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History of Waste Disposal Regulations
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Procedures for controlling ocean disposal of waste
solids from the New York metropolitan region have
long been in effect  Smith and Brown 1971!. After
1888, disposal operations were conducted under
permits issued by the Supervisor of New York
Harbor, Corps of Engineers. This system provided
records of active disposal operations, listing the
volume of wastes dumped by each operation and
indicating waste disposal locations. The permits were
authorized by an act of Congress �3 USC 441!
approved 29 June 1888, with later arnendrnents. Most
disposal areas are described in the Code of Federal
Regulations, Title 33, Navigation and Navigable
Waters. Since 1973 ocean dumping has been regulated
under the Marine Protection, Research and Sanc-
tuaries Act of 1972  PL 92-532!. Because of these
regulations, records of permits issued include the
volume and type of waste dumped in various disposal
areas since 1880. Records are unclear, however, on
the exact types of waste dumped into the pre-1888
and 1888 sites on Map 1. Since 1974, NOAA has
reported annually on research and monitoring of
ocean dumping and related activities; the Environ-
mental Protection Agency  EPA! also reports on its
regulation of ocean disposal activities.

In the past, New York's street sweepings, gar-
bage, and refuse were dumped at sea. These floatable
materials were carried by surface currents and fre-
quently washed up on Long Island and New Jersey
beaches. In 1917 a separate floatable waste site was
established  Map 1! and later an elaborate scheme of
seasonally variable disposal sites was set up in
attempts to minimize the amount of floatable refuse
and garbage that washed up on the beaches  Table 1!.
These efforts were unsuccessful and on 18 May 1931,
after long litigation, the Supreme Court forbade
further discharge at sea; the last refuse was barged to
sea on 28 June 1934  Supervisor of New York Harbor
1935!. After 1934, refuse, garbage, and floatable
wastes were either incinerated or buried in landfill

The disposal site for dredge spoil  mud! was
moved frequently between 1890 and 1914  Map 1!,
when it was finally established in the Hudson Channel
area. These changes were apparentlv necessitated by
shoaling in the disposal areas because of the large
volumes of wastes from active channel dredging and
from subway construction in New York City.

In the early 1970s there were six major waste
disposal sites in the Bight  Map 2, Table 2!. The toxic
waste site is about 228 km �20 nrni! from the New
York Harbor entrance, beyond the edge of the
continental shelf; and therefore does not show on
Map 2. Two heavily used sites  cellar dirt and dredge
spoil! are within 19 km �0 nmi! of the New Jersey
coast. The Hudson Channel site designated for dis-
posal of ships and other wrecks seems to have been
little used in the 1960s.

Effective 23 April 1973, the Ocean Dumping
Act  PL 92-532! authorized EPA to issue ocean
dumping permits and to establish and apply criteria
f' or reviewing and evaluating permit applications. The
Corps of Engineers issues permits or regulations for

Map 1. Early waste disposal sites





Volume
 million m /yri

Solids
 million metric

tons/yr!
1964-68 1975
 average!

Volume  milli ansi
rnid yd3

Percent

Disposal Site 'l964-68 1975

 average!New York Bight

Long Island Sound

New York Harbor

846 1,123

97 128

59.0

6.7 Dredge spo il

Cellar dirt

Sewage sludge

Waste acid  nontoxic!

5.7 10.3 35 7.1

32.3

Hudson River 30 40 2.0

Total 1,440 1,910 100.0 Total 13.1 16.5 4.6 7,7
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federal ocean dumping of dredged materials with the
concurrence of EPA to ensure that applicable criteria
have been complied with. Under this act, the US
Coast Guard is authorized to conduct surveillance and

enforcement activities to prevent unlawful dumping.
EPA can designate recommended disposal sites and
times for dumping, protect critical areas and specify
sites and tiines within which certain inaterials may
not be dumped. Interim permits for dumping were
issued for sites in use at the titne the legislation
became effective. Final regulations were issued in
1974, based upon coinments made about the interim
regulations and information collected while they were
in effect.

Although disposal data from the oldest records
do not seem to be rigorously accurate, they do
provide a usable estimate of the volume of wastes
dumped in the ocean. With certain assuinptions about
the probable bulk density of these wastes, it is
possible to estimate the tons of solids involved,
Detailed records cover the years after 1960; from
these we can assess some trends in marine waste

disposal in the New York region.
Between 1890 and 1971, the total amount of

waste solids dumped in New York waters  Table 3!
was about 1.4 billion rn �.9 billion yd !. This is
about 50 times the amount of material reinoved
during the construction of the Panama Canal. Spread
uniformly over Manhattan Island, these wastes would
form a deposit 20 in �5 ft! high, roughly equivalent
to a six-story building. This amount also exceeded the
suspended sediment discharge of all the Atlantic coast
rivers  Gross 1970c; Curtis, Culbertson, and Chase
1973!.

Wastes placed behind bulkheads around the New
York Harbor margins have enlarged the land areas of
the metropolitan region. In 1956, about 20% of New

Table 3. Placement of waste solids from New York metro-
politan region, 1890-1971

Bulkhead disposal areas 467 615

Source: Date from files of Supervisor of New York Harbor, US Army
Carps of Engineers, New York District

York City was on landfill; about half that area is on
former sanitary landfill sites used for disposal of
garbage, refuse, and other solid wastes.

