 Feb., 1980
Fields Point, Om 70 Feb., 1980
Fields Point, 3-7.5m 40 Feb., 1980
Sabin Point, Om 87 Feb., 1980
Sabin Point, 4-10m 19 Feb., 1980
Conimicut Point, Om 82 Feb., 1980
Conimicut Point, 3-3.5m 48 Feb., 1980
Conanicut Point, Om 36 Feb., 1980
Conanicut Point, 6-8m 17 Feb., 1980
MERL, Om 20 Feb., 1980
MERL, 8-13m 13 Feb., 1980
Providence River, Om 6 , July, 1980
Fields Point Outfall 650 July, 1980
Fields Point, Om 17 July, 1980
Fields Point, 3-7.5m L] July, 1980
Sabin Point, Om 5 July, 1980
Sabin Point, 4-10m 6 July, 1980
Conimicut Point, Om 8 July, 1980
Conimicut Point, 3-3.5m y July, 1980
Conanicut Point, Om <3 July, 1980
Conanicut Point, 6-8m <3 July, 1980
MERL, Om 1 July, 1980
MERL, 8-13m <3 July, 1980
Providence River, Om 13 Feb., 1981
Fields Point Outfall 1,100 Feb., 1981
Fields Point, Om 28 Feb., 1981
Fields Point, 3-7.5m 48 Feb., 1981
Sabin Point, Om 29 Feb., 1981
Sabin Point, u4-10m y3 Feb., 1981
Conimicut Point, Om 64 Feb., 1981
Conimicut Point, 3-3.5m 14 Feb., 1981
Conanicut Point, Om 35 Feb., 1981
Conanicut Point, 6-8m 15 Feb., 1981
MERL, Om 15 Feb., 1981
MERL, 8-13m 17 Feb., 1981
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fluctuations during McGregor's sampling period. It contains McGregor's
plots of total C2 benzenes from November, 1979 to June, 1981 at Cominicut
Point, Ohio Ledge, and North Jamestown.

Hoffman, et al. (1983) collected urban runoff samples during several
Storm events with different rainfall amounts from storm drains serving
different land uses in the Narragansett Bay drainage basin, and analyzed
them for petroleum hydrocarbons. They used those hydrocarbon load data and
rainfall records to calculate the load for each storm and were able to
predict an annual input rate of hydrocarbons to receiving waters in terms of
mass hydocarbon per area for each land use. They predicted an annual input
of 665 tons of hydrocarbons to Narragansett Bay from urban runoff; urban
runoff is obviously a major source of hydrocarbons. The highest loads, ~445
tons or 66.8% of the total, came from industrial land. Interstate highway
land gave ~153 tons or 22.9% of the total; commercial and residential land
combined followed giving ~“68 tons or 10,.2%.

Hoffman, et al. (1984) compared urban runoff to other sources of PAHs
entering Narragansett Bay and determined that urban runoff accounted for 71%
of the total inputs for higher molecular weight PAHs and 36% of the total
PAHs. "The loads of PAHs. . .in urban runoff were higher at the highway and
industrial land uses in comparison to the commercial and residential areas"
(Hoffman, et al., 1984).

Quinn (1979) reported results of a five year study of sources of
hydrocarbon pollution in Narragansett Bay. "Sewage effluent discharged into
the Providence River at the head of the bay proved to be the major source of
such [anthropogenic] hydrocarbons in the water, sediment and hard clams of
Narragansett Bay" (Quinn, 1979). Values predicted via a hydrodynamic model
developed by University of Rhode Island investigators and values obtained
via actual water sample analysis both showed decreasing particulate
hydrocarbon concentration from Providence River to the mouth of Narragansett
Bay.

Quinn also reported results of sediment core analysis from stations
from Providence River to the mouth of the bay. Just as with particulate
matter, hydrocarbon concentration in surface sediments decreased by a factor
of 100 from the river to the lower bay. At seventeen of their twenty
stations anthropogenic hydrocarbons decreased with depth of the core. "At a
station adjacent to the Fields Point outfall, the anthropogenic hydrocarbons
in the core were very concentrated in the surface section. . .relatively
high values were found down to the deepest section of the core (40cm) which
represented a time period of at least 40 years" (Quinn, 1979).

Hurtt and Quinn (1979) also reported "a decrease in surface sediment
hydrocarbons from Providence River to the mouth of the bay and the
concentrations also decreased with depth in the cores,. . .leveling off at
20-25 em." They thought this depth was probably related to increased use of
petroleum at the end of the 19th century., The data reported in Quinn (1979)
indicate that the Providence River is the major source of anthropogenic
hydrocarbons in Narragansett Bay sediments.
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Lopez~Avila and Hites (1980) investigated contamination of water and
sediment in the Pawtuxet River, Pawtuxet Cove, the Providence River and the
Narragansett Bay by wastewater from a small specialty chemicals
manufacturing plant on the Pawtuxet River. They made several hundred
quantitative measurements from field sampling in 1977 and reported summary
data for eleven organic compounds that occurred throughout the river and bay
system or were present at relatively high concentrations. They found that
aqueous concentrations of the various compounds followed rules of simple
dilution. They also made some generalizations about prediction of
sedimentary behavior of these industrial organic compounds. They calculated
the maximum distance which compounds discharged from the plant would reach.
Using an hypothetical case of (a) a compound concentration of <5000 ppb in
the wastewater, (b) the detection limit of their analysis, and (¢) a maximum
octanol-water partition coefficient (log P) value of 8 of any discharged
compound, the maximum distance from the discharge point would still be
within Narragansett Bay.

Following is a summary of sediment concentration data for three of the
eleven compounds reported by Lopez-Avila and Hites (1980) at various
distances from the plant:

C1-benzotriazole: Pawtuxet River, near plant. . . . . . . . . 500,000 ppb
Pawtuxet River, mid river, (1)km from plant 800,000 ppb
Pawtuxet River, near dam, (2)km from plant 40,000 ppb
Pawtuxet Cove, (3)km from plant. . . . . . .200,000 ppb
Providence River, (5)km from plant. . . . 10,000 ppb
Narragansett Bay, (15)km from plant. . . . not detected

C1O-benzotriazole: Pawtuxet River, near plant. . . . . . . . . 300,000 ppb
Pawtuxet River, mid river, (1)km from plant 300,000 ppb
Pawtuxet River, near dam, (2)km from plant 70,000 ppb
Pawtuxet Cove, (3)km from plant. . . . . . .100,000 ppb
Providence River, (5)km from plant. . . . 10,000 ppb
Narragansett Bay, (15)km from plant. . . . 600 ppb

chlorobenzotriazole: Pawtuxet River, near plant. . . . . . . . 300,000 ppdb
Pawtuxet River, mid river, (1)km from plant 400,000 ppb
Pawtuxet River, near dam, (2)km from plant 20,000 ppb
Pawtuxet Cove, (3)km from plant. . . . . . . 80,000 ppb
Providence River, (5)km from plant. . . . 20,000 ppb
Narragansett Bay, (15)km from plant. . . . 500 ppb

