
































































































































































































































































































































































































































Organic Contaminants in Sediments & Water 

Delaware River Basin Commission (1984) noted that "data for non­
metallic toxic substances in the water column are generally not available." 
They did refer to a May, 1981 Delaware Department of Natural Resources and 
Environmental Control survey in which they found no chlorinated pesticides 
in the water column in the Delaware Estuary or Bay. They reported finding 
neither PCB nor chlorinated pesticides in the repeat survey in April, 1982. 

The commission's 1984 report mentioned only a few incidences of 
sediment sample analyses for organic contaminants in the Delaware River 
Estuary and Bay. The Corps of Engineers tested dredged spoils from the 
navigation channel during 1979-1983. They found low concentrations of 
pes ti ci des and organic compounds there. In 1982 the Delaware Department of 
Natural Resources and Environmental Control took a sediment sample from the 
estuary near the mouth of Delaware Bay. They found no detectable 
concentrations of various pesticides and organic compounds. The Delaware 
River Basin Commission (1984) considered it unfortunate (as we do) that 
"there are very few data taken in sediments in near-shore areas." 

There were a few reports of Delaware Bay sediment analyses for 
hydrocarbons in the 1970's. Hydrocarbon data from analysis of sediments 
from stations from Philadelphia to the bay mouth by Wehmiller and Lethan 
(1975) indicated a contaminated nature of up-river sediments compared to 
lower bay sediments (Mauer, 1979). Fiest (1977) analyzed Delaware Estuary 
bottom sediment grab samples for saturated hydrocarbons. He collected the 
samples from the mouth of Delaware Bay, throughout the Bay, and upriver 
about 150 km from January, 1975 to March, 1976. His study recorded the 
impact on bottom sediments of the Corinthos oil spill on January 31, 1975 
which released approximately two million liters of crude oil into the 
Delaware River at Marcus Hook, Pennsylvania, about 129 km upriver from the 
Bay mouth. He noted type of sediment and presence of new petroleum, drawing 
a picture of the oil being carried downstream in moderately sandy sediments 
with the Spring freshet. Fiest (1979) summarized that "the sediments of the 
upper and middle Estuary recorded the impact of contamination with petroleum 
hydrocarbons following the Corinthos spill, [but] lower Estuary sediments 
showed no noticeable influx over a fourteen month monitoring period" and 
that "petroleum hydrocarbons are preferentially accumulating in areas of 
rapid sediment accumulation, i.e. shoaling areas." He noted that "the 
dynamic nature of estuarine circulation processes makes the determination of 
baseline concentrations of hydrocarbons in bottom sediments a complicated 
procedure." Sediment data from Fiest (1979) show a concentration range for 
total aromatics of O - 1,111,000 ppb with a mean value from all samples in 
which aromatics were detected of 165,000 ppb, and a median value of 75,000 
ppb. 
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Organic Contaminants in 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 PCB 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 Canmission 
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 
3 
4 
5 

New Jersey Stations 
5 
4 
3 
2 
1 

DDT 
860 
450 
450 

1,225 
1,390 

625 
715 

1,065 

Dieldrin 
125 

50 

115 
130 

60 
25-50 

60 

PCB 

5 
10 

5 
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. 

201 



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, soup, 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 toxic. 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 anthopogeni c organ! cs 
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. 

Zoo plankton could be adversely affected by the i nor eased part i cul ate 
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 environment. 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 
stations, 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. 

O'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 5,442 
Sandy Hook Bay Aug. '77 3,055 
N.Y. Bight Apex Aug. '77 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 1 2, 71 0 
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 1 o, 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 gr~i ned sediment are removed from the harbor each year by maintenance 
dredging. 

Bopp, et al. ( 1981) concluded fran their study of PCBs in sediments of 
the Hudson River that the system had been contaminated during the previous 
three de ca des by discharges f ran two General Electric capacitor pl ants 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 chlo~dane 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 Canplex 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-
1 O 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. Me:in valtea fer oontanirmt oonoentraticm in N&1 Ycrk sedimEnts (ppb, cry wt.)~ 

Locatiai 
( depth in an if kn:,wn) Date Com. Caitani nant RefErenoe 
Rcri tan Bay c o...rr) 73-76 200 PCB 1242 BoR) ( 1979) 
Hudson Est~y at Manhattc11 

Islaid (Q-53) 74-r, 4,425 PCB 1242 eow (1979) 
(53-al) 74-r, 7':JJ PC3 121'2 Bopp (1979) 

Htdsai Ri \er' off Ma'lrattan 
Islaid (~) 1975 4,950 PCB 1242 BoR), et al. (1982) 

Hudson Ri VEI" off Manhattcll 
Islmd (~) . 1975 1,~9 PCB 1254 Bow, et al. (1982) 

Hu:!son R i wr off Ma'lhlttan 
Islmd (0-5) 1975 6,~ PCB 1242 Bow~ et al. (1982) 

Hu:lsal River off Ma'lhlttan 
Isl.aid (0-5) 1975 1,950 PCB 1254 Bow, et al. (1982) 

u~ Bay co-2a:>) · 1975 2,543 PC3 121'2 aow, e;, al • c 1982) 
Upper Bay ( 0-28:>) 1975 1,079 PCB 1254 Bopp, et al. (1982) 
UppEr Bay (0-10) 1975 1,63) PCB 121'2 aow, et al. c 1982) 
Upper Bay (0-10) 1975 610 PCB 1254 lb:r.p, et al. (1982) 
Rcritan Bay 1977 110 EPCB Stainkal ( 1 ~) 
Rari tc11 Bay ( 0-12) 1cm 125 PCB 121'2 Boi:p + S1mpscn (19811-85?) 
Rcri tan Bay ( 0-12) 1977 55 PCB 1254 Bopp + S1mpscn (1~-8.5?) 
Raritan Bay 1977 232 l:PCB StainkEn + Rall W3geJ1 ( 1979) 
Satdy Hook Bay 1977 700 l:PCB M3d.,ood, et al. ( 1981 ) 
Lo,~ Bay 1m 75 l:PCB Mad.,ood, et al. (1981) 
N. Y. Bigit Apex 1m 1,035 tp(B Mad.,ood, et al. (1981) 
Sa1dy Hook 1977 72 I:PCB StainkEn + Rallwagen (1979) 
Lcwer Bay 1977 10 l:PCB StainkEn + Rall W:lgel'l ( 1979) 
Staten Is., int.Erticttl 1977 467 !PCB StainkEn + Rallwagen (1979) 
Manaroneck Ri vfr (anptie 

into Laig Is. Srund) 1978 4:J) l:PCB MacLood, et al. (1981) 
Hudson Ri VEr, Manhattat 

Hartxr, credged material 1978 :J)Q EPCB Mrl.ood, et al. ( 1981) 
Sl'ootE!"S Is. dredged material 1978 3,:J)O l:PCB l'kLood, et al. (1981) 
Rari tat Bay ( 0-12) 19&> 488 PCB 121'2 Bopp + S1mpscn ( mp.1blisl'Ed) 
Rari tal Bay ( 0-12) 1980 333 PCB 1254 Bopp + Simpson (unp.tblisrad) 

~ 
Rari tat Bay ( 12) 19&> 100 PCB 121'2 Bopp + Simpscn ( mp.1blislm) 
Raritan Bay ( 12) 1980 179 PCB 1254 Boi:p + Simpson (unp.tblisred) 
Hwson River, N. of YaikErs 1980 62 l:PCB fva:Lood, et al. ( 1981 ) 
UpPE:r'BaY 1980 130 EPCB Mad.,ood, et al. ( 1981) 
Ch. N. of Sh:x)tErS Is. 1980 3,200 l:PCB Mad..e:>d, et al. ( 1981) 
Fresh Kills Reach 1980 2,(X)() l:PCB M':lcLe:>d, et al. ( 1981) 
Hudson River, off Manhattcll 

Islaid ( Q-5) 1975 es cnlcrdane F?opp, et al. ( 1982) 
Hudson Ri VEI", off Manhattai 

Isl.aid (5-50) 1975 137 cnlcrdane lbW, et al. (1982) 
Upper Bay, (0-10) 1975 165 cill.O'dare Bopp, et al~ ( 1982) 
Upper Bay ( 10-2:J)) 1975 178 chlcrdane F?opp, et al. ( 1982) 
Hu:Json Ri VEr' off Manhattai 

Isl.aid (0-5) 1975 17 dielcrin F?opp, et al • (1982) 
Hucmn Ri vfr, off Manhattcll 

Islaid (5-50) 1975 37 dielcrin Bopp, et al. (1982) 
UppEr Bay (0-10) 1975 37 dieldrin Bopp, et al • ( 1 982) 
Upper Bay (10-a>) 1975 51 dielcrin eow, et al. (1982) 
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PC:Ss 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 sur-race 
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 ( ?2 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: 

1977 
1978 
1979 
1980 
1981 
1982 
1983 

Hudson: at Stillwater 

.69 ug/1 
• 41 " 
i 82 " 
.33 " 
.34 " 
• 24 fl 

• 25 " 

at Waterford 

.37 ug/1 

.34 fl 

~47 fl 

.22 " 

.26 fl 

~ 16 " 
• 15 " 

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 
Christi aensen Basin (near the New York Bight apex, bet wen 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, mo~lusk, 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 S~dy 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 
methynaphthalene •••••• ~.40 
phenanthrene •••••••• ~ ••• 30 
fluoranthene •••••••••••• 20 
pyrene •••••••••••••••••• 30 

Blue mussel, Staten Island, 1979 
naphthalene •••••••••••••••••• 100 
1-methylphenanthrene •••••• ~ ••• 50 

Blue mussel, Sandy Hook, 1977 
naphthalene ••••••••• ~······50 
phenanthrene ••• ~ ••••••••••• 50 
fluoranthene •••••••••••••• 400 
pyrene~ ••••••••••••••••••• 400 
benz(a)an~hracene ••••• ~ ••• 700 
chrysene •••••••••••••• ~ ••• 300 

Blue mussel, Coney Isl and, 1979 
naphthalene •••••••••••••••••• 40 
1-methylphenanthrene •••••••• 400 

fluoranthene •••••••••• ~······~00 fluoranthene •••••••••••••• 1,000 
pyrene •••••••••••••••••••••••• 50 

Winter flounder, Raritan Bay, 
1977 
naphthalene (in flesh) •••••• ~ .17 
naphthalene (in liver).~ ••••• 270 

pyrene •••••••••••••••••••• 1,000 

Windowpane flounder, Raritan Bay, 
1977 
naphtha! ene ••••••••••••••••••• 23 

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. 