Large voluines of wastes going into the Bight are
not a recent developinent  Figure 1!, Waste volumes
have remained between 8 and 23 million m3 �0 and
30 million yd ! per year since 1895. Peak discharges
of waste solids occurred in 1945 and 1946 when
wastes were reinoved from the harbor, apparently
dredging projects deferred by World War IL During
wartime, wastes were dumped within New York
Harbor because the threat of German submarines
made it unsafe for barges and dredges to venture very
far.

There is no obvious correlation between the
volume of wastes discharged and the population in
the metropolitan region  Pushkarev 1969!  Figure 1!.
Except in sewage sludges, which tend to increase with
the population and with effluent treatment level,
detailed analysis of the disposal records for the 1960s
has shown no discernible patterns in the waste solids
discharged  E. Beltraini, SUNY at Stony Brook,
per sonal communication!.

Sewage sludges and waste chemicals are pri-
marily liquid wastes. Sewage sludges are only about
5% solid on a dry weight basis. I estimated that about
10% of the waste cheinical discharge is solid  Gross
19706!. The inajor liquid components of these two
wastes mix with seawater and do not add to the
accumulation of solids in the Bight; but they do add
significantly to the total waste volume, as shown in
Table 4.

It is important to keep solid and liquid wastes
separate. Liquid wastes cause immediate and pri-
marily short-term problems when released but are
removed fairly quickly from the area by currents and
by dilution with nearby water masses. Waste solids,

Table 4. Waste volumes discharged, 1964-68 and 1975

05 02 06 02

3,4 4.0 0,2 0.2

3.5 2.0 0.3 0.2

Sources: Gross 1974; E PA 1976; Hensier 1976
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ou the other hand, pose long-term problems, They
set tie out, burying bottom-dwelling organisms,
changing physical properties of the bottom, and
causing shoaling. They may also interact with the
overlying waters, using dissolved oxygen and perhaps
releasing substances that can affect the growth and
development of marine organisms.

Large increases in the amounts of toxic wastes
and dredge spoil disposed at sea occurred between
1968 and 1973, For instance, the volume of toxic
waste chemicals dumped in the North Atlantic 292
km �20 nmi! southeast of New York City nearly
doubled each year between 1968 and 1971 and then

Sources of Waste Solids

Before going further, it will be useful to define some
terms to indicate the types of wastes we are con-
sidering. The limits for each type are broad; tndeed,
one problem discussed later is characterization of the
various kinds of wastes.

Dredge spoils are waste solids removed ftom
waterways, generally to improve navigation, and
typically consist of sand, silt, or clay mixed with
wastes discharged by industrial plants or municipal
sewage treatment facilities. Dry solid content ranges
from 500 to 750 kg/m �1 to 47 lb/fts! of waste.

Sewage slttdges are slurries of solids removed
from sewage during wastewater treatment  see Table

Table 5. Municipal wastewater treatment

Primary treatment level
Particulate matter settles out from raw sewage through
sedimentation
Removes half to two-thirds of suspended solids

Secondary treatment level

Aerobic biological process takes organic matter from
priinary effluents
Removes about 90'%%d of suspended solids and oxygen-
demanding substances

Tert iar y 1 reat ment 1 eve I
Physical or chemical treatment of secondary effluents
removes residual organics, nutrients  nitrogen, phosphorus!,
chlorine, colors
Typical processes include; lime addition to remove phos-
phorus,' filtering to remove solids; activated charcoal treat-
ment to remove organic matter; disinfection

Source; American Chemical Society 1969

leveled off  Figure 2!. Permit tecords available from
the Corps of Engineers provided no details about
composition or characteristics of these wastes.

After 1973 EPA Region II began phasing out all
ocean disposal activities, The number of permits for
industrial waste disposal dropped from 84 in 1973 to
38 in 1975. All waste disposal except dredge spoil and
cellar dirt is scheduled to stop in 1981. Volumes of
acid wastes decreased from about 2.8 million short
tons  wet! in 1973 to 2 million short tons  wet! in
1975  Hansler 1976!. Most of the acid wastes
dumped in the ocean in 1975 were from titanium
dioxide production.

5!, usually containing mixtures of solids from human
wastes, street runoff, and industrial wastes. Dry solid
content is typically 60 kg/rn3 � lb/ft3! of waste.

indsistrial nrastes  nontoxic chemicals and acids!
are in various mill and industrial process wastes, such
as titanium dioxide production.. Dry solid content is
assumed to be 100 kg/m3 � lb/ft3! ofwaste.

Construction and demolition wastes  cellar dirt!
consist of excavation dirt, masonry, tile, stone,
plumbing, glass, tar, plaster, and other debris of the
construction and demolition industry. Solid content
is assumed to be 1.1 metric tons/rn �,824 lb/ft ! of
waste.

Chemical tuastes  toxic! are mostly liquid wastes
known or suspected to be toxic to organisms or
humans. These include chemical manufacturing
wastes and residues from petroleum refining and
petro chemical pro ces sing.