Wade and Quinn (1979) studied distribution of PCBs and pesticides in
sediments from mid-Narragansett Bay. They collected core samples at north
Jamestown (near Conanicut Point) in November, 1976 and April, 1977.
Concentrations of these synthetic chlorinated compounds decreased with depth
in the sediment cores, but reached background levels at different depths.
Also more hydrocarbons were associated with smaller size fraction sediments,
at least in surface sections. "These trends suggest that over the time
period covered by these cores the inputs of biogenic materials has remained
relatively constant, while the input of anthropogenic hydrocarbons has
increased dramatically during the last 100 yr. This increase is probably
due to the expanded use of petroleum over this time period and subsequent
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chronic inputs to this estuarine environment" (Wade and Quinn, 1979).
Following are concentrations in ppb, dry wt. of total PCBs, of pp-DDT, and
of chlordane from various depths of one of Wade and Quinn's Narragansett Bay

sediment cores: PCBs ppDDT Chlordane
O-4cm 39.2 0.14 1.16
4-6cm 8.4 0.05 0.29
6-8cm 3.4 0.00 0.01
8-10cm 5.7 0.0k 0.00
10-12cm 1.9 0.00 0.00
12-1l4cm 0.7 0.00 0.00

Organic Contaminants in Biota

Farrington, et al. (1983) presented an overview from data for PCBs,
aromatic hydrocarbons, and other contaminants in mollusks collected in the
U.S. Mussel Watch program in 1976 - 1978 from U.S. east and west coast
locations. They noted that "similarities in geographical distributions of
concentrations were present in all 3 years with at least an order of
magnitude elevation of concentrations of . . . PCBs, and fossil fuel
hydrocarbons in bivalves sampled near the larger urban areas." Figure 3
shows temporal fluctuations in PCB and aromatic hydrocarbon concentrations
in mussels, Mytilus edulis, from Narragansett Bay as reported by Farrington,
et al. (1983).

Pruell, et al. (1984) gave results of analysis of hard clams,
Mercenaria mercenaria, harvested from Narragansett Bay and found in seafood
stores in May and August, 1979, and of hard clams collected from a
relatively unpolluted site in lower Narragansett Bay which served as
controls. Generally levels of total hydrocarbons and of PAHs in clams from
the lower Narragansett Bay control location were lower than those in the
clams from seafood stores. They reported a mean concentration value for
total identified PAHs (phenanthrene, fluoranthene, benz(a)anthracene,
pyrene, chrysene and triphanylene) in clams from seafood stores as 6.3+5.0
ppb, wet weight (approx. 31.5 ppb, dry wt.). They concluded that their
study illustrated that contaminants discharged to Narragansett Bay may make
their way into commercial outlets.

Quinn (1979) discussed results of analysis of hard clams, Mercenaria
mercenaria, from several areas of Providence River and Narragansett Bay. He
observed a trend of decreasing concentration of anthropogenic hydrocarbons
in the clams with increasing distance from the river. He predicted that at
least a year of depuration would be required to reduce concentrations of
anthropogenic hydrocarbons accumulated in river clams to levels found in
clams from the lower bay.
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Effects of Contaminants: Populations

O'Conner (1986) summarized some results from one recently completed
NOAA supported study (soon to be published) which sought correlations
between fishery stock sizes (from historical records) and contaminant inputs
to coastal and estuarine waters. The summary offered reason to suspect that
human activities other than fishing have affected stock sizes of fish and
shellfish. There was also an implication that some factors other than
dissolved oxygen (DO) and biological oxygen demand (BOD) could have caused a
response in stock sizes. The summary revealed a few cases of positive
correlation with human activity in which stock sizs increased following
dredging. Some stock sizes varied inversely with some measure of
monotonically increasing human activity or trend over the fifty year period,
1928-1978, such as human population or industrial activity. In Narragansett
Bay the summarized results showed such a negative correlation for stock
sizes of lobsters, striped bass, summer flounder, winter flounder, tautogs,
and white perch. O0'Conner (1986) cautioned, however, that these results "do
not indicate whether contaminants are ever at fault." Investigators in this
study were not able to test whether inputs of any particular contaminant
correlated with stock sizes in Northeast estuaries.

Saila, et al, (1971) discussed effects of pollution on benthic
populations in Providence Harbor at the head of Narragansett Bay. They
named important brackish water species which they would have expected to
find in an undisturbed enviromment in the same salinity zone as Providence
Harbor, but were missing from the harbor. Considering the absence of these
- oysters (Crassostrea virginica), polychaetes (Scolecolepides viridis and
Pygospio elegans), mollusks (Gemma gemma and Hydrobia sp.), gammarid
amphipods, and all intertidal bivalves and barnacles - they concluded that
"the fauna of Providence Harbor is limited not only by low oxygen
concentrations and low and variable salinity, but also by toxic materials in
the water and/or sediment."
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GREAT LAKES

The Great Lake basin of North America drains about 300,000 square miles
of land area and supports a population of 40 million people. Pollution
problems in the basin gained national attention many years ago with rivers
that caught fire and cries that Lake Erie is dead. Early pollution control
efforts in the region focused on controlling oxygen depleting wastes and
reducing nutrient inputs to control eutrophication. In the late sixties and
early seventies concerns for the "health" of the Lakes turned to toxic
chemicals, eg. PCBs, DDT and mercury (Nriagu & Simmons, 1984).

The size and complexity of the Great Lakes precludes a comprehensive
discussion of the entire region in this report. Instead we will 1limit our
analysis to the major problems within the lakes and a limited number of
tributary streams where specific problems related to toxic chemicals have
been identified.

Closure of fisheries due to contamination by chlorinated hydrocarbons
are without doubt the major concern in the Great Lakes. In addition to
these harvesting limitations biological effects on fishes and birds have
been linked to these contaminants,

Figure 1 shows U2 areas of concern in the Great Lakes region which have
been identified by the Great Lakes Water Quality Board of the International
Joint Commission. In all but 4§ of these areas one or more toxic substances
(organics and/or heavy metals) are implicated as the major problem.

Organic Contaminants in Sediments
Chlorinated Hydrocarbons

Simmons (1984) reviewed the extent of sediment contamination by PCBs in
the Great Lakes. Figure 2 shows the distribution of PCBs in surface sedi-
ments from the Lakes. The discussion which follows is quoted from the
review of Simmons (1984). "In Lake Superior, the highest PCB levels in
sediments reported by Frank et al. (1980) were from the Duluth subbasin (8.6
ng/g), the Marathon basin (6.4 ng/g), and Thunder Bay (5.7 ng/g).
Eisenreich et al. (1979) also reported highest concentration in sediments
from the extreme western end near Duluth-Superior (230 ng/g) and the central
part of the lake between the Keweenaw Peninsula and Thunder Bay (290 ng/g)."

