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Contamination of Populated Estuaries

and Adjacent Coastal Ocean——A Global Review

Douglas A. Segar and Paul G. Davis

ABSTRACT. A comparison of the contamination of coastal marine
waters in the New York Bight with that of other populated coastal
and estuarine marine areas demonstrates that the New York Bight
does not appear to be more polluted, nor suffer from pollution
impacts to any greater degree, than many other studied regions.
Toxic contaminant levels, including concentrations of heavy metals
and PCBs in sediments and water, found in the New York Bight are
similar to those in many of the world's heavily populated coastal
areas.

Based on population densities, the degree of industrialization,
discharge volumes, and coastal hydrography, the New York Bight is
not among the most pollution-susceptible regions of the world ocean
(e.g., Saronikos Gulf, Guanabara Bay, Brazil, and New York, Singapore,
and Hong Kong harbors), but, instead, is comparable to the large,
but poorly flushed, semi-enclosed seas (e.g., the Baltic, Mediter-
ranean, Irish, North, and Seto Inland seas). The total annual
inputs of contaminants to the New York Bight are within the range
of annual mass contaminant loadings to these and other comparable
regions. While contaminant inputs may be similar, differences in
hydrographic characteristics of these regions strongly influence
the pollutant distributions in the ocean environment. For example,
the Rhine<Meuse and Hudson-Raritan contribute similar quantities of
contaminants to the ocean, but the much stronger tidal currents and
dispersive forces of the Rhine-Meuse discharge area effectively
reduce the ambient concentrations of contaminants. In contrast,
contaminant inputs to the Saronikos Gulf in the Mediterranean are
much smaller than those to the New York Bight, but contaminant
concentrations are higher than the highest found in the New York
Bight due to the restricted circulation of the Gulf.

Biotic concentrations of heavy metals and organic contaminants
in the oceans, including New York Bight, do not appear to pose any
substantive risk to human health, since they are rarely found to
exceed established regulatory levels for these contaminants. Ex-
ceptions occur in localized areas, which receive large inputs of
industrial and sewage discharges, such as such as portions of the
Hudson-Raritna estuary.
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Observed contaminant concentrations are universally below
Tethal toxicity levels for marine organisms except in extremely
limited areas adjacent to contaminant discharges or ocean outfalls,
or for short periods of time within an ocean dumping discharge plume.
Sublethal effects on marine organisms caused directly by toxic
chemical contaminants have rarely been demonstrated in the oceans
themselves. Serious effects of pollutants on the world's oceans
appear to be highly isolated and localized, and marine systems have
demonstrated a high degree of recuperative ability when inputs of
contaminants to a degraded area are reduced. Most ecological
change, including change in species compositions of finfish and
benthic fauna, is more likely caused by natural climatic variations,
anthropogenic inputs of nontoxic organics or nutrients, and over-
fishing. Anoxic events observed throughout the world are natural
phenomena which in some areas, including the New York Bight, may be
significantly exacerbated by nutrient-induced eutrophication, but
not by input of sewage sludge.

Under appropriate conditions of introduction and dilution, the
oceans are capable of accommodating large anthropogenic inputs with
no significant effects on biota and human health, and without
causing oxygen depletion. Southern California coastal waters have
dispersive conditions which are perhaps ideal; however, contaminant
concentrations immediately surrounding a Southern California sewage
sludge outfall exceed those found in the New York Bight in the
vicinity of a sewage sludge dumpsite. It is apparent that the method
of introducing waste material to the ocean critically controls
contaminant distributions in the discharge environment.

The New York Bight, including its apex region, is a moderately
effective dispersive ecosystem, and contaminant concentrations
are not extreme compared to other populated coastal areas of the
world. The New York Bight appears to have suffered no irreversible
ecological damage. However, more frequent anoxic events are likely
if nutrient inputs to the sea should continue to increase.
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I, INTRODUCTION

' The urban-industrial complex of New York/New Jersey is but one of many
centers of population and industrial develomment throughout the world that
is located at the edge of the oceans. This concentration of the human race
at the ocean edge was and still is motivated mainly by the demands of
commerce bringing diverse raw materials to the centers of industry and
distributing the finished products f£ram these specialized centers of
manufacture,

In addition to providing a means of commerce, the nearby ocean has often
been a major source of food for coastal camunities and a comvenient place
to dispose of the various waste products of an industrial society.
Therefore, it is not surprising that many of the ccastal regions of the
world ocean have. suffered from envirormental problems and crises as the
quantity of wastes discharged into the ocean has approached or exceeded the
ability of certain restricted coastal ocean areas to assimilate these
wastes.

The dramatically increased use of estuaries and coastal oceans as
recreational resources in the past several decades has led to new concern
about the quality of the ocean envirorment and the need for greater control
over discharges that might affect human health and amenities. As a
consequence of this increased public concern throughout marny parts of the
world, the last decade has seen a rapid intensification of the study of
human impact on the coastal marine ecosystem. In the United States, the New
York Bight Project of the National Oceanic and Atmospheric Administration
(NOAA) is the largest of such studies.

The New York Bight project has dramatically improved our understanding of




the New York Bight ecosystem and the impacts that human activities have had
upon that ecosystem. However, many other similarly impacted areas of the
world ocean have been the subject of intensive study during this same

period. It is the intent of this. chapter to briefly review what has been
found in sane of these other studies and to campare those results with what
has been found in the New York Bight (Fig. 1). Such comparisons reveal that
there is a considerable camonality of problems in many regions of the coastal
ocean and that the New York Bight, although heavily impacted, does not suffer
more seriously fram pollution than a variety of other coastal regions. In
addition, oomparisons between what has been observed in the New York Bight and
elsewhere provide a better understanding of the observations made in the Bight
and the probable consequences of alternative pollution management actions on
the various perceived, present or future, problems of the Bight., .

II. MARINE FOLLUTION SUSCEFTIBILITY OF QOASTAL OCEAN RBBIQQS

To identify the regions of the world ocean that are significantly impacted,
three basic parameters imvolving any given stretch of coastline must be
considered: 1) the population of the watershed region; 2) the degree of |
industrialization; 3) and the volume, flushing, and mixing characteristics
of the affected segment of ocean. The first two factors are relatively easy
to understand: the larger the population discharging domestic wastes and
stom drain runoff into the ocean either directly or through rivers, the
greater is the potential for the build-up of contaminants to levels at which
adverse impacts can occur. Similarly, the greater the extent of
industrialization, the greater is the quantity and diversity of toxic wastes
released into the aguatic enviromment, These two relationships are found to
be valid throughout the world, despite substantial recent efforts by many




countries to control the discharges of municipal and industrial wastes into
the aguatic envirorment, Control efforts have been more extensive in the
United States than in most other countries (Council on Envirommental
Quality, 1979), and yet the amounts of contaminants discharged to the New
York Bight and other parts of the United States coastal ocean remain
prodigious.

The third consideration determining the extent of human impact on the
oceans is more subtle, Contaminants, including floating rubbish and
microbes, pose a problem to man or to the marine ecosystem only if their
concentrations in the envirorment reach certain levels, These critical
concentrations differ for each contaminant and are somewhat different for
each geographical location, since ecological sensitivity varies among
different biological communities and human uses of the ccean vary from
place to place, The critical concentration even varies seasonally, for
example: 1) little or no beach bathing takes place in winter in gome
localities, and concern for pathogenic organiams in the surf zone is
correspondingly less; and 2)larval forms of most marine animals occur only
seasonally and often seem to~ be more sensitive to contaminants than their
adult forms, '

when contaminants are introduced into the coastal ocean, their concentration
in that ocean is detemmined not only by how much of each contaminant is put
in, but also by how rapidly they are dispersed in the coastal water intq
which they are discharged and how rapidly that segment of comstal ocean 15
mixed and flushed into the larger volume of the deep, cpen oceans, This
consideration is true for both dissolved camponents and materials in the
solid phase, although the latter would ultimately be mixed with the ocean
bottan sediments.
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As a oconsequence of the relationships described in the preceding paragraphs,
the agquatic envirorments most likely to be adversely affected by pollution
are those with large populations and neighboring industries, and those with
restricted circulation and flushing. 1In Table 1, a representative selection
of aquatic enviromments is listed with some indication of their potential
for pollution problems based on these factors. Although arguments could be
made to change an area's factor ranking as assigned in Table 1, the overall
picture is clear: the regions of greatest concern are enclosed bays,
harbors, estuaries, or gqulfs sustaining large population and industry.

These are followed by the large enclosed seas such as the Baltic and the
Mediterranean, and then by open ccastlines with poorly flushed bottom waters
such as Southern California and by other dynamically-flushed, semi-enclosed
seas such as the Irish Sea and the North Sea, all of which sustain heavy
populations and extensive industry. Finally, the areas of least concern
include the semi~enclosed seas such as the Red Sea and Persian Gulf with amall
populations and industry, and open coastal ocean areas with low populations,
However, it should be noted that extreme events can lead to severe pollution
problems even in regions with low susceptibility: for example, the 1983 oil
spills within the Persian Gulf, uncontrolled because of the Iran~Irag war.

The New York Bight is not included in the "most vulnerable" category
canposed of highly enclosed areas receiving heawy pollution loads, although
Raritan Bay and New York Harbor are in this designation. Therefore,
camparisons for the remainder of this study will be drawn mainly fram the
large, but poorly flushed, semi-enclosed seas such as the Baltic,
Mediterranean, and Seto Inland Seas and the more dynamically flushed Irish
and North Seas. The physical setting of t.hé New York Bight is closer to the

latter group, but, in view of the very large population and industry of the




Bicht and the relatively restricted flushing of its apex, the potential of
the Bight for contaminant oconcentration build-up may be more nearly that of

the semi-enclosed seas of the Baltic and Mediterranean.
TII. SELECTED POLLUTION-IMPACTED COASTAL OCERN RBEGIONS

Before considering the observed impacts of various contaminant classes on
selected regions of the world ocean, a general background must be set to
explain the physical mature of these selected regions. It is against
this background that the extent of marine pollution and its impact in New

York Bight and other ocean areas can be brought into focus.
A. The Mediterranean

The Mediterranean (Fig. 2) is a very large semi-enclosed sea whose borders
support a total population of about 100 million people (Table 2}. The
largest city is Cairo, which mumbers an estimated 10 million people. No
other city has more than 5 million population. The majority of the
population is spread along tﬁe northwestern coastiines in smaller cities and
towns (Henry, 1977). Four major rivers, the Rhone, the Danube, the Nile,
and the Dneiper, flow directly or indirectly into the Mediterranean.
Riverine and other coastal inputs of water‘ and an inflow of surface North
Atlantic water through the very narrow Strait of Gibraltar are balanced by
an outflow of water through the straits and evaporation. Because there is
an excess of evaporation relative to precipitation, Mediterranean water
increases in density as it circulates fram the Strait of Gibraltar along the
North African and Levantine coasts to the Aegean Sea. Fram the Aegean Sea,
heavy, highly saline water flows northerly through the Dardanelles, the Sea

of Marmara, and the Bosphorus to the anaercbic lower portion of the Black

N




Sea, Flowing south in return fram the Black Sea are the less dense,
brackish surface waters which carry runoff from the many rivers entering the
Black Sea, including the Danube.