A modern, industrial city produces a wide
variety of wastes  Table 6!, which enter rivers,
waterways, and eventually the coastal ocean. Al-
though airborne wastes do enter Bight waters, we will
not consider them in any detail. Prevailing winds in
the New York region are primarily from the west;
thus, airborne particles from the land, including the
metropolitan region, are likely to be carried out over
the ocean. The amount and mode of deposition is rtot
known. Efforts to control regional air pollution have
probably reduced the amount of airborne wastes
entering the Bight, but the problem requires far more
study than it has received to date,



Major
Constituents

Minor
ConstituentsSourcesWastes

glass, stones �0%%uo!
metals  S%%u!

paper, wood �0%%!
food wastes �2%%d!
plastics  It misc. �0%%d!

domestic, industrialMunicipal refuse

harbor, channel construction, maintenance sewage so I id s
industrial wastes

sand, shell, gravel
river sediment

Dredge spoil

stone, concrete, steelconstruction, demolition

munici pal sewage systems and treatment p lants

Rubble

Sewage solids organic matter �0%%u!
alumino-silicates �0'%%d!

industrial wastes

quartz, mul lite

sand, organic matter

organic matter

coal combustion, primarily power generation

soil erosion, manure

breweries, distilleries, pharmaceutical industry

metal and pigment processing

petrochemical industry

Coal ash

Agricultural wastes

Fermentation wastes

Acids

Alkali

Source: After Gross 1972
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Table 6. Common urban wastes; sources and composition

Municipal Sewerage and Inclustrial Wastes

Municipal sewage and industrial wastes are major
sources of waste solids. Untreated sewage discharge
has been the common practice for centuries; as
recen.tly as the early 1970s untreated sewage con-
tributed an estimated 140,000 metric tons of solids'
each year to the total waste load carried by the
region's rivers  Gross 1974!. In 1969, of sewage from
approximately 8.3 million persons discharged into the
lower Hudson River and New York Harbor  Federal
Water Pollution Control Administration 1969!, about
16% received no treatment; 27% had only primary
treatment. In the mid-1970s, untreated sewage from a
population of nearly four million people is discharged
each day  an estimated 600 million gallons! into the
Hudson and tributary rivers, pending completion of
planned sewage treatment facilities  US Department
of Health, Education and Welfare 1965!. New sewage
treatment systems on I.ong Island are being con-
structed to discharge secondary-treated wastes by
pipeline one to two miles at sea.

Sewage treatment plants themselves discharge
large amounts of waste � sludges and liquid effluents
� into New York Harbor. They treat sewage, they do
not make it disappear. The treated effluents contain
some solids, typically 50 parts per million  pprn!, and
contribute about 60,000 metric tons of solids  Gross

"Discharge figures are calculated on the basis of dry solids.

1974! to the harbor each year  Table 7!. In addition,
the nutrients  nitrogen compounds, phosphates! in
the sewage discharges stimulate the growth of phyto-
plankton. When these minute plants die, they con-
tribute an unknown amount to the sediment deposits
accumulating in the harbor and adjacent waterways.

During wet weather, sewage treatment plants
cannot handle the suddenly increased flow from
combined storm and municipal waste systems  Fed-
eral Water Pollution Control Administration 1969!.
Thus, even areas served by sewer s and sewage
treatment plants intermittently discharge large vol-
umes of untreated sewage directly into nearby waters.
These overflows account for an estimated 80,000

metric tons of solids annually  Table 7!.
Sewage treatment plants' other product is sett

age ridges, thick semiliquid slurries removed from
sewage before the plant effluents are discharged to
the receiving waters. Sewage sludges constitute only a
small part  about 200,000 metric tons annually! of
the total waste load from the metropolitan region but
they have been investigated intensively because of
their significance for both man and marine resources
 Gross 1970@!. New York City and Long Island
newspapers have repeatedly carried major stories on
the effects of sludge deposits offshore, These effects
include alteration of communities of bottom-dwelling
organisms � and with it concern about the "dead sea"
in the Bight � and the formation of sludge-contami-
nated deposits that may move seasonally on the
continental shelf.



Table 7. Sources and estimated tonnages of waterborne solids deposited in New York Harbor
Hudson River

Upper Bay
Newark Bay
 thousand

metric tons/yr!

Lower Bay
Raritan Bay
 thousand

metric tons/yr! Reference

Sewage discharge
FWPCA 1969

USHEW 1965
Combined sewer overflows

Untreated sewage

76

140

Solids in sewage plant effluents
�0 ppm in effluent!

2360
USHEW 1965

Subtotal
23276

Riverborne sediments

Hudson River

Raritan River

Passaic R ivera

Panuzio 1965

Dole and Stabler 1909
800

70

95

Subtotal 895

Littoral drif t
Taney 1961

Ca Idwe I I 1966

500+
Long Island

New Jersey
600+

1,100+
Subtotal

1,2001,200
Total

e Excludes approximately 700,000 metric tons of solids dumped in Hudson River each year
Estimated sediment yield 100 metric tons/mi  Anderson and McCall 1968! from drainage basin of 941 mi �,428 km2!