"In Lake Michigan, the most highly contaminated areas reported also
contain some of the highest PCB levels reported anywhere in the Great Lakes.
These areas include Waukegan harbor (500,000 ug/g) and North Ditech (250,000
ug/g), tributary to Lake Michigan. Milwaukee Harbor (6.42 ug/g), the Fox
River Basin (190 ng/g), and southern Lake Michigan (188 ng/g) have also been
designated as highly contaminated areas (U.S. EPA Region V; Armstrong, 1981;
Kleinert, 1976)."

"In Lake Erie, the Western Basin had maximum concentrations of PCB (660

ng/g), and the Central Basin (330 ng/g) and the Eastern Basin (320 ng/g) had
lower values (Frank et al., 1977)."
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"In Lake Huron, Frank et al. (1979) indicated that Thunder Bay (Alpena,
MI) and Saginaw Bay are the areas where PCB concentration was maximum,
Burin and Robbins (1977) also reported 3-12 ug/g PCB in Saginaw Bay
sediments."

"In Lake Ontario, several areas have been designated as problem areas.
Frank et al. (1980) reported 260 ng/g as maximum PCB concentration in sedi-
ments from the Bay of Quinte. They also reported greater than 200 ng/g
values along the southern shore of the lake implicating the Niagara River as
the major source of PCBs to Lake Ontario. The Genesee and Oswego rivers may
be important minor sources."

Frank, et al. (1977) reported on residues of PCBs and other chlorinated
hydrocarbons in the sediments of Lake St. Clair (1970 and 1974) and in Lake
Erie (1971). Residues of DDE, TDE and DDT were highest in sediments from
the Western Basin of Lake Erie, 70 ng/g, while the Central and Eastern
Basins showed residues of about 25 ng/g. Sediments from Lake St. Clair were
least contaminated with levels of 6.6 ng/g in 1970 and 2.6 ng/g in 1974.

Table 1 (from Thomas and Frank, 1983) shows the mean levels of PCBs
within the various sectors of the Great Lakes. The data for Lake Erie are
from Frank, et al. (1977).

Shear (1984) surveyed the levels of Mirex in surface sediments of Lake
Ontario in 1978. Mirex was first reported in Lake Ontario in 1974 in fishes
from the Bay of Quinte (Kaiser, 1974). 1In addition to Mirex, Strachan and
Edwards (1984) reviewed the data on a number of other chlorinated organics
in Lake Ontario.

Total DDT in surface sediments from Lake Ontario in 1968 averaged 43
ng/g with a high of 218 ng/g (Frank, et al. 1974). Loading of DDT to the
lake was estimated at 150 kg/year from atmospheric sources and 120 kg/year
via the Niagara River.

Dieldrin and aldrin have also been identified as contaminants of Lake
Ontario but at much lower concentrations than other chlorinated hydrocarbons
(Great Lakes Water Quality Board, 1985).

Rice and Evans (1984) reviewed the data on toxaphene, another
chlorinated hydrocarbon of concern in the Great Lakes. They found that no
data were available for concentrations of this pesticide in sediments, with
only limited information on levels in biota.

Polychlorinated dioxins and furans have recently been identified as
trace contaminants in sediments from several areas of the Great Lakes, in-
cluding the Niagara and Tittabawassee Rivers (Great Lakes Water Quality
Board, 1985). However, information on levels of sediment contamination is
too limited to draw conclusions at this time.

Sullivan and Delfino (1982) reviewed information on toxic chemicals in
Wisconsin's Lower Fox River Basin. The lower Fox River is one of the
largest rivers draining into Lake Michigan via Green Bay and is the most in-
dustralized in Wisconsin (Edgington, 1984). Control of conventional
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pollutants has led to a dramatic improvement in the lower reaches of the Fox
River and in the southern end of Green Bay. However, concern over the
potential effects of toxic chemicals has arisen from observations of abnor-
maéi;ies in fishes and birds from the river and Bay (Fox, 1982, Gilbertson,
1982).

Table 2 and Figure 3 show the concentrations and sampling locations for
PCB levels in sediments from the Fox River and Lower Green Bay (Sullivan and
Delfino, 1982).

Eadie (1984) and Hallett and Brecher (1984) reviewed the information
concerning the distribution and cycling of PAHs in the Great Lakes.

Table 3 gives estimates of the atmospheric flux of PAHs into the Great
Lakes for 7 individual compounds, while Table 4 presents residue data for
several compounds in Great Lakes surface sediments. Table 5 provides a more
detailed analysis for Lake Michigan sediments and Figure 4 shows the dis-
tribution of fluoranthene in surface sediments of Lake Michigan. Eadie
(1984) observed that "Lake Superior sediment is an order of magnitude lower
in PAH than the lower lakes, and Lake Michigan sediments are highest in PAH
concentration.”

Table 6 presents a detailed account of PAHs identified in sediments as
a function of depth from a station near Toronto in Lake Ontario.

Organic Contaminants in Biota

Residues of pesticides, PCBs and polynuclear aromatic hydrocarbons
reported for the region are presented by lake system.

Figure 5 shows the residue data for dieldrin, total DDT and Aroclor
1254 in lake trout from Lake Superior between 1977 and 1982. Figure 6
presents the residue data for organochlorine contaminants in herring gull
eggs from two nesting colonies on the lake between 1974 and 1983.
Variations in residues within years, i.e. among the samples for a given
year, make judgements concerning trends over time difficult. However, some
conclusions appear warranted: (1) average residues of total DDT have
declined over time in both species; (2) dieldrin levels remained constant in
both species, and (3) PCB levels generally decreased over time.

Residue data for Lake Michigan are presented in Table 7 and Figures 7,
8, and 9. Compared to Lake Superior residues of dieldrin, DDT and PCBs are
almost an order of magnitude higher in Lake Michigan. Figure 7 shows the
levels of dieldrin, DDT and PCBs in lake trout from 1970 to 1982. Dieldrin
levels appear to increase from 1970 to 1979 and then decline, while DDT
residues declined from 20 ppm in 1970 to 5 ppm in 1982. PCB levels
declined in the late 70s but since 1979 the rate of decline appears to have
slowed.

Residue data for bloater chubs are shown in Figure 8. These data are
much less variable than those for lake trout. Significant declines in both
total PCBs and DDT are evident. Dieldrin levels on the other hand increased
from the early 1970s and appear to have stabilized.
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Figure 9 presents the organochlorine data for herring gull eggs from a
nesting colony in the lake. Significant declines are shown for all residues
except dieldrin. ‘

Data for Lake Huron are presented in Tables 8 & 9 and Figure 10.
Residues of PCBs and DDT in lake trout (Table 8) are much lower than those
found in Lake Michigans. Levels of PCBs and DDT appear to have peaked in
1981 and 1982 and declined in 1983. Residues in rainbow smelt (Table 9)
remained relatively constant between 1979 and 1983. Figure 11 shows or-
ganochlorine levels in herring gull eggs from a colony on Lake Huron,
significant declines between 1974 and 1983 occurred for all components ex-
cept dieldrin.

Data for rainbow smelt from Lake Erie are presented in Table 10.
Residues of DDT and PCBs for this species are similar to those observed in
Lake Huron, Figure 11 presents organochlorine data for herring gull eggs
from Lake Erie, Levels are similar to those found in Lake Huron and
generally decline with time.