The surface currents in the Mediterranean are slow and, as the tidal range
is alsc very amall, mixing within the Mediterranean is regionally very poor.
Particularly poorly flushed regions include the Northern Adriatic and the
Saronikes Gulf (Fig. 1), two regions where population and industry are also
oconcentrated,

B, The Baltic |

The Baltic (Fig. 3) is a much smaller sea than the Mediterranean (Table 2)
and is peparated fram the North Sea by a shallow sill at the narrow passage
between Dermark and Sweden., Because the volume of freshwater runcff is
large, surface salinities are low (approximately 7 parts per thousand in the
central portion of the Sea). Surface water leaves the Baltic through the
Kattegat Strait, while water in the Geep basins of the Baltic is only
replaced by periodic inflows of saline water over the Kattegat sills. The
halocline between surface and lower layers is pemanent, and the flushing
rate of the bottam waters is slow. These bottam waters suffer from anoxic
periods of several years duration between periodic flushings with North Sea
waters,

The Baltic ahores. and the banks of rivers entering the Baltic are heavily
populated and industrialized, particularly in the southern half of the

pea,
C. The Irish Sea

The Irish Sea (Fig. 4) is a semi-~enclosed sea open at the north and south to




the Atlantic Ocean. Its area and volume are similar to that of the New York
Bight (Table 2). However, unlike the New York Bight inmer shelf and apex,
it has little density stratification during summer. The population
surrounding the Irish Sea is less than half that in the New York region and
is spread among several estuaries, the two largest of which empty into the
Firth of Clyde and into Liverpool Bay. The entire region, particularly tt:g

Liverpool Bay area, is heavily industrialized.
D. The North Sea

The North Sea (Fig. 5) is approximately the same size and volume as the
Baltic (Table 2), but it is well flushed through its northern boundary
with the Atlantic Ocean and Norwegian Sea and its parrow but dynamic
passage into the English Channel. The southern North Sea coast is heavily
populated and industrialized and receives discharges from several major
rivers draining industrial areas, including the Rhine and the Thames,

Like the Irish Sea, the southern North Sea has weak or norexistent

density stratification during summer, However, the northern part of the
North Sea is more like the New York Bight: well mixed in winter with a

seasonal summer themocline,
E, Seto Inland Sea

The Seto Inland Sea (Fig. 6) is a narrow body of water surrounded by islands
of the Japanege chain., It is open to the Pacific Ocean through narrow
passages at its eastern end and to the Pacific Ocean and the Sea of Japan at
its western end. The Inland Sea contains mary small islands and semi-
enclosed bays and is one of the major industrial areas of Japan. The
heaviest concentration of population and industry is around Osaka at the




more poorly flushed eastern end of the Inland Sea.
F. Southern California Coastal Zone

The Southern California coastal zone, offshore from Los Angeles (Fig. 7), is
unlike any of the other areas considered above. It is totally open to the
Pacific Ocean, although the principal nearshore currents move north and
south such that advection offshore is not favored and there are semi-
enclosed deep basins offshore where the near-bottom waters are poorly
flushed, The Los Angeles area is not heavily industrialized, although the
specialty industriee that are located there do generate waste products
including some of the rarer trace metals. The southern California coastal
ocean has no significant river input or other discharge, and no significant
ocean amping. This area is useful in our comparisons because it offers the
chance to look at the effects of essentially a single contaminant source on
an oceanic ecosystem. This source is the municipal waste discharged through
submarine pipelines, the daminant source of contaminants entering these
waters (Schafer, 1982).

IV. TOXIC CONTAMINANTIS IN THE QOASTAL MARINE ENVIRCNMENT

Perhaps the central public concern regarding the effects of man on the New
York Bight ecosystem is the fear that toxic substances, trace metals, and
synthetic organics, introduced by dumping and other patlways, may be
concentrated in £ish and shellfish to levels that constitute a human health
hazard, or that these substances may be present in concentrations high enough
to harm patural ecological functions,

Three basic questions need to be answered in order to understand and 6ontrol
impacts of toxic substances on the marine enviromment and on humans through




‘seafood ingestion. First, where do the toxic substances come fram and in
| what quantities are they introduced? Second, how are these toxic substances
transported, degraded, and distributed in the estuarine/coastal ecosystem?
Third, given the observed distribution of contaminants in an ecosystem, what
are the ecological effects and the human health effects through intake of
toxics in seafood? Nowhere in the world have these questions been
conpletely answered even for a single toxic campownd, much less for the
entire spectrum of corﬁpomds discharged by man's activities. Nevertheless,
substantial progress has been made in many parts of the world in estimating
inpute of some toxic substances to the oceans, Although knowledge of
transport routes, particularly transfers within the biosphere, is poor, many
studies also have been performed to delineate the distribution of toxic
substances in sediments, water, and biota of various ocean areas. 1In
addition, a mumber of ecological changes have been observed that have been

ascribed tentatively to toxic substance effects.

Human health effects due to marine pollution have been observed infrequently
and have been caused almost exclusively by sewage-associated microbial
pathogens. Adverse human health effects die to chemical contamination of
marine waters have been documented only in rare instances such as Minimata
Bay, Japen, where a single contaminant source lead to extremely high levels
of mercury in £ish consumed by the local population. However, perceived or
potential risk to human health has resulted in the closure to fishing of
certain estuarine areas due to chemical contamination. For exampie,
portions of the Hudson-Raritan estuary and New Bedford Harbor have been
closed to fishing due to PCB contemination (Belton et al., 1983;
Massachugetts Office of Coastal Zone Management, 1982).




A, Inputs of Toxic Contaminants to the Ccastal Ocean

Information concerning inputs of various toxic substances to specific local
areas of the ocean is extremely valuable in assessmg the.pogsibie extent of
cortamination within that region. In Table 3, such infbmatién has been
collected for several trace metals and, where possible,'fdf scme sﬁntksetic
and petroleum organics. It should be ‘pointed out that.many of the sources
of infomation used in arnv:mg at the numbers in Tahle 3 are incamplete and
possibly subject to large errors. Desplte this uncertainty with respect to
individual data points in Table 3, same general observatlons can be math
that place the New York Bight problem in perspective. - | L

The total inputs (not including atmospheric contribution) of toxic metals to
the New York Bight are comparable to, or less than, the total inputs'to_'the -
Mediterranean, Baltic, North Sea, and Irish Sea, . Inputs to some of. these’
other areas are widely distributed within the region and are not
oconcentrated within a very amall area such as in the Bight apex. However,
there are many other areas throughout the world where inpui:s are
significantly concentrated, including the lﬁ.ssiséippi discharge zone, the
Rhine-Meuse estuarine discharge area off the Netherlands (Fig. 5), the
Thames estuazy in the North Sea (Fig,. 5), and the leerpool Bay aréa of - the
Insh Sea (Fig. 4). Fstimates of oontaminant inputs for these selected
regions are shown in Table 4. Although the Rhine-Meuse discharge region has
inputs of the same order of magnitude as that of the New York Bight épex,
the Rhine-Meuse discharge area is dramtically different. Tides in the
discharge area offshore fram the mouth of the Rhine-Meuse range up to
several meters in amplitude with tidal currents up to several knots; this is
compared to tides of about 1 meter and only a few tenths of a knot in the
New York Bight. The effects of the larger tidal currents on mixing are

10




dramatic., Although the climate and depth of water off the Dutch coast are
similar to that in the New York Bight apex, the entire southern North Sea
(fram the Dutch coast to the English coast and north for several hundred
kilameters into the central part of the North Sea) remains vertically
hamogeneous throughout the year with neither themal nor haline
stratification. |

Atmospheric fluxes of contaminants into the coastal marine envirorment may
be large. While not reflected in Table 3, recent estimates suggest that
atmospherié cont:ri&t:i.ons (which include both anthropogenic and natural
material) of Cd, Zn, and Bb to the New York Bight are 3 to 20 times greater
than riverine contributions (Windom, 1981) . Atmospheric contributions to
the South Atlantic Bight of the U,S, (coaste of North and South Carolina and
Georgia) and the North Sea may also exceed riverine inputs for these trace
metals, as well as for As, Cu, Hg, and Ni (Windom, 1981). However, 1t must
be noted that, unlike river inputs, atmospheric inputs are not localized
and would not be expected to cause high contaminant concentrations in local

areas of the ocean ecosystem,

Fram these considerations it might be concluded that the New York Bight has
greater potential for significant accumulation of anthropogenic toxic
metals, both in the water column and sediments, than any of the European
seas because its inputs are high, the discharge area mmall, and the rate of
dispersion and removal relatively low. In the Eurcpean waters any
significant toxic metal accumulations in either water or sediments must be
more localized than accumulations in the Bight and take place only in small
areas of poor circulation., The primary exception to this rule is the
potential long-term pollution problem in the Baltic, where inputs

11
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(particularly of Hg) are high and flushing is poor.

It is interesting to mote that, contrary to popular belief, the possibility
of serious damage to the Mediterranean as a whole fram toxic metal pollution
during the next few years is very unlikely because of the moderate input
levels and the very large size of the Mediterranean itself, Nevertheless,
certain areas of the Mediterranean are substantially more at risk, notably
the northern Adriatic and Saronikos Gulf (Fig. 2), which sustain large

populations, have large inputs, and are very poorly flushed.

Input data for metals to the Seto Inland Sea are not currently available,
However, fram Table 5, it can be seen that there is a rough proportionality
between the population of a region and the quantity of metals discharged to
the oceans. If these relationshipe hold true for the Japanese population,

the toxic metal inputs to the Seto Inland Sea are roughly equal to the

inputs to the New York Bight., The restricted volume for dispersion and the
poor flushing of the Seto Inland Sea would indicate a high probability that
acamulation levels of toxic metals are significantly higher in the Seto
Inland Sea than in the New York Bight, The Seto Inland Sea may well provide a
good model for the future of the Bight, if inputs of toxice to the Bight
increase. However, camparison of the estimates of Mueller et al. (1976) and
New York City (1983) suggests that the total inputs of many toxic contaminants
to the New York Bight have decreased in the last decade.

Despite the high priority that has been placed in recent years on research
into the fate and effects of toxic organic campounds, both raturally
occurring (primarily petroleum hydrocarbons) and synthetic (primarily
organchalogen campounds, including DDT and analogous insecticides, and
PCBB) ¢ there is very little data fram which inputs of these compounds to

12




various coastal marine ecosystems can be estimated.

Le Lourd (1977) has estimated that approximately four million tons of oil
per year enter the ocean envirorment worldwide and that about one quarter of
this amount is discharged into the Mediterranean. Because no surface water
flows out of the Mediterranean, it is likely that all surface slicks and tar
balls released into the Mediterranecan will remain there until dissolved,
decamposed, or washed up on beaches. These considerations have led Le Lourd
- (1977) and Osterberg and Keckes (1977), among others, to suggest that the
Mediterranean may be more affected by oil pollution than any othex body of
ocean water in the world, However, even though input data for the New York
Bight are far fram camplete, Mueller et al. (1976) have estimated that
320,000 tons of oil and grease annually enter the New York Bight mostly in
municipal wastewaters and dredged materials, while New York City (1983) has
estimated a total input of only 206,000 tons annually. If approximately
one-half of this was petroleum—derived, the amount of oil entering the Bight
would be 10-15% of that discharged into the Mediterranean, a very large
figure considering that atmospheric inputs and spills are not included.
Another way of illustrating the potential problem in the New York Bight is
to campare the 180 million tons/yr of petroleum products passing through the
Port of New York (U.S. Army Corps of Engineers, 1975) with the 370 million
tons/yr crossing the Mediterranean and the worldwide marine transport of

approximately 1700 million tons/yr.

Much better input information for petroleum organics and synthetic organics
is needed for &ll impacted regions of the world ocean. Such data could be
used effectively to aid assessment of the vulnerability of a given marine
ecosystem, as attempted for the toxic metals (above) and nutrients (see
Section V) . Without adequate input data, no estimate of future accumulation

13




(or loss) rates of contaminants in the marine ecosystem can be made, even if
the transport and decomposition of the contaminants within the enviromment
are well understood.

B. Distributions of Toxic Contaminants in Coastal Ecosystems

Although the analytical methodology for detemimation of many contaminants
in the marine enviromment is in some instances difficult, studies of
contaminant distribution in a given ecosystem are simpler to perfom than
studies that seek to establish the rates of transport ‘or transformation, or
the effects of contaminants, Therefore, there is a massive body of data and
literature concerning the concentrations of contaminants, particularly trace
metals, in marine envirorments throughout the world. Selected data are
useful in illustrating how contaminant levels in the Bight compare to those
in other regions,

1. Trace Metals

The ocean has been found to contain measurable concentrations of almost all
of the stable elements. More than 30 of these elements are metals or
metalloids present only in trace quantities in sea water, sediments, and
blota. All of these trace elements are known to be ultimately toxic if
present in high enough concentrations, while many of these same elements are
absolutely essentlal for the growth of plants and animals, For example, it
has been shown that the nonavallability of certain trace metals in some
parte of the ocean limits the rate of phytoplankton growth (Strickland,
1965) , and several elements (e.g., Cu, Zn, Cr, Se), which are known to be
toxic or inhibitory to marine organiams at certain concentrations, are also
known to be essential to life, including human life, at lower

14




concentrations,

Three elements have been consistently selected as those of special concern
in emvironmental pollution: Cd, Hg, and Pb., 'Two others, Zn and Cu, have
been used consistently as indicators of pollution because of the relative
eage of their analysis in envirommental samplés. We will focus on these
five elements in the following discuésion.

a. Water Concentrations

Analysis of ocean water samples for trace metal concentrations is a
difficult undertaking, prone to sample contamination and other errors,
‘I'hér'efc#e, intercamparison of data sets from different regions of the world
obtained by different techniques is not always reliable. However, in Table
6, some information is collected for various nearshore and estuarine areas.
Careful examipation of the data in Table 6 reveals that, while considerable
variability exists, there are no obwious differences apparent among
different regions of the coastal oceans of the world {including the New York
Bight) with respect to these and probably other trace metals. No area
stands out as significantly more contaminated than any other. However, in
all other areas, just as in the New York Bight, there is a tendency for the
highest metal concentrations to be found in and near the estuarine
discharges, particularly those estuaries that are subject to industrial

- ‘discharges.