Source: After Gross 1974
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In the New York ar ea., barges take sewage
sludges and the various industrial wastes from plants
and dump them in. designated disposal sites in the
Bight  Map 2!, Specially built, rubber-lined, towed
barges are used to dispose of waste acids from
titanium dioxide manufacturing, for example. While
the barge is underway, the acid is pumped through
discharge pipes at the keel level to promote faster
dilution in the turbulent wake. Processing waste is
dumped at the same time,

Self-propelled barges are used to dispose of
dredged wastes, Seagoing hopper dredges, resembling
tankers, have deck equipment for pumping wastes
into tanks or hoppers; at the disposal site the load is
dumped through doors in the hopper bottom  Mauri-
ello and Caccese 1965!.

New York City has similar vessels for hauling
treated sewage sludges to sea for disposal. Valves in
the bottom of the tanks are opened, dumping the
sludge while the vessel is undet way. Probable physical
behavior of the waste loads was reviewed by Clark et
al �971! and Callaway et al  in press!.

Dust a.nd soot par ticles discharged into the
atmosphere by incinerators, automobiles, and power
generating plants constitute a particularly noticeable
part of the waste solid load of the region. Although
these discharges were estimated at about 25,000
metric tons in the mid-l960s, I have not included
them in the estimate of the waste solid discharge to
the sea Probably some of this material is deposited in
the ocean as part of sewage sludges from storm
sewers.



Urban Stormwater Runoff

Average Concentrations  mg/I!
Urban

Sto rmwater
Runoff'

Constituent
Rural
Land

Runoff~
Untreated

SewageR a inf a I la

31022720013Suspended solids

Chemical oxygen demand

Total nitrogen, as N

Inorganic nitrogen, as N

Total phosphateg

35016

3.1401.3

1.0300.7

0.4 0,60.08

eMeasured in Cincinnati, OH, August and December 1963  Weibel 1969!
~Generalized composition of domestic sewage  Weibel 1969!
cResidential-light commercial section of Cincinnati, 27 acres �1 hectares!  Weibel !969!

After Bigger and Corey 1969
eTotal of four forms of nitrogen

rTotal of ammonia, nitrite, and nitrate
gTotaI acid-hydrolyzable phosphate

Sources: Weibel 'l969; Bigger and Corey 1969

Precipitation in urbanized areas commonly drains
into sewage systems together with domestic sewage,
rather than sinking into the ground or flowing
straight into a nearby river or ocean. A large portion
of urban land is covered by streets and buildings,
reducing rain and snow infiltration into the soil.
From 40%%uo to 80% of the precipitation flows through
sewers to local waterways  Federal Water Pollution
Control Administration 1969!.

When a storm occurs, the water runoff com-
bined with domestic sewage generally exceeds the
capacity of local sewage treatment plants; the mix-
ture of runoff and sewage flows untreated into the
nearest waterway, Analysis of water quality data on a
national scale has shown that such dispersed sources
cause deterioration in environtnental quality during
high discharge periods following storms  Council on
Fnvironmental Quality 1972!. It is therefore appro-
ptiate to include urban runoff in our assessment of
waste discharges into the Bight.

The New York region receives about 106 cm �2
in! of rain or snow each year; the tnost severe storms
normally occur in August and September. Although
rainwater is initially rather pure  Table 8!, it picks up
pollutants from the city atmosphere and streets
before it is discharged. Among the many sources of
these contaminants are: vehicular wastes, including
oil and grease; atmospheric fallout; combustion
wastes � incinerator fly ash; animal wastes; sewage

Table 8. Runoff constituents and concentrations

deposits from collection systems; and plant debris.
No data are available for the New York region on the
amount or composition of these sources nor on their
contribution to urban runoff, but studies in other
cities show that street runoff is far from clean  Weibel
1969; Southern California Water Research Project
1973!.

Using data on estimated sewage overflows in the
Hudson River area  Federal Water Pollution Control
Administration 1969! and on typical urban runoff
from low-density areas, we can estimate that the
sewage overflow from the sewered portion �,000
km or 1,200 rni ! of the entire New York urban
region discharges into the Bight at an average rate of
390 m /sec or 9,000 million gallons/day. While this is
only a crude estimate, it suggests that urban storm-
water runoff in the region exceeds the sewage
system's dry weather flow of 114 m~/sec or 2,500
million gallons/day  Tri-State Regional Planning Com-
rnission, unpublished data!. Using the composition of
the urban stormwater runoff  Weibel 1969!, wc can
calculate that the solids discharged with the storm-
waters could be as much as 18 million metric tons per
year. In general these runoff waters are discharged
into local waterways, and whether any significant
fraction of these solids reach the Bight in an average
year � except through dredging of navigation channels
� is questionable. During major storms and floods,
however, deposits of wastes in the Hudson and other
rivers and in navigation channels can be eroded and
carrie d t o the o cean.



Riverborne Sedirrrent and Littoral Drift

A major contributor � often ignored � to the urban
waste load is the natural sediment transport process,
both in rivers and along beaches. Part of this sediment
load is polluted because of waste discharges from
upstream cities or runoff from livestock feedlots.
Some sediment, such as beach sand, is relatively clean
but mixes with other wastes whcrr deposited in New
York Harbor or in navigation channels. Such sedi-
ments are eventually incorporated into the urban
waste stream and must be disposed of,

Around 1900 the sediment load of the Hudson

River was estimated at about 400,000 metric tons per
year, and the load of the Raritan River at about
70,000 metric tons per year  Dole and Stabler 1909!.
Sediment yield per unit area of river drainage basin
has apparently risen owing to continued urbanization
of the region  Anderson and McCall 1968!, Increased
erosion is possibly a major cause in the greater
scdimcnt load of the Hudson River, estimated at
about 800,000 metric tons per year in the early
1960s  Panuzio 1965!.