Organochlorine residues in Lake Ontario fishes are shown in Table 11,
12 and 13. Residues of DDT and PCBs show declines between the early 1970s
and 1980.

Table 14 1lists the polynuclear aromatic hydrocarbons identified in
fishes from Lake Ontario and the Detroit River and Table 15 shows the levels
of 4 specific compounds for carp and pike. Table 16 presents data for PAHs
in herring gull "lipids". Hallett and Brecher (1984) concluded that the me-
tabolism of PAHs by fishes accounts for the low levels of these compounds
observed in fishes and their predators, i.e. herring gulls.

Residue data from Lower Fox River and Green Bay are presented in Table
17. PCBs in carp from Little Lake des Morts were extremely high in the mid-
1970s. These elevated levels were caused by a point source (paper mill) and
the effectiveness of a pollution control program in reducing residues in
this species is shown in Figure 12.

Effects of Contaminants on Biota

Fitchko (1985) recently made assessment of the effects of persistent
toxic substance on Great Lakes biota. He concluded in part: (1) that
"persistent toxic chemicals have apparently had both localized and lakewide
effects on the health of Great Lakes aquatic populations; however, our un-
derstanding of these effects is poor; (2) few studies have been undertaken
to assess the effects of specific toxic substances on the structure and
functional responses of Great Lakes biota; (3) and insufficient research has
been conducted to permit an assessment of human health consequences of ex-
posure to great lakes drinking water and contaminated fish."

Lake wide effects which appear to have been caused by chlorinated or-
ganic contaminants (DDT and PCBs) have in Lake Michigan caused reproductive
failure of planted lake trout (Willford, et al. 1981), and in Lake Ontario
these compounds have been implicated in the reproductive failure of fish
eating bird colonies in the early 1970s (Weseloh, et al. 1983 and Mineu, et
al. 1984).

250



Fishing restrictions and/or consumption advisories are in effect for
the species and areas shown in Figure 13.

Shear (1984) presented preliminary data implicating the industrial ef-
fluents as the most likely cause of epidermal papillomas in white suckers
along Canadian Great Lakes shoreline (Figure 14). Black (1983) demonstrated
that PAH contaminated sediments could produce epidermal hyperlasia and pap-
pillomas in brown bullheads. In a field study brown bullheads from eastern
Lake Erie and the Niagara River where sediments contained high levels of
PAHs were found to have epidermal neoplasms (Black 1982). Sonstegard (1977)
also implicated contaminated sediments in causing gonadal tumors in carp and
goldfish in "polluted" areas of Lake Ontario.
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FIGURE 1. AREAS OF CONCERN IN THE GREAT LAKES BASIN

(Great Lakes Water Quality Board, 1985)
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Figure 2

PCBs in sediments (Simmons, 1984)
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Figure 3
‘Sediment Sampling Sites — Fox River and Lower Green Bay

(Sullivan and Delfino, 1982)
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Figure 4 The distribution of fluorathene (ng/g) in the surfacial sediment of Lake Michigan.

(Badie, 1984)
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PCB CONCENTRATION

Figure 12
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Figure 13
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PCB contamination in Great Lakes fish.
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Figure 14

Prevalence (%) of epidermal papilloma on white suckers.

(Shear, 198k4)
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Table ] Mean values and standard deviations for PCB's
(ng/g) by lake, non-depositional zones (NDZ) and
depositional basins for the surficial 3 cms of
sediment in the Great Lakes.

Lake Superior Mean S.D. Lake Michigan Mean S.D.
Whole Lake 3.3 5.7 Whole Lake 9.7 15.7
Total Basin 4.8 5.5  Total Basin 17.3 23.9
NDZ 3.9 2.1 NDZ 6.3 8.1
Sectors:- Sectors:-

Duluth 8.6 13.7 Fox 73.5 78.9
Apostle 5.0 2.2 Southern 17.1 11.1
Chefswet 3.3 1.3 Milwaukee 29.2 23.1
Thunder Bay 5.7 3.6 Waukegan 19.5 13.2
Trough 5.5 2.9 Grand Haven 17.1 23.1
Isle Royale 4.5 2.2 Sarian 7.9 -
Caribou 3.7 1.6 Algoma 10.1 10.6
Marathon 6.4 7.3 Traverse 2.5 -
Whitefish 4.4 3.0
Keweenaw 3.1 1.3 Georgian Bay
Whole Lake 11.2 10.7
Lake Huron Total Basin  11.1 8.1
Whole Lake 12.8 10.3 NDZ 11.2 13.2
Total Basin 15.4 12.8 Sectors:-
NDZ 10.7 7.3 Nottawasaga 19.6 12.3
Sectors:- Owen Sound
Mackinac 17.9 14.9 Trough 9.1 6.1
Manitoulin 12.2 5.7 Lion's Trough 18.0 8.5
Alpena 8.5 0.7 Cabot 15.5 3.7
Saginaw 33.0 38.3 French River 24.0 24.0
Port Huron 17.0 5.2 Flowerpot 9.1 2.6
Goderich 18.6 14.0 North Channel 8.2 4.0

Lake St. Clair Lake Erie .

Whole Lake 19.1 8.9 Whole Lake 94.6 113.6

1970 Total Basin 115.2 114.8

Whole Lake 9.9 6.3 NDZ 64.0 105.1
1974 Sectors:-~

Waestern 251.7 156.0

Lake Ontario Sandusky 106.9 46.0

Central 74.1 55.7

Whole Lake 57.5 56.2 Eastern 85.6 85.2

Total Basin 85.3 57.0
NDZ 28.1 34.7
Sectors:- Bay of Quinte

Niagara 89.1 68.3 Whole Bay 50.6 53.6
Mississauga 77.1 50.6

Rochester 89.4 56.6

(Thomas and Frank, 1983)
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Table 2
PCB Concentrations in Fox River and Lower Green Bay Sediment!

PCB Other
Collection (mg/kqg) Compounds*
Station No. and Location Date (dry weight)  (mg/kg)
l. Menasha Channel -~ 05/23177 <0.05
2. Directly below Bergstrom 05/23/77 1.4 "
3. 300 yards below Bergstrom 05/23/77 61.0 DHA - 2.7
PCP - 0.22
4. Little Lake Butte des Morts 05/23/77 1.3
CNWRR Bridge
5. Little Lake Butte des Morts 11/24/76 5.5
CNWRR Bridge
6. Little Lake Butte des Morts outlet 05/23/77 21.0
7. Appleton Yacht Club 11/24/76 8.2
8. Above lower Appleton Dam 05/23/77 9.0
9. Below Consolidated 05/23/77 1.2
10. One mile below Consolidated 06/22/77 3.6
1l. Above Kimberly Dam below Midtec 05/23/77 0.9
“12. Above lower Little Chute Dam 05/23/77 5.1
13. Below Thilmany Paper 06/04/77 4.8
14. Above Rapide Croche Dam 06/04/77 5.8 PCP - 0.22
15. Above Little Rapids Dam 06/064/77 5.0 PCP - 0.28
16. Above DePere Dam 06/22/77 g.18
17. Across from Ft. Howard outfall 05/23/77 0.96
18. Below Ft. Howard, CNWRR bridge 05/23/77 18.3
19. Near mouth of East River 05/24/77 13.0
20. Above Green Bay STP near mouth 05/24/77 2.1
21. Below Green Bay STP outfall 11/24/76 38.0
22. Green Bay 05/24/77 7.5
23. Green Bay 05/24/77 7.2
24. Green Bay 05/24/77 4.7
25. Green Bay 05/24/77 0.12
26. Green Bay 05/24/77 1.8
27. Green Bay a5/24/77 0.46
28. Green Bay 05/24/77 5.6
29. Green Bay 05/24/77 <0.05
30. Green Bay 05/24/77 11.0
31. Green Bay 05/24/77 2.6
32. Green Bay 05/24/77 <0.05
33. Green Bay 05/24/77 0.02
34. Green Bay 05/24/77 0.075