It would require enormous effort to standardize methodology, intercalibrate,
and intensively sample different regions to eliminate the variability due to
sampling and analytical differences and the temporal and spatial
heterogeneity of dissolved trace metal concentrations. Without such
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efforts, little is to be gained by drawing detailed conclusions based on
comparisons of concentration ranges or means that show only emall
differences between different regions of the world ocean. However, it is
important that the New York Bight does not seem to have wnusually high
dissolved trace metal concentrations, according to the limited data

available.
b. Sediment Concentrations

Metal concentrations in marine sediments are more réliably determined than
dissolved ooncentrations in seawater., Since the sediments may act to
integrate contaminant loadings, sediment concentrations ére often used to
aspess the level of envirormental metal contamination., Same sediment metal
concentrations £rom selected coastal and estuarine regions of the world are
listed in Table 7. The highest trace metal concentrations in the New York
Bight sediments are found in sediments fram the Christiaensen Basin and the
Budson Shelf Valley (Camody et al., 1973; Greig et al., 1974).
Concentrations in these sediments are significantly higher than those
found in many other coastal regions, including some of those thought to

be heavily polluted, However, there are certainly other areas not
necessarily thought of as heavily polluted (e.g., the Saronikos Gulf,

the Solent, the Severn, the Firth of Clyde, Tokyo Bay, the southwest
Spanish and Portuguese coast, and the area close to the 7-mile Hyperion
sewage sludge outfall in Southern California), where trace metal
concentrations are as high as, or higher than, those found in the New

York Bight (Table 7).

Many factors other than contaminant loading can affect the metal

concentrations of marire sediments at any given location in the ocean. For
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exanple, it is well known that matural fine-grained sediments contain higher
| trace metal concentrations than coarse sands. 'Ihp mid-ocean regions, far
fram supplies of coarse sands, thus have high trace metal concentrations
(Table 7) despite their low organic content. In the coastal régions, the
lowest metal concentrations are found in clean, coarse sands and the highest
generally in areas where fine—grained material accumulates. Therefore, the
coastal regions that are most sensitive to anthropogenic inputs in tems of
elevated concentrations in sedimenté are those regions where the sediments
are nmaturally fine-graimd, including topographic depressions, wetlands, and
regions of very poor circulation. It is not surprising, therefore, that the
metal-rich sediments of the New York Bight are located in the Christiaensen
Basin and the Hudson Shelf Valley, where fine-grained sediment tends to
accumilate. Sediments within and immediately to the east of the sewage
gludge dumpsite have much lower metal concentrations (Camody et al., 1973),
well within the nomal range of values found in pther coastal regions not |
subject to severe poilution.

Sediment metal concentrations are controlled both by natural and
anthropogenic inputs and by the transport dynamics of fine sediments within
the region. By examining in a semiquantitative fashion the pature of these
factors for same of the regions in Table 7 that have sediments with high
metal concentrations, we can géin some insight as to the relative

severity of trace metal pollution in the New York Bight. Each of the areas
that have sediments with high trace metal concentrations is also an

area where contaminant inputs are high. In each of these locations, the
inputs include various forms of sewage (raw sewage, primary or secondary
effluents, or sewage sludge), and a variety of industrial inputs largely
discharged through the mumicipal sewage syétem. In several of the areas,
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there are also large inputs of dredged material, much of which is contamirated
with industrial and domestic wastes. Therefore, the sources of substantial
proportions of the metals involved are industrial, although one major means of
delivery to the marine envirorment is sewage discharge. For example, on the
Firth of Clyde there are extensive iron, steel, and shipbuilding industries;
in the Saronikos Gulf, petroleum and petrochemicals, leather tanning and
finishing industries; in the New York region, petroleum, and petrochemicals
and metal Finishing industry; in the Solent, shipyard, petroleum and |
petrochemical. industries; and in the Ios Angeles area, the electronic

component industry.

The few areas without major population densities and municipal discharges
where high sediment metal concentrations are found are generally the result
of inputs of a single specific industry. In most instances, this industry
is the chior-alkali industry, the primary contaminant is mercury, and the
mercury-contaminated sediments are limited to a small area close to the

discharge point.

The effect of flushing on the accumulation of metals in sediment can be seen
by contrastihg the metal concentrations in the New York Bight sediments with
those _J'.n the saronikos Gulf, The highest sediment metal concentrations in
the Saronikos Gulf are as high as, or higher than, those observed in the
most contaminated areas of the New York Bight, despite an Athens—area
population of about one-tenth that of the New York City region, a
correspondingly snaller industrial concentration, and a so;ﬁewhat mbre
dispersed industrial discharge than in the New York region (where most such
discharges enter the Bight through Réxitan Bay) . However, the area of
contaninated sediments in the Saronikos Gulf is on;y about one-third to one-
half as large as that in the Neﬁ York Bight. The critical differences
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between the two regions are the poorer circulation and dramatically smaller

tidally~indiced dispersion in the Saronikos Gulf which ensure that a greater
fraction of the discharged metals remain in the sediments near the disposal

site,

Another aspect of the complex of physical factors determining metal
concentrations in sedimente is illustrated by the differences between the
discharge mechaniams and resultant sedimentary metal concentrations in the
New York Bight sewage sludge dumpsite and the 7-mile Hyperion sewage sludge
outfall off Southern California (Fig. 7). The 7-mile Hyperion outfall
receives sewage sludge and an associated trace metal load equivalent to about
one-quarter of that dummped into the New York Bight, but diluted in a volume
approximately ten times larger. Dispersion and transport of the metal-
containing sewage solids away from the discharge area in Southern California
are excellent. Galloway (1979) has estimated that "less than 10% of the
metals injected from the outfall are present in the marine sediments of the
study area" (same hundreds of square kilometers) . Narertheiess, the highest
metal concentrations (Table 7) found within a few hundred meters of the
outfall exceed the highest values found in the New York Bight. While there
clearly is no "contairment® of the metals discharged fram the Hyperion
outfall, the placement of the discharge pipe at the head of a ﬁuarim canyon,
with its high potential for short—term, fine'-sedinmt accumulation between
major flushing events (including turbidity currents), and the confinement of
all discharges to the same fixed location has concentrated the' impacts of the
discharge on the sedimentary enviromment of the discharde zone. By contrast,
successive barge dumps of sewage gludge take place over a fairly large area in
the New York Bight and result in good initial dispersion of fire particulate
material. Accordingly, trace metal concentrations in New Yérk Bight sediments
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do not exceed those off Southern California, even though the long-term
£1ushing efficiency of the Bight apex may well be poorer than that of the
California discharge zone, and despite the very large additional loading to
the New York Bight of trace metals fram other sources, including dredged

material and river runoff,

These considerations have a bearing on arguments concerning the desirability
of concentration and contairment, as opposed to meximized dispersion during
sewage sludge and other ocean dumping. The restriction of dumping to one
site tends to maximize impacts within a small region, while not ensuring
contaimment of the toxic components of the dumped material at that site.
Trace metals, nutrients, and organic matter (although not certain synthetic
organic chemicals) are all introduced naturally by rivers and through the
atmosphere to the coastal ocean, The anthropogenic loads of these chemicals
are =mall compared to the quantities naturally mobilized and/or present in
the oceans. For example, natural inputs to the ocean substantially exceed
anthropogenic inputs for such metals of concern as Hg, Zn, and Cu (Goldberg,
1974) . Under the proper conditions of introduction and dilution, even large
anthropogenic loads can be accommodated by the ocean with no significant
effects on trace metal concentration within the ocean ecosystem. For
example, if the sludge discharged through the Hyperion outfall were instead
barged the same 7 miles to sea and dumped over an area of several hundreds
of square kilameters, changes in bottom sediment metal concentrations would
be small and within the matural variability of coastal sediments, This has
been the experience in other locations such as Liverpool Bay, the Thames
estuary, and the English Channel where dispersion and flushing are good
(Department of the Environment, 1972, 1978; Eagle et al., 1979).
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In summary, a significant area of sediments in the New York Bight havé trace
metal concentrations which are measurably higher than those found in é:i.milar
uncontani rated sediments. However, these concentrations are by no means
unusual or extreme compared to those found in fine-grained sediments of many
other populated coastal regions, nor are they different‘ fraﬁ concentrations
ocbserved in deep-sea clays, particularly those on or near active mid-ocean
ridges (Table 7).

¢, Biotic Concentrations

The concentrations of metals in organisms, particularly fish and shellfish
used for human consumption, are of more direct relevance in considerations
of both human and ecological health than are either dissolved or sediment
metal concentrations. It is difficult to campare metal concentration data
for organi=ms fram one marine reéion with those from ancther region, as the
species in different areas vary. Grieg et al. (1977 a,b), Grieq and
Wenzloff (1977), Grieg et al., (1978), Wenzloff et al. (1979), and Rob_erts et
al. (1982) have reported on the metal concentrations in phytoplankton,
zooplankton, finfish, and shellfish from the New York Bight and adjacent
coastal regions. With only a few exceptions, all the samples analyzed
showed metal concentrations in these organisms were not significantly higher
in the contamimated apex region than in other parts of the Middle Atlantic
seaboard. Additionally, Grieg et al. (1978) reported metal concentrations
in the species studied camparable to those found in similar species in other
regions of the ocean. Wenzloff et al. (1979) did note a slight decrease
fram the Iong Island to North Carolina coasts in silver, arsenic, and copper
concentrations in certain clams, but no trend was apparent for other heavy
metals. The levels of heavy metals in the surf clam and ocean quahog were
considerably below the U.S. Food and Drug Administration (USFDA) action
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level for mercury and aleo below the National Health and Medical Research
Council (Australia) recommended maximum for cadmium, copper, lead, and zinc
(Wenzloff et al., 1979). Carpenter (1978) has shown same evidénce for
somewhat higher average mercury concentrations in winter flounder fram the
New York Bight apex tha.n fran areas farther offshore, but all levels were
well below the USFDA action level.

Significant differ&n_cea between trace metal concentrations in contaminated
areag and those in uncontamirated areas have been reported for other regions,
For example, Grimanis et al. (1978) have reported elevated concentrations of
arsenic (As), but not other metals, in one of two species of fish fram the
Saronikos Guif near the Athens sewer outfall. Also, Balcrow et al. (1973)
have reported that the whelk, Buccinum undatum, fram the sewage sludge dumping
area off the (:I.yae estuary had hicher Zn, Ni, and Pb than did those from a
coastal area, However, many of these reports are of questionable value
because of the large, natural temporal and geographical variability in metal
concentrations in marine organiams and the limited data sets imvolved. The
metal concentration in an individual organism has been shown to depend not
only on the con_centration of metal in its habitat, but also on other factors,
such as its age, sex, weight, the season, food availability, salinity, and
amount of contaminated sediment in the gut during analysis (Phillips 1977a).
In addition, most metals are present in marine waters and sediments in a
variety of plys:.cal and chemical foms, only some of which are biologically

available,

This multiplicity of variables controlling the concentration of metals in an
organism can pose serious problems when camparing contamination in different

aréas, ag illustrated by the experiences of the Mussel Watch program
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(Goldber.g et al., 1978). The idea behind this program was that the bivalve
mollusc, Mlluﬁ eﬁ‘ul;a the common blue mussel which is ubiquitous
»' throughout the North Atlantlc and its adjacent seas, could be used as a
"sentinel" orgamsm to _:uﬂ.tcate changing levels of pollutants in coastal
waters, The mussel was chosen.as the sentinel organism because of its wide
range and static 1if:eetY1e‘.' It was postulated that data fram mussels from
differeni:._'ereas, would serve 'as nmeasures of the differences between these
areas in poilutang: _io:;ds and bicaccumulation. Where the blue mussel was not
found, similar bivalves could be used whose ranges overlapped those of the
blue mussel. Initial results from the Mussel Watch and similar programs
have been promising. ‘Metal concentrations in mussels from areas known to be
ocontaminated have beeﬁ*famdvgemrally to be higher than those from non—
cor_ltairlimted ar'easéf‘(e;g.;"?hill_ips, 1977a,b, 1979; Capelli et al., 1978;
Farrington et al., 1983).. However, in other studies, the variability due to
factors other than the environmental contamination level has obscured the
regional differences (e.g.; Karbe et al., 1977).

