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This paper reexamines policies and outcomes concerning the NY Bight Restoration Plan, and the NY–NJ
Harbor Estuary Program (NYNJHEP) precipitated by washups of marine debris and medical wastes in
the New York Bight some 25-years ago. Findings indicate progress has been made but further work is
necessary. Extensive beach closures have not occurred since 1987–88, although localized closings occur
annually from pathogens. Objectives of ‘‘0’’ beach closures may not be feasible for some beaches, not to
exceed 5% closures may be more achievable. Pathogen and DO data show further reductions of the last
10–20% will be more challenging and costly, suggesting ‘‘hot spots’’ be a focus for further remediation.
Marine debris show increasing trends on beaches; presence of balloons, plastic bags, syringes and
personal hygiene items found annually is another concern. Future challenges are on two fronts, upstream
(harbor estuary based)-toxics, nutrient/organic loads, and atmospheric (bight based)-toxics, metals.

� 2014 Elsevier Ltd. All rights reserved.
1. Background

This paper reexamines policies and outcomes concerning the NY
Bight Restoration Plan, and the NY–NJ Harbor Estuary Program pre-
cipitated by marine pollution events in the New York Bight some
25-years ago. (Note: While the focus of this paper is about the NY
Bight, the NY Bight Restoration Plan and actions were formally
incorporated into the NY–NJ Harbor Estuary Program in 1993
becoming a Bight-Harbor-Estuary Program with the understanding
that all of the parts are integrally linked and affect the whole
system. In this paper treatment of policy actions and discussion
in general encompass the whole system [Bight-Harbor-Estuary
complex], but to make progress it is recognized that specific issues,
impairments, treatments and policy actions are unique to the indi-
vidual components [Bight, Harbor, Estuary, alone or in some combi-
nation], hence specific actions, data and analysis target specific
components of the system [e.g., Harbor-Estuary, or Harbor alone]
and discussed as appropriate.) Retrospective policy analyses are
essential to dynamic environmental policy design, but are con-
ducted too infrequently. These analyses allow us to take stock of
what progress has been achieved, gauge the success of a program,
and identify adjustments to fine-tune policy objectives to ensure
a more successful outcome. More often it is assumed that a given
program will achieve its stated goals and be successful. How often
is this true? With public funds becoming more scarce and embat-
tled in our present day economy, retrospective analyses become
ever more useful, instructive, and necessary to achieve policy direc-
tives. This is true for many public programs and maybe more so for
environmental protection, conservation, and restoration programs.

Over 25-years ago, a series of well-publicized marine pollution
events and subsequent policy initiatives led to efforts to examine
the effects and impacts in local/regional economies, to identify
possible sources, and develop prevention and remediation actions.
Ocean beaches along the coastlines of New York and New Jersey,
the coastal boundary of the New York Bight, and the United States’
most populated urban region, experienced repeated washups of
marine debris (MD) and medical wastes during the summers of
1987 and 1988 (Swanson and Zimmer, 1990; Swanson, 2012;
Swanson et al., 1991). Coupled with press coverage, the occurrence
of syringes in the medical waste, and prevalence of AIDS, a state of
‘‘hysteria’’ ensued among the public; the ads in Figs. 1 and 2 made
national press and were circulated throughout the country in the
New York Times and US News and World Report. The response,
although rational was not expected; the public avoided all beaches
in this region (even ‘‘clean’’ beaches that did not experience wash-
ups) as well as locally caught seafood. A decline of 8–34% in beach
attendance in NJ in 1988 occurred compared to 1987 levels as well
as a 4–20% decrease in marine sportfishing trips in NJ (Ofiara and
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Brown, 1989, 1999) which had rippling effects in the travel and
tourism economic sector and businesses dependent on marine
resources and seafood. These impacts (ripple effects of lost spend-
ing activity) were estimated at $512.3 million to $2.51 billion
(1987$, both beach use and sportfishing impacts, Table 1) to the
state of NJ. Similar expenditure impacts to both states (NY and
NJ) were estimated at $3.32 billion to $7.42 billion (1987$, Table 2,
Swanson et al., 1991; Kahn et al., 1989). Lost NEV (net economic
value, a value that accrues to consumers over and above their
expenditures, commonly thought of as consumer surplus; a similar
welfare measure exists for producers) was estimated at
$1.03–2.1 billion, lost expenditures $1.34–2.97 billion, a lost gross
value of $2.37–$5.07 billion (1987$, Table 2).

Considering a longer time frame, the NY Bight (NY and NJ
coastlines) has been impacted by various marine pollution events.
Most notable and somewhat similar to the 1987–88 events was a
1976 washup of marine debris along NY ocean beaches resulting
in extensive closures in June (Swanson et al., 1978). It consisted
of tar balls and grease balls that contained high concentrations of
total and fecal coliform bacteria, wood debris, and various
trash-garbage all floatable (such as plastic sheeting, toys, tampon
applicators, condoms, disposable diapers, straws, styrofoam cups,
plastic bottles, and cigarette butts; similar items found in typical
Fig. 1. Medical waste message circulated 1987–88.

Fig. 2. Seafood – ocean dumping message circulated 1987–88.

Table 1
Summary of economic losses to New Jersey from 1988 marine pollution events,
1987$. Source: Ofiara and Brown (1989, 1999).

Estimated economic losses: beach use
Change Expenses Expenditure Impactsa NEV Gross value

$ millions
0 2788.37 – 1463.60 4251.97
�9% 250.953 476.56 131.724 382.677
�26% 724.976 1376.73 380.536 1105.512
�44% 1226.883 2329.85 643.984 1870.867

Estimated economic losses: marine sport fishing
$ millions

0 470.462 – 502.792 973.254
�4% 18.819 35.74 20.112 38.930
�12% 68.455 129.99 60.335 116.791
�20% 94.092 178.68 100.558 194.651

Note: Expenses and expenditures mean the same thing and are used interchange-
ably. NEV refers to net economic value, gross value is the sum of NEV and expenses.

a Based on multiplier of 1.899 from SNJ economic input–output model.
beach cleanups, see below). Algal blooms have also resulted in
beach closures near Atlantic City, NJ (Swanson et al., 1991).
Although not pollution, it can look and smell like sewerage to the
public. Pathogens, measured by the indicator organism, coliform
bacteria, has impacted shellfishing grounds in the NY Bight and
NY–NJ Harbor-Estuary (sometimes referred to as the Hudson-
Raritan Estuary). In 1986, 25% of these grounds were closed in



Table 2
Use impairments and economic impacts for New York Bight, 1988. Source: Swanson
et al. (1991), Kahn (1993) Waste Management Institute (1989) and Kahn et al. (1989).