PQ3 & 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 
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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 York Bight apex. 

Ecological A~alysts, Inc. and SEAMJcean, 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 the! r 
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 Roger·s Island 
for two weeks~ then analyze~ whole f !sh 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 PC~ 
cont ami nation 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, bu~ 
sampling size was too small to use results for managerial decisions (Brue~ 
Ruppel, Personal Communication, April 15, 1986). · 
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Table 2a. Hean values for EPCBs in fishes of New York Harbor and surrounding area in ppb, dry wt. 

Organism 

Striped bass 
Spot 
Winter flounder 

60-65 nm 
220-495 nm 

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 

Location 

Raritan Bay 
Raritan Bay 
Raritan Bay 

Raritan Bay 

Raritan Bay 
Raritan Bay 
tladson near Rogers Is. 
tlJdson near Rogers Is. 
tladson near Rogers Is. 
ttadson near Rogers Is. 
Raritan/Sandy Hook Bays 
Raritan/Sandy Hook Bays 
Raritan/Sandy Hook Bays 
Lower tladson River 
(0-15 miles) 
Lower tlJdson River 
(0-15 miles) 
Sandy Hook/Raritan Bay 

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

Sandy Hook/Raritan Bay 

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

Brown bullhead, muscle tlJdson at Stillwater 
Yellow perch, edible flesh tlJdson at Stillwater 
Brown bullhead, edible ttadson at Stillwater 

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 
America~ eel, edible 

portion 

Staten Island 

tlJdson River estuary 

ttldson at Stillwater 
ttldson 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 

Cone.* 

640-1,820
1

' 
2 

530
2 

370
2 

140
2 

2 
3,0902 

6302 
2, 1933 

11,0003 
9,0003 

12,5003 
16,500 
4,150 
5,750 
4,900 

17,450 

17,200 

365-700
1 

25-700
1 

395-550
1 

1 
76-77 7,000-37,000 

1 
76-77 1,250-12,000 

1 
76-77 10,000-50,000 

1977 
1977 
1977 

1978 

1978 

1979 
1979 
1979 

1979 
1979 
1979 
1979 
1979 

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 

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. 

NYSOEC (June) 1981. 

Klauda, et al. 1981. 

Sloan, et al. 1985. 
NYSOEC (June) 1981. 
Sloan, et al. 198~. 
NYSOEC (June) 198~. 
Sloan, et al. 1985. 
NYSOEC (June) 1981. 
NYSOEC (june) 1981. 
NYSOEC (June) 1981. 
NYSDEC (June) 1981. 



American eel, edible Upper Bay 1919 18,700 NYSDEC (June) 1981. 
portion 

Brown bullhead, muscle ltldson at Stillwater 1980 61,700 Sloan, et al. 1985. 
NYSDEC (June) 1981. 

Pumpkinseed, whole ltldson at Stillwater 1980 100,600 NYSDEC (June) 1981. 
Pumpkinseed, whole ltldson at Stillwater 1980 108,650 Sloan, et al. 1985. 
Pumpkinseed, whole ltldson at Newburgh 1980 23,150 Sloan, et al. 1985. 

NYSDEC (June) 1981. 
Striped bass Tappan Zee Bridge 1980 38,400 NYSDEC (Dec.) 1981. - Striped bass, muscle Tappan Zee Bridge 1980 29,900 NYSDEC (June) 1981. 
American shad, muscle Tappan Zee Bridge 1980 7,750 NYSDEC (June) 1981. 
American eel, muscle Manhattan (Pier 40) 1980 29,450 NYSDEC (June) 1981. 
Yellow perch, edible flesh Ft. Edward/Thompson Is. 

l 

1980 105,000 Horn+ Skinner 1985. 
Brown bullhead, edible Ft. Edward/Thompson Is. 1980 50,000 Horn+ Skinner 1985. 

flesh 
Yellow perch, edible flesh Hudson at Stillwater 1980 5,000 Horn+ Skinner 1985. 
Brown bullhead, edible ltldson at Stillwater 1980 60,000 Horn+ Skinner 1985. 

flesh 
Ptnpkinseed, whole ll.ldson at Stillwater 1981 68,250 Sloan, et al. 1985. 
Pumpkinseed, whole lt.ldson at Stillwater 1981 71,700 Sloan, et al. 1985. 
Pumpkinseed, whole ll.ldson at Newburgh 1981 11,625 Sloan, et al. 1985. 
Pumpkinseed, whole ltldson at Newburgh 1981 13,900 Sloan, et al. 1985. 
American eel, muscle Tappan Zee Bridge 1981 54,150 NYSDEC (Dec.) 1981. 
Striped bass Tappan Zee Bridge 1981 22,200 NYSDEC (Dec.) 1981. 
klerlcan shad, muscle Tappan Zee Bridge 1981 7,000 NYSOEC (Dec.) 1981. 
Pumpkinseed, whole ltldson at Stillwater 1981 69,100 NYSDEC (June) 1982. 
Pumpkinseed, whole ltldson at Newburgh 1981 12,4654 NYSOEC (June) 1982. 
Striped bass Raritan Bay 1981 19,6504 Belton, et al. 1983. 
American eel Raritan Bay 1981 5,3004 Belton, et al. 1983. 
Bluefish Raritan/Sandy Hook Bays 1981 6,450 Belton, et al. 1983. 
Bluefish Raritan/Sandy Hook Bays 1981 6,413 Ruppel 1983. 
Bluefish ltldson/Upper N.Y. Bay 1981 8,9004 Ruppel 1983. 
Striped bass Lower ltldson River 1981 7,800 Belton, et al. 1983. 

(0-15 miles) 
17,S00

4 American eel. Lower ltldson River 1981 Belton, et al. 1983. 
(0-15 miles) 

Striped bass ltldson River, km 30 ? 60,000 O'Conner, et al. 
1982 In: O'Conner,. 
et al. (in press.)~ 

Winter flounder Raritan Bay ? 350 o•conner, et al. 
1982 In: 0' Conner, .: 
et al. (in press.). 

Pumpkinseed, whole lt&dson at Stillwater 1982 45,183 Sloan, et al. 1985. 
Pumpkinseed, whole ltldson at Stillwater 1982 46,050 Sloan, et al. 1985. 
Brown bullhead, muscle ltldson at Stillwater 1982 48,850 Sloan, et al. 1985. 
Pwnpkinseed, whole ltldson at Newburgh 1982 8,017 Sloan, et al. 1985. 
Pumpkinseed, whole lt&dson at Newburgh 1982 11,100 Sloan, et al. 1985. 
Bluefish Hudson/Upper N.Y. Bay 1982 8,260 Ruppel 1983. 
Bluefish Raritan/Sandy Hook Bays 1982 3,394 Ruppel 1983. 
Bluefish Raritan/Sandy Hook Bays 1982 2,300 Belton, et al. 1983. 
Striped t,ass Lower lt&dson River 1982 15,900 Belton, et al. 198~. 

(0-15 miles) 
American eel Lower Hudson River 1982 24,000 Belton, et al. 198~. 