. A tedmique.developed.by-né.viee and Pirie (1978) may elimirate many of the
problens assoclated wn:h the éi?.e of natural populations as indicators of the
degree of bicavailable eont&nimnts. In this technique, genetically uniform
specimens of Mytilus edulis, carefully bred and grown in a controlled
enviroxinent, are used for in situ bioassays of metal concentrations. Cages
with these mussels inside are moored in the environment wunder study for a
period of 20 daye and then sampled, After this period of time, mercury
concentrations of the mussels were directly proportional to. the total
mercury concentra’uon of - the estuar:me water in which they were immersed.
This method has prwen to be: appllcable to other metals and organic
contaminants and can ‘be extended to other species (Phelps e_t_al., 1980;
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Martin et al., 1982; Phelps et al., 1983). It, therefore, provides a
simple, relatively inexpensive method of estiinating the time-averaged
concentration of biologically available contaminants in a given enviromment

and of monitoring the long-tem changes in these concentrations.

The metal mercury deserves special attention with regard to its
concentration in seafood. It is the only metal known to have caused human
health problems (Minamata disease) contracted through ingestion of
contaminated seafood (Smith and Smith, 1975). Therefore, mary surveys of Hg
concentrations in edible fish and shellfish have been performed (€eer
Anorymous, 1978; Yonnai and Sachs, 1978; Aubert, 1975; Roberts et al., 1982;
Sherlock et al., 1982). Except in small areas subject to large inputs of
biocavailable mercury (primarily f£rom the chlor-alkali and pulp and paper
industries), the mercury concentrations in marine organisms are comparable
in similar species throughout the world ocean., Carnivores and larger fish
tend to have higher mercury concentrations than other species. Tuna and
swordfish, two species living in deepwater far fram coastal pollution, tend
to have the highest concentrations (Barber et al., 1972). Fisheries in some
Jépamse coastal waters (FAD, 1976) and certain coastal areas of the Baltic
(Somer, 1977) in the vicinity of industrial mercury discharges have been
closed to protect human health, Although Hg analyses of marine organisms
from the New York Bicht are relatively few, it appears that no current
threat to human health exists from even abnomally large consumption of ary
seafood sampled from the Bight (Saila and Segar, 1979; Roberts et al.,

1982) . However, since natural mercury concentrations in marine organisms

- may be high and approach levels that can constitute a health hazard,
continved minimization of mercury discharges and monitoring of Hg in seafood

in the Bight should be supported. In this regard, New York City (1983) has
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reported an estimated 65% decline between 1973 and 1981-82 in the total
annual mercury load entering the New York Bight through sewage sludge
dunping. This reduction is presumably due to controls on industrial

discharges of mercury to the mmicipal sewers.
2, &ynthetic Organics and 0il

Studies of the distributions of synthetic organics and oil in the marine
enviromment are much more limited than studies of the distribution of trace
metals. O'Connor and Stanford (1979) have named several classes of organic
canmpounds as potential or perceived threats to the New York Bight ecosystem:
polynuclear aramatic hydrocarbons (PNAHs), polychlorinated biphenyls
(PCBs) , chlorimated pesticides (aldrin, dieldin, chlordane, DDT,
endosulfan, endrin, heptachlor, hexachlorobenzene and toxaphene, and these
canpounds' various metabolites), chlorobenzenes, chlorophenols,
diphenylhydrazine, halogenated diphenyl ethers, isophorone, low molecular
welght halogenated hydrocarbons (carbon tetrachloride, chloroform, etc.),
and petroleum hydrocarbons other than PNAHs.

Of these campounds only the concentrations of chlorimated insecticides and
PCBs have been determined in a wide range of sampies from a variety of
locations throughout the world. The PNAHs and petroleum hydrocarbons other
than PNAHs have, perhaps surprisingly, not been extensively determined.

The primary reason for this dearth of infommation on petroleum campounds,
despite intense worldwide concern about oil pollution, is that petroleum is
an exceedingly complex mixture of individual hydrocarbons. Although simple,
cost-effective analytical techniques exist that can determine total
hydrocarbon concentrations in envirommental samples (Maher, 1983), they have
" not been adopted worldwide., In any event, such measurements of total
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hydrocarbons are difficult to interpret, since only same subgroups or
individual compounds within the complex mixture affect the overall toxicity
of crude or refined petrcleum,

Considerable variation exists as to hydrocarbon fractions measured in
individual studies. For example, Zsolnay (1979) used a camplex calculation
based upon gas chramatographic analyses of extracted water samples to esti;nate
both "biogenic hydrocarbons® and "petrcleum hydrocarbons™; Brown and Huffman
(1979} detemmined “total hydrocarbons®: Portman and Preston (1975) measured
"total Cl4 to C24 n-alkanes"; and Zsolnay et al. (1978) measured "tar® and
®"aramatic hydrocarbons.” Therefore, it is simply not possible fram the data
presently available to make detailed camparisons of petroleum hydrocarbon or
PNAH contamination in different regions of the world ocean. Bowever, several ‘
limited camparative observations have been made that are worthy of note,
Zsolnay et al. (1978) report that the concentrations of PNAHs (expressed as
*aramatic hydrocarbons®) in Baltic Sea water are almost twice as high as those
in the Mediterranean and almost 10 times higher than those in the northwest
Atlantic, including the Sargasso Sea. By contrast, the Mediterranean is
reported to be more heavily polluted with surface-floating tar balls than both
the Baltic and the northwest Atlantic. It would seem that there is little or
no correlation between the quantity of tar derived fram oil spills (and, by
inference, the quantity of oil spilled) and the degree of contamimation by
PNAHs, the most toxic components of petroleum. Indeed, Zsolnay et al. (1978)
found no such correlation in a group of samples taken fram throughout the
Mediterranean. In view of this lack of correlation, the finding that tar ball
and total hydrocarbon concentrations of surface seawaters are highest along
tanker routes, particularly in the Mediterranean (Myers and Gunnerson, 1976) .
is perhaps of only limited ecological significance.
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Municipal waste treatment plant effluents (Van Vlieet and Quinn, 1977b, 1978;
Whippie et al,, 19767 and Tanacredl, 1977), as well as a varlety of land-
based, non~point sources (Knelp et al,, 1982), provide major inpute of
petroleun hydrocarbon contamination to coastal waters, and a substantial
proportion of the total hydrocarbon load is probably FNaHe, This, coupled
with the apparent lack of correlation between spilled oll and PNAHs
described above, would indicate that more attention ought to be focused on
dispersed input of petroleum to the marine environment, rather than the
adnittedly more dramatic oil spills.

Comparatively little is known about the occurrence of petroleum hydrocarbons
in fish and shellfish., However, it is noteworthy that both aliphatic and
aromatic petroleum hydrocarbons could not be detected in lobster muscle
tissue from the New York Harbor (Gravesend Bay) and New York Bight (Roberts
et al., 1982).

FCBs and chlorinated insecticides, such as DDT, are readily determined in
envirormental samples, and there is a profuse literature coricerning the
oconcentrations of these substances in seawater, marine organisms, and
sediments, Tables 8 and 9 show results of PCB analysis of seawater and
sediment samples, respectively, from various locations. It can be seen that
the variation in concentrations fram one region to another is quite large,
suggesting that the Baltic, Southern California, New York Bight, Japan, and
the French Mediterranean coasts may be more heavily contaminated than the
other areas studied. However, comparisons like this must be made with care,
since intercalibration of the techniques used by individual imwestigators
has not been performed and, at the very low concentrations of PCBs in
seawater, there is a strong possibility that much of the data available is
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unreliable due to sample contamirmation or other analytical errors., The same
considerations hold for data concerning chlorinated insecticide
concentrations in seawater and, therefore, no data are campiled here.
However, two general findings should be noted concerning the distribution of
PCBs and chlorimated insecticides in the ocean: both chlorimated pesticides
and PCBs are reported to be concentrated in the surface microlayer of the
sea (surface slick) campared to the underlying water column (Stzadler, 1977),
and both vary widely in sediment depending on location and upon the sediment
grain size (Dawson and Riley, 1977). Both P(Bs and chlorinated insecticides
are found in high concentrations in fine—grained sediments in the New York
Bight apex (Macleod et al., 198l1) and in fine-grained sediment and the water
column near British sewage sludge dumpsites (Dawson and Riley, 1977).
Additionally, high concentrations are reported in sediments near municipal
wastewater outfall pipes, such as in the Saronikos Gulf (Dexter and Pavlou,
1973} and off Scuthern California (Young and McDemmott—Ehrlich, 1976) .
Elevated DDT and especially PCB concentrations have also been cbserved in
the Baltic, and the possible source was identified as sewage sludge dumping
(Oden and Ekstedt, 1976).

The highest concentrations of PCBs in marine sediments have been reported
for New Bedford Harbor, Massachusetts, where concentrations up to 19% by
weight (190,000 ug/g) have been observed (Massachusetts Office of Coastal
Zone Management, 1982). The average PCB concentration in lobsters from this
area was found to be only marginally below the USFDA action limit
(Massachusetts Office of Coastal Zone Management, 1982), This severe
contamination resulted fram a single, known input sourcé. High
concentrations of P(Bs have also been reported in water and sediments from

various regions of Japan (FAD, 1976) . Concentrations of PCBs in sediments
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of up to 390 mg/Kg are reported (Table 9). The PCB concentrations in
seawater from Japan appear disproportionately high (Table 8) compared to
other reported values and may be suspect even though high sediment
concentrations imply high levels in the overlying waters. It is not
entirely clear which of the grossly contaminated sediment samples referred
to in this study were of marine origin and which were from rivers and '
harbors, although it is likely that the most grossly polluted sediments were
fram the latter, nearer the sources of contamination. Nevertheless, the
lowest sediment concentrations reported in this Japanese survey are high
compared to other marine regions of the world. High values were also
reported fram certain "hot spots" in the Hudson River, although values are
much lower in the New York Bight apex. Apart froam the New Bedford and
Japanese marine sediments that are so grossly contamirated that many of them
are being removed by dredging, the marine sediments in Escambia Bay,
Florida, and those adjacent to the municipal sewage treatment plant outfalls
off Southern California appear to have the highest concentrations of FCBs
reported. The California sediments also have very high chlorimated
insecticide (total DDTs) concentrations (Young and McDermott-Ehrlich, 1976) .
The decreased production and use of DDT and PCBs by the United States is
apparent in the decreased concentrations of these contaminants in Southern
California municipal wastewater discharge (Bascom, 1982; Schafer, 1982),
which was reflected in sediments for DDT as early as 1975 (Young and
McDemott, 1976). Camprehensive data are lacking for the PCB contents of
sewage sludges dumped in the New York Bight, but the results of different
researchers suggest that PCB concentrations have decreased over 50% in about
5 years (Bopp et al., 1981; West and Hatcher, 1980; MaclLeod et al., 1981;
New York City, 1983).
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Chlorimted insecticides and PCBe are taken up by crganisns and stored
primarily in the fatty tissues. Concentrations tend to be higheet in those
species at the top of the food chain or those whose fatty tissue content ig
_higha this makes the marine mammals and birds partict:laﬂy capable of
ooncentrating these canpounds. Because of the varying ability of different
species to bioconcentrate chlorinated organic compounds, it is difficult to
ccmpare biotic concentrations from widely separated regions of the cceans
where the species composition may be entirely different. Wwithin the range
of a single species, geographical variations in the species' chlorinated
insecticide concentrations have been used successfully in identifying the
most contamirated areas (Anonymous, 1978; Bernhard, 1978). Unfortumately,
it is difficult to extrapolate this information to the New York Bight,
because insufficient information exists for species from this area of the
noxthwest Atlantic coastal ocean. However, the few reported PCB analyses of
fish and shellfish fram the New York Bight (O'Connor et al., 1982) show
concentrations that are within the ranges observed in the Baltic and
Mediterranean, samewhat higher than the ranges observed in the North Sea and
Irish Sea, and somewhat below the range cbserved off Southern California.
Care must be exercised in interpreting these comparisons as it appears that
concentrations of chlorinated organic compounds vary temporally over a small
number of years (Young and McDemmctt—Ehrlich, 1976).

The concentrations of PCBs in organisms living within the Budsor~Raritan
estuary are considerably higher than those in the Bight itself or in
Raritan Bay. O'Connor et al. (1982) found higher PCB levels in striped
bass fram the Hudson River than in those fram the New York Bight, and
Roberts et al. (1982) were able to demonstrate elevated muscle tissue
concentrations of PCBs in lobster in New York Harbor campared to samples
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from Long Island Sound and the New York Bight.
C. Effects of Toxic Contaminants in Coastal Marine Ecosystems.