Use impairment: cause Losses of
expenditures:NY–NJ

Millions 1987$
Beach closures:

Floatables
NEV 447–1515
Direct expenditures 539–2165
Impacts (x2.5) 1348–5413

Pathogens
NEV 277
Direct expenditures 236
Impacts (x2.5) 590

Unsafe seafoods:
Toxicants – recreational fishery

NEV 250
Direct expenditures 500
Impacts (x2.5) 1250

Toxicants – commercial fishery
NEV 30
Direct expenditures 30
Impacts (x2.0) 60

Pathogens – shellfish
Loss of landings (approximates wholesale

consumer expenditures)
36.2

Impacts (x2 – x3) 73–109

Commercial and recreational navigation:
Floatables (added repair costs) 500
Noxious odors (NEV) 25
Total navigation 525

All use impairments:
NEV (consumer and producer surplus) 1029–2097
Expenditures (w/o navigation) 1341–2967
Expenditure impacts (ripple effects) 3321–7422
Gross value 2370–5064

Note: Economic impacts based on impact multipliers of 2, 2.5, and 3 where noted.
NEV-net economic value, gross value is sum of NEV and expenditures.
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the NY Bight, and all of them have been closed in the Harbor-
Estuary since the mid-1920s (Swanson et al., 1991). And pathogens
in excess of safe swimming standards as recommended by the US
Environmental Protection Agency (USEPA) have also resulted in
beach closures in both states.

It is surprising that more marine pollution events have not
occurred in the NY Bight area given the regions long history as
an industrialized center, largest population center in the US, and
its waste and sewage disposal practice. Much of its sewage systems
and wastewater treatment facilities are outdated and/or over
capacity contributing to direct and indirect loads to the Bight-
Harbor; up until 1987–88 up to 40 million gallons of raw sewage
were discharged daily into the Hudson and East Rivers of New York
City (OTA, 1987a). Municipal waste-sewage sludge was barged to a
12-mile offshore site (12-Mile Sewage Sludge Dump Site) for over
100 years, and after December, 1987 dumped at a far offshore site,
106-Mile Site (also known as the Deepwater Municipal Sludge
Dump Site) until June 1992 (Ofiara and Seneca, 2001; Martin,
1991). Other wastes were historically dumped in the Bight area
including dredged material from port-channel maintenance, ongo-
ing in 1996 [NYNJHEP, 1996], cellar dirt, acid wastes, and derelict
wood from dismantled piers at various sites (respectively known
as the Mud Dump Site [closed in 1996, NYNJHEP, 1996], Cellar Dirt
Site, Acid Waste Site, Wood Burning Site) near the 12-mi. Sewage
Sludge Dump Site (Mueller, 1990; Swanson et al., 1991). In addi-
tion industrial acid wastes are dumped annually at a site near
the 106-Mile Site (known as the Deepwater Industrial Waste Site
or 106-Mile Industrial Waste Site); a high of 4.6 million metric tons
(mt) in 1973 from over 300 firms to 200,000 mt in 1986 forward
(OTA, 1987a).
In 2012, a symposium at the School of Marine and Atmospheric
Sciences, SUNY-Stony Brook, NY, reexamined the present state of
the NY Bight and NY Bight restoration efforts to assist New York
State develop its Ocean Management Plan for the NY Bight (The
New York Bight: Past, Present and Planning for the Future). Such
a retrospective and prospective examination should serve as a
model routinely performed for numerous public projects involving
environmental protection and conservation. In the particular case
of the NY Bight, this will lend perspective to the progress attained,
contribute to and help form the next series of goals and directives
to further achieve environmental restoration, protection, and
conservation.

2. Methods and relevant literature

Economics as a discipline and social science has been around
since the 1800s, but our knowledge of assessing monetary effects
of recreational activities and nebulous effects such as marine pollu-
tion (because adverse effects are not noticed immediately and are
out of sight) were in their infancy in the mid-70s. Although theoret-
ical exercises demonstrated the economic welfare losses that
resulted from pollutants and other negative externalities (Pigou,
1946; Mishan, 1971; Turvey, 1963; Henderson and Quandt, 1971;
Bohm, 1973; Baumol and Oates, 1975; Seneca and Taussig, 1974;
Cornes and Sandler, 1986), it would be some time before applied
studies documented and assessed social welfare losses from pollu-
tion. The earliest studies examined freshwater pollution (Davidson
et al., 1966; Stevens, 1966), and air pollution based on epidemiol-
ogy assessments (Ridker, 1967; Lave and Seskin, 1977), but the ear-
liest marine pollution assessments were in 1986 (Ofiara and Seneca,
2001). Furthermore, it was not until the 1980s when economists
reached a consensus on the precise welfare effects involved, as well
as refinements of specific nonmarket valuation techniques
(Bentkover et al., 1986; Cummings et al., 1986; Just et al., 1982;
Ofiara and Seneca, 2001; Willig, 1976). Much has changed.

Researchers have continued to document and investigate the
harmful effects of marine pollutants and toxicants on marine life,
marine ecosystems, and subsequent effects on man (Bishop, 1983;
Boesch et al., 2001; Clark, 1986, 1997; Kennish, 1997, 1998; NRC,
1975, 1985, 1993, 2003; OTA, US Congress, 1987a,b). Economists
and public policy researchers responded with advancing new meth-
ods in environmental economics, and refining techniques in assess-
ing monetary values of nonmarket goods (Bentkover et al., 1986;
Bingham et al., 1992; Braden and Kolstad, 1991; Champ et al.,
2003; McConnell and Strand, 1989; Ofiara and Seneca, 2001;
Unsworth and Petersen, 1995). Together with legislators and gov-
ernment agencies, new policies were established to limit, reduce,
ban and cleanup marine contaminates. Most notable in the US were
Natural Resource Damage Assessment (NRDA) policies created from
CERCLA-1980 (Comprehensive Environmental Response, Compen-
sation, and Liability Act of 1980-P.L. 96–150; amended in 1986 by
Superfund Amendments and Reauthorization Act-SARA), and
OPA-1990 (Oil Pollution Act of 1990, P.L. 101–380; Ofiara, 2002;
Ofiara and Seneca, 2001; Ward and Duffield, 1992).