(0-15 miles) 
Yellow perch, edible flesh Hudson at Stillwater 1982 25,000 Horn + Skinner 1985. 
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Brown bullhead, edible tl!dson at Stillwater 1982 50,000 Horn+ Skinner 1985. 
flesh 

American eel, edible flesh Hudson at Stillwater 1982 150,000 Horn+ Skinner 1985. 
American eel, edible Newark Bay at Belton, et al., 

flesh Shooters Island 82-83 12,425 1985 (Sept.) 
Striped bass, edible Newark Bay at Belton, et al., 

flesh Shooters Island 1983 23,085 1985 (Sept.) 
Pumpkinseed, whole tl!dson at Stillwater 1983 45,450 Sloan, et al. 1985. 
Pumpkin seed, whole tlldson at Stillwater 1983 54,250 Sloan, et al. 1985. 
Brown bullhead, muscle tl!dson at Stillwater 1983 84,000 Sloan, et al. 1985. 
Pumpklnseed, whole tlldson at Newburgh 1983 13,450 Sloan, et al. 1985. 
Pumpkinseed, whole Hudson at Newburgh 1983 12,417 Sloan, et al. 1985. 
Yellow perch, edible flesh Ft. Edward/Thompson Is. 1983 165,000 Horn+ Skinner 1985. 
Brown bullhead, edible Ft. Edward/Thompson Is. 1983 75,000 Horn+ Skinner 1985. 

flesh 
Brown bullhead, edible tl&dson at Stillwater 1983 85,000 Horn + Skinner 1985. 

flesh 
Yellow perch, edible flesh Hudson at Stillwater 1984 25,000 Horn+ Skinner 1985. 
Brown bullhead, edible tl!dson at Stillwater 1984 55,000 Hom+ Skinner 1985. 

flesh 

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

1. Range shown 
2. No indication of wet/dry weight basis 
3• PC81016 
4. PCB1254 

Fish species, Table 2a: Striped bass ••• ~ saxatilus 
Spot ••• Leostonus xanthurus 
Winter flounder ••• Pseudopleuronectes americanus 
Bluefish ••• Pomatomus saltatrix 
Weakfish ••• Cynoscion regalus 
American eel ••• Anguilla rostrata 
Atlantic tomcod ••• Mlcrogadus tomcod 
Brown bullhead ••• Ictalurus nebulosus 
Punpkinseed ••• Lepomis gibbosus 
American shad ••• ~ sapidissima 
Yellow perch ••• ~ flavescens 
Creek chubsucker ••• Erimyzon oblongus 
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Table 2b. Mean values fortPCBs in invertebrates of New York Harbor and surrounding area in ppb, 
dry wt. 

Organism Location Date Cone. Reference 

Mercenaria mercenaria Raritan Bay 1977 550
1 Stainken + Rollwagen 

405
1 1979. 

Crassostrea virginica Raritan Bay 1977 Stainken + Rollwagen 

4551 
1979. 

!!l!, arenarla Raritan Bay 1977 Stainken + Rollwagen 

5501 
1979. 

Mercenaria mercenaria Sandy Hook 1977 Stainken + Rollwagen 

1,eoo
1 1979. 

Mercenaria mercenaria OKWD outfall in Lower 1977 Stainken + Rollwagen 
Bay 

1,315
1 

1979. 
~ arenaria Staten Is., intertidal 1977 Stainken + Rollwagen 

1979. 
Mytilus edulis Sandy Hook Bay 1977 1,200 Macleod et al. 1982. 
Homarus americanus flesh Raritan Bay 1978 1,350 Macleod et al. 1982. 
Surf clams Rockaway Beach, Long Is. 1978 167 Macleod et al. 1982. 
Mytllus edulls Staten Island 1979 2,500 Macleod et al. 1982. 
Mytllus edulls Coney Island 1979 3,200 Macleod et al. 1982. 
Surf clams Rockaway Beach, Long Is. 1979 150 Macleod et al. 1982. 
Calllnectes sapldus, Tappan Zee Bridge 1979 14,750 NYSOEC 1981. 

whole without shell 
Callinectes sapldus, Tappan Zee Bridge 1979 33,750 NYSOEC 1981. 

hepatopancreas 
1,5001 Homarus americanus Raritan Bay ? O'Conner, et al. 

1982. In: O'Conner, 

1 ,0001 
et al. (in press). 

Mytilus edulis Sandy Hook ? o•conner, et al. 
1982. In: O'Conner, 

2,0001 
et al. (in press). 

Mytllus !!!!!!!!_ Coney Island ? o•conner, et al. 
1982. In: O'Conner, 

soo1 
et al. (in press). 

Mercenaria mercenaria Raritan Bay ? O'Conner, et al. 
1982. In: O'Conner, 
et al. (in press). 

Callinectes sapldus, Newark Bay 
1 

Belton, et al. 
whole 1982 7,9631 1985 (Sept.) 

Homarus americanus Raritan Bay 1984 3,600 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: Hercenarla mercenaria = hard clam 
Crassostrea virginica = Eastern oyster 
Mya arenaria = soft clam 
Mytilus edulls = blue mussel 
Homarus arnericanus = 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 f inf ish 
the DEP surveyed exceeded the proposed level. 

Belton; et al~ (1983) noted that temporal trends in PCB contamination 
varied among fish species. Aroolor 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 round that the larger bluefish (~60cm.) 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 fran·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 
oonsiste~tly related to levels in sediments. The rook crab was an 
exception. The difference between concentrations in the relatively 
contaminated inner New York Bight area and concentrations for rook 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 MaLeod 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 MaoLeod, et al. ( 1981) for lobster, rook 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 hepatopanoreas 

Striped bass, 
whole fish composite 

1983 

Following are sane Raritan Bay dioxin data: 
Striped bass, (one sample) 1983 
American lobster, 1984 

m~sole and hepatopancreas mixture 
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Table 3a. Mmn pesticioo oonrentratias in fisres of NEW Yerk Hcrtx:r, Hu:ison River, Rcritan Bay, and 
New Y erk Bight Ai:ex, sham in ppb, cry wt·. 

Q-wmisn Lcmticn rate PesticiCB Ccnc~ Reference 

MackErel. fl ESh New Y erk Bight Ai;ex 1 <J77 Diel.min ~ MacLaxi, et al. 1981. 
Mackerel fleh NEW Yerk Bi81t Apex 1'111 DD!' c11d metabolite 222 Mad.,e:,d, et al. 1~1. 
Winter flol.llder s. of MontaLk, 1978 Diel.min 4 MacLaxi, et al. 1981. 

Loog Islc11d 
Winter fla.nder S. of Mmtauk, 1978 rm c11d metaboli tES ® Mad,e:,d, et al. 1~1. 

Loog Islc11d 
Stri i:eci bass Tappan Zee Brl ~ 1~ mr 1,200 NYDEC (Dec~) 1~1. 
st.ri i:ed bass Tappan Zee Brl (8e 1g30 chlO"dane 250 NYrEC (Dec.) 1~1. 
Strii:ed bass Hu:.tsoo River, km 15 ? mor 1, 9.50 0' c.amer, et al. 1 ~2 

In: 0' Conner, et al. 
(in JrEBS). 

Winter fla.nder Rarita'l Bay ? IDDT 45 0' CamEr, et al. 1 ~2 
In: 0' Comer, et al. 
(in press). 

Bltefish Raritan/Sandy Hook 1981 dll.crdane 551 Beltai, et al. 1983. 
Bays 

Bltefish Hulsav'UPJ)E:r N. Y .Bay 1 ~ 1 chlO"dane 1,030 Ruppel 1~3. 
Bltefish Sandy Hook Bay 1981 du.er~ 1,069 Ruppel 1983. 
Bltefish Huison/Upper N. Y ~Bay 1~2 chlerdane 1~ Ruppel 1~3. 
Bltefish Raritan/Sandy HOOi< 1982 dll.O"~ 224 Ruppel 1983. 

Bays 
Bltefish Rcri tan/Sc11dy Hook 1~2 chlO"dane 139 Belton, et al. 1~3. 

Bays 

Table 3b. M8::lll pest! ci CB ooncentrati oos in invertebrate of NEW Y O"k Hcrtx:r, Rcri tan Bay, and NEW 
Ycrk Bight Ai:ex, shewn in ppb, cry wt. 

Orgmisn Lcmti01 rate Pesticioo Ccnc. Reference 

Blue mussel Sandy Hook Bay 1m oor and metabolite 221 MacLaxi, et al. 1981. 
Lotster fieh Rcrita'l Bay 1978 Dielcrin l5 MacLe:>d, et al. 1~1. 
Blue mussel Staten Islam 1979 Dieldr'in 10 MacLaxi, et al. 1981. 
Blie mlBSel, Staten Islatd 19'!9 DDr c11d metaboli tES 340 MacLe:>d, et al. 1~1. 
Blte mlBSel Sc11dy Hook ? IDDr 325 0' CamEr, et al. 1 ~2 

,. In: CJ Comer, et al. 
(in pr'EBS) • 

LotstEr Ra"itan fay ? IDDI' 130 0' CamEr, et al. 1~2 
In: CJ Cooner, et al. 
(in prEBS). 

Blie mussel Ccney Island ? IDDf 160 0' CamEr, et al. 1~2 
In: 0' Comer, et al. 
(in press). 

SJrf clan Rockaway Beach ? 20 0' Came", et al. 1 ~2 
In: CJ Conner, et al. 
(in press)~ 
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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 
variations in sediment type, water depth, salinity, channel dredging, waste 
disposal, etc. 

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 was.te 
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. 

R is ti ch, et al. ( 1977) reported on results of a 1972 bent hi c survey of 
invertebrate fauna of the SO-mile area of the Hudson River from New York 
Harbor to Poughkeepsie. They observed that salinity "was one of the most 
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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 poin~ 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, f in_d obviously stress~d areas near sewage 
treatment pl~ts, 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 a1.· (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 
des er i pt ions of composite "assemblages" of moll us ks, di at oms 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 
environments, 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 1 evel s ••. " (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 condi t.ion 
in Raritan Bay. Following are examples of molluscan species richness in a 
few muddy sand habitats reported in Franz (1982): 

Location 
Buzzards Bay 
Long Island Sound 
N.Y. Bight Apex 

. Raritan Bay 

Total 
23 
14 

9 
4 

Reference 
Sanders ( 1960) 
Franz (unpublished, 1972 data) 
Franz (unpublished, 1973 data) 
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 or 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 environment 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 sedi~ents. 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 PCB s" ( 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, ~nd 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 Sm! th, et al. ( 1979) that PCBs may play a 
role in the development of hepatomas in tomcod. Klauda, et al. (1981) 
compared PCB levels from four types of 1 i vers - 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 tom cod 1 i vers 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 
tancod." 