The trace metals and synthetic organic canpounds considered in this section
are of concern in the New York Bight because they are introduced into the
enviromment in significant quantities, they are persistent in the enviromment,
and, most important, they are toxic., If ingested or otherwise assimilated by
organisms at a high enough intake level, these campounde can cause death., If
encountered at lower concentrations, they can cause sublethal effects.
Concentrations of trace metals and synthetic organics in the marine
ervirorment, with very few exceptions, are considerably below the
concentration at which lethal toxicity occurs in even the most sensitive of
orggnians. Exceptions to this rule have occurred, and continue to occur, in
very limited areas when spills or accidental discharges take place or where
there is gross pollution by a specific industrial déischarge. Also, the
oconcentration of same toxic substances may exceed the lethal toxicity limit
for some species a small area within the discharge plume of a sutmarine
pipeline discharge, and in a small area for a short period of time immediately
following dumping. However, in each of these instances, the number of exposed
organiams is amall because of the limited temporal and spatial extent of the
toxic levels. There are only a very small mmber of reported mortalities of
marine species known to be caused by anthropogenically introduced toxic
chemicals, and each of these is related to a major spill or to uncontrolled
industrial discharge., Therefore, lethal toxicity of materials in the coastal
ocean is not an important consideration unless major spills or uncontrclled
discharges occur., Even in these circumstances, same marine organisms are able
to detect such enwirommental disturbances and to successfully avoid ‘
contamimated areas (Johnston and Wildish, 1981),
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Mortalities have, of course, taken place where oxygen has been depleted or
where red tides have occurred. Both oxygen depletion and red tides are known
to be aggravated by pollution, but their prime cause is not the anthropogenic
input of a toxic chemical. In fact, the toxin responsible for fish mortality
during red tides is synthesized by the bloam organism itself (Ballantine and
Abbott, 1957; Boalch, 1979).

Sublethal pellution effects that could possibly occur in the marine
enviroment include reduced organism viability, increased susceptibility £o
secondary disease, and mutagenic or teratogenic effects. It has been
hypothesized that exposure of fish to polluted sediments causes £in erosion in
teleosts (Sherwood, 1982; Murchelano and Ziskowski, 1982) , although the
damaged fins tend to regenerate and there is no evidence that this
hypothesized pollutant effect adversely affects fish viability.

Concentrations of contaminants exceeding the maximum observed values in the
New York Bight (Table 9) have been founc to affect the yodactiwiity cf the
ricrobial plankton, O'Connors et al. (1982) observed reduced photosynthesis
and bicmass of phytoplankton exposed to less than one part per million levels
of PCBs in laboratory experiments (approximately 3 orders of magnitude greater
than New York Bight concentrations), and similar laboratory effects have been
observed for planktonic bacteria (Blakemore, 1978; Blakemore and Carey, 1978).
However, isolates of natural populations of phytoplankton taken from areas
receiving anthropogenic inputs of conteminants tend to be more resistant to
contaminants (Murphy et al., 1982) and, therefore, the reduced productivity
observed in 1aboi:atory experiments may not occur in areas receiving continual
anthropogenic inputs. In addition, natural assemblages of aguatic bacterxia
have the capacity to biodegrade P(Bs (Cary and Harvey, 1978; Shiaris and
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Sayler, 1982).

Sublethal effects on mackerel eggs that mey be caused by contaminants have
been noted in the New York Bicht. Longwell and Hughes (1980, 1982) found
decreased fish egg development rates and viability and increased chromosome or
mitotic abnomalities éssociated with samples collected closer to shore and to
contaminant sources in the New York.Bight. These eggs develop at the air-
water interface and are, therefore, particularly susceptible to elevated
concentrations of hydrophobic organic contaminants, wbich tend to concentrate
in the surface microlayer. However, low frequencies of abnomalities were
noted in the immediate area of the sewage sludge dump site. While
contaminants may decrease the viability of the mackerel fish embryos in
limited areas, egge are produced in huge numbers and over large areas in
expectation of high ratural mortality, and it is reasonable to conclude that
any geograrhically limited contamination will not gignificantly affect the
total adult mackerel fish stocks. Detection of any contaminant effect on
adult mackerel stocks, if it were present, would be difficult since fish
stocks are highly variable due to other envirommental factors, including

overfishing.

Hays and Risebrough (1972) have noted the incidence of abnormal young terns
from Long Island Sound and attempted to associate these abnomalities with the
teratogenic effects of DDE, PCBs, and mercury. while some of the abnormal
birds were found to have relatively high tissue levels of these contaminants,
caution must be exercised in interpreting these results. The body burdens of
nomal terns were not determined, and abnommal terns were found in less than
one percent of the population during a two-year study (Hays and Risebrough,
1972).

Tt has been suggested that pollutants may cause teratogenic effects and
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decreased fecundity in marine mamals. Reljnders (1980) has suggested that
the harbour seal population in the Dutch Wadden Sea has decreased as a result
of PCB and DDT introduction to the marine envirorment since by these canpounds
may interfer with mammalian reproduction (Jensen et al., 1977) and immume
response (Vos, 1977). While there is no direct evidence for an effect of PCBs
and DDT on marine mammals, relatively high levels of these and other compeunds
have been found in the tissues of dead stranded seals (Reijnders, 1980).
Similarly, Delong et al. (1973) have noted an association of premature births
of California sea lions with relatively high concentrations of PCBs and DDT.
Ag with the Long Island terns (Hays and Risebrough, 1972}, however, the
concentrations of these campounds in nomal marine mammals are not well known
(Wagemann and Muir, 1981) and no definitive conclusion can be made as to the
possible effects of PCBs and DDT.

Reported sublethal effects of pollutants on marine organisms are diverse.
However, improper experimental design has often led to invalid results (Eagle,
1981) . Of critical importance in sublethal effects studies is knowledge of
the contaminant concentration in the organism, not in the medium (water). As
concluded by Eagle (198l), most laboratory studies report environmental
concentrations, while monitoring programs tend to measure organism
concentrations. In addition, organisms have variable resistance to toxicants
depending upon the degree of prior acclimatization to the toxicant (Simkiss
and Taylor, 198l1), which further confounds results of sublethal effect.
Marine mammals, birds, fishes, crustaceans, molluscs and microorganisms are
capable of binding and detoxifying heavy metals in low-molecular-weight
proteins called metallothioneins (Fischer, 1980), and heaw metals may be
sequestered in relatively inert tissue compartments (e.g., cell walls,
cartilage, scales) which are not easily digested and, therefore, limit metal
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transfer through the food chain (Hodson, 1980). In addition, a variety of
potentially toxic organics may be detoxified by mixed function oxidases, such

as cytodhrqne pP=-450, and these enzymee appear in much greater concentration in
| marine organisms from polluted envirorments (Parke, 1981).

While sublethal effects of trace metals and toxic synthetic organics require
additional study, it may be concluded from a sumary of available data
(0'Connor and Stanford, 1979) that there is no present reason for major
concern about their lethal toxicity in the marine enviromment, including in
the New York Bight, if these chemicals remain at or about present
concentration levels. There remain two areas of concern for the potential or
actual impact of these toxic chemiqals in the Bight: the potential of human
health effects through ingestion of contaminated seafood from the Bight, and
the possibility that contaminant concentrations of these chemicals in the New
York Bight ecosystem contribute to, or directly cause, sublethal biotic
effects leading to adverse changes in population mumbers or ecosystem
structure,

1. Human Health Concerns
The concern for human health related to toxic chemicals in seafood results
fran the much publicized Minamata incident. The first case of mercury
poisoning appeared in Minemata, Japan, in 1953, and by 1956 the "disease" had
becane quite widespread. By 1971 the number of cases reported had reached
121, with 43 deaths. In 1965 an outbreak took place in another area of Japan
(the Agano River estuary) where 49 people were affected, 6 of wham died. All
of the victims ate fish as their principal food. The problem was f£inally
traced to mercury poisoning from fish contaminated by discharges from
factdries using mercury in catalysts for acetaldehyde manufacture (Smith and
Smith, 1975).
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This serious incident fueled a world-wide concern about the possible health
effects of toxic metals and synthetic organics released to the marine
envirorment and ingested in seafood. However, apart fram the Minamata
incident, there has been no documented case of any clinical or subclinical
disease among the world's human population that can be attributed to a toxic
chemical in seafood taken from non-estuarine marine waters. Clinical problems
have of course been caused by a variety of toxic chemicals released to the
environment (e.g., itai-itai disease caused by ingestion of Cd-contaminated
rice and Fb poisoning in chemical industry workers). However, all instances
of such poisoning, except Minamata, have apparently been caused either by
ingestion of food grown in contaminated soil or by direct human exposure to

toxic substances in the work or living envirorment.

The United States Food and Drug Administration (U,S. FDA) has set an "action
limit" of 0.5 ppm for Hg in fish tissues: fish having Hg concentrations higher
than this cannot be s0ld for human consumption. In an extensive survey of
edible tissues of various fishes and shelifishes fram the New York Bight, the
highest concentration of Hg found was 2.3 ppm in the muscle of one lobster
sample. However, concentrations in almost all of the over two hundred samples
were less than 0.5 ppm (Hall et al., 1978). A survey by Roberts et al. (1982)
also found concentrations consistently below 0.5 ppm., Saila and Segar (1979)
have shown that even if a resident of the New York area were to consume
lobster with 2.3 ppm of Hg as 20% of his diet (a very high and unlikely
percentage), his total mercury intake would be only about one~half the minimim
level thought to be toxic and about one-tenth of the intake level of Minamata
disease sufferers. Therefore, a considerable safety margin exists in the
ingestion of seafood fram the Bight, Moreover, no fishery in the Bight region
has been closed due to Hg contamination (i.e., the average value in no species
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exceeds 0.5 ppm), although fisheries in several other parts of the world,
including sections of Japanese, Swedish and Italian coastal waters, have been
closed to fishing because of high Hg concentrations in f£ish (Goldberg, 1976).
At present it appears that there is no threat to human health from mercury in
the New York Bight. However, continued monitoring and continued control of
industrial mercury discharges are necessary to ensure that this situation is
maintained.

A recent study examined humen mercury levels resulting from the consumption of
seafood from Liverpool Bay and the Thames Estuary, both of which receive
mercury inputs due to the chlor-alkali industry and sewage sludge discharge
(Sherlock et al., 1982). Since the average consumption of fish was 0.36 kg
per person per week, it was determined that people in the United Kingdom were
unlikely to be adversely affected by the presence of methyl mercury in the
consumed fish., Total mercury concentrations in fish muscle tissue averaged
0.34 mg/kg (range, 0.03 to 1.66 mg/kg), close to the U.S. FDA 0.5 pum action
level. However, even at the highest levels of fish consumption and,
therefore, of mercury intake, human blood levels of mercury never exceeded the
World Health Organization's estimated effect level of 200 mg/Hg/liter and |
rarely exceeded one~tenth of this value (Sherlock et al., 1982).

Saila and Segar (1979) have shown that toxic metals other than mercury are
even less likely to constitute a hazard to human health through ingestion of
seafood from the New York Bight, of other parts of the world ocean, except
immediately adjacent to grossly contaminated industrial discharges.
Presumably because of the publicity surrounding itai itai disease (Friberg et
al,, 1974), cadmium is often thought to constitute a marine environmental
problem comparable to mercury. If a person were to consume seafood with the

highest Cd levels observed in New York Bight biota instead of other meats in
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the average diet, his overall intake of cadmium would probably decrease (Saila
and Seqar, 1979) . However, safe intake limits of cadmium may be exceeded in

. Hong Kong, where research suggests that both seafood concentrations of metals
and seafood consumption are relatively high (Phillipe et al,, 1982).

Inputs of potentially toxic organics have resulted in fishery closures of
several source streams to the New York Bight. On December 15, 1982, the New
Jersey Department of Envirormental Protection issued a fishery closure notice
for portions of .Raritan Bay and the Hudson River for striped bass, white
catfish, white perch, and American eel based on evidence of PCB contamination
of fish from these waters. Closures were not issued for the New York Bight
since only a single bluefish (among 45 sampled) from the Bight was found to
have a PCB concentration exceeding the 5 pam U.S. FDA action level (Belton et
al. 1982). In a more recent study (Belton et al., 1983), PCB concentrations
in 6 of 28 bluefish samples from "marine waters" of New Jersey were found to
be in excess of 2 ppm. As a result of these observations and observations of
substantially higher concentrations of PCBs and chlordane in several species
of fish fram estuaries, an advisory was issued for limited consumption of five
fish species from New Jersey waters including those marine areas from Sandy
Hook to Barnegat Inlet, fram the coast to 30 miles offshore (Belton et al,.,
1983) . As a result of dioxin contamination, advisories have been issued for
mach of the lower portion of the Hudson River to limit human consumption of
finfish (New York, Department of Envirommental Conservation, 1982), and
portions of the Passaic River feeding into Raritan Bay have been closed to
fishing due to localized dioxin contamination (Newsday, 1983) . The only
contamimation-related fishery closures in the New York Bight are precautionary
shellfish closures to protect against possible contamimation due to the input
of sewage-associated microorganisms fraom the Hudson-Raritan estuary, as well
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as fram the disposal of sewage sludge. There have been no closures to fishing
due to toxic chemical contamination in the New York Bight.