In their simplest form NRDAs are rules and procedures as stip-
ulated in the CERCLA-SARA and OPA-1990 policies to use to assess
losses of economic value; these policies also gave legal authority to
governments and trustees to pursue violators (parties responsible
for polluting) in a court of law to recover response costs, lost eco-
nomic value, and any and all costs associated with restoration of
the damaged environment. A further environmental policy from
the 1980s was established to protect and restore estuaries of
national significance by the U.S. EPA, the National Estuary Program
(NEP) established in 1987 (USEPA, 1989, 1996).

Natural Resource Damage Assessments were in their infancy in
1987–88, were not widely known, and had not been tested in a
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court of law. That soon changed with the New Bedford Harbor
Superfund site and adjacent Buzzards Bay (now the New Bedford
Harbor Estuary Program and Buzzards Bay Program) where precur-
sors to the NRDA economic assessment tools were used to measure
monetary losses from the discharge of PCBs in the harbor and trans-
port into the estuary (McConnell and Morrison, 1986; McConnell
and IE, 1986; Mendelsohn, 1986). Precursors, because the economic
assessment of PCB contamination of New Bedford Harbor was con-
ducted before economic methods as articulated by the NRDA rules
and procedures were fully developed or agreed upon (USDOI, 1986,
1987; USDOC, NOAA, 1996; Ward and Duffield, 1992). In fact there
was only a partial assessment because the extent of injuries to the
natural resources and living organisms were not fully known and
will never be, since the case was settled before a full NRDA could
be completed. Since economic analyses depend on a biological
assessment component in an NRDA, any further economic
investigation could not be conducted. The bottom line is that the
out-of-court settlement negated further investigations and the
dollar settlement may understate and under-represent the full set
of damages that incurred, in turn, potentially affecting the scale of
the restoration and remediation projects. Never-the-less the federal
government set a precedent as this was the first case that pursued
legal actions for monetary damages from responsible parties. It was
settled in 1992 for $99.6 million (6-years after the 1986 economic
studies, 1992$, Ofiara and Seneca, 2001).

Could an NRDA have been conducted for the NY Bight in the late
1980s? Possibly. Economic impacts were estimated for damages to
seafood from toxicants and NRDAs pertain to hazardous sub-
stances, however at the time little was known of the extent of
the toxics problem; emphasis was placed on the immediate threats
of the washups of MD and medical waste, and beach and shellfish
bed closings due to pathogen levels, and the newly formed NYNJ-
HEP would address the toxics problem. Ultimately the States of
New York and New Jersey would pursue legal action through CER-
CLA-SARA regarding cleanup and restoration of damaged water-
sheds within the Harbor-Estuary complex.

Actions to date have been encouraging for the NY Bight. Par-
tially due to public outcry, ocean dumping of sewage sludge in
the NY Bight was banned by the Ocean Dumping Act of 1988
(P.L. 100–688). Both the states of NY and NJ have endorsed NRDA
procedures and have dedicated personnel and offices to prosecute
NRDA cases. The State of New Jersey began Operation Clean Shores,
a state program that removes floatable waste (that becomes MD)
from shorelines using state inmate labor similar to state highway
cleanup programs (the City of New York began a similar program
in 1989, Lubasch, 1989). In 1987, the NY–NJ Harbor Estuary Pro-
gram (NYNJHEP) was designated an estuary of national signifi-
cance, added to the National Estuary Program and eventually the
NY Bight Restoration Plan (also established in 1987 to address
degraded water quality and debris washups in the NY Bight and
identifiable restoration actions) was combined with the NYNJHEP
(USEPA, 1996). These initiatives have all contributed to improve-
ments in marine water quality in the NY Bight and entire
Bight-Harbor-Estuary system. And the States of New York and
New Jersey finally did pursue legal actions via CERCLA-SARA
regarding cleanup and restoration of toxic hot-spots or Superfund
sites within the Harbor-Estuary which are ongoing.

2.1. NY Bight Assessment

During the 1987–88 season, a number of separate initiatives
were underway, involving new policies, several Congressional
Oversight Hearings concerning deterioration of the regions coastal
waters, and an important project completed and published by the
Office of Technology Assessment (OTA) on marine wastes (OTA,
1987a,b).
Summary of 1987–88 Initiatives:

� OTA published Wastes in Marine Environments and Ecological
Consequences of Waste Disposal in Marine Environments, April
1987.
� National Estuary Program (NEP) formally established in 1987 by

amendments to the Water Quality Act of 1987 (P.L. 100–4)
administered by the USEPA. Before this the USEPA began formal
policy initiatives for several estuaries of national significance
(Narragansett Bay, Buzzards Bay, Long Island Sound, and Puget
Sound) based on the Chesapeake Bay Program started in 1977.
� New York–New Jersey Harbor Estuary Program added to

National Estuary Program in 1987.
– Now includes NY Bight, and NY Bight Restoration Plan

activities.
� US ratified Annex V (Garbage) and MARPOL 73/78 (an interna-

tional treaty) in 1987.
� US Congress enacted Marine Plastic Pollution Research and Con-

trol Act (MPPRCA) in 1987 (P.L. 100–220) as part of the United
States-Japan Fishery Agreement Approval Act of 1987.
– Directed USEPA to prepare a NY Bight Restoration Plan.
� Ocean Dumping Ban Act signed into law in 1988 (P.L. 100–688)

and The Shore Protection Act in 1988 (Title IV).
� House Subcommittee on Fisheries & Wildlife Conservation, and

Subcommittee on Oceanography held a series of 9 Oversight
Meetings during 1987–88 regarding the current state and
demise of US coastal waters:
– ‘‘The Declining Environmental Quality of our Coastal Areas,

The Future of our Coasts, and the Major Findings of the Office
of Technology Assessment’s Report Titled ‘‘Wastes in Marine
Environments,’’’ May 20, 1987.

– ‘‘An Introductory Hearing on the Scope and Severity of
Coastal Degradation,’’ November 18, 1987.

– ‘‘The Manner in Which the Discharge of Pollutants into
Coastal Waters from Pipes is Regulated by the States and
EPA Under the Two Major Clean Water Regulatory Programs
Governing these Sources, the MPDES Permit Program and
the Pretreatment Program.’’ March 24 and May 25, 1988.