Pearce (1979b) described reports from several studies of fish disease 
in Raritan ~ay 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: 

Apex .~ ••••••••••••••• ~ •••••• 15.0% 
Sandy Hook/Raritan.Bay ··~···~8-.0% 
Control area .••••••••.••••••• 2.1% 

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 flatf !shes 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 fran 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 environment. 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 fran the New 
York Bight apex, about 9.4 percent of the shrimp from stations in Sandy Hook 
Bay, and only 7. O percent of the shrimp from the long Island Sound station 
were afflicted with shell disease. "Diseased specimens were rarely 
encouuntered in 48 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; 
yei 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 vi ci ni ty of sewage sludge and dredge spoil areas most 
frequently showed pathological conditions such as exoskeleton erosions and 
gill abnormal! ty. 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 or 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 

Zi tko 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 calcula~ed 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. cone. Threat rating 
Humans / Marine rating Humans/Marine 

Biota Biota 
PCB 1016 + 1242 4 3 4 16 12 
PCB 1254 4 4 5 20 20 
PCB 1260 4 4 4 16 16 
Polychlorinated naphthalenes 4 4 1 4 4 
Chlorinated dibenzodioxins 5 5 1 5 5 

(2, 3, 7, 8 TCDD) 
Heptachlor 4 3 2 8 6 
Heptachlor epoxi de 4 3 3 12 9 
Aldrin 4 4 1 4 4 
DDT and metabolites 3 4 4 12 16 
Chlordane 3 4 4 12 16 
Trans-nonachlor 3 4 4 12 16 
Dieldri n 4 4 3 12 16 
Endr'in 4 5 2 8 10 
Mirex 4 4 1 4 4 
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Kepone 
Toxaphene 
Endosulfan 
2, 4-D 
2, 4, 5-T 

4 
4 
4 
2 
3 

4 
4 
4 
1 
1 

4 
4 
4 
2 
3 

4 
4 
4 
1 
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 

PCB-1016 
PCB-1254 
PCB-1260 
DDT and metabolites 
Chlordane 
Trans-nonachlor 
Dieldrin 
Lindane 
Heptachlor epoxide 

To Aquatic Invertebrates 

PCB-1016 
PCB-1254 
PCB-1260 
DDT and metabolites 
Chlordane 
Trans-nonachlor 
Dieldrin 
Endrin 

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" 
(Br.et el er, 1984). The resulting "threat rating" for PAH in the estuary to 
mclJ+ was 12-16, cons! dered "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 environments. 

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 ·1ower 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 1 ess than a decade" (Hydroscience, 
Inc. 1978) ~ 

Larry Skinner from New York State Department of Environmental 
Conservation's Division of Fish an·d 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 
fi~heries 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 live and 1 i ke to fish on the side in which 
closure is in effect) are angry about it~ 

Bel ton, 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 Heal th in August of 
1984 to order "prohibition on the sale and consumption of all fish •nd 
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, Bel ton, 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 4 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. Clrdnogenlc potenc, factar and wet weight eancentratlons of CIDfttaffllnant In lndlYlcbll fish or thelltllh from the ,...._.Raiitan P.stuary • 

Compound 

Chlordane 
DOT and metabolltes 
Oleldrln 
Heuchlorobenz.ene 
Heptachlor 
Llndane 
Nonachlor 
PAHC 
PCB 

Carcinogenic 
potency factor 

I.St 
••• 2 

JO.,o 
l.69 ,.,1 
0.71 ob 

0 .. ,. 
a Data from Macleod et al. (1911). 

Raritan Bay 
winter flounder 

,.o 
1'.0 

0 
0 
0 
0 

,.o 
,.o. 

100 

a.o 
10.0 ,.o 
0 
0 

2.0 ,.o 
a.o 
10 

a.o ,.o 
•.o o., 
0 

1.2 ,.o 
10.0 
ao 

Yet weight c~tr_a~_~) from~ 

. Raritan 8ay 
windowpane flounder 

,.o 
22.0 

0 
0 
0 
0 ,.o 

12.0 

I'° 

,.. 
lJ.I ,.a 
o.• 
0 
0 1., 

1, •• 
7' 

,., 
11.9 ,.2 o., 

0 
o.a 
•• 2 u., 

12, 

Hudtoft RlYer 
striped b&tl 

... 
1,2 
0 
0 
0 
0 

192 
10 

12960 

. .. 
13;2 

0 
0 
0 
0 

192 

' asao 

1,a 
'°' 0 
0. 
0 
0 

••• 0 
3120 

·.Raritan Bay 
lobster 

••• 1.1 
11.2 10.2 
'-' , .. 
OJ .O,J 
o.a 0.1 
0 o. ,.2 ,., 

12.1 "·' 
" 3'7 

2., 1.1 
29.9 20.2 

0 2.2 
1.1 1.1 
0 0.2 
0 0 

•• , 2.2 
11.1 · ,., 

230 220 

1.1 
20.2 2., 
0.9 
0.1 
0.2 2., 
3'.S 

207 

b No experimental ewldence of carclnogenlclty. 
CPAH Included naphthalene, 1-methylnaphthalene, blphenyl. phenanthrene, fluoranthrene, pyrene, chtysene, and benz(a)anthra~. No experimental 

nldence has Dftked -, of thete compounds to cancer. 

Table 2L Wetlme Ira 111 I dsk of etnCIII' Calo-'> hl9 CDnMnll'I U ...-of ............. ar ....... ,_.., 

Raritan lay Raritan lay Hudlon RlYer Rarltlft Bay 
Compound winter Oounder windowpane flounder striped bass · 1obster 

Chlordane 1.2 1.2 1.2 o., o., 0.9 22 22 2, 0.72 0.2' 0.3" 0.1, 0.11 
DDT and metabolites lJ 1.1 7.0 17 10 " 620 110() J90 1.1 1.0 "·" " 16 
Dleldrln 0 11 11 0 11 12 0 0 0 11 .. 0 ,.2 ,., 
Hexachlorobenzene 0 0 ·0.1 0 0.1 0.1 0 0 0 o.o, o.o, 0.11 0.17 0.1, 
Heptachlor 0 0 0 0 0 0 0 0 0 0.2' 0.21 0 0.07 o.o, 
Llndane 0 0.1' o.o, 0 0 0.1 0 0 0 0 0 0 0 0.02 
Nonachlor 0 0 0 0 0 0 0 0 0 0 0 0 0 .oo 
PAH 0 ,: 0 0 0 0 0 0 0 0 0 0 .o 0. .• oo I PCB '° ,2 J2 " JI '1 ,200 "°° 1'00 . ,, 1'0 ,, 19 •• - - - - - - --- - - ---- ---
Addltlve rlsk " 

,, ,2 IJ '2 71 ,,00 '700 1700 ,1 170 120 110 110 I 

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

10., 

"·' 0 
0 
0 
0 ,., 

2,0., u, 

Raritan Bay 
mussels 

1.6 
'2 
0 
0 
0 
0 

0 

" 
120 
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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 
organi~ contamination of Narragansett Bay (Van Vleet and Quinn, 1978; Quinn, 
1979). Urban runoff is a major source of organ! c 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 seven 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 :say 
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 monocyclic aromatic hydrocarbon 
concentrations in various locations in Narragansett Bay and their 
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Figure 1. Narragansett Bay. Rhode Island (Wakeham, et al., 1982). 
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Table 1. Mean concentrations (ng/Liter, or parts per trillion) oft 
naphthalenes (naphthalene, 2-methyl naphthalene, and 1-methyl 
naphthalene) in water samples from Narragansett Bay sites fran 
Providence River to the mouth (Wakeham~ et al., 1982). 

Location Concentration Sampling Date 

~ Fields Point, Om 4 Aug., 1979 
Sabin Point, Om 3 Aug., 1979 
Sabin Point, 4-1 Om 2 Aug~~ 1979 
Conimicut Point, 3-3.sm 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~ 4m 53 Feb;, 1980 
Fields Point Outfall 590 Feb., 1980 
Fields Point, Om 70 Feb~, 1980 
Fields Poi n~ , 3-7 • 5m 40 Feb., 1980 
Sabin Point, Om 87 Feb;, 1980 
Sabin Point, 4-1 Om 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 

1" 
Providence River, Om 6 July, 1980 
Fields Point Outfall 650 July_, 1980 
Fields Point, 01!) 17 July, 1980 
Fields Poi nt , 3-7 • 5m 4 July, 1980 
Sabin Point, Om 5 July, 1980 
Sabin Point, 4-1 Om 6 July, 1980 
Conimicut Point, Om 8 July, 1980 
Conimicut Point, 3-3.5m 4 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, 4-1 Om 43 Feb., 1981 
Conimicut Point, Om 64 Feb., 1981 
Conimicut Point, 3-3.sm 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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Figure 2. Total C2 Benzenes from 1 meter depth B20 at Conimicut P~int, Ohio 
Ledge, and North Jamestown in Narragansett Bay (McGregor, 1983). 
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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 t~e 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 resident! al 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 
hydr.ocarbon 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 cm." 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 
quanti tat! ve 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 co.ncentrations 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 (c) 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 ••••••••• 
Pawtuxet River, mid river, (1)km from plant 
Pawtuxet River, near dam, (2)km from plant 
Pawtuxet Cove, (3)km from plant •••••• 
Providence River, (5)km from plant •••• 
Narragansett Bay, (15)km from plant~ ••• 

c10-benzotriazole: Pawtuxet River, near plant ••••••••• 
Pawtuxet River, mid river, (1)km from plant 
Pawtuxet River, near dam, (2)km from plant 
Pawtuxet Cove, (3)km from plant •••••• 
Providence River, (5)km from plant •••• 
Narragansett Bay, (15)km from plant •••• 

chlorobenzotriazole: Pawtuxet River, near plant •••••••• 
Pawtuxet River, mid river, (1)km from plant 
Pawtuxet River, near dam, (2)km from plant 
Pawtuxet Cove, (3)km from plant •••••• 
Providence River, (5)km from plant •••• 
Narragansett Bay, (15)km from plant •••• 