In addition to their natural sediment load, the
rivers of the New York metropolrtan region carry a
large but poorly known waste load. About 700,000
rnctric tons per year of various wastes were dumped
into the Hudson River between 1964 and 1968

 Cuirass 1974!. In 1969, the Hudson River north of the
New Jersey state line received the sewage of appraxi-
mately 590,000 persons  Federal Water Poll ution
Control Administration 1969!. Of these discharges,
25.2%%uri werc untreated; thc remairrder received pri-
mary treatment. Some of these wastes may be
transported into the acean during floods.

Another natural source of solids is littoral

drift northeast along northern New Jersey and west
along Long Island beaches � estiinated at 600,000 and
500,000 metric tons pcr year respectively in the two
areas  Table 7!. Human activities have changed these
natural sediment movements, Littoral drift along New
Jcrscy bcachcs may have been rcduccd slightly by
seawalls and jetties  Caldwell 1966; Yasso and Hart-
man 1975!, and littoral drift along the south shore of
Long Island  Taney 1961! may have decreased
because of dredging and removal of sand deposited in
inlets. In thc 1960s a volume of sand cquivalcnt to
nearly half the total littoral drift along Lorrg Island's
south coast was dredged each year from Fire Island,
Jones, and Rockaway inlets and dumped offshore,

From these data it appears that rlatural river
sediment load and littoral drift account for about 2

million metric tons annually. Fram 1930-1970 the
river sediment load and littoral drift apparently
contr ibuted about 85%%uo o f the amount dredged
annually � 1.9 out of 2.2 rnilllion metric tons.

Construction and Demolition Debris

Wastes from construction of new buildings and
tearing down of old ones have been dumped in the
Bight when no other disposal sites were availablc.
These wastes arc placed in a separate ocean disposal
site  cellar dirt! near the head of Hudson Channel
 Map 2!. When large landfill projects are underway,
these wastes are often used as fill materials  Figurc 3!.

The diverse origins and. heterogeneous compo-
sition of the wastes make it impossible to know with
confidence what is dumped in the cellar dirt site. The
available data.  P arar" s-Car a yannis 1 97 3! indicate
that the wastes are principally excavated earth and
rock, broken concrete, rubble, and other nanflaatable
debris,

The cellar dirt site received 2,8 million m~ �.7
million yd3! or about 5%% of the tata.l volume af
wastes discharged from 1965 through 1970  Pararas-
Carayannis 1973!. This arnountcd to 5.3 million
metric tons or about 1 million metric tons per year.

Major public works generate large volumes of
wastes requiring disposal. One well-documented ex-

Figure 3a. 100-acre site for Battery Park City filled by
material excavated during construction; above

photo shows site in December 1971 before work

began  Courtesy of Battery Park City Authority!
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Waste Removed
 millions!

ms metric tons

Underground
Years Track Completed

km mi

1904 66.7 41.7 5.32.67

1905-1909 24.3 15,2 0.97 1.9

19101914 6.4 4.0 0.50.26

11.75.84

4.72,37

0.46 0.9

1 2.96.47

3,96 7.9

1.00,54

0.62 1.2

1950 3.2 2.0

Total 606.9 379.3

0.30.12

24.28 48.3

Source: R inke 1964
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Table 9. Underground track completed and estimated waste
volume generated. New York City

1915-1919 146.1 91.3

1920-1 924 59.2 37.0

1925-1929 11.5 7.2

1930-1934 161.8 101.1

1935-1939 98.9 61.8

1940-1 944 1 3.4 8.4

1945-1949 15.4 9.6

ample is the construction of the New York City
subway system between 1900 and 1950, when
workers excavated for a.bout 607 km �79 mi! of
underground track, Based on a cross section of 40 m'-
�60 yd ! for each track, about 24 million m~ �1
million yd~! of material were removed; this did not

Figure 3b. September 1973 � completed bulkhead before sand
pumping started

Figure 4. Ellis Island and Bedloe's Island  State of Liberty! in
lower left landfilled; Governors Island  lower right!

extended with debris excavated during NYC subway

construction in 1900-1910  Courtesy of Port

Authority of New York and 'New Jersey!

include underground stations and other tunnels. If we
assume that the t'ocks dug out had an in-place density
of 2 g/cnt �25 lb/ft !, this amounts to 48 million
metric tons  Table 9!. If we include underground
stations, then at least 50 million me tric ton s of
material werc removed during subway construction.

Not all this waste went into the Bight. A great
deal of it was used to enlarge Governors Island
 Figure 4!, restoring about 100 acres �0 hectares!

Figure 3c. Three weeks later � area entirely filled by sand and
excavated material





grain size, and the abundance of certain chemical
constituents from industrial wastes, such as carbon
and metals like lead and silver, are useful tags for the
major waste types  Gross 1970a,b; Carmody, Pearce,
and Yasso 1973!.