– ‘‘Impact of Nonpoint Source Pollution on Coastal Water
Quality,’’ July 13, 1988.

– ‘‘Shellfish Diseases and H.R. 3969 To Establish a Program to
Provide Financial Assistance for Research Relating to Oyster
Diseases, and Oversight of the Decline in Oyster Harvest,’’
June 27, 1988, and ‘‘Shellfish Contamination and Shellfish
Bed Closures,’’ September 26, 1988.

– ‘‘The Recent Closure of Coastal Areas in New York, New Jer-
sey, and Southern New England due to Medical Waste and
Sewage Contamination and H.R. 5231 A Bill to Amend the
Marine Protection, Research, and Control Act of 1972, to
Strengthen Prohibitions on Dumping into Ocean Waters, to
Provide for Recovery of Damages Associated with Dumping
Which Affects Ocean Waters, and For Other Purposes,’’ Sep-
tember 6, 1988 at Jones Beach, NY.

– ‘‘The Problem of Coastal Pollution, Examine the Develop-
ment and Land Use in the Coastal Zone and Effective, Pre-
dictable Plans that Should be Permitted,’’ September 28,
1988.

– ‘‘Coastal Waters in Jeopardy: Reversing the Decline and Pro-
tecting America’s Coastal Resources,’’ Oversight Report,
December 1988.

� Short-term Floatables Action Plan initiated:
– May 15–September 15, 1989 removed 461tns of floatable

debris (90% wood, 10% other-plastics, paper, tires, reeds,
etc. by weight) at cost of $1 million.

– 1990 to repeat the Action Plan (ongoing 1989–2011 as the
NY Bight Floatables Action Plan).
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� State of New Jersey begins Operation Clean Shores (now Clean
Shores)
– �3000 tns of debris removed from 28 mi. of harbor

shoreline.
� City of New York conducts a shoreline cleanup of 2.5 mi. of Sta-

ten Island beaches.

2.2. New York Bight Restoration Plan

The USEPA was directed to prepare a New York Bight Restora-
tion Plan (NYBRP) to address protection and restoration of the
NY Bight because of degraded water quality, sporadic beach clos-
ings, closure of shellfish beds in the NY–NJ Bight-Harbor-Estuary,
and fish consumption advisories and closure of the striped bass
fishery in the Harbor-Estuary (NYNJHEPMC, 1990; USEPA, 2012).
The NYBRP was implemented in Section 2301 of the US-Japan Fish-
ery Agreement Approval Act of 1987 which established the Marine
Plastic Pollution, Research, and Control Act of 1987 (P.L. 100–220).
Its focus was to characterize pollution problems in and around the
NY Bight, identify and estimate the impacts of use impairments,
and identify policy directives-actions to remediate and restore
the integrity of the water quality of the NY Bight (Hirsch, 1988).
Novel to the Plan was its emphasis on an ecosystem perspective
and integrated management approach to achieve the stated policy
objectives. Specific tasks/directives were to:

� identify and assess the impacts and fate of pollution inputs and
contaminants,
� identify and assess the effect of contaminants on human health,

the marine environment, and uses adversely impacted,
� identify technology and practices to control identified contam-

inants and pollution inputs, and their subsequent costs,
� develop a schedule/variety of economically feasible projects

that involve implementation of above technologies and prac-
tices to remediate identified contaminants,
� develop recommendations for funding and coordination of var-

ious Federal, State, and local government programs so as to
implement the above projects, and
� identify and assess alternatives to ocean dumping of municipal

sludge and burning of derelict timber in the NY Bight.

In 1993 the NYBRP was formally integrated in the NYNJHEP to
avoid duplication and increase efficiencies of efforts and monies,
where the problems of each were found to be integrally linked
and could not be addressed independently (i.e., ecosystem linkage
between the Harbor-Estuary and the Bight) (NYNJHEPMC, 1993).
Current management authority for the NYBRP is with the USEPA
as part of the NY–NJ Harbor Estuary Program.

2.3. Use impairment assessment

A variety of use impairments (beach use, recreational fishing,
commercial fishing, commercial shellfishing, and navigation-
boating) related to general pollutant categories (floatable debris,
pathogens, toxicants resulting in harvest closures, pathogens in
shellfish, and from noxious odors reported affecting pleasure boat-
ing) were examined for the NY Bight. These use impairments
resulted in measurable losses of NEV (measure of economic bene-
fits that accrue to individuals above their expenses; composed of
consumer surplus and producer surplus, see Ofiara and Seneca,
2001 for more detail) (Kahn et al., 1989; Ofiara and Brown, 1999;
Swanson et al., 1991; Kahn, 1993). A simplified benefits transfer
approach (Bingham et al., 1992; Unsworth and Petersen, 1995)
was used where per capita values (averages of WTP and expenses
per trip) from previous studies were expanded based on estimates
of trip losses for both economic value and expenditures. Estimated
losses from use impairments ranged from $1 to 2.1 billion for lost
NEV, and $1.3–2.9 billion in lost expenditures to NY and NJ (Table 2,
1987$). As part of the NY Bight Assessment, Ofiara and Brown
(1999) estimated losses of NEV of $132–644 million for beach
users and $20–101 million for sportfishing in NJ from the 1988
marine pollution events, and lost expenses/revenues of $251–
1227 million for beach use and $19–94 million for recreational
fishing in NJ (1987$, Table 1). However, we were not able to
capture and assess long-term economic losses from in place toxic
contaminants and possible public health effects due to the con-
sumption of contaminated seafood originating from the NY–NJ
Harbor/Bight Area because of time constraints. Further losses to
the commercial and recreational marine fisheries in the 1988 NY
Bight Assessments were attributable to lost NEV from having those
fisheries closed and seafood product not available for the market,
i.e., supply decreases.

2.4. Public health impairments

Ofiara and Brown (1999) further investigated the public health
effects from long-term contamination of seafood for several toxi-
cants following the methodology used by Gold and van
Ravenswaay (1984), methods commonly used to assess economic
effects of mortality and morbidity (the reader is referred to the
1999 paper for more detail). Excess cancer risks were expanded
to economic losses for PCB, Dioxin, and additive risk from com-
bined contaminants (Table 3, and Ofiara and Brown, 1999: Tables
7 and 8). Not surprisingly, bottom dwellers, less-mobile species,
and predator species were found to pose the highest health risk
and subsequent economic losses. Summarized findings follow:

– PCB contamination: White catfish, and white perch posed the
highest risk followed by striped bass, and bluefish (the two
more commercially important species); economic losses for
striped bass (findings for bluefish were almost identical) were
estimated to range from $2.5–14.3 billion (low consumption-
5.7 kg/yr [12.6 lb/yr] over 70 years) to $5.9–33.7 billion (high
consumption-13.4 kg/yr [29.5 lb/yr] for 70 years) in 1987
dollars.