500,000 ppb 
800,000 ppb 

40,000 ppb 
• 200,000 ppb 

10,000 ppb 
not detected 

300,000 ppb 
300,000 ppb 
70,000 ppb 

• 100,000 ppb 
10,000 ppb 

600 ppb 

300,000 ppb 
400,000 ppb 
20,000 ppb 

• 80,000 ppb 
20,000 ppb 

500 ppq 

Wade and Quinn (1979) studied distribution of PCBs and pesticides in 
sediments from mid-Narragansett Bay. They collected core samples at north 
Jamestown (near Conani cut 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 

0-4cm 
4-6cm 
6-8cm 
8-10cm 
1 o-12cm 
12-14cm 

39.2 
8.4 
3.4 
5.7 
1 ~ 9 
0.7 

0~14 
0.05 
0.00 
0~04 
0.00 
0.00 

1 ~ 16 
0.29 
o. 01 
0.00 
o.oo 
0.00 

Organic Contaminants in Biota 

Farrington, et al. (1983) presented an overview from data for PCBs, 
aromatic hydroQarbons, 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 aranatic 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, 
Mercenari a 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 fr~ seafood stores as 6. 3±5. O 
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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Figure 3. Temporal fluctuations of chemical concentrations in Mytilus 
edulis from Narragansett Bayi RI. 1977 and 1978: PCBs and 
hydrocarbons (Farrington, et al., 19 83). 



A 

Effects of Contaminants: Populations 

0' Conner (1986) summarized some results from one recently completed 
NOAA supported study (soon to be published) which sought correlations 
between fishery stock sizes (fr~m 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. O'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 environment 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 !_E.), 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 limit 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 42 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 µgig) and North Ditch (250,000 
µg/g) ~ tributary to Lake Michigan. Milwaukee Harbor (6. 42 µgig), 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 
low~r 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 µg/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 
Er! e ( 1971). Residues or 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 or Mirex in surface sediments of Lake 
Ontario in 1978. Mirex was first reported in Lake Ontario in 1974 in fishes 
from the Bay of Qu1nte (Kaiser, 1974). In addition to Mirex, ·strachan and 
Edwards ( 1984) reviewed the data on a number or other chlorinated organics 
in Lake Ontario. 

Total DDT in surf ace 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
malities in fishes and birds from the river and Bay (Fox, 1982, Gilbertson, 
1 982). 

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 o.rganochlorine 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. 



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 di el dri n. 

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
ganochlori ne 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 f !shes are shown in Table 11, 
12 and 13. Residues of DDT and PCBs show declines between the early 1970s 
and 1980~ 

Table 14 lists the polynuclear aromatic hydrocarbons identified in 
fishes from Lake Ontario and the Detro! t River and Table 15 shows the 1 evels 
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 I:,akes biota. He concluded in part: (1) that 
"persistent toxic chemicals have apparently had both localized and lakewide 
effects on the heal th 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) ~ 
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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 er­
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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• PCB values > 10 ng/g 

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 14 

Prevalence(%) of epidermal papilloma on white suckers. 

(Shear, 1984) 
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Table l Mean values and standard deviations for PCB's 
(ng/g) by lake, non-depositional zones (NDZ) and 
depositional basins for the surficial 3 ems of 
sediment in the Great Lakes. 

Lake Superior 

Whole Lake 
Total Basin 
NDZ 
Sectors:-
Duluth 
Apostle 
Chefswet 
Thunder Bay 
Trough 
Isle Royale 
Caribou 
Marathon 
Whitefish 
Keweenaw 

Lake Huron 

Whole Lake 
Total Basin 
NDZ 
Sectors:-
Mackinac 
Manitoulin 
Alpena 
Saginaw 
Port Huron 
Goderich 

Lake St. Clair 

Whole Lake 
1970 

Whole Lake 
1974 

Lake Ontario 

Whole Lake 
Total Basin 
NDZ 
Sectors:-
Niagara 
Mississauga 
Rochester 

Mean S.D. Lake Michigan 

3.3 5.7 Whole Lake 
4.8 s.s Total Basin 
3.9 2.1 NDZ 

Sectors:-
8.6 13.7 Fox 
s.o 2.2 Southern 
3.3 1.3 Milwaukee 
s.1 3.6 Waukegan 
s.s 2.9 Grand Haven 
4.5 2.2 Sarian 
3.7 1.6 Algoma 
6.4 7.3 Traverse 
4.4 3.0 
3.1 1.3 Georgian Ba? 

Whole Lake 
Total Basin 

12.8 10.3 NDZ 
1S.4 12.8 Sectors:-
10.7 7.3 Nottawasaga 

Owen Sound 
17.9 14.9 Trough 
12.2 s.1 Lion's Trough 
8.S 0.7 Cabot 

33.0 38.3 French River 
17.0 S.2 Flowerpot 
18.6 14.0 North Channel 

Lake Erie 

19.1 8.9 Whole Lake 
Total Basio 

9.9 6.3 NDZ 
Sectors:-
Western 
Sandusky 

57.5 56.2 Central 

8S.3 57.0 Eastern 
28.1 34.7 Bay of Quinta 

89.1 68.3 Whole Bay 
77.1 S0.6 
89.4 56.6 

(Thomas and Frank, 1983) 
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Mean s.o. 
9.7 15.7 

17.3 23.9 
6.3 8.1 

73.S 78.9 
17.1 11.1 
29.2 23.1 
19.S 13.2 
17.1 23.1 

7.9 
10.1 10.6 
2.5 

11.2 10.7 
11.1 8.1 
11.2 13.2 

19.6 12.J 

9.1 6.1 
18.0 8.5 
1S.5 3.7 
24.0 24.0 
9.1 2.6 
8.2 4.0 

94.6 113.6 
11s.2 114.8 

64.0 105.1 

251. 7 156.0 
106.9 46.0 

74.1 SS.7 
8S.6 85.2 

50.6 S3.6 



Table 2 

PCB Concentrations in Fox River and Lower Green Bay Sediment' 

PCB Other 
Collection {mg/kg) Compounds* 

Station No. and Location Date {dry weight) (mg/kg) 

I. Menasha Channel 05/23/77 <0.05 
-4\ 2. Directly below Bergstrom 05/23/77 1.4 I 

J. JOO yards below Bergstrom 05/23/77 61.0 DHA - 2.7 
PCP - 0.22 

4. Little Lake Butte des Marts 05/23/77 1.J 
CNWRR Bridge 

5. Little Lake Butte des Marts 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 
a. 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 J.6 
11. Above Kimberly Dam below Midtec 05/23/77 0.9 

· 12. Above lower Little Chute Dam 05/23/77 5.1 
IJ. 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 06/04/77 5.0 PCP - 0.28 
16. Above DePere Dam 06/22/77 0.18 
17. Across from f't. Howard out fall 05/23/77 0.96 
18. Below f't. Howard, CNWRR bridge 05/23/77 18.J 
19. Near mouth of East River 05/24/77 I J.O 
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 05/24/77 0.46 
28. Green Bay 05/24/77 5.6 

~ 29. Green Bay 05/24/77 <0.05 
JO. Green Bay 05/24/77 11.0 
JI. Green Bay 05/24/77 2.6 
32. Green Bay 05/24/77 <0.05 
JJ. 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" Michig~m·' Michigan" Huron" Erie" Ontario" 

Phenanthrene 4.8 3.4 2.1 3.S I.S I.I 
Anthracene 4.8 3.4 2.1 3.S I.S I.I 
Fluoranthenc 3.6 
Pyrene 8.3 5.9 4.0 6.1 2.6 1.9 
Benzo(a)anthracene 4.1 2.9 3.3 3.0 I.S I.I 
Benzo(a)pyrcnc 7.9 S.6 4.0 S.8 2.S 1.8 
Perylenc 4.8 3.3 2.1 3.4 I.S I.I 

" Eiscnrcich ct al.. 1981. (Eadie, 1984) 
"Andren and StrJnd. 1981. 

Table 4 Lake Michigan Sediment PAH (ng/g dry) 

Station Phen Fl Py C+T BaP 

Tl 28 34 30 36 33 
T2 809 906 733 450 
T3" 1268 1664 1430 1128 944 
T4 308 44S 363 319 251 
TS S31 794 66S 522 248 
T6 19 .• • 62 38 41 26 
T7 298 620 421 SS4 sn 
T8 245 419 319 348 571 
TII 263 413 318 543 324 

• Coefficients of variation (%) for replicate analyses of replicate extrdCts from station T3 are: 
phen .• 27.6; A .• 13.0; Py •• 11.6: C + T. 19.4; BaP. 18.S. (Eadie, 1984) 

Table S Concentration or PAH in Great Lakes Surficial Sediments (ng/g 
dry) 

Compound Superior' 

Phcnanthrene 34 
Fluorc1nthene 88 
Pyrene SJ. 
BaP 28 
n I 

"Gschwend and Hites. 1981. 
"Eadie. 1983: depositional basins. 
• Eadie ct al .. 1982. 
J IJC. 1977. 