Little is known about the effects of human ingéstion of chlorinated
insecticides, petroleum hydrocarbons, and PCBs at subtoxic levels; many of
these compounds are known or suspected carcinogens and have been associated
with steroid homonal imbalances (Jensen et al., 1977). However, since the
New York Bight is not among the most contaminated regions of the world with
these campounds (Raritan Bay and parts of the Hudson River may be among the
most conkaminated with these compounds), and since the U.S. FDA "action
limits" are exceeded only by a amall proportion of individuals of a few
seafood species from the Bight (which were probably contaminated in the
estuaries), there seems to be little reason for current concern or for drastic
actions to reduce input levels of these contaminants to the Bight, especially
for DDT and P(Bs, inputs of which appear to be decreasing., Nevertheless, as
further research reveals the principal sources of these compounds, prudent
management to reduce their inputs to even safer levels should be exercised.
Because it is probable that concentrations of these compounds in the New York
Bight ecosystem are in approximate equilibrium with inputs (Swanson et al., in
press), the envirommental concentrations should not increase if inputs do not
increase. However, monitoring should be initiated as soon as possible to
ensure that action can be taken to reduce inputs if equilibrium has not been
achieved and if the oconcentrations are still increasing in response to the
increase in inputs which occurred during the last decade or two. Monitoring
will alse provide infomation concerning the degree of success of source
control efforts. For example, in Southern California, DDT levels in the
enviromment around the municipal sewage treatment plant effluent pipe have
dropped, albeit slowly, after the use of DDT was halted (Bascom, 1977). In
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the New York Bight region, the decline and recovery of the osprey population
have been attributed to high, and then declining, inputs of DDT metabolites to
the enviromment (Spitzer et al., 1978). Similarly, reductions in PCB loadings
to the envirorment have been observed (Schafer, 1982).

Based on knowledge of the existing levels of contaminants in edible species,
it may be concluded that any present adverse impacts on human health by toxic
chemical contaminants discharged to the New York Bight are, at most, small
compared to impacts from toxic contaminants in food organisms from polluted
estuaries and rivers. There has been no indication of any acute poi.soning,
such as occurred in Minamata, and no other evidence exists to suggest that
subclinical pathologies have occurred. There does remain the concern for the
carcinogenicity of some contaminant chemicals. However, chemicals
contaminating the New York Bight are ubiquitous, and it is very unlikely that
seafood ingestion or direct body contact with seawater, compared to other
sources, provides a significant fraction of the intake of any carcinogenic

- contaminant for any human being, unless perhaps seafood Gominates their diet.

These conclusions are borne out by observations in areas of the world other
than the New York Bight. Apart fram Minamata and a very few similar incidents
where grossly contaminated fish or shellfish have been consumed from inland
waters close to major uncontrolled industrial discharges, no adverse effect on
human health has been observed that can be ascribed to the contamination of
£he marine enviromment with toxic chemicals, Additionally, many heavily
fished regions of the ocean appear to be more seriously conteminated than the
New York Bight (see section IV, A and B)., Therefore, unless a dramatic
increase in contaminant loadings were to occur, or unless there are

unidentified contaminants present in the New York Bight in higher
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concentrations than in other parts of the world (Goldberg, 1974), there is no
cause for apparent concern about effects on human health that might be caused

by chemical contaminants present in the New York Bight.
2. Ecogystem Health Concerns

Unfortunately this reassuring conclusion concerning human health effects
cannot be g0 easily reached concerning the effects of toxic contaminants on
the marine ecosystem of the New York Bight and other impacted regions.

Various changes or suspected changes in the ecology of the New York Bight have

been ascribed at least in part to the toxic contaminant loading of the
ecosystem (Wolfe et al., 1982). These changes include population reductions
in some commercially important finfish and shellfish; altered benthic fauna,
particularly in the vicinity of the dredged material and sewage sludge
dmpeites (Carriker et al., 1982):; and fin rot and other fish diseases
(Sindemmann, 19763 Murchelano, 1982). These and other changes have been
observed in each of the other contaminated regions we have considered:
Southern California (Bascom, 1977}, the Mediterranean (Charbonnier, 1977,
Peres, 1978), the Baltic (Akerblam, 1976, 1977), and particularly the Seto
Inland Sea (FaD, 1976). "I‘hese changes have not always been detrimental. For
example, there is strong evidence that the productivity of the fisheries
outeide the Thames estuary was enhanced by the nutrients derived from London

sewers (Sindermann, 1976).

In each of these ecosystems, it cannot be easily proven that bioclogical
changes ascribed to marine pollution are cauged by toxic chemicals
associated with the pollution or that the presence of toxic contaminants
has even been a major contributor to such changes. The ocean
envirorment, just like the land, is highly complex and subject to
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climatic variables, and the terrigenous and anthropogenic inputs which
could conceivably affect ecosystem structure are equally variable, Most
of the changes in fish and shellfish population abundances that have
taken place are more likely to have been caused by matural "climatic"
fluctuations or by overfishing of certain populations, rather than by
toxic chemicals (Grosslein and Azarovitz, 1982). The same oonsider_ations
hold true for other observed ecalogical changes, including fish diseases.

The traditional response to this dilemma has been to rely on experimental
studies of the effects of contaminants on organiams in “controlled ecosystems”
in the laboratory enviromment. However, most such studies are of limited
value. In the laboratory enviromment, many of the primary variables (e.g.,
climate and boundary conditions; the synergism, parasitism, and antagonism
within matural populations; and the chemical composition of the natural
environment) cannot be duplicated. Purther, the concentrations of toxic
contaminants used are often many times those found in even the most polluted
natural ecosystem. The pitfalls of this experimental approach become apparent
when we consider the case of the cupric ion (Cu++), which is toxic to aquatic
algae at high concentrations, innocuous at lower concentrations, and
inhibitory or prohibitive at even lower concentrations which are below the
nutritionally required level. Even the extreme toxicity of very high
concentrations of copper can be drastically reduced by adding a chelating
agent: (e.g., Morris and Russell, 1973).

Although questionable laboratory toxicity studies have been used to infer that
ecological damage may take place in certain contaminated ocean ecosystems,
virtually nowhere has there been an unequivocal demonstration that the
ecological changes that have been observed in the marine enviromment are
caused by toxic chemicals. The only exceptions to this rule are where
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discharges of extraordinarily large quantities of a particular toxic chemical
cortaminant took place, elther though accidental diecharges or ocean dumping.

It is instructive to look at what is perhaps the most intensively researched
impact on the marine envirorment: the impact of sewage and sewage sludge and
other organically rich materials on sedimentary infauna, Such studies have
been carried out in many areas including the New York Bight (Pearce et al.,
1976) , the Saronikos Gulf (Sheppard, 1977), the GUif of Napoule, France
(Bellan, 1979) , the Wadden Sea, Netherlands (Eseink, 1978), the North Sea
Island of Sylt (Otte, 1979), Vancouver, Canada (Otte, 1979), the Thames
Estuary (Shelton, 1971), the English Channel (Jenkinson, 1972), the Firth of
Clyde (MacKay et al., 1972; Halcrow et al., 1973), the Firth of Forth,
Scotland (MclLusky et al., 1978; Read et al., 1982, 1983), Southern California
(Bascom, 1977), the Geman Bight (Rachor, 1977), and the Geman North Sea
coast (Caspers, 1976) . Each of these studies has established the distribution
of benthic fauna in an area where organically rich sediments are found at or
near a point of discharge or near Aunping of an organicaily rich waste

material, usually sewage and sewage sludge.

In each of the studies listed above, the cbserved distributions are
essentially similar. In the sediments with the highest.organic carbon
contents, the diversity of bent;hic infamnal populations is reduced although
usually the biamass is increased. In these organically rich sediments, the
species that dominate are usually deposit feeders, particularly polychaetes
and bivalve molluscs. In an area fringing the central portion of the highly
organic sediments, there is always a region where diversity of species is |
nomal, but the biomass is higher than areas farther removed fram the high
organic sediments. In these transition zones, filter-feeding species and
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their predators dominate.

In addition, most of the studies listed, as well as several others, have found
that trace metals and synthetic organic campounds are present in much higher
concentrations in the organically rich sediments than in the surrounding areas
where éediments are usually coarser grained and contain less organic matter.
This has often led to the tentative conclusion that the ecological changes
observed in sediments accumulating organic matter under the influence of waste
discharges may have been caused by the toxic action of the chemicals.
However, fram all of the available evidence, it would seem that the daminant
factors controlling the changes in benthic ecology are the increased
sedimentation rate and the greater availability of organic detritus, which
cmulatively lead to competitive advantages for organisms with different
feeding strategies than those present in more slowly accumulating, lower
organic sediments (e.g., Caspers, 1976) . Another important factor is
certainly th_e lowered redox potential caused by the greater consumption of
| oxygen within the sediments. Therefore, the role of toxic chemicals, if any,
in these benthic ecological changes is uncertain.,

The ecological changes observed in organically enriched sediments may be
either beneficial or detrimental, depending upon the degree of enrichment, and
the food chain value of species whose populations are enhanced by this
enriclment (Segar et al., 1984). However, observation of ecological change
has been often interpreted by the scientific commmnity and/or regulatory
bodies as a demonstration o:E "damage” to the ecosystem, In fact, moderate
organic enriclment of marine sediments in many areas may be an envirormental
enhancement of potential benefit to man.

Regardless of whether they are "damaging,” changes in the ecology
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of sedimentary enviromments caused by discharges of organic-rich wastes

are apparently not permanent. For example, within four years after

removal of a municipal sewage discharge from Cannes, France, bottom
sediments of parts of the Gulf of Napoule that had been "severely

altered® by the discharge had recovered such that the ihfaunal

assenmblages were entirely normal (Bellan, 1979) . A Swedish estuary,

which for 12 years had been impacted by organic waste discharged from a
sulfite pulp mill, and whose infaunal species were badly impoverished

over a large area, took only eight years for full recovery to a stai:us
indistinguishable from the pre-existing natural condition (Rosenberg,

1976). A long-tem benthic study in the Firth of Forth showed a decline

of certain pollution indicator species and the appearance of a recovered
benthos following the reduction of sewage suspended solids in Edinburgh
effluent (Read et al., 1982, 1983). Interestingly, even though phosphate,
biological oxygen demand (BOD), and bacterial numbers decreased markedly in
this area, there was no effect on the levels of oxidized nitrogen in the water
colum (Read et al., 1983), indicating that nitrogen levels were not related

to sewage inputs.

In sumary, although ecological changes have been observed in the vicinity
of many marine outfalls and ocean dumpsites, and concentrations of many
toxic chemicals have risen in the marine envirorment over pre-industrial
conditions, it is not established that these elevated concentrations have
exerted any significant effects, deleterious or beneficial, on the marine
ecosystems into which they are discharged, except in a small number of
restricted areas where discharge rates are extremely high, and flushing

and dispersion are exceptionally poor.
A few ecological effects have been cbserved that can only reasonably be
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ascribed to toxic chemicals released into the marine envirorment. Perhape the
best known of theee ls the decline and subsequent restoration of pelican
populations in California over a period of several years during which the use
of DDT and other chlorimtec} insecticides rapidly increased and later declined
(Anderson et al., 1975). Other such subtle effects of toxic contaminants may
well be occurring in the marine ecosyetem., However, our ability to establish
any cause-and-effect relationshipe between a given spectrum of contaminants at
a particular location and the often subtle ecological changes observed is
simply not adequate to delineaté the effects of toxic chemicals in the marine
envirorment. We are mot yet able even to understand, explain, or predict the
natural ecological changes occurring due to climatic variations or the changes
occurring due to the impact of pollution other than by toxic chemicals.
However, only in a few limited instances and in small geographical areas has
pollution of the marine enviromment by toxic chemicals produced measurable
human health impacts or significant ecological degradation. Regarding the New
York Bight (excluding the adjacent river and estuarine areas), no known hazard
to human health exists fram toxic chemicals, and overall toxic chemical
concentrations in the New York Bight are below minimm levels that are thought
to be lethally toxic to marine organisms,
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V. ANCXIA, ORGANIC MATTER, NUTRIENTS, AND MUNICIPAL WASTES

The most pervasive contaminating material entering the oceans is municipal
sewage. In most coastal commmnities of the world, sewage is simply discharged
without treatment into rivers, estuaries, or the ocean. However, in many
countries, including the United States, this practice is undergoing major
changes due to two factors: 1) increased public concern for the health hazards
caused by sewage discharged into waters used for recreatiomal activities,
including bathing, and 2) declining fish populations, diminished oxygen
concentrations, and black putrid bottam sediments of_ mary tidal estuaries into
which sewage is discharged. To meet these concerns, municipal waste managers
have concentrated on reducing the oxygen demand on estuarine waters and the

microbial contamination of recreational waters.