– Dioxin contamination: Blue crabs posed the highest risk followed
by striped bass, and lobster, however the risk estimates and
economic losses were of smaller magnitudes versus the PCB
estimates (Table 3).

– Additive risk: Findings of additive risk from combined
contaminants showed that striped bass exhibited the highest
risk followed by lobster, and mussels, with estimated losses
for striped bass of $1.1–22.8 billion (1987$), smaller losses
compared to the PCB estimates.

2.5. Comparison to national estuaries

Because the 1988 NY Bight Assessment was the first assessment
of its kind there were no studies to use for comparison purposes.
Such comparisons are useful to examine whether the NY Bight esti-
mates were within ‘‘ballpark estimates’’ of others, to learn from
others, and to help improve accuracy and acceptable use of eco-
nomic techniques. Programs that have now produced loss and/or
benefit estimates include the Delaware Bay Estuary Program, the
Long Island Sound Study, Chesapeake Bay Program, and Narragan-
sett Bay Estuary Program; all within the USEPA’s National Estuary
Program, meaning they have been recognized as estuaries of
national significance, have suffered degradations, have measurable
use impairments, and are undergoing management plans to restore
and protect them. As these assessments demonstrate, society
values the services and public policies that maintain and restore
the integrity of the water quality and ecosystems in the order of
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$80 million to $200 million (improvements to swimmable levels in
2011$, estimate for NY Bight of $300 million�1.0 billion [based on
mean of Chesapeake Bay-low and mean of Narragansett Bay-high]
Table 4). Social values associated with damages from marine pollu-
tion are rather significant and can range from $800 million (Dela-
ware Bay Program) to in excess of $3 billion (NY Bight losses) in
2011 dollars (Table 4). Some of the variation can be attributable
to the relative size of the population near these resources and
the subsequent demand placed on the use of the natural resources.
Hence, per capita social values can control for these types of
effects. Estimates of per capita social values for improvements in
water quality range from $11 to $19/individual in the Chesapeake
Bay and $34 to $67/person in Narragansett Bay (Table 4). The social
value of damages were found to range from $102 to $208/person in
the NY Bight area, and $176/person in the Delaware Bay area, an
estimate within the range for NY Bight (2011$, Table 4). Further-
more, the resources of Long Island Sound were valued at $36/per-
son to $54/person to society (2011$, Table 4). These assessments
demonstrate that the estimated losses of the NY Bight Assessment
are within the range of other estuary program assessments on a
per capita basis. The assessments also imply that public policies
Table 3
Economic losses from excess cancer mortalities attributable to consumption of selected c
1987 (1987$).

Contaminant:
Seafood

Consumption rate Excess risk

lb/yr
PCB:a

Bluefish 12.6 3700
29.5 8600

White perch 12.6 5200
29.5 12,000

White catfish 12.6 5200
29.5 12,000

Striped bass 12.6 3700
29.5 8700

Dioxin:b

Blue crab NA 870–3300
Striped bass NA 1300–1560
Lobster NA 530–1500

Compoundc Excess risk Low

Low High (1)

millions ($)
Striped bass
Chlordane 22 25 16.8
tDDTd 390 620 262
PCB 1300 5200 875
P

risk 1700 5900 1144

Mussels
Chlordane 1.2 – 1.1
tDDTd 52 – 34.9
PCB 63 – 42.2
P

risk 120 – 80.7

Lobster
Chlordane 0.25 0.72 0.2
tDDTd 8.0 8.8 5.4
Dieldrin 14 18 9.4
Hexachloro-benzene 0.05 0.05 0.03
Heptachlor 0.21 0.25 0.14
PCB 39 140 26
P

risk 67 170 45

Note: Summary table; for original tables with all detail and explanation see Ofiara and
a Belton et al. (1986).
b Belton et al. (1985).
c Connor et al. (1984).
d DDT and its metabolites.
e (1) is based on Hartunian et al. (1981), (2) is based on Thaler and Rosen (1975), and
designed to maintain and protect and improve the integrity of mar-
ine environments and estuaries are valued highly by society.

2.6. New York–New Jersey Harbor Estuary Program – New York Bight
Restoration Plan

The NYNJHEP was created in 1988 when the New York–New
Jersey Harbor Estuary was added to the USEPA National Estuary
Program. As part of the NEP, the NYNJHEP must identify impair-
ments, then conservation, management and restoration actions
that address the use impairments to remediate and improve the
water quality and health of the Harbor-Estuary and the Bight.
The goal ‘‘for the Harbor/Bight Estuary Program is to establish
and maintain a healthy and productive ecosystem with full
beneficial uses’’ (NYNJHEP, 1996: 1). The impairments identified
consisted of human use impairments (from fish consumption
advisories, intermittent beach closures), ecosystem health and pro-
ductivity impairments (declines in finfish and shellfish popula-
tions), habitat loss and degradation, toxic contamination (metals,
chlorinated pesticides, dioxin, PCBs, PAHs), pathogen contamina-
tion (bacteria, protozoans, viruses), floatable debris, nutrients and
ontaminated seafood originating from the New York–New Jersey Harbor-Bight Area,

Economic lossese

(1) (2) (3)

millions ($)

2490 3665 14,328
5787 8519 33,303
3499 5152 20,137
8075 11,888 46,470
3499 5152 20,137
8075 11,888 46,470
2490 3665 14,328
5854 8619 33,690

585–2220 862–3269 3367–12,771
874–1049 1288–1545 5031–6037
357–1009 525–1486 2051–5805

High

(2) (3) (1) (2) (3)

21.8 96.8 14.8 24.8 85.2
386 1510 417 614 2401
1288 5034 3499 5152 20,137
1684 6583 3970 5845 22,848

1.2 6.2 – – –
51.5 201.4 – – –
62.4 244.0 – – –
118.9 464.7 – – –

0.2 1.0 0.5 0.7 2.8
7.9 31 5.9 8.7 34.1
13.9 54.2 12.1 17.8 69.7
0.05 0.2 0.03 0.05 0.2
0.2 0.8 0.2 0.2 1.0
39 151 94 139 542
66 259 114 168 658

Brown (1999), 12.6 lb/yr = 5.7 kg/yr, 29.5 lb/yr = 13.4 kg/yr.