*DHA = Dehydroabietic Acid
PCP = Pentachlorophenol

(Sullivan and Delfino, 1982)
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Table 3  Atmospheric Flux of PAH to the Great Lakes (metric tonnes/yr)

Lake
Compound Superior” Michigan” Michigan® Huron* Erie* Ontario”
Phenanthrene 48 34 2.1 35 1.5 1.1
Anthracene 48 14 2.1 3.5 LS i1
Fluoranthene —_ —_ 36 - — —_
Pyrene 8.3 59 40 6.1 2.6 1.9
Benzo(a)anthracene 4.1 29 33 3.0 1.5 1.1
Benzo(a)pyrene 7.9 5.6 4.0 5.8 2.5 1.8
Perylene 4.8 33 2.1 34 1.5 (.1
“ Eisenreich et al.. 1981, (Eadie ,» 1984)
* Andren and Strand. 1981,
Table 4 Lake Michigan Sediment PAH (ng/g dry)
Station _ Phen Fl Py C+T BaP
T1 28 34 30 36 33
T2 809 906 733 - 450
T3 1268 1664 1430 128 944
T4 308 445 363 319 251
TS 537 794 665 522 248
Té6 19 162 38 41 26
T 298 620 421 554 572
T8 245 | 419 39 348 LY/
T11 263 413 318 543 34

* Coefficients of variation (%) for replicate analyses of replicate extracts from station T3 are:
phea., 27.6; Fl., 13.0; Py., 11.6: C + T, 19.4: BaP, 18.5. ( Eadie, 198L4)

Table 5  Concentration of PAH in Great Lakes Surficial Sediments (ng/g
dry)

Lake

Compound Superio”  Michigan® Huron Eric" Ontario*
Phenanthrene 34 533 = 382 272 346 = 92 58.5
Fluoranthene 88 754 + 444 487 S69 = 442 615 = 394
Pyrene 53, 607 = 399 1s6 91 = 91 647 = 594
BaP 28 480 = 246 294 255 = 152 —.
n | 9 | k] 24"
* Gschwend and Hites: 1981. (Eadie, 198L)
b Eadie. 1983: depositional basins. ’
¢ Eadie et al.. 1982,
41C. 1977.
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Table 6 Abundances of Polycyclic Aromatics in Lake Ontario
Sediment (LLAT. 43°39°, LONG. 78°12°) w/g Dry Sediment ¢
0-5 10-15  20-2§  30-35 S§5-60 70-75
Aromatic cm cm cm cm cm cm
Bipheayl 0.014 0007 0.009 0004 0004 0.004
Tetrahydropyrene 0.056 0.029 —_ —_ — —_
Fluoranthene 0.281  0.058 —_ —_ - —_
Pyrene 0.056¢ 0.029 —_ —_ — —_
1.2-Benzanthracene
Chrysene 0.225 0.088 0.052 —_ —_ —
Triphenylene »
Dimethyl chrysene 0.112 — —_ —_ —_ 0.018
2.3-Benzofluoranthene 0.450 0.029 0.017 0.017 0020 0.009
Methyl benzofluoranthene 0.056 —_ —_ — —_— —_
Benzpyrenes 0.337 —_ 0.017 0.034 0.010 0.009
Perylene 0.056 0.029 0.017 0.034 0.30 0.046
Methy! benzpyrene 0.056 — — —_— —_ —_
Methyl perylene 0.112 —_ —_ — 0.010 0.027
20-Methyl cholanthrene 0.337 — —_ —_ —_— 0.018
Benzperylene 0.225 —_ — — — —
Coronene 0.562 — —_— —_ —_ —
Total aromatics 2935 0269 0.112 0.089 0.084 0.131
“1JC, 1976,
(Strachan and Edwards, 198%4)
Table 7
Resukts of PCB Amalysis trom 1971 4o 1984 ia Scven Specics of Fleh from Lake Mich PCB ead pereent (at were & from fitie¢ portions.
Lake Teout® Chinook Salmon Coho Salmon Walleye Lake Whitefish Ctub Alewife
Year @« 1| ¢ PCB* o 1 f PCB n ) f BB a | f PCB s | f PCB a | ( PCB o 1 ( PCB
v ® B2 — 167
972 10 24 — R4
[} 22)
1974 30 245 152 1S9 8 34 23 17 18 235 34 S3 ne
1973 S4 29 103 8S 2 2.1 S8 48 18 197 169 44 2 90 23
1976 26 239 1.7 94 7 X8 20 74 4 146 09 06 3 159 33 20 10.6 2 70 43 47
9 3 137 43 12 $ 177 24 14 31 197 134 36 26 176 38 } 0 30 24
197 3 227 123 738 4 W9 4.t 8.9 $ U9 83 61 5 199 2 34 S 102 159 Al 4 6l S3 34
99 3 29 163 &S o 332 27 6.1 10 21,6 34 "woos2 129 12 [k} 83 166 12
1980 7 214 138 26 2 34 S 44 10 238 8 17 1 159 9.0 &1
1984 30 307 45 38 1 20 4&i [K ) 7T N3 52 34
Towl 192 9 4 20 ™ 46 7

“n = number of samples: | = ave. length in inches: f = uve, % fat; PCB = ave. PCB in mg/kg (ppm).