In most countries throughout the world, the favored solution to these problems
has been to build long discharge pipes to carry the sewage sufficiently far
out to sea that it no longer is discharged into the estuary or close to
recreational areas. In the United States and a few other mations, the
strateqy adopted was entirely different. Clean—up of United States lakes and
rivers has been achieved by secondary treatment of sewage (i.e., removal of
suspended solids and biclogical oxidation of some of the organic matter before
discharge) , while the locations of discharges into estuaries or semi-enclosed
harbors have usually remained unchanged. Secondary treatment causes a
reduction in the ;:oncentrat‘ion of pathogens in the treated effluent, but
further treatment by chlorination is often practiced to effect an even greater
reduction. The United States has required such secondary treatment on all
discharges of mmicipal sewage into natural waters including the ocean,
although a few coastal camunities will soon be pemitted to discharge sewage
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effluent with less than secondary treatment into the ocean.

One important consequence of primary or secondary treatment is the generation
of large volumes of se.ﬁage sludge at the treatment plant. Various disposal
methods for this sludge are utilized (NAS, 1978) . The methpds utilized by
coastal camunities have included disposal by ocean dumping, discharge through
ocean outfalls, and various land disposal systems.

The dumping of sewage sludge into the ocean has became a controversial subject
mainly due to the public concern shown for possible health effects in the New
York/New J_exfsey area during the mid-1970's. The envirormental events that
reached high levels of public visibility during this period included: beach
pollution with sewage derived artifacts; the finding of organically rich,
biologically-altered sediments offshore from the Long Island and New Jersey
coasts; and anoxic bottom water events and fish kills, particularly that of
1976 (Swanson and Sindermann, 1979) . The ocean dumping of sewage sludge was
the most publically visible and, therefore, the easiest candidate for the
public and legislators to blame for these events. As a result, a series of
decisions followed that, if fully implemented, would have eliminated t‘t_xe
disposal of sewage sludges into the ocean. Few nations in the wbrld have
adopted such a prohibition on ocean disposal of sewage sludges, while several
nations, including the United Kingdom, are adopting the ocean disposal
altermative for sewage sludges as their preferred strategy for cleaning up

. river and estuary pollution problems and avoiding land disposal envirommental

impacts,

Against this background, the obeervations made in other parts of the world
ocean on the effects of organic and nutrient loading (including sewage and
sewage sludge) on the oxygen depletion in the water column below a density
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discontinuity (themocline or halocline) can be better understood. Such an
oxygen sag is a nommal natural feature of areas where there is high
productivity and restricted vertical mixing and flushing of the bottom water.
The primary examples of this occurrence under natural conditions unaffected by
man are the Cariaco trench and the Black Sea (Richards, 1965), where
restricted bottam water flushing permits the build-up of oxygen-demanding
substances over a period of years; and off the west coast of Africa; where
upwelling of nutrient-rich water can cause sudden intense blooms of the
phytoplankton (Harvey, 1963) with resultant large oxygen demands due to the
decay of unconsumed dead cells., In addition to these natural occurrences,
anoxic, or nearly anoxic; bottam or subthemocline waters have been found in
the Baltic Sea (Fonselius, ‘1970a; Kremling, 1973; Sen Gupta, 1973; Kaleis,
1976) ; in several coastal locations in the Mediterranean Sea, including
Elefsis Bay and the Saronikos Gulf, Greece (Sheppard, 1977; Zarkanellas,
1979); in the GUIf of Mexico (Harper et al.,, 1981); in Chesapeake Bay (Taft et
al., 1980); and in the northern Adriatic Sea (Degobbis et al., 1979; Maretic
et al,, 1978). Anoxia has also been observed in several locations in Japanese
waters including Tokyo Bay (Tsuji, 1974; Seki- et al., 1974), Gmura Bay
(Hirayama and Iizuka, 1975), and large areas of the Seto Inland Sea (Murakami,
1977, shiczawa et al., 1977). In each of these instances, the affected area
is subject to discharges of municipal sewage, most of which is untreated and
discharged through rivers or short seafloor pipelines. In addition, the
flushing of each area is restricted, and a short-term, dense plytoplankton
bloam, or a long~term increase in primary production, has been implicated.
Simple mass balance calculations and observations of primary production
changes have indicated for some of these regions that the mitrient loading
(nitregen and phosphorus foms) by municipal and other waste discharges is
primarily responsible for the increased primary production and éubsequent
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bottam oxygen demand, and that only a small percentage of the oxygen demand is
contributed directly by the organic matter of the municipal waste itself (see

Segar and Berberian, 1976, Okaichi, 1975, and Sen Gupta 1973 for calculations

relative to the New York Bight, Seto Inland, and Baltic Sea, respectively).

No oxygen depletion has been observed in either the North Sea or the Irish Sea
(Department of the Envirorment, 1978) despite the fact that the organics

(BOD) , nitrogen, and phosphorus loadings are high (Table 3) and often
localized at the mouth of estuaries. However, both of these seas have active
tidal current regimes and are only weakly stratified in the summer, such that
nutrients, primary production, and oxygen demand are spread over a much larger

area than, for example, in the semi-enclosed areas of the Mediterranean.

Relative to the volume of the area into which contaminants are discharged, the
Seto Inland Sea and the New York Bight each have higher contaminant loadings
than any of the other areas considered (Table 2, 3). This is a somewhat
artificial camparison as discharges to the North and Irish Seas, for example,
are not evenly distributed or instantaneously mixed throughout the seas.
Nonetheless, the inputs to the New York Bight are generally camparable to
those of the Irish Sea and 1. -or than inputs to the North Sea. Yet the New
York Bight inputs take place essentially at a single point, the Hudson-Raritan
estuary mouth (Mueller et al., 1976). In addition, exchange between the water
of this apex region of the Bight and the waters outside the apex is scomewhat
restricted, especially during the critical summer period (Charnell and Hansen,
1974) . '.'Ihé Seto Inland Sea is a very small, restricted sea with only slow
exchange with water from the Pacific Ocean, and yet it receives organic and
nutrient loads comparable to the New York Bight. Because of its restricted
circulation, the eutrophication and anoxia problem in the Seto Inland Sea is
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correspondingly worse than that in the New York Bight. The Seto Inland Sea
could then be a model for the future of the New York Bight if the level of
nui:rient loadings continues to rise. In addition to its bottom water anoxia
problem, the Seto Inland Sea has suffered from numerous and extensive red tide
blooms of flagellate phytoplankton during the summer months of many recent
yearg, These i:od tides have caused tramendous logses of Seto Inland Sea
shellfish and finfish due to the production of toxic metabolites by the
flagellates and the decay of these organiems which further contribute to the
anoxia (Okaichi, 1975). Consistent with the parallelism in contamination and
restricted flushing between the Seto Sea and the New York Bight, minor red
tide bloams have already been reported in the New York Bight over the past

several years.

The major anoxia of 1976 in the New York Bight has been attributed to a
cambination of matural events including reduced flushing of the water masses
and the extensive bloam of Cexatium tripos (Swanson and Sindermann, 1979;
Falkowskl et al., 1980). This attribution has led ecme investigators to
conclude that, because nutrient-induced eutrophication was not a primary cause
of the 1976 anoxia, such eutrophication was not occurring in the Ne;w York
Bight or was insignificant. However, more limited anoxic or near-mbx:_i.c areas
have been observed particularly in the region influenced by the Hudson
nutrient discharge in several recent years (Swanson and Sindermann, 1979).
Therefore, it may be concluded that 1) ‘there is a chronic low-oxygen problem
in the New York Bight, particularly in the apex and New Jersey shelf regions,
which is aggravated by nutrient inputs (Segar and Berberian, 1976); and 2)
there exists in the New York Bight a tendency toward oxygen depletion on a
larger scale, which is daninated by natural events as in 1976. The
susceptibility to anoxia of the New York Bight ecosystem exists particularly
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wnder conditions where bottam oxygen demand is increased above nomal average
values, whether this increase is caused by anomalous phytoplankton bloams or
by eutrophication. Finally, based on the findings of Segar and Berberian
{1976) and Falkowski et al. (1980), it may be concluded that, even if the
quantity of material leading to oxygen demand (BOD and nutrients) in ocean-
disposed sewage sludge was drastically increased (by a factor of a least ten)
from its current level, this would have little or no incremental effect on the

tendency of the New York Bight to become anoxic.

Although the nutrient loading of the New York Bight fram damestic sewage
discharges may not have been the primary cause of the 1976 anoxia, and
although the 1976 anoxia may still have occurred without such inputs,
available knowledge strongly supports a conclusion that the nutrient-induced
eutrophication of the New York Bight significantly increases the probability
that anoxic conditions, on some scale, will occur in any given year.
Flimination of anthropogenic nutrient discharges would not reduce the
probability of anoxia in a given year to zero; however, increased nutrient
inputs will increase the probability and, judging by experiences elsewhere in
the world, that increase is likely to be significant.

In order to illustrate the interaction between increasing nutrient input,
natural year—to-year ecological and physical variability, and the probability
of anoxia, it is instructive to look at the Baltic which has been monitored
extensively for several decades. The bottam water of the Baltic is flushed
only during periods of unusual currents over the Kattegat sills, which occur
irrequiarly every several years (Fonselius, 1972) . In between periods of
flushing, the naturally occurring primary production of the Baltic reduces the
oxygen concentration in the near-bottam water of the deeper central basins,
but, in the past, the area of anoxic water usually has been small, This is
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known to be true based upoh records for the early part of this century
pertaining to hydrography, sedimentary infauna (Zmudzinski, 1977), and
sediment chemistry of this region. However, during the past 60 years, there
has been a deterioration in the oxygen concentrations, with much larger areas
nov being affected by anoxia than previously. This deterioration has been
attributed to nitrogen- and phosphorus-induced eutrophication. During this
period of decline, there were a number of periods of reoxygemation when
conditions improved during unusual (but not extreme or ancmalous) physical
conditions which temporarily increased the flushing rate of the bottom waters.
The steady decline due to increased nutrient inputs (and perhaps other factors
such as reduced freslwater inflow due to industrial water use) is superimposed
. on a maturally variable system (Fig. 8). 7he extremes of oxygen depletion and
reoxygenation within the system are caused by physical factors, while the
probability of anoxia in any given year has become progressively larger during
the period monitored due to the chronic pollution problem (Fig. 8).

‘This deterioration in the Baltic is almost certainly matched by a similar
deterioration in many parts of the world ocean, including the New York Bight.
However, in the absence of the long time series of observations over several
decades, such as are available fof the Baltic, this steady deterioration will
be obscured by natural year-to-year variabil:i.ty. For example, the steady
deterioration in the Baltic would certainly be difficult, if not impossible,
to identify if only one decade of monitoring data were available (Fig. 8).

It is likely, therefore, that anoxia will continue to occur in the New York
Bight episodically. The frequency with which anoxia as widespread and intense
as that in 1976 will recur will be detemined by the probability of recurrence
of the physical and biological conditions that occurred in 1976 or their
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equivalent, Nevertheless, if nutrient inputs increase, then large-scale
anoxia events will occur more often and under progressively lesg unusual
natural conditions than occurred in 1976.

Although this paper has focused primarily on nutrient inputs, which are
thought to be the real problem leading to anoxia, the lypothesized linkage of
pewage pludge with anoxia should be laid to rest once and for all. In peveral
areas of Europe (e.g., the Kiel Bight, the Irish Sea, the Thames Eétuary, and
off Garroch Head in the Firth of Clyde), sewage sludge is dumped in precisely
the same manner as in the New York Bight, Most of the dumping locations are
remote from the influence of nutrients in municipal sewage effluent
discharges, and in no instance has significant oxygen degletion of the water
colunn been observed at or near the dumpeite. Cbservations off Garroch Head
are particularly relevant to the New York Bight, since sewage sludge dumping
has taken place there since 1904, flushing is somewhat restricted, and the
quantity of sludge dumped there approaches that duvped at the New York site,
Dispersion rates for the two areas are considered to be roughly equivalent
(Champ and Park, 1981), and the sediments underlying the Garroch Head site are
hich in organics and are anoxic like those near the sewage eludge dumpsite in
the New York Bight. Despite these similarities, no significant oxygen
depletion has been reported in the water column at or near the Garroch Head
dumpsite (Norton, 1983), These observations support the conclusion that
dmping of sewage sludge in the New York Bight has a quantitatively
insignificant impact on the oxygen depletion problem (Segar and Berberian,
1976) .