(3) is based on Smith (1976).



Table 4
Summary of economic value and expenditure estimates associated with specific national estuaries (2011$). Source: New York Bight – Swanson et al. (1991), Kahn (1993) and Kahn
et al. (1989); Chesapeake Bay – Bockstael et al. (1988, 1989); Long Island Sound – Altobello (1992) and LISS (1988, 1988/89); Delaware Bay – Greeley-Polhemus Group, Inc. (1993)
and Sutton (1993); Narragansett Bay – Hayes et al. (1992), NBP (1989) and USEPA (1989).

Areaa Pop.b Reported effectsa Adjusted effects (2011$) Per capita effects (2011$)

Econ. value Expenditures Econ. value Expenditures Econ. value Expenditures

$ millions $ millions $/person
Losses

New York Bight (1987$) 20 1030–2098 1305–2931 2039–4154 2584–5804 101.95–207.70 129.20–290.20

Losses
Delaware Bay (1991$) 5 533.5 2113.8 881.1 3491.0 176.22 698.20

Resource value
Long Island Sound (1990$) 14.6 303.2 + 151.6 2241–5075 522 + 261 3857–8734 35.75–53.63 264.18–

598.22

Improvements for swimming
Chesapeake Bay (1987$) 12 65.7–116.6 (mean 91.2) 130–231 (mean 180.5) 10.83–19.25 (mean 15.04)

Improvements for swimming
Narragansett Bay (1984$) 2 39.5–61.4c 86–133 43.00–66.50

2 31.6–60.1d 68–130 34.00–65.00

Improvements for shellfishing
2 37.2–71.1c 81–154 40.50–77.00
2 20.9–70.5d 45–153 22.50–76.50

a The year associated with the reported effects in dollar measures is contained in parentheses below the area-site.
b Population estimates (in millions) for the 1980–90 period.
c Based on mean estimates.
d Based on median estimates.
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organic enrichment (NYNJHEP, 1996: 1). Following identification,
the next step was preparation of a Comprehensive Conservation
and Management Plan (CCMP) that establishes a timeline to
address the identified impairments for both the Harbor-Estuary
and the Bight. A draft was completed in 1994, and a final in 1996
(NYNJHEPMC, 1993; NYNJHEP, 1996). The timing is important to
note because it assists in determining a reference point at which
to organize results for comparisons; for the purposes of this paper
1999 is chosen for this purpose being 5-years after completion of
the initial CCMP at which any data for comparison will be split
up to and including 1999 (pre-1999) and after 1999 (post-1999);
this happens to coincide with the annual pathogen and DO (dis-
solved oxygen) data showing a distinct change around 1999.

Following the 1993 integration of Harbor-Estuary and Bight,
discussion of all policy actions and progress below relate to the
Bight, Harbor, Estuary either singly or wholly depending on
the areal extent of scope and concentration. Where appropriate
the specific area will be identified.
2.7. NY Bight Floatables Action Plan Assessment

Because washups of floatable MD and medical waste contrib-
uted to the beach closings and economic impacts and losses, a
Short-term Floatables Action Plan, a component of the NYBRP,
was developed and implemented in 1989 (Hirsch, 1988;
NYNJHEPMC, 1990; USEPA, 2012). The program has since become
known as the NY Bight Floatables Action Plan (NYBFAP) and has
been on-going since 1989. Initially, objectives were to improve
the water quality, protect the marine environment, and prevent
the occurrence of beach closures due to floatable debris (USEPA,
2012). Presently the main directive is to locate and clean up float-
able debris in the NY–NJ Harbor and surrounding areas before it
exits into and poses a threat to the NY Bight and NY–NJ beaches.

Components of the NYBFAP include the U.S. Army Corps of Engi-
neers (USACE) Skimmer Vessel Program in the NY–NJ Harbor, the
NY City Department of Environmental Protection (NYCDEP) Skim-
mer Vessel Program (including SV Cormorant Skimmer) in the NY
Harbor areas, the city of New Rochelle Skimmer Program, the
NJDEP Skimmer Program and Shoreline Cleanup Programs (Ocean
Conservancy-National Coastal Cleanup, NJDEP Clean Shores and
the Passaic River-Newark Bay Shoreline Cleanup). These programs
have resulted in removing approximately 192 million kg.
(423 million lbs.) of debris from the NY–NJ Harbor complex and
NY, NJ shorelines since inception; 59% accounted for by the USACE
Drift Program, followed by NJDEP Clean Shores Program with 32%
(Table 5, USEPA, 2012).

To gauge relative effectiveness the data were split into pre-1999
period versus post-1999 period. If anti-pollution programs are
working one would expect to see a relative decrease in floatable
MD quantities for the last 12-years of the program compared to
the first 12-years of the program. Results indicate that the USACE
Drift Program had a significantly lower average in the post-1999
period at the 5% level of confidence as did the NJDEP Clean Shores
Program, and the NYCDEP Cormorant Program at the 10% level
(Table 6). The NYCDEP Boom and Skim Program showed an
increase as did the Ocean Conservancy Coastal Cleanup Program
– possibly because the number of beaches and length of shoreline
has increased.
2.8. Medical waste tracking program

Following the 1987–88 washup events, the US Congress enacted
the Medical Waste Tracking Act of 1988 (40 CFR 259, NYNJHEP,
1996). This act amended the Solid Waste Disposal Act and estab-
lished a 2-year Medical Waste Demonstration Program for the
states of New York, New Jersey, Connecticut and Rhode Island, for
the time period June 24, 1989 to June 21, 1991. Up to this time there
were no clear definitions for medical waste within the Solid Waste
Disposal Act and as used by the USEPA, and the 1988 Act defined
medical wastes, established a cradle-to-grave tracking system,
required management standards for these wastes and established
record keeping requirements and penalties for noncompliance.

As this was only a 2-year program, both the states of New York
and New Jersey subsequently developed and adopted their own
state policies for medical waste management based on the
MTWA-1988 demonstration program (NJDEP, 2010; NYSDEC,



Table 5
New York, New Jersey, Harbor-Bight Floatable Debris Programs, 1988–2011. Source: USEPA (2012).