$ PCB and p

ined from fillct portions.

fat were o

(St. Amant, et al., 198L4)
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TABLE 8

MEAN CONTAMINANT CONCENTRATIONS (mg/kg WET WEIGHT t S.E.) IN
WHOLE FISH SAMPLES OF LAKE HURON LAKE TROUT, 1979-19832

ole

1979b 1980b 1980¢ 1981 1982. 1983 1983b
Number 4 50 41 50 79 50 a3
Weight (g) 4.8 905.3 142.3 1,949.4 2,042.5 1,454.9 913.5
(10.6) (62.8) (106.7) (61.2) (101.1) (68.7) (105.3)
% Lipid 8.77 10.35 10.33 18.05 15.70 13.58 8.98
(0.58) (0.58) (0.63) (0.47) (0.51) (0.48) (0.74)
PCB 0.78 0.42 0.92 2.26 2.44 1.24 0.53
(0.08) (0.03) (0.08) (0.13) (0.17) (0.06) (0.03)
DDE 0.15 0.22 0.34 0.60 0.48 0.39 0.9
(0.02) (0.01) (0.03) (0.03) . (0.73) (0.02) (0.02)
£00T 0.20 0.25 0.49 1.06 0.73 0.68 0.26
(0.02) (0.01) (0.04) (0.05) (0.04) (0.04) (0.02)
Mercury 0.16 0.18 0.4 0.24 0.19 - -
(0.01) (0.01) (0.01) 0.01) (0.01)
Arsenic 0.15 - 0.18 0.27 0.43 0.43 - -
(0.01) (0.01) (0.02) (0.02) (0.02)
Selenium 0.70 0.75 0.8 0.48 0.62 - -
(0.02) (0.01) (0.01) (0.02) (0.01)

dpata from the Canada Department of Fisheries and Oceans

bspiake.

CSplake-Backcross.

(Great Lakes Water Quality Board, 1985)




TABLE 9

MEAN CONTAMINANT CONCENTRATIONS (mg/kg WET NEIGHT ¢ S.E.) IN
WHOLE FISH SAMPLES OF LAKE HURON RAINBOW SMELT, 1979-19832.b

1979 1980 1981 1982 1983
Number 12 36 36 24 23
Weight (g) 26.33 20.68 27.69 271.16 23.44
(1.72) (1.91) (1.85) (2.53) (1.67)
% Lipid 4.24 .3.46 4.30 5.17 3.99
(0.16) (0.14) (0.14) (0.25) (0.10)
PC8 0.19 0. 0.13 0.29 0.18
(0.02) (0.01) (0.01) (0.02) (0.00)
pp ' DOE ‘0.05 0.05 0.07 0.08 0.07
(0.01) (0.01) (0.01) (0.01) (0.01)
£00T 0.07 0.07 0.10 0.12 0.10
(0.02) (0.01) (0.01) (0.01) (0.01)
Mercury 0.06 0.07 0.06 0.05 -
(0.01) (0.01) (0.00) (0.00)
Arsenic 0.27 0.26 0.3 0.36 -
(0.02) (0.01) (0.01) (0.02)
Selentum 0.64 0.69 0.68 0.54 -
(0.01) (0.02) (0.02) (0.01)

dpata from the Canada Department of Fisheries and Oceans

Each sample represents a composite of five fish.

(Great Lakes Water Quality Board, 1985)
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TABLE10
MEAN CONTAMINANT CONCENTRATIONS (mg/kg WET WEIGHT ¢ S.E.) IN
WHOLE FISH SAMPLES OF LAKE ERIE RAINBOW SMELT, 1977-19832
YEAR ND | WEIGHT % LIPID PCB pp'DDE £007 Hg Pb As Se
1977 18 18.45 2.74 0.18 0.04 0.06 0.05 c - 0.29
. (1.69) (0.10) (0.01) (0.00) (0.00) (0.00) (0.01)
1978 44 30.24 4.45 0.27 0.04 0.06 0.05 c 0.15 0.36
(1.90) (0.18) (0.03) (0.00) | (0.01) (0.00) (0.01) (0.01)
1979 35 32.38 4.65 0.38 0.05 - 0.10 0.04 c 0.23 0.31
(3.15) (0.25) (0.04) (0.00) (0.01) (0.00) (0.01) (0.01)
1980 42 25.56 3.48 0.26 0.06 0.12 c 0.21 0.16 0.37
(2.10) (0.11) (0.02) (0.00) (0.01) (0.03) (0.01) (0.01)
1981 36 31.55 4.76 0.23 0.03 0.06 0.04 ¢ 0.23 0.35
(2.85) (0.22) (0.02) (0.00) (0.00) (0.00) (0.01) (0.01)
1982 34 29.78 5.17 0.30 0.03 0.07 0.03 c 0.26 0.35
(2.05) (0.18) (0.01) (0.00) (0.01) (0.00) (0.01) (0.01)
1983 29 21.44 3.84 0.32 0.02 0.04 - - - -
(2.31) (0.22) (0.03) (0.00) (0.00)

4pata from the Canada Department of Fisheries and Oceans (15).
beach sample consists of a composite of five fish.
€>50% of results below detection limit.

(Great Lakes Water Quality Board, 1985)




Table 11 Levels of Selected Organic

Compounds (pg/g) in Whole Fish from Lake

Ontario, 1975-1981

(Shear, 1984)

Organic Compound
Year IDDT PCB Dieldrin Mirex
Lake Trout
1977 266 495 0.04 0.27
1978 1.16 7.10 0.18 0.21
1979 1.58 .79 0.20 0.23
1980 0.62 4.7 0.10 0.18
1981 1.39 2.82 0.15 0.15
Coho Salmon
1977 1.43 303 0.07 0.16
1978 . 0.64 3.00 0.10 0.08
1979 0.81 1.21 0.10 0.05
1980 0.74 2.30 0.07 0.10
Smelt
1977 0.60 1.50 0.02 0.11
1978 0.4 1.82 0.05 0.06
1979 0.39 0.80 0.04 0.06
1980 0.25 1.12 0.04 0.08
Spoutail Shiners
1975 0.24 0.69 —_ —
1976 —_ —_ —_— —_
1977 0.16 0.65 — 0.013
1978 0.099 0.32 —_— 0.029
1979 0.026 0.15 -— 0.001
1980 0.041 0.27 - 0.011
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Table 2  DDT Residues (ug/g) in Selected Lake Ontario Biota (Strachan and Edwards, 1984)

Spottait Herring

Sample Lake Trout Smelt Coho Salmon Shiner  Guil Eggs
Year DEC* DFO DEC DFO EPA OME DEC DFO - OME CwsS
1972 1.8¢ 0.9¢ 34

1973 1.5¢ 1.7e
1974 7.7¢* 0.4e 3
1975 1.3e 1.4w 0.93e 0.17w el
1976 0.91e 0.25e 0.93¢ 0.69f 0.28w 18
1977 2.3e 0.6¢ 1.4w 1.6e 021w

2. 7w 0.6w
1978 1.3w 0.44w 0.64w 0.18w
1979 l.6w 0.39w 0.8lw 0.06w
1980 0.62w 0.25w 0.74w . 0.05w 7.7

“ CWS = Canadian Wildlife Service (Canada); DEC = Department of Environmental Conservation (New York State): DFO = Depurtment of Fisheries
and Oceans (Canada); EPA = Environmental Protection Agency (United States): OME = Omirio Ministry of the Environment (Province of Oatario).
* ¢ = edible portion: f = fillet: w = whole fish.
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:Table 13 PCB Residues (ng/g) in Selected Lake Ontarlo Biota (Strachan and Edwards, 1984) .