Michigan" 

S33 :t 382 
7.54 ± 444 
(IJ1 ± 399 
480 ± 246 

9 

268 

Luke 

Huron Eric•· Ontario'' 

272 346 :t 92 58.S 
487 569 :t 442 615 ± 394 
356 391 :t 91 647 ± .594 
294 255 : 1.52 

I 3 2-4 I 

(Eadie, 1984) 
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Table 6 Abundances of Polycyclic Aromatics in Lake Ontario 
Sediment (I .. AT. 43°39', LONG. 78°12') filg Dry Sediment" 

0-5 I0-15 20-2S 30-35 55-60 70-7S 
Aromatic cm cm cm cm cm cm 

Biphcnyl 0.014 0.007 (),009 0.004 0.004 0.004 
T c:tr.ihydropyrenc 0.056 0.029 
Auorc1nthcne 0.281 0.058 
Pyrene 0.056 0.029 
I .?-Benzanthrc1cene 
Chrysene 0.225 0.088 0.052 
Triphenylcne 
Dimethyl chrysene 0.112 0.018 
2.3-BenzoRuoranthene 0.450 0.029 0.017 0.017 0.020 0.009 
Methyl benzofluoranthene 0.056 
Benzpyrene~ 0.337 0.017 0.034 0.010 0.009 
Perylene 0.056 0.029 0.017 0.034 0.30 0.046 
Methyl benzpyrene O.OS6 
Methyl perylene 0.112 0.010 0.027 
20-Methyl cholanthrene 0.337 0.018 
Benzperylene 0.225 
Coronene 0.562 

Total aromatics 2.935 0.:?69 0.11:? 0.089 0.084 0.131 

"UC. 1976. 

(Strachan and Edwards, 1984) 

Table 7 

Rc.lcs el PCB Aulp& mi. 1'71 .. 1911 ill Snta S,CC.. ol f'ldl fnim Lelic MkWpa. PCB Md ptt'ftlll tac - ~ ~ flleC ~ 

Lake Trocit9 Chinook Salmon Coho Salmon Walleye 

Year .. .. PCs• ft f PCB n f PCB n 

1971 29 2J.2 16.7 
1972 10 21.4 22.4 
197) 
1974 JO 24.S IS.2 IS.9 I 3l.l 2.) 11.7 Ill 23.S J.4 S.J 
197S S4 21.9 10.J 8.5 l 20.1 S.B 4.1 
1976 26 2U 11.7 9.4 7 JO.II 2.0 7.4 4 14.6 
1977 J 13.7 4.) 1.2 II 17.7 
1978 JO U.7 ll.J 7.11 l4 JCl.9 4.1 1.9 s 21.9 S.J 6.1 
1979 J 2).9 16.) I.S 10 )3.2 u 6.1 10 21.6 ).4 l.1 
1980 1 21.4 13.8 2.6 21 JS.4 J.S 4.4 10 23.S ).II 1.7 I IS.9 
IMI JO 30.7 4 • .5 3.8 I 26.0 4.1 1.6 7 21.J 
Tocal 192 97 ~ 20 

• ft • i,umbcr ol umpks; I • ave. lcnalh in inches: r • ave. e,t ra1: l'Cil • ave. PCil in fflll'kl tppmJ. 
6 PCB and pc~enl fat wc,c determined rrum fillet portion,. 

f 

0.9 
l.4 

9.0 
S.2 

Lake Whicefish 

PCB ft r 

Ill 19.7 16.9 
0.6 J IS.9 J.l 
1.4 JI 19.7 1).4 

IS 19.9 11.l 
II 111.2 ll.9 

I.I 
J.4 

711 

(St. Amant, et al., 1984) 
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Chub 

PCB n r 

11.6 
4.4 2 9.0 
l.O 10.6 
).6 26 17.6 
).4 s 10.l l~.CJ 
1.7 I) 11.l 16.6 

46 

Alcwire 

PCB Q r PCB 

2.J 
7.0 4.1 4.7 

).II 7.(1 ).0 l.4 
l.1 4 6.1 S.J l.4 
1.2 

7 
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Number 

Weight (g) 

% Lipid 

PCB 

ODE 

J:OOT 

Mercury 

Arsenic 

Selenium 

TABLE 8 

MEAN CONTAMINANT CONCENTRATIONS (mg/kg WET WEIGHT t S.E.) IN 
WHOLE FISH SAMPLES OF LAKE HURON LAKE TROUT, 1979-19831 

1979b 1990b 1980C 1981 1982" 

47 50 47 50 79 

714.8 905.3 742.3 1,949.4 2,042.5 
(70.6) (62.8) (106.7) ( 61 • 2) (101.1) 

8. 77 10.35 10.33 18.05 15.70 
(0.58) (0.58) (0.63) (0.47) (0.51) 

0.78 0.42 0.92 2.26 2.44 
(0.08) (0.03) (0.08) (0.13) (0.17) 

0.15 0.22 0.34 0.60 0.48 
(0.02) (0.01) (0.03) (0.03) .. (0.73) 

0.20 0.25 0.49 1.06 0.73 
(0.02) (0.01) (0.04) (0.05) (0.04) 

0.16 o. 18 0. 14 0.24 0. 19 
(0.01) (0.01) (0.01) ·(0.01) (0.01) 

0.15 · o. 18 0.27 0.43 0.43 
(0.01) .(0.01) (0.02) (0.02) (0.02) 

0.70 0.75 0.81 0.48 0.62 
(0.02) (0.01) (0.01) (0.02) (0.01) 

aoata from the Canada Department of .Fisheries and Oceans 
bsplake. 
csplake-Backcross. 

(Great Lakes Water Quality Board, 1985) 

'} 

1983 1993b 

50 49 

1,454.9 913.5 
( 68. 7) (105.3) 

13.58 8.98 
(0.48) (0.74) 

1.24 0.53 
(0.06) (0.03) 

0.39 0. 19 
(0.02) (0.02) 

0.68 0.26 
(0.04) (0.02) 

- -

- -

- -



TABLE 9 

MEAN CONlAMINANT CONCENTRATIONS (mg/kg WET WEIGHT t S.E.) IN 
WHOLE FISH SAMPLES Of LAKE HURON RAINBOW SMELT, 1979-1983a,b 

1979 1980 1981 

Number 12 36 36 

Weight (g) 26.33 20.68 27.69 
(1.72) ( 1. 51) (1.85) 

S lipid 4.24 3.46 4.30 
(0.16) ~0.14) (0.14) 

PCB 0.19 0.11 0.13 
(0.02) (O.OJ) (0.01) 

pp'ODE -o.os 0.05 0.07 
(0.01) (0.01) (0.01) 

!DOT 0.07 0.07 0.10 
(0.02) (0.01) (0.01) 

Mercury 0.06 0.07 0.06 
(0.01) (0.01) (0.00) 

Arsenic 0.27 0.26 0.31 
(0.02) (0.01) (0.01) 

Selenium 0.64 0.69 0.68 
(0.01) (0.02) (0.02) 

aoata from the Canada Department of Fisheries and Oceans 
bEach sample represents a composite of five fish. 

1982 

24 

27.16 
(2.53) 

5.17 
(0.25) 

0.29 
(0.02) 

0.08 
(0.01) 

0.12 
(0.01) 

0.05 
(0.00) 

0.36 
(0.02) 

0.54 
(0.01) 

(Great Lakes Water Quality Board, 1985) 
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1983 

24 

23.44 
(1.67) 

3.99 
(0.10) 

0.18 
(0.01) 

0.07 
(0.01) 

0.10 
(0.01) 

-

-

-
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TABLElO 

MEAN CONTAMINANT CONCENTRATIONS (mg/kg WET WEIGHT t S.E.) IN 
WHOLE FISH SAMPLES OF LAKE ERIE RAINBOW SMELT, 1977-1983a 

-· 
YEAR Nb WEIGHT % LIPID PCB pp'DDE tDDT 

~ 

1977 78 18.45 2.74 0.18 0.04 0.06 
(1.69) (0 .10) (0.01) (0.00) (0.00) 

1978 44 30.24 4.45 0.27 0.04 0.06 
(1.90) (0.18) (0.03) (0.00) (0.01) 

1979 35 32.38 4.65 0.38 0.05 0.10 
(3.15) (0.25) (0.04) (0.00) (0.01) 

1980 42 25.56 3.48 0.26 0.06 0.12 
( 2. 10) (0.11) (0.02) (0.00) (0.01) 

1981 36 31. 55 4.76 0.23 0~03 0.06 
(2.85) (0.22) (0.02) (0.00) (0.00) 

1982 34 29.78 5.17 0.30 0.03 0.07 
(2.05) (0.18) (0.01) (0.00) (0.01) 

1983 29 21.44 3.84 0.32 0.02 0.04 
( 2. 31) (0.22) (0.03) (0.00) (0.00) 

aoata from the Canada Department of Fisheries and Oceans (15). 
b£ach sample consists of a composite of five fish. 
C>SOX of results below detection limit. 