In summary:
1) Increased input of nutrients from sewage treatment plant effluents
will significantly increase the probability of anoxia and "red tides" in
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the New York Bight. This conclusion is supported by evidence gathered
from a variety of coastal areas throughout the world which do mot
receive sewage sludge through dumping, but which do receive
anthropogenic nutrient inputs.

.2) The evidence concerning the causes of anoxia and "red tide"-like
bloams in New York Bight indicates that eliminating sewage sludge
dumping will not significantly reduce the probability of occurrences of
anoxia (Segar and Berberian, 1976; Falkowski et al., 1980). This
conclugion is supported by evidence gathered fram sewage sludge
dumpsites in other parts of the world,

VI. THE NEW YORK BIGET DIAGNOSIS AND PROGNOSIS

- Camparisons drawn between the New York Bight and other regions of the coastal
ocean which are also affected by industrial and urban contaminants permit
diagnosis of the relative health of the Bight and analysis of the impacts
caused by the contaminant loads. Geographic comparisons also allow us to
estimate the probable impacts of changing pollutant loads on thé New York
Bight. |

While contaminant inputs to the Bight are 1érge and concentrated in the small
apex region, they are not extreme coampared to many other areas of i:he world
~ocean., Because the New York Bight is a moderately effective dispersive
ecosystem and because it is effectively flushed by the Atlantic Ocean as
compared to many other more restricted seas (e.g., Adriatic, Saronikos Gulf,
and'Baltid) ¢ the concentrations of toxic contaminants in the Bight are, at
present, not extrenie. Concentrations of some toxic chemicals in seafood from
the New York Bight are wundoubtedly higher than would be the case absent
anthropogenic contaminant inputs. However, contaminart concentrations in the
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seafood are within safe limits (with the exception of a amall proportion of
individials of some seafood species probably contaminated in the rivers or
estuaries), and the increased risk to human health due to the elevated
concentrations is c_e_.-rtainly very small (Plugge et al., 1983); consequently, no
current threat to h@ health is posed by these toxic campound concentrations
within the Bight ecosystem per se. Although ecological changes, some of which
are deleterious, have been observed in limited areas of the Bight, these
changes are not exceptional compared to some other coastal ocean regions and
are probably caused primarily by factors other than the elevated toxic metal

or synthetic organic concentrations.

The reduction in oxygen concentrations in Bight bottam waters, particularly in
the apex and northern New Jersey coastal regions, is a chronic situation
gimilar to that occurring in many of the world's coastal regions receiving
municipal discharges. This chronic situation is apparently brought about by
nutrient-induced eutrophication. Although primarily a natural event and not
caused by the chronic oxygen depletion problem, the 1976 anoxia highiights the
susceptibility of the New York Bight to summer oxygen depletion and anoxic

conditions,

What then is the prognosis for the future? Because the concentrations of
toxic canponents in the New York Bight ecosystem are probably in approximate
eguilibrium with the annual level of inputs (Swanson et al., in press), there
would need to be a several-fold increase in input rates of toxic metals or
synthetic organics before concentrations would exceed those levels observed in
other coastal ecosystems of the world ocean (e.g., Scouthern California outfall
regions, the Seto Inland Sea) or would be likely to pose a threat to human

health. Even these more heavily polluted regions are not significantly more
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"degraded” than the New York Bight and several such regions have shown the

_ ability to recover in a matter of years after inputs are removed. Therefore,
with prudent management to prevent increased input levels of toxics and,
preferably, to pramote reductions, it can be concluded that there should be no
future major threat to human health or irreversible damage to the ecosystem. .
However, it also should be remembered that not all toxics have been studied,

. and this conclusion does not absolutely rule out the surprise factor due to

some metal or campound not yet detected or introduced into the oceans in
 significant quantities,

The prognosis concerning oxygen depletion is not as good. If the populatioh
of i:he New York region increases, the nutrient inputs will inevitably also
rise if current sewage treatment methods are maintained. In order to prevent
| nutrient-induced eutrophication problems fram increasing in the New York Bight .
(and in some other coastal regions both in the United States and other
'couhtries) ¢ the nutrient loading of sewage treatment effluents will have to be
'conl:rolled.' Such control will be extremely costly, although it may be needed
only for part of the year. Further study is needed to develop criteria that
would establish the need for control and the degree of nutrient removal
'required. The further analysis of data fram other ocean areas such as the
' Seto Inland Sea would aid this criteria development process.

_ Fér this report a broad selection of the readily available scientific

literature related to coastal pollution in other regions of the world was

searched; additional relevant infomation exists that is not readily

. available, BEvery effort should be made to make use of these other data to

further refine our understanding of the impacts of marine pollution and to- |
inprove the timeliness and effectiveness of ocean pollution/waste management

_decisions,
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Table 1. Pollution susceptibility of selected ocean regions

Discharge Dispersion

Region and
Area Population Industry Volume Flushing

New York Bight 3 3 1 2

Lake Erie 3 3 1 2
Seto Inland Sea ({Japan) 3 3 1 2
Baltic Sea 2 3 1l 3
‘Mediterranean Sea: 2 2 1 2
Adriatic 3 3 :1 -3
Saronikos Gulf 3 3 2 3
North Sea 3 3 1 1

Irish Sea 3 3 1 2.
Southern California
Coastal Region 3 2 1 1
' Puget Sound 2 2 2 2
" Chesapeake Bay 2 2 2 2

Guanabara Bay, Brazil -3 3 3' 2'
Hudson—-Raritan Estuary, NY 3 3 ~3_' 2
Firth of Clyde, UK 3 3 2 2
Singapore: Harbor 3 3 3 -3
Straits of Mallaca 3 2 2 :l
Hong Kong: Harbor 3 3 3  2
Adjacent South China Sea 3 3 1 1
Red Sea 1 1 1 3
Persian Gulf 1 2 1 3
Black Sea 2 2 1 3

Higher numbers irdicate a higher susceptibility. Densely populated or high;y indus- -
trialized areas receive a "*3", a high susceptibility. Areas with limited discharge.
volumes and restricted flushing also rate a "3" for their high susceptibility,
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Table 2, Approximate areas, volumes, and coastal populations
of selected coastal regions

Approximate
Area {Km?) Volume (Km>) Population (x10°)

New York Bight 1 3.8 x 104 2.0 x 103 17
Southern California,

1os Angeles NA NA 7
Mediterranean 2.5 x 10° 3.8 x 108 100
Seto Inland Sea,

Japan 2.2 x 104 8.4 x 102 >20
Baltic Sea . 3.7 x.10° 2.1 x 104 18
North Sea 5.8 x 105 5.4 x 104 22

Irish Sea- 1.0 x 10° 6.0 x 103 8

Note: NA= not applicable
- 1 orconnor, 1982
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Table 4. Contamirent inputs at selected major estuary mouths* (metric tons/yr)

BOD N P Hg Pb Cr Zn Ccd

(x10%) (x10%) (x103)
Hudson-Raritanls2:3a 39 14 17 . 35 1,050 820 3,600 63
B - 14 19 53 2,100 1.600 6,800 100
Rhine-Meuse a 36 41 40 30 1,200 920 7,800 88
| B - - - - 1,90 2,100 9,500 120
Thames 3 A 28 16 29 1.8 200 200 1,800 98
B - 18 33 3.1 480 380 3,000 110
Humber A 8.7 5.2 9 0.29 99 60 3,700 16
Mersey A 1 23 3 4.3 5 15 700 22
B - - - 24 1,600 39 3,500 40
Mississippi2r4 A - - - 40 13,000 22,000 60,000 500
Severr® A 36 63 - - 970 1,306 3,600 100
B 32 - - - 1,000 1,300 3,600 100
Firth of Forth 3 A 20 2.0 11 - 1,200 420 2,000 53
B - 2.2 13 - 1,200 440 2,100 54

A = River and other runoff only
B = Includes ocean dumping
~ Not awvailable -

*ata used to construct the table were obtained fram various sources including
unpublished Internmational Council for the Exploration of the Sea (ICES 1978) reports.
Mueller et al., 1976, 1980; New York City, 1983
Sackett, 1981
Department of the Ernwvironment, 1979
Trefry and Shokes, 1981

B W0 N s
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Table 5. Contaminmant inputs to selected ogean regions normalized
to population (metric tons/yr/10° persons)

N P_ Hg Pb C Zn Ca
(x?glz) (x20%) (x103)

New York Bidht

A 3.2 0.84 1.1 3.1 220 9% 400 6.2

B 2.3 0.80 1.0 2.1 62 48 210 3.7
Southern California 3.6 - 1.4 0.4 21 53 120 6.0

Bight -

Mediterranean 3.3 1.0 3.6 1.3 48 28 250 -
Seto Inland Sea 4.6 0.8 0.9 - - - - -
Baltic Sea 2.3 3.3 0,9 1.9 >55 - >500 -
North Sea*

A 2.6 1.7 2.6 0.8 160 140 690 11

B - - - 0.3 9 55 590 10
Irish Sea

A 4.6 1.0 2.8 4,3 300 140 1300 14

B - - - 1.4 8 62 840 11

*Data for Netherlands not included due to uncerta:.nty of contributing
population size (ICES, 1978).

A = total of all inputs except atmospheric
B = excludes ocean dumping, and atmospheric inputs

- Data not available
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Table 8. P(B concentrations in seawater

Concentration
Area Range (ng/1) Reference
Mediterranean Sea, open sea 0.2-8.6 Elder and villenueve, 1977
French Mediterranean coast 1.5-38 Elder et al., 1976
North Atlantic 1-150 Harvey et al., 1973
Atlantic North of 30°N 0.4~7.1 . Harvey and Steiphauver, 1976
Atlantic (30°N-30°8) 4.0-8.0 Harvey and Steinhauer, 1976
Sargasso Sea 0.9-3.6 Bidleman and Olney, 1974
Southern California coast 2.3-36 Scura and McClure, 1975
Baltic Sea 0.3-140 Ehrhardt, 1981
Japan coastal waters 600~900 FO, 1976
Puget Sound, Washington 3.0~-22.0 Pavlou and Dexter, 1979
Guif of Mexico 0.8-4.1 Nisbet, 1976
New York Bight 0.08-3.5 Boehm, 1981
New York Bight 1-3 EPA, 1982

10-50 Macleod et al., 1981

1-44 Pearce 1980, (in EPA, 1982)

20-80 West and Hatcher, 1980
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Table 9. PCB oconcentrations in sediments

Concentration
Area Range (ug/q) Reference
New Bedford Harbor, £190,000 Massachusetts Qffice of
Massachusetts Coastal Zone Management,
1982
Massachusetts Bay 0.001-0.030 New England Aquarium, 1976
. (from Boehm, 1983)
North atlantic, U.S.
{excluding New York 0.0003-0.044 Boehm, 1983
Bight)
Housatonic River, Connecticut 0.1-2.8 Sawhrey et al., 1981
Hudson River, New York 13-160 Carcich and Tofflemire, 1982
0.5-140 Bopp et al., 1981
New York Bight Apex © 0.0005-2.2 West and Batcher, 1980
0.05-0.15 Boehm, 1980a
0.006-0.29 Boehm, 1983
Chesapeake Bay, Maryland 0.07-0.13 Bopp et al., 198}
0.004-0.4 Sayler et al., 1978 (from Boehm, 1983)
Delaware River, Delaware 0.14-0.32 Bopp et al., 1981 '
Escambia Bay, Florida 0.19-61 Nisbet, 1976
Gulf of Mexioo <0,002-0,035 Nisbet, 1976
Columbia River, Oregon 0.04-0.06 Bopp et al., 1981
San Francisco Bay, California 0.03-0.05 Bopp et al., 1981
Elliot Bay, Puget Sound ' <0.4->1.6 Pavlou et al., 1982
Palos Veérdes coastal
sediments, California 0.08-13 Young and McDermott-Ehrlich, 1976
Puget Sound, Washington 0.08-0.64 Pavlou and Dexter, 1979

Japan, coastal and g
estuarire sediments 0.01-390 F2O, 1976
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