Spottail Herring

Sample Lake Trout Smelt Coho Salmon Shiner  Gull Eggs
Year DEC* DFO OME DEC DFO OME DEC DFO OME OME Cws
1970 2.2( S X
1971 6.7
1972 5.0e 4.7 4.le 204
1973 7.3¢ 6.7¢
1974 1.7 : 1.7¢ 6.3 155
1975 9.4 211 8.4 0.69w 145
1976 7.1 1.2¢ 2.6 6.1 1.7 11.6f 1.3w 138
1977 5.0w 49 1.4¢ 1.5w 3.2 3.0w 1.5w 104
1.5w 3.0w
1978 7.1w 6.1 |.8w 1.6 3.ow 1.lw 6l
1979 3.8w 18 0.8w 0.75 1.2w 28w 0.46w
1980 4.8w l.lw 23w 0.31w 41

“ CWS = Canadian Wildlife Service (Canada);: DEC = Depariment of Environmental Conservation (New York State); DFO = Department of Fisheries
and Oceans (Canada); OME = Ontario Ministry of the Environment (Province of Ontarié).

» ¢ = edible portion: f = fillet: w = whole fish.



Table 14 Polynuclear Aromatic Hydrocarbons Identified by Mass
Spectrometry in Great Lakes Fish“* (Hal1lett and Brecher, 1984)

Hamilton Harbour Detroit River

PAH Carp Pike Carp Pike

Naphthalene

2-methyl Naphthalene
I-methyl Naphthalene
Biphenyl
Acenaphthene
Dimethyl naphthalene
Fluorene

Anthracene
Phenanthrene .
1-phenyl Naphthalene
1-methyl Phenanthrene
I-methyl Anthracene
2-methyl Aathracene
2-methyl Phenanthrene
9-methyl Aathracene
Fluoranthrene

Pyrene
1.2-benzofluorene
2,3-benzofluorene
Chrysene
Benzo(alpyrene
Perylene
Dibenz(a.hlanthracene
Coronene

KK KX

XX HKHHHKKNHK

b3
HKHHXAHKHKHKHRKAHK HKHXRHXHHXAHXHKXRKHK KKK XX

HHHKAHKHKHKRKHKHKRHKHKHHKAHKAHHKRHK KKK XK

o x

“ Hallett et al.. 1978.
b X = detected.
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Table 15  Polynuclear Aromatic Hydrocarbons (ng/kg) Fresh Weight

‘illet* (Hallett end Brecher, 1984)
Fish Perylene Benzo(k)fluoranthcne Benzolalpyrene Coronene
Hamilton Harbour

Carp
1 46 8 108 300
2 140 40 160 360
3 26 12 96 210
4 160 40 200 400
S 40 | 16 108 220
6 74 ; 12 160 60
7 4 8 144 300
8 142 68 268 320
9 nd* nd nd 20

Pike
1 90 48 154 240
2 64 32 128 200
3 40 12 70 200
4 32 10 54 220
S S8 20 74 200
6 40 12 64 170
7 X7} 8 60 152
8 40 12 5 140
9 nd nd nd nd
10 20 12 34 100

Detroit River

Carp
t 16 10 40 80
2 nd nd nd 60
3 40 14 40 nd
4 26 10 40 40
s nd nd nd nd
6 nd nd nd nd
7 nd nd nd 120
8 nd nd nd 80
9 nd ad nd nd
10 od nd nd - nd

Pike
| M 26 40 20
2 20 14 14 40
3 t8 8 k™ 40
4 20 8 20 44
S 68 26 128 290
6 18 10 24 40
7 20 6 30 30
8 nd ad nd nd
9 46 24 70 120
10 52 26 100 120

“ Hallett et al., (978.
* nd = noadetectable.
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Table 16  Identification of Polynuclear Aromatic Hydrocarbons in Great

Lakes Herring Gull Lipid*-* (Hallett and Brecher, 1984)
Concentration (ug/kg) Mass Spectral
Compounds Pigeon Island  Kingston  Confirmation
Naphthalene .. 0050 0.054 +
2.methyl Naphthalene 0.036 0.00§ +
1-methyl Naphthalene 0.043 0.009 +
Biphenyl v 0.151 0.017 +
Acenaphthene 0.038 0.007 +
4-methyl Biphenyl 0.061 0.010 +
Fluorene 0.044 0.003 +
Anthracene 0.152 0.024 +
Phenanthrene nd 0.002 +
I-phenyl Naphthalene 0.008 0.008
2-methyl Phenanthrene 0.021 0.007 +
1-methyl Phenanthrene 0.010 0.01S +
9-methyl Anthracene 0.011 0.02§ +
3.6-dimethyl Phenanthrene nd 0.012 +
Fluoranthrene 0.082 0.017 +
Pyrene 0.076 0.015 +
l-aza Pyrene a a
9-acetylanthracene a a
DDE —_ — +
1.2-benzofluorene a a +
2.3-benzofluorene a a +
I-methyl Pyrene a a +
2-acetyl Phenanthrene a a
1.1-binaphthyl - a a
Chrysene 0.053 a +
Benz{clpyrene 0.026 0.021 +
Benz(a)pyrene 0.038 0.030 +
Perylene 0.053 0.026
9-dichloromethylene Fluorene b b +b
Dimethyl biphenyl b b +b

“ Hallett et al., 1977.

®a = PCB interference: b = Standards of compounds unavailable. compounds identificd by
mass spectra; ad = not detected.
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Table 17
Lower Fox River and Lower Green Bay Fish Contaminant Data
Other
) Length °* Chloro-organics
Sample Location Date Species Quantity Form (mm) % Fat (mg/kg) or metals (mg/kg)
Little Lake Butte 2176 Yellow Perch : 05 F 133 04 0.8
Des Morts 05 F 152 0.2 06
05 F 152 0.4 08
05 F 203 0.2 09
6/76 Carp 03 F 508 79 26.0
02 F 279 59 120
03 F 391 6.7 24.0
03 F 615 - 159 39.0
8/76 Brown Bulthead 04 F 257 5.9 5.2
04 F 213 13.6 6.0
Green Sunfish 02 EP 170 3.1 24
Yellow Perch 05 F 203 0.7 1.4
0s EP 147 1.1 1.3
Walleye 05 F 368 0.6 1.7
05 .- F 262 0.3 1.2
White Bass 03 EP 325 6.5 9.8 .
03 EP 193 3.2 9.3 '
4/77  *Northern Pike 01, F 688 0.5 24 Pentachloroaniscle<0.005
01 F 770 0.8 23 Pentachloroanisole 0 020
*Walleye 01 F 412 1.5 18 Pentachtoroamisole 0 060
*Carp o1 F 424 24 52 Pentachloroamisole 0.036
Carp 01 F 406 1.2 2.7
01 F 445 1.7 10.0
‘ 01 F 406 20 4.3
01 F 470 23 13.0
o1 F 546 46 16.0
01 F 564 54 28.0
01 F 558 5.8 30.0
01 F 508 6.1 18.0
01 F 633 6.1 20.0 .
01 F 570 9.0 39.0
05 WF 519 125 50.0
5/77 Carp 05 WF 519 10.6 410
05 WF 493 9.2 35.0
: 01 F 5§70 9.0 39.0
8/78 Brown Builhead 05 WF 203 5.8 44
05 WF 229 5.0 4.1
05 WF 191 5.0 38
05 WF 216 5.2 3.1
05 WF 203 4.7 3.6
Carp 01 F 640 6.3 16.0
01 F 457 8.1 8.9
o1 F 356 3.3 33
01 F 447 42 34
01 F 325 2.2 18
Northern Pike . 01 F 610 2.2 6.0
01 F 541 1.7 28
o1 F 432 29 1.6
White Sucker o0 F 455 29 35
ot F 417 55 36
8/78 White Sucker 01 F 419 4.7 2.7
01 F 399 10.0 5.0
01 F 386 5.2 9.2
Walleye o1 F 340 64 2.7
01 F 318 21 3.6
Yellow Perch 0s WF 173 3 1.8
05 WF 165 3.9 35
05 WF 203 33 2.0
0s WF 191 34 22
0Ss WF 178 3.2 1.8
9/78 Carp 03 WF 533 114 17.0
White Sucker 05  WF 406 7.4 9.6
Walleye 05 WF 404 6.9 79
s F — Fillet *Fish samples were screened for
x | WF — Whole Fish compounds other than PCBs.
O| EP — Edible Portion * *Quantitated by matching to the near-
w est Aroclor or Aroclor mixture.
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Lower Fox River and Lower Green Bay Fish Contaminant Data