Year NYCDEP NJDEP

USACE Drift Cormnt Boom and Skim New Rochelle Ocean Conserv. Clean Shores Skimmers Pass. Rv. Shoreline

cu. ft. tons cu. yd. cu. ft. lbs. tons tons tons
1988 537,353 – – – NA – – –
1989 571,645 – – – NA 3000 – –
1990 537,770 – – – NA 4800 – –
1991 544,350 – – – NA 4900 – –
1992 548,970 – – – NA 5800 – –
1993 539,355 – – – NA 5750 – –
1994 442,615 197.87 – – 42,622 3700 – –
1995 552,840 262.2 734.5 – 46,001 2050 – –
1996 592,450 856.2 1729.5 – 83,533 2650 – –
1997 493,400 294 1536.5 – 95,201 2953 – –
1998 558,900 296.4 815.0 548 145,705 2400 – 85.6
1999 560,575 333.4 1116.75 953 153,507 2400 – 88.7
2000 539,930 320 613.75 483 202,553 2563 68 203
2001 528,875 222.15 582.5 857 142,632 2352 86 451
2002 557,050 157.49 1120.25 1080 204,078 2080 248 895
2003 512,350 166.04 1380.25 680 277,972 2524 221 621
2004 536,200 171.27 1493.75 379 165,861 2410 210 620
2005 534,210 94.8 1130.8 295 115,012 2352 196 826
2006 504,200 0 1718.5 124 228,467 2646 119 828.4
2007 461,755 16.74 2308.25 0 92,762 2052.5 145.77 547.17
2008 416,550 57.41 2086.0 48.6 112,924 2072.5 68.58 469.9
2009 459,875 0 1577.25 0 80,457 1897 86 400
2010 451,850 0 2295.5 0 158,491 1980 210.74 676.23
2011 454,265 0 1989.75 224.1 75,672 1680 160.29 559.14

Total 12,437,333 3445.97 24,228.8 5671.7 2,423,450 67,012 1819.38 7271.14
Total approx. lbs. 248,746,660 6,891,940 13,061,347.708 113,434 2,423,450 134,024,000 3,638,760 14,542,280

Note: Units of measure are recorded in original measures to preserve accuracy. Conversions are as follows: 1 cu. ft. ’ 20 lbs., 1 cu. ft. = 0.0371 cu. yd., 100 cu. ft. ’ 2000 lbs.
(1 ton). Metric conversions: 1 ton = 0.90718474 metric tons, 1 lb. = 0.45359237 kg, 1 foot = 0.3048 m, 1 yard = 0.9144 m.
Programs as follows: USACE Drift = USACE Drift Collection Vessel Program, Cormnt = NYCDEP SV Cormorant, Boom and Skim = NYCDEP Boom and Skim Program, New
Rochelle = New Rochelle Boom Program, Ocean Conserv = Ocean Conservancy International Coastal Cleanup (8 NY Counties), Clean Shores = NJDEP Clean Shores Program,
Skimmer = NJDEP Skimmer Vessels, NJDEP Pass Rv. Shoreline = Passaic River-Newark Bay Shoreline Cleanup Program.

Table 6
Comparison of pre-1999 and post-1999 means and variances, NY–NJ Harbor-Bight Floatable Debris Programs, 1988–2011.

Year NYCDEP NJDEP

USACE Drift Cormnt Boom and Skim New Rochelle Clean Ocean Conserv. Clean Shores Skimmers Pass. Rv. Shoreline

cu. ft. tons cu. yd. cu. ft. lbs. tons tons tons
Pre-1999 l 540,018.6* 373.35* 1186.5 750.5 94,428.2 3673* – 87.2
(1988–99) sd (38,688.72) (240.88b) (437.19) (286.38) (47,472.08) (1396.69a) (2.19b)

Post-1999 l 496,425.8* 100.49* 1524.7 347.6 154,740.1 2217.4* 151.6 591.4
(2000–11) sd (45,354.38) (106.53b) (590.67) (362.52) (63,649.86) (299.29a) (65.12) (199.37b)

Note: Split is at year 1999, l refers to the mean, and sd the standard deviation. Refer to Table 5 for definition of Programs. See Table 5 note for metric conversions. a. Variances
are different pre-1999 versus post-1999 at the .01 level. b. Variances are different pre-1999 versus post-1999 at the .05 level.

* Means significantly less pre-1999 versus post-1999 at .05 level.
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2013). In NJ about 20,000 regulated medical waste (RMW) genera-
tors disposed an estimated 80,739 mt (89,000 tons) annually of
RMW in 2010, and for New York approximately 18,000 RMW gen-
erators disposed an estimated 181,437 mt (200,000 tons) of RMW
annually in 2013 (NJDEP, 2010; NYSDEC, 2013).

2.9. Pollution inputs to NY–NJ Harbor Estuary, NY Bight

Discussion of impairments to the NY–NJ Harbor Estuary and NY
Bight above identified what impairments are of concern, but did
not give any idea of their relative importance and magnitude nor
their source. One of the elements of the CCMP is to characterize
causes of impairments, sources, and relative importance.

2.9.1. NY–NJ Harbor
The NY–NJ Harbor absorbed 4570 mt per day (mt/d) of Total

Suspended Solids (TSS) in 1989 (Mueller, 1990, Table 7). The
majority, 86% was from upstream sources. Metals consisted of
chromium, copper, mercury, nickel, and zinc, a total of 13 mt/d
almost evenly from upstream sources, wastewater, and runoff
(Mueller, 1990). PCBs contributed 10 kg/d in 1989, the majority
from upstream sources, followed by wastewater, and PAHs,
200 kg/d, enter mainly from runoff (77%) and atmospheric deposi-
tion (14.5%) (Mueller, 1990). Organics and nutrients were mea-
sured as Nitrogen, Phosphorus, and BOD (Table 7, St. John, 1990).
Nitrogen contributed 323 mt/d, Phosphorus 33 mt/d, and BOD
674 mt/d, the majority of all inputs coming from point sources, fol-
lowed by tributaries (an upstream source) in 1989.