The chemical characteristics aid in mapping
waste deposits in New York Harbor and the Bight.
They have less application in Long Island Sou.nd
where the sediment deposits that naturally cover the
bottom are similar in carbon content and physical
properties to many wastes. In the Bight, the carbon-
rich, metal-rich wastes are distinctly different from
the coarse-grained, relatively clean sands naturally
occurring there  Map 3!.

Sewage solids, widely dispersed throughout the
New York region's waterways, are usually mixed with
various other wastes. The untreated sewage dis-
charged from most of Manhattan and large areas of
Brooklyn and from many poorly operated and
overloaded sewage treatment plants in the region
bring large volumes of sewage solids into New York
Harbor. There the solids mix with other wastes and

riverborne sediments, forming large deposits that are
usually dredged and taken to sea for disposal, The
presence of sewage solids is also a useful indicator of
waste deposits, regardless of how they were treated
and transported to the ocean disposal ground.

With these criteria to map waste accumulation,
it is easy to show that deposits of carbon-rich,
metal-rich wastes are widespread in New York Har-
bor. In fact, the highest concentrations of carbon,
lead, and silver  the most reliable indicators! occur in
deposits in lower New York Harbor.

In the Bight, waste deposits are most common
near the head of Hudson Channel  Gross, Lin, and
Liang 1971; Carmody et al 1973! � over 15 m �0 ft!
deep in the axis  Williams and Duane 1974! where
waste disposal has been carried out since the late
nineteenth century  Map 4!. Considering that no
buoys mark the exact location of the disposal sites,
that the sites have been shifted many times to avoid
excessive shoaling, and that policing the waste dis-
posal operations has been a problem, the relation
between the apparent waste deposits and the desig-
nated disposal areas is remarkably good. These data
suggest that most of the region's waste disposal
activities take place close to the designated site.
Scattered occurrences of high-carbon deposits  Map
5! near New York Harbor may result f'rom illegal
 "short"! dumping.

What about subsequent physical movements of
the solids after deposition? Movements of wastes
toward Long Island and New Jersey beaches, es-
pecially during the summer when they are used most,
would pose potential health hazards. Despite a series
of newspaper articles in 1973 and 1974, based on one
set of findings  US Senate 1974!, the bulk of
available data on sediment deposits and water quality
at bathing beaches provides no convincing evidence
that large masses of sludge solids move long distances
across the continental shelf onto either the Long
Island or New Jersey beaches. Data collected in
studies made at the Marine Sciences Research Center

at Stony Brook  Gross et al 1971! and at the Sandy
Hook Marine Laboratory  Pearce 1969; Carmody et
al 1973! are too scattered to provide strong evidence
that movements of waste solids take place in any
direction on a scale large enough to leave a trace on
the ocean bottom. It appears, however, that wastes
are moved by currents south-southeast, down Hudson
Channel  Carmody et al 1973!. Deposits from the
deep parts of the channel south of the disposal sites
include carbon-rich, metal-rich sediments. More de-
tailed sampling than has been done to date and a
close investigation of materials suspended in near-
bottom waters are needed to determine the mag-
nitude an.d direction of fine-sediment movements in

the Bight  Harris, in press!.

Carbon data samples collected in the 1971
study, combined with data from earlier years, are
plotted on Map 5. The abundance of carbon was
selected as the most reliable single criterion for
samples on the continental shelf, Total carbon con-
centrations in the deposits indicated that carbon-rich
waste deposits moved southward down the channel.
Because of this previously undetected southerly
extension of the waste disposal area, the size of the
waste-affected area in the Bight was revised from the
previous estimate of about 50 km �9 mi ! to about
150 kmz �0 mi !, based on the area enclosed by the
2% total-carbon contour  the darker of the two
shaded areas in Map 5!.

Concentrations of lead  Map 6! and silver  Map
7! in surficial deposits � rare in natural shelf sediments
but abundant in urban wastes � were also determined.

Because lead and silver were found in the same area as

carbon, these metals are good indicators of the
distribution of carbon-rich, metal-rich deposits
typical in New York Harbor  Gross et al 1971! and in
sewage sludge from the metropolitan region  Gross
1970a!.

19



74 00074 15 40 45

1: 280.000
0 5 +

Statute miles
5

Kilometers

5 taautieel miles0

!'

i'. 4!Staten I sland

R a~'~~.:�'-.':.-.-"-'.', '-

, P~ en~!' !

":-'-.'<0 ~ 230
~ 2%.'. '

~ 2
In

0ctI Lower Bay~ 12D

130 ~

~ 100
Rock

Sandy Hook ~ 1ISD%@a V

NEW JERSEY ~ 1200

a450

~ 420 ~ 310

~ 230
~ 270

IO
I!
ct

no data

LEGEND

carbon-rich silts

low-carbon sandsno data

waste deposits
~ sample statlOns

Units are median grain diameters in microns

C 0 V

rL

73~ 45! 73 30 40 15

20

Map 3. Distribution of surficial deposits



Map 4. Thickness of waste deposits
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Map 5. Total carbon concentrations in surficial cfeposits
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Map 6. Total lead concentrations in surficial deposits
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Environmental Impact of Waste Solid Disposal
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Unfortunately we cannot say with certainty which of
the several diagnostic criteria discussed above is the
most reliable measure of the probable iinpact of the
waste deposits on the marine environment. We know
little about interactions between the deposits and the
water above them or the animals living in or on them.
Only limited field studies have been carried out ta
date.