Table 17 (cont.)

Other
Length PCB8** Chloro-organics
Sample Location Date Species Quantity Form (mm) % Fat (mg/kg) or metals (mg/kg)
Littie Lake Butte 8/79 Brown Butihead 10 F 236 4.7 1.3
Des Morts
{continued)
Northern Pike 02 F §97 0.9 1.0
Walleye 03 F 389 2.7 1.4
Yefiow Perch 10 F 224 3.0 0.3
15 F 180 1.1 0.6
*Northern Pike 03 WF §92 3.1 6.8 Mercury 0.22
Copper 0.70
p.p’'DDE 0.06
*White Sucker 04 WF 394 32 25 Chromium 0.50
Mercury 0.08
Copper 2.90
Kaukauna 8/78 Carp 0t1. F 432 10.5 57.0
01 F 450 6.7 26.0
01 F 485 $.2 17.0
y Ot F 523 1.3 38.0
o F 429 6.1 220
Northern Pike [1]] F 584 4.7 1.0
Yetiow Perch 03 WF 152 0.7 35
6/79 Brown Butthead 03 F 224 42 27
Carp o5 F 439 30 110
Northemn Pike 02 F 490 0.6 1.0
White Sucker 04 F 333 1.8 14
Walieye 04 F 394 49 8.0
Yetlow Perch 01 F 277 04 <0.2
DePere (below dam) 5/77 Bowfin .01 F 648 0.4 0.5
Carp 01 WF 259 6.9 4.4
01 WF 325 1.6 6.6
01 WF 376 [:X:) 90.0
01 F 439 0.7 25
Northern Pike 01 F 498 1.0 3.0
01 F 531 0.7 3.2
01 F 455 0.5 25
White Sucker o1 F 432 23 4.2
01 F 429 0.6 14
o F 483 0.6 25
*White Sucker 01 F 483 1.0 23 Dieldrin 0.008
White Sucker o1 F 452 1.8 3.2
o1 F 381 10 44
Walleye 01 F 330 49 45
o1 F 452 26 68
Yetiow Perch 05 F 203 10 1.0
04 WF 173 28 6.6
0s WF 185 3.2 54
05 F 196 26 53
8/78 Carp 05 WF 483 13.2 65.0
05 WF 406 6.2 14.0
Walleye 05 WF 457 100 25.0
9/78 Chinook Saimon Eggs 10.0 11.0
Chinook Saimon 01 F 871 42 9.4
01 F 914 5.8 120
01 F 876 43 9.1
4/79 *Carp 05 WF 518 9.0 17.0 Mercury 05102
Copper 1.
p.p'DOE 0.50
*White Sucker 03 WF 387 3.6 5.9 Chromium 0.50
Mercury 0.12
Copper 2.10
p.p'DDE 0.14
*Walleyo 02 WF 401 10.0 16.0 Chromium 0.50
Mercury 0.14
Copper 1.80
Dieidrin 0.03
p.p'DDE 0.34
s F  — Fillet *Fish samples were screened for
| WF — Whole Fish compounds other than PCBs.
O EP — Edible Portion **Quantitated by matching to the near-
w est Arocior or Araclor mixture.
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Table
Lower Fox River and Lower Gregn Bay Fish Contaminant Data

17 (cont.)

Other
Length pca** Chloro-organics
Sample Location Date Species Quantity Form (mm) % Fat (mg/kg) or metals (mg/kg)
Walleye 01 r 386 1.3 3.7
DePere (below dam) o1 F 434 26 33
(continued) 01 F 290 14 33
06 F 239 26 1.5
02 F 305 33 3.2
Fox River Mouth *Carp 05 WF 460 110 58 Mercury 0.10
Alpha BHC 0.01
Copper 1.30
p.p'DDE 0.50
*Walieye 0S5 WF 381 11.0 16.0 Mercury 0.14
p.p'DOE 0.06
Afpha Chiordane (Cis) 0.05
Trans-Nonachlor 0.05
. Alpha BHC 0.01
Copper 0.80
Dieldrin 0.0
p.p'DDE 0.36
*Yellow Perch ' 10. WF 178 3.2 84 Mercury 0.04
Copper 0.80
p.p'DDE 0.12
*Brown Bulihead WF 21 13 3.1 Mercury 0.06
Copper 0.90
p.p'ODE 0.10
WF 213 23 S4 Mercury 0.05
Copper 1.40
p.p'DDE 0.13
*Carp 04 WF 439 110 6.1 Mercury 0.15
p.p'0ODD 0.07
Alpha BHC 0.01
Copper 0.90 -
p.p'ODE 0.52
Lower Green Bay Lake Whitefish 01 F 533 11.8 17.3
(Grid 1001) * Algwife 0s WF 187 44 74 Mercury 0.09
p.p’'0DD 0.09
1.10
Dieldrin 0.05
p.p'ODE 0.63
*Brown Buithead 0S5 WF 231 29 8.5 Mercury 0.04
Copper 1.40
p.p'ODE 0.16
Gamma BHC 0.02
*Carp 05 WF 366 8.0 59 Mercury Q.11
p.p'ODD 0.05
1.80
p.p'ODE 0.18
*White Sucker 01 WF 269 6.0 4.4 Mercury 0.05
Copper 1.00
p.p'ODE 0.11
*Yellow Perch 05 WF 165 75 8.5 Mercury 0.03
Copper 1.00
p.p'ODE 0.12
Gamma BHC 0.04
(Sullivan and Delfino, 1982)
F — Fillet *Fish samples were screened for
g WF — Whole Fish compounds other than PCBs.
o| EP — Edible Portion * *Quantitated by matching to the near-
w est Aroclor or Arocior mixture.
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