Hg 

0.05 
(0.00) 

0.05 
(0.00) 

0.04 
(0.00) 

C 

0.04 
(0.00) 

0.03 
(0.00) 

-

(Great Lakes Water Quality Board, 1985) 

Pb 

C 

C 

C 

0.21 
(0.03) 

C 

C 

-

As Se 

- 0.29 
(0.01) 

0.15 0.36 
(0.01) (0.01) 

0.23 0.31 
(0.01) (0.01) 

0.16 0.37 
(0.01) (0.01) 

0.23 0.35 
(0.01) (0.01) 

0.26 0.35 
(0.01) (0.01) 

- -



Table 11 Levels or Selected Organic 
Compounds (pg/g) in Whole Fish from Lake 
Ontario, 1975-1981 (Shear 2 1984) 

Organic Compound 

Year IDDT PCB Dieldrin Mircx 
~ 

Lake Trm,t 
1977 2.66 4.95 0.04 0.27 
1978 1.16 7.10 0.18 0.21 
1979 1.58 3.79 0.20 0.23 
1980 0.62 4.79 0.10 0.18 
1981 1.39 2.82 0.15 O.IS 

Coho Salmon 
19n 1.43 3.03 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 
19n 0.60 I.SO 0.02 0.11 
1978 0.44 1.82 0.05 0.06 
1979 0.39 0.80 0.04 0.06 
1980 0.25 1.12 0.04 0.08 

Spottail Shiners 
1975 0.24 0.69 
1976 
1977 0.16 0.65 0.013 
1978 0.099 0.32 0.029 
1979 0.026 O.IS 0.001 
1980 0.041 0.27 0.011 
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Table l2 DDT Residues (l'g/g) in Selected Lake Ontario Biota 

Sample 
Lake Trout Smelt 

Year DEC" DFO DEC DFO EPA 

1972 I.Be 
1973 I.Se 
1974 7.7eh 0.4e 
1975 I.le 1.4w 
1976 0.91e 0.2Se 
1977 2.3e 0.6e 

2.7w 0.6w 
1978 1.Jw 0.44w 
1979 1.6w 0.39w 
1980 0.62w 0.2Sw 

(Strachan and Edwards, 1984) 
Spouail 

Coho Salmon Shiner 

OME DEC DFO . OME 

0.9e 
l.7e 

0.93e 0.17w 
0.93e 0.69f 0.28w 

1.4w l.6e 0.21w 

0.64w 0.18w 
0.81w 0.06w 
0.74w O.OSw 

Herring 
Gull Eggs 

cws 

34 

23 
2:? 
18 

7.7 

"CWS = Canadian Wildlife Service (Canada): DEC = Department of Environmental Conservation (New York Saale): DFO = Depunmena of Fisheries 
and Oceans (Canada>: EPA = Environmental Proaeclion Agency (United Stales): OME = Onljrio Ministry of the Environment (Province of Ontario). 

• e = edible portion: f = fillet: w = whole fish. 
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~.Table 13 PCB Residues (p.g/g) In Selected Lake Ontario Biota (Strachan and Edwards 2 1984) . 
Spottail Herring 

Lake Trout Smelt Coho Salmon Shiner Gull Eggs 
Sample 
Year DEC" DFO OME DEC DFO OME DEC DFO OME OME cws 

1970 2.2f 7.9 
1971 6.7 
1972 S.Oe 4.7 4.le 204 
1973 7.le 6.7e 
1974 7.7 l.7e 6.3 155 
197S 9.4 2.lf 8.4 0.69w u~ 

ro 1976 7.1 l.2e 2.6 6.1 3.7e I l.6f l.lw 138 -:a 
V1 1977 S.Ow 4.9 l.4e I.Sw 3.:?e 3.0w I.SW 104 

I.SW 3.0w 
1978 7.lw 6.1 1.8w 1.6 3.0w l.lw 61 
1979 3.8w 3.8 0.8w 0.1S l.:?w :?.8w 0.46w 
1980 4.8w l.lw 2.Jw 0.31w 41 

"CWS ID Canadian Wildlife Service (Canada): DEC a Department of Environmentul Conservation (New York State): DFO • Department of Fishc:ries 
and Oceans (Canada): OME • Ontario Ministry of the Environment I Province or Ontaril). 
,. e a edible portion: f ID fillet: w a whole fish. 
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Table 14 Polynuclear Aromatic Hydrocarbons Identified by Mass 
Spectrometry In Great Lakes Fish"·" ( Hallett and Brecher, 1984) 

PAH 

Naphthalene 
2-mcthyl Naphthalene 
I-methyl Naphthalene 
Biphcnyl 
Accnaphthcne 
Dimethyl naphthalene 
Fluorenc 
Anthr.scene 
Phenanthrcne 
I-phenyl Naphthalene 
I-methyl Phcnanthrene 
I-methyl Anthracene 
2-mcthyl Anthracene 
2-mcthyl Phcnanthrcne 
9-methyl Anthraccne 
Fluoranthrcnc 
Pyrcne 
1.2-bcnzoOuorene 
2.3-bcnzofluorene 
Chrysene 
Benzo(a)pyrcne 
Perylene 
Dibcnz(a.h)anthracenc 
Coronene 

., Hallett et al •• 1978. 
,. X • detected. 

Hamilton Harbour 

Carp 

X 
X 
X 
X 

X 
X 
X 
X 
X 
X 
X 

X 
X 

X 

X 
X 
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Pike 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X • 

X 
X 
X 
X 
X 
X 
X 
X 
X 

Detroit River 

Carp Pike 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
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All\ Table 15 Polynuclear Aromatic Hydrocarbons (ng/kg) Fresh Weight 
fcillet' (Hallett and Brecher, 1984) 
Fiih Pcrylene Bcnzo(kJfiuoranthcnc Bcnzo(aJpyrene Coronenc 

Humiltun HurlN111r - Carp 
I 46 8 108 300 
2 I.CO 40 160 360 
3 26 12 96 210 .. 160 40 200 .-00 
s .-0 :I 16 108 220 
6 74 12 160 60 

~ 7 ~ 8 144 300 
8 142 68 268 320 
9 net nd nd 20 

Pike 
I 90 48 1St 240 
2 64 32 128 200 

~ 
3 40 12 70 200 
4 32 10 S4 220 
s 58 20 74 200 
6 40 12 64 170 
7 34 8 60 152 
8 40 12 S4 140 
9 nd nd nd nd 

~ 10 20 12 34 100 

Detroit Rfrer 
Carp 

I 16 10 40 80 
2 nd nd nd 60 
3 40 14 40 nd 

~ 4 26 10 40 ·«) 

s nd nd nd nd 
6 nd nd nd nd 
7 nd nd nd 120 
8 nd nd nd 80 
9 nd nd nd nd I .._ 10 nd nd nd . nd 

Pike 
I 34 26 40 20 
2 20 14 14 «) 

3 18 8 34 40 
4 20 8 20 44 
s 68 26 128 290 - 6 18 10 24 40 
7 20 6 30 30 
8 nd nd nd nd 
9 46 24 70 120 

10 S2 26 100 120 

• Hallett ct al •• 1978. - ,. nd - noadctectablc. 

,8' 
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Table 16 Identification or Polynuclear Aromatk Hydrocarbons In Great 
Lakes Herring Gull Upld"·" (Hallett and Brecher, 1984) 

Concentr.,tion C11s/ks, 
MaKS s~~tr.&I 

Compounds Pigeon Island King.._ton Conlirm.ation 

Naphthalene 0.050 0.0~ + 
~ 

?-methyl Naphthalene 0.036 o.oos + 
I-methyl Naphthalene 0.043 0.009 + 
Biphenyl O.ISI 0.017 + 
Acenaphthene 0.038 0.007 + 
4-methyl Biphcnyl 0.061 0.010 + 
Fluorcnc 0.044 0.003 + 
Anthracenc 0.152 0.024 + 
Phcnanthrcne nd 0.002 + 
I-phenyl Naphthalene 0.008 0.008 
2-methyl Phcnanthrcnc 0.021 0.007 + 
I-methyl Phcnant)lrcne 0.010 O.OIS + 
9-mcthyl Anthracenc 0.011 0.025 + 
3.6-dimcthyl Phcnanthrcne nd 0.012 + 

~. 
Fluoranthrcne 0.082 0.017 + 
Pyrcne 0.076 O.OIS + 
1-aza Pyrcne a a 
9-acetylanthraccnc a a 
DDE -. + 
1.2-benzofluorcne a a + 
2.3-benzofluorcnc a a + 
I-methyl Pyrcnc a a + 
2-acetyl Phcnanthrcne a a 
1.1-binaphthyl ·a a 
Chrysene 0.0~3 a + 
Bcnz(e)pyrcne 0.026 0.021 + 
BcnZ(a)pyrcne 0.0)8 0.030 + 
Pcrylcne O.OS3 0.0:?6 
9-dichloromethylcne Fluorcne b b +b 
Dimethyl biphenyl b b +b 

• Hallett et at •• 1m. 
• a • PCB interference: b • Standards of compounds unavailable. compounds identified by 
mass spectra; nd • not detected. 
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Table 17 

Lower Fox River and Lower Gre~n Bay Fish Contaminant Data 

Other 
Length Pee·· Chloro-organics 

Sample Location Date Species Quantity Form (mm) o/o Fat (mg/kg) or metals (mg/kg)_ .... ~ 