The impact of waste solid disposal on the
continental shelf can be appreciated only when we
realize that scant riverborne sediment enters the

Atlantic Ocean near New York. Nearly all sediment
transported by east coast rivers is trapped and
normally deposited in the estuaries, bays, and harbors
 Emery 1965; Meade 1969!. Consequently, the New
York metropolitan region is not only supplying a
large quantity of waste solids but is dumping them on
the continental shelf where little other sediinent is
being deposited to dilute or bury the wastes  Gross
1.970c!,

Waste dumping operations are localized and
Usually involve releasing several thousand tons of
solids whenever a barge or dredge is emptied. Thus,
the ocean bottom in the disposal area may receive a
relatively thick layer of waste almost instantaneously,
The designated disposal grounds are small  a few
square kIlorneters!, although it is probable that
dumping actually occurs over much larger areas owing
to navigational errors, adverse weather conditions,
and illegal dumping.

Studies of the behavior of sewage sludges dis-
charged in the Bight have pinpointed some of the
probable effects of sludge disposal in coastal ocean
waters  NOAA 1975, 1976!. Because sludge particles
are fine grained and low density, they remain
suspended in water. When sewage sludges are dis-
charged in near-surface waters, visible plumes of
discolored water move with the regional surface
currents  see frontispiece!. Slicks of surface-active
materials and accumulations of floatable substances

also form in disposal areas, causing not only aesthetic
problems but also possible public health hazards
associated with atmospheric transport of materials
froin the air-sea interface. Wave action and currents

scouring the ocean bottom can resuspend and move
sludge deposits in near-bottom waters  Harris, in
press; Swift et al, in press!. These processes are
known to be important but their frequency and
duration are not known.

Sludge deposits are often rich in organic carbon
and me tal content  Segar and Can tillo, in press;
Thomas et al, in press!, but the effect of metal
enrichment on the marine ecosystem is poorly under-
stood. There is evidence that metals build up in
bottom-dwelling organisms and that metals such as
copper may be transmitted to fish. The public health
implications of such metal transfers through seafood
to man have not been widely studied  Verber, in
press! nor is their effect on marine ecasysterns
known,

In areas where large volumes of sludges have
been dumped for a long time, bottom-dwelling
communities have been transformed substantially
 Pearce 1972!. Observed changes could have been
caused by altered physical properties af the bottom,
by toxic metals and hydrocarbons associated with
sludge solids, and by reduction in dissolved oxygen
concentrations of near-bottom waters. Sewage sludge
deposits have also been strongly implicated in the
occurrence of diseases in marine arganisms, such as
finrot � the erosion of fishes' fin tissue  Murchelano
and Ziskowski, in press! � and shell erosion in crabs,
lobsters, and other crustacea  Rosenfield, in press!.

The presence of human pathogens  disease-
causing agents! in sewage sludges makes the ocean
bottom unsuitable for shellfish production for human
consumption  Verber, in press! and less attractive for
recreational fishing. Some bacteria in sludge deposits
are also known ta resist antibiotics, thus possibly
carnplicating treatment of diseases from these patho-
gens.

Effects of waste solid disposal on the conti-
nental shelf are difficult to evaluate. We know little

about the distribution and characteristics of the waste
deposits or about the ocean bottom off the New
York Harbor entrance. Furthermore, comparable data
on conditions before waste disposal operations began
here do not exist.

Present waste disposal programs assume that
wastes remain in the area where initially discharged.
As long as na identifiable wastes wash up on beaches
or interfere with recreation or commercial fishing,
there is likely to be little immediate complaint.
Although waste solids dumped in the ocean remain
out of sight for a time, this does not necessarily mean
that they da not pose problems far future gen-
erations.



Table 30. Some results of waste solid disposal in marine waters

Physical effects

Changed bottom topography
Changed circulation: shoaling; elimination of small stagnant basins, restriction of lateral and vertical water circulation in New
York Harbor

Changed bottom type
Changed substrate for benthic organisms. large solid blocks � rock, rubble � attachments for benthic organisms; movable
bottom materials  sand and silts, for example! undesirable for attached organisms; burying undesirable deposits

Increased turbidity
Reduction of photosynthesis due to decreased light penetration

Chemical eff ects

Leaching from deposits
Addition of nutrients or undesirable substances to water

Reactions with suspended particles
Removal of materials from water by sorption onto particles
Possible depletion of dissolved oxygen

Biological effects

New habitats created
Aquaculture: oyster bottom rehabilitated; artificial fishing reefs; lobster reefs; covering previous benthic communities

Disease
F inrot o n f I o un der
Closed shellfish grounds

Water Quality and. Circulation in Waste
Disposal Areas, August 1971

The 1971 survey of oceanographic conditions in thc
Bight waste disposal areas and adjoining waters was
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Ocean areas now used for waste disposal may be
valuable in the future as sources of sand and gravel,
petroleum, or as navigational channels for new
generations of deep-draft vessels. Hence, out of sight
does not mean out of mind.

Then, too, some solid wastes disposed in the
coastal ocean do not pollute. They may have neutral
or even desirable effects. For example, waste solids
have been used for construction of artificial fishing
reefs in many coastal areas  Jensen 1975!. Waste
solids may be useful for rehabilitating parts of' the
coastal ocean as well as for covering over badly
polluted bottom areas  Table 10!.

One of the early field tests on the effects of
ocean Jumping on water quality in New York Bight
was undertaken during a cruise in August 197 I.
Because of the seasonal variability in the Bight,
conditions then may have been markedly atypical.
Periodic surveys of the present and proposed disposal
areas have been made to document environmental

effects resulting from ocean disposal of waste solids
 NOAA 1975, 1976!.

undertaken to �! determine water quality near waste
disposal sites during late summer, the season of
highest water temperatures, lowest dissolved oxygen
levels, and most sluggish water circulation; �! de-
termine effects of waste solid disposal on water
quality in the disposal sites; and �! investigate water
exchanges between the disposal sites and New York
Harbor. Sediment and water samples were collected
from 8 to 21 August 1971 aboard R/V Lrndasrnfed
operated by Cape Fear Technical Institute of Wil-
mington, NC; the institute is funded in part by the
Sea Grant Program. Of 74 stations occupied during
the two-week cruise, 48 were near the Bight waste
disposal areas. Sampling and analytical techniques as
well as shipboard instrumentation are discussed by
Gross et al �971!.

Emphasis was on observing temperature, sa-
linity, and dissolved oxygen as weil as nutrient
concentrations, with particular attention to sub-
stances such an ammonia, common in urban wastes
but relatively rare in unpolluted seawater. The re-
lationships between movements of waters and solids
and their relationship to the waste deposit dis-
tribution and disposal operations are discussed in
Gross et al �971!. Bowman and Weyl �972!
presented origins of movements of water masses on
the continental shelf during 1971, and Bowman and
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Wunderlich  in press! have sutnmarized hydrographic
properties of Bight waters.

During August 1971 surface water salitiities
 Map 8! were generally highest south of the conti-
nental shelf edge, where shelf waters mix with the
Gulf Stream, and lowest in New York Harbor. The
low salinities are caused by the discharge of the
Hudson and other rivers as well as by the outflow
from sewage treatment plants.

Surface water tetnperatures  Map 9! were lowest
in Block Island Sound; the lowest temperature
measured there was 18.3 C �4.9'F!. Temperatures
lower than 22'C �2'F! were rare except in New
York Harbor, probably a result of mixing cold
subsurface waters and of their subsequent entrain-
ment into the surface layers. Over most of the region,
surface water temperatures exceeded 23 C �3'F!; in
offshore waters closest ta the Gulf Stream, surface
temperatures were over 25 C �7'F!. Both the
tetnperature and salinity data are in general agree-
ment with those ieported by Redfield and Walford
�951!,

The observed distribution of salinity with depth
 Figure 5! in the harbor and in Hudson Channel is
typical of the well-developed stratification of Bight
water in late suminer  Ketchuin, Redfield, and Ayers
1951!. If river discharge with salinity zero parts per
thousand  S = 0 km! tnixes with bottotn waters of
salinity 32 ioo, surface water salinity in the lower
Hudson �4.7 o/oo! indicates that about 4.5 volumes
of subsurface seawater mixed with each volume af
river water.

Temperature distributions  Figure 6! show the
influence of surface warining and extensive mixing

Figure 5. Salinity; vertical distribution, August 1971

near the harbor entrance. Wartning by the sun caused
surface water tetnperatures to be highest  up to
23.3 C or 73.9'F! offshore. The coldest  below 6'C
or 43'F! subsurface waters accurred in Hudson
Channel. Mixing of surface and subsurface waters
 and possibly some wind-induced upwelling in the
waste disposal area! brought surface temperatures as
law as 17'C �3 F!.

These distributions of temperature and salinity
are typical of an estuarine circulation system, in
which low-salinity waters at the surface move gen-
erally seaward, mixing with the underlying, more
saline and denser subsurface waters. Deep waters rise
to mix with the upper layers, and then to move
seaward. A counterflow of subsurface waters toward

the harbot' mouth resupplies these deep waters. Thus,
subsurface waters in the Bight should move generally
toward the harbor,

This estuarine circulation can move materials
dissolved or suspended in the waters from the waste
disposal sites toward the harbor. The distributio~ of
ammonia is an example  Figure 7!. Ammonia con-
centrations in offshore surface' seawaters were low,
usually less than 0.2 microgram-atoms of ammonia-
nitrogen per liter of seawater  mg-at NH -N/liter!.
Around the waste disposal sites, near-bottom waters
had ammonia concentrations exceeding 1 mg-at
NH3-N/liter; these bottom waters seemed to move
toward the harbor entrance. Ammonia concentrations
in harbor waters were much higher, reaching values of
18.3 mg-at NH3N/liter in the upper harbor. Through
estuarine circulation, nutrients removed from the
harbor and disposed of at sea may move with
subsurface waters back into the harbor. In other

Figure 6, Temperature: vertical distribution, August 1971



Map 8. Surface water salinity, August 1971

Transverse Mercator Projection

Map 9. Surface water temperature, August 1971

Transverse Mercator Projection
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