Little Lake Butte 2/76 Yellow Perch 05 F 133 0.4 0.8 
Des Morts 05 F 152 0.2 0.6 

05 F 152 0.4 0.8 
05 F 203 0.2 0.9 

6/76 Carp 03 F 508 7.9 26.0 
02 F 279 5.9 12.0 
03 F 391 6.7 24.0 
03 F 615 · 15.9 39.0 

8/76 Brown BuUhead 04 F 257 5.9 5.2 ~ 

04 F 213 13.6 6.0 
Green Sunfish 02 EP 170 3.1 2.4 
Yellow Perch 05 F 203 0.7 1.4 

05 EP 147 1.1 1.3 
Walleye OS 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 t l'!!!!I 

4/77 •Northern Pike I 01. F 688 0.5 2.4 Pentachtoroaniscle< 0. 005 
01 F 770 0.8 2.3 Pentachtoroan,sole O 020 

·walleye 01 F 412 1.5 1.8 Pentachtoroan1sole O 060 
·earp 01 F 424 2.4 5.2 Pentachtoroanisole 0.036 
Carp 01 F 406 1.2 2.7 

01 F 445 1.7 10.0 
01 F 406 2.0 4.3 

~ 01 F 470 2.3 13.0 
01 F 548 4.6 16.0 
01 F SM 5.4 28.0 
01 F 558 5.8 30.0 
01 F 508 6.1 18.0 
01 F 533 6.1 20.0 
01 F 570 9.0 39.0 
OS WF 519 12.S 50.0 

5/77 Carp OS WF 519 10.6 41.0 
05 WF 493 9.2 35.0 ~ 
01 F 570 9.0 39.0 

8/78 Brown Bullhead OS WF 203 5.8 4.4 
05 WF 229 5.0 4.1 
OS WF 191 5.0 3.8 . 
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 

4' 01 F 356 3.3 3.3 
01 F 447 4.2 3.4 
01 F 325 2.2 1.8 

Northern Pike . 01 F 610 2.2 6.0 
01 F 541 1.7 2.8 
01 F 432 2.9 1.6 

White Sucker 01 F 455 2.9 3.5 
01 F 417 5.5 3.6 

8178 White Sucker 01 F 419 4.7 2.7 
01 F 399 10.0 5.0 

~ 

01 F 386 5.2 9.2 
Walleye 01 F 340 6.4 2.7 

01 F 318 2.1 3.6 
Yellow Perch 05 WF 173 3.1 1.8 

05 WF 165 3.9 3.5 
05 WF 203 3.3 2.0 
05 WF 191 3.4 2.2 

'8\ 05 WF 178 3.2 1.8 
9/78 Carp 03 WF 533 11.4 17.0 

White Sucker 05 WF 406 7.4 9.6 
Walleye 05 WF 404 6.9 7.9 

-. 

2 
F - Fillet • Fish samples were screened for 

a: WF - Whole Fish compounds other than PCBs. 
0 EP - Edible Portion • • Ouantitated by matching to the near-
"" est ArocJor or Aroclor mixture. - 279 
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Table 17 (cont.) 
Lower Fox River and Lower Green Bay Fish Contaminant Data 

Other 
length PCs•• Chloro-organics 

Sample location Date Species Quantity Form (mm) ~4 Fat (mg/kg) or metals (mg/kg) ~ -
Little Lake Butte 8/79 Brown Bullhead 10 F 236 4.7 1.3 

Des Morts 
(continued) 

Northern Pike 02 F 597 0.9 1.0 
Walleye 03 F 389 2.7 u 
Yetaow Perch 10 F 224 3.0 0.3 - 15 F 180 1.1 0.6 

• Notthern Pike 0.1 WF 592 3.1 6.8 Mercury 0.22 
Coppef0.70 
p.p·ooe o.oa 

·White Sucker (M WF ~ 3.2 2.5 Chromium 0.50 
Mercury 0.08 
Coppe,2.90 

Kaukauna 8178 Carp 01.•"• F 432 10.5 57.0 
01 F 450 6.7 26.0 
01 F .as 5.2 17.0 - , 01 F 523 1.3 38.0 
0'1 F 429 6.1 22.0 

Notthern Pike 01 F 584 4.7 11.0 
Yellow PefCh 03 WF 152 0.7 3.5 

6/79 Brown 8utlhead 03 F 224 ' 4.2 2.7 
Carp 05 F <439 3.0 11.0 
Notthem Pike 02 F 490 0.6 1.0 
White Sucker (M F 333 1.8 u ... 
Waffeye (M F 394 4.9 8.0 
Yellow Perch 01 F 277 0.4 <0.2 

DePere (below dam) 5/77 8ow1ln .01 F 648 0.4 0.5 
Carp 01 WF 259 6.9 4 ... 

01 WF 325 1.6 6.6 
01 WF 376 8.8 90.0 - 01 F .t39 0.7 2.5 

Northern Pike 01 F .. 98 1.0 3.0 
01 F 531 0.7 3.2 
01 F 455 0.5 2.5 

White Sucker 01 F "32 2.3 4.2 
01 F 429 0.6 u 
01 F .t83 0.6 2.5 

•Whffe Sucker 01 F .t83 1.0 2.3 Oietdrin 0.008 
White Sucker 01 F .t52 1.8 3.2 

01 F 381 1.0 ... 4 ~ 

Walleye 01 F 330 ... 9 ... 5 
01 F .t52 2.6 6.8 

Yellow Perch 05 F 203 1.0 1.0 
(M WF 173 2.8 6.6 
05 WF 185 3.2 5 ... 
05 F 196 2.6 5.3 

8178 Carp 05 WF .t83 13.2 65.0 .. 05 WF 406 6.2 1 ... 0 
Walleye 05 WF 457 10.0 25.0 

9/78 Chinook Salmon Eggs 10.0 11.0 
Chinook Salmon 01 F 871 .. .2 9 ... 

01 F 914 5.8 12.0 
01 F 876 ... 3 9.1 

.. /79 ·Carp 05 WF 518 9.0 17.0 Mercury 0. 12 
Copper 1.50 

~ p.p·ooe o.50 
•White Sucker 03 WF 387 3.6 5.9 Chromium 0.50 

Mercury 0.12 
Coppet 2.10 
p.p·ooe 0.14 

·walle)'e 02 WF 401 10.0 16.0 Chromium 0.50 
Mercury 0. 14 
Copper 1.80 
~rin0.03 

~ p.p·ooe o.34 

~ 
f - Fitlet • F'ash samples were screened tor 

a: WF - Whole Fish compounds other than PCBs. 

f2 EP - Edibk! Portion • • Quantitated by matchmg to the near-
est Aroclor or Arocior miX1!1fe. 
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Table 17 (cont.) 

Lower Fox River and Lower Greitn Bay Fish Contaminant Data 

Other 
Length Pee·· Chloro-organics 

Sample Location Date Species Quantity Form (mm) % Fat (mg/kg) or metals (mg/kg) 

DePere (below dam) Walleye 01 I- 386 1.3 3.7 
01 F 434 2.6 3.3 

(continued) 01 F 290 1.4 3.3 
06 F 239 2.6 1.5 
02 F 305 3.3 3.2 

Fox River Mouth 10/79 ·Carp 05 .WF 460 11.0 5.8 Mercury 0. 10 
Alpha BHC 0.01 
~pper 1.30 
p,p'OOE 0.50 

•walleye 05 WF 381 11.0 16.0 Mercury 0. 14 
p,p'OOE 0.06 
Alpha Chlordane (Cis) 0.05 
Trans-Nonachlor 0.05 

... Alpha BHC 0.01 
Copper0.80 
Oieldrin o.oi 
p,p'OOEO. 6 

4179 ·venow Perch I 10. WF 178 3.2 8.4 Mercury 0.04 
Copper0.80 
p.p·ooe o. 12 

• Brown Bul1head 05 WF 211 1.3 3.1 Mercury 0.06 
Copper0.90 
p,p'OOE O. 10 

06 WF 213 2.3 5.4 Mercury 0.05 
Copper 1.40 
p,p'OOE 0.13 

•earp 04 WF 439 11.0 6.1 Mercury O. 15 
p,p'OOO 0.07 
Alpha BHC 0.01 
Copper 0.90 ·, 
p,p'ODE 0.52 

lower Green Bay 4/77 Lake Whiteftsh 01 F 533 11.8 17.3 

(Grid 1001) •Alewife 05 WF 187 4.4 7.4 Mercury 0.09 
p,p'OOO 0.09 
Copper 1.10 
Oieldrln 0.05 
p,p'OOE 0.63 

• Brown Bullhead 05 WF 231 2.9 8.5 Mercury 0.04 
Copper 1.40 
p,p'OOE 0. 16 
Gamma BHC 0.02 

·Carp 05 WF 366 8.0 5.9 Mercury O. 11 
p,p'OOO 0.05 
Copper 1.80 
p,p'OOE 0. 18 

•WhJte Sucker 01 WF 269 6.0 4.4 Mercury 0.05 
Copper 1.00 
p,p'OOE 0.11 

•Yeflow Perch 05 WF 165 7.5 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 
2 WF - Whole Fish compounds other than PCBs. a: 
i EP - Edible Portion • •auantttated by matching to the near-

est Aroclor or Aroclor mixture. 
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GREAT LAKES 
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