2.9.2. New York Bight
In 1989, the Bight absorbed 10,918 mt/d of TSS (Mueller, 1990,

Table 8). Of this amount, 21% was transported from the harbor-
estuary into the Bight, 72% was transported from disposal of
dredged material from the harbor and coastal waters at the 12-mile
Mud Dump Site (in use in 1989). Metals consist of chromium,
copper, mercury, nickel, and zinc, an aggregate input of 19 mt/d



Table 7
Pollutant inputs to NY Harbor-Estuary, 1989. Source: St. John (1990), Mueller (1990) and Kennish (1998).

Sourcea

Runoff Wastewater Upstream Landfill Atmosphere

TSSc 4570 mt/d 7.6% 6.4 86.0 0 0
Metalsc 13 mt/d 28.3% 32.0 37.0 0.2 2.5
PCBs 10 kg/d 9.9% 20.8 54.7 3.1 11.5
PAHs 200 kg/d 77.0% 8.5 0 0 14.5

Sourceb

Pt. Source NPS Tribut Dump Transport

Nitrogen 323 mt/d 66% 3 31 0 0
Phosphc. 33 mt/d 66% 1 33 0 0
BODc 674 mt/d 82% 3 15 0 0

Note: Pollutant loads to the NY Bight were measured within the NY Bight Apex; 74�000W to 73�360W longitude, 40�150N to 40�350N latitude, encompassing a distance of 6–
7 km offshore (Kennish, 1998), mt/d = metric tons/day, kg/d = kilograms/day.

a Runoff refers to stormwater runoff, Wastewater refers to wastewater treatment facilities discharge, Upstream refers to transport from upstream sources, Landfill refers to
leachate from landfills, Atmosphere refers to atmospheric deposition.

b PS refers to point source, NPS refers to non-point source, Tribut refers to Tributaries (Upstream source), Dump refers to pollutant transport from dredged material
discharged at the 12-mi Mud Dump Site, Transprt refers to pollutant transport from the NY–NJ Harbor-Estuary and/or coastal oceanic drift along the eastern boundary of the
NY Bight flowing southwest.

c TSS = total suspended solids, Metals (total metals include chromium, copper, mercury, nickel, zinc), BOD = biochemical oxygen demand, Phosp = phosphorus.
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with transport from the harbor-estuary representing the greatest
portion, followed by atmospheric deposition (Mueller, 1990). PCBs,
31 kg/day, came into the Bight mainly from atmospheric deposition,
dredged material disposal at the 12-mile Mud Dump Site, and from
transport from the harbor-estuary (Mueller, 1990). Nitrogen, Phos-
phorous, and BOD all relate to nutrient enrichment and degraded
habitat (both contribute to low fish populations) with the Bight
absorbing 1037 mt/d, 99 mt/day, and 140 mt/day, respectively in
1989 (St. John, 1990, Table 8). Most of these are transported into
the Bight from the harbor-estuary and from coastal oceanic drift
along the eastern boundary of the Bight, except for BOD with a split
between distribution from dredge disposal at the 12-mile Mud
Dump Site, and transport from both the harbor-estuary and coastal
oceanic drift along eastern boundary into Bight waters.

MD and pathogens are two other important pollutants in the
Bight-Harbor-Estuary responsible for contributing to beach clo-
sures during the 1987–88 marine pollution events as well as annual
closures from pathogens sometimes associated with rain events
(Swanson and Zimmer, 1990; Apicella et al., 1990). Although data
are not collected relative to various sources (data are collected from
sample-sites yielding ‘ambient readings;’ e.g., MD from surface
water skimming and shoreline collections, pathogens from water
monitoring), there is agreement among researchers about the rela-
tive importance of sources. Combined sewer overflows are believed
to be a major source of both MD and pathogen loads, along with
stormwater runoff via storm sewers, and wastewater treatment
plants during conditions of overloading and malfunctions, as well
as the fringe land around coastal wetlands that serve as traps for
MD believed to be the major source for the NY Bight (Apicella
et al., 1990; Swanson and Zimmer, 1990). Lesser sources are ocean
dumping (ongoing during the 1987–88 marine pollution events),
landfills and vessel transfer to landfills, marine transfer stations
for vessel waste, littering by beach users, abandoned wood piers,
and illegal dumping (believed to be a source for the medical waste
during the 1987–88 marine pollution events) (Apicella et al., 1990;
Swanson and Zimmer, 1990).

Research has uncovered likely explanations and sources of float-
able MD in the NY Bight in general and for the 1976, and 1987–88
marine pollution events (Swanson and Zimmer, 1990). Together
with the sources listed above, meterological conditions contribute
to the suspension of floatable MD in the Harbor-Estuary. Wetland
and the fringe land around back bays and coastal marshes serve
as traps for floatable MD (Steinhauer et al., 1988; Swanson
and Zimmer, 1990), and researchers acknowledge that the
Harbor-Estuary (Hudson-Raritan Estuary) serves as ‘‘the greatest
source of floatable wastes to the NY Bight’’ (Swanson and
Zimmer, 1990: 64). Occurrence of the spring freshet around March
to May, combination of April showers and spring snow melt, results
in large spring runoffs that resuspend floatables and flush them
from the Harbor-Estuary into the NY Bight. Swanson and Zimmer
argue that it can take up to a month for a large plume of floatable
MD (referred to as Harbor Drift) to enter the Bight where it will
become subject to the forces of the predominant wind pattern ‘‘at
or near the commencement of the summer beach season’’
(Swanson and Zimmer, 1990: 64). Their analysis of progressive vec-
tor diagrams of wind patterns coupled with wind constancy and
quiescence help explain the MD washups that occurred on NJ bea-
ches in May–June 1987, June 1976 on Long Island, NY beaches, and
July 1988 on NY beaches (Swanson and Zimmer, 1990: 72).

Thunderstorms with intense rainfalls throughout the summer
are yet another explanation and mechanism that flushes MD and
litter into the Harbor-Estuary periodically (Swanson and Zimmer,
1990). They found that it explained the August 1987 MD washups
in NJ and the MD slicks observed offshore in September 1987
(Swanson and Zimmer, 1990: 66).

2.9.3. Future work and policy challenges
The work begun in 1987 for the NY Bight and NY–NJ Harbor

Estuary is far from over. The states of NY and NJ have done com-
mendable service in stewardship of the resource. They continue
to remain diligent in remediation, restoration, and protection of
these marine estuaries and environments. When new evidence is
examined to compare the relative progress, some indications
may point to larger challenges and possibly much longer time
frames for recovery.

2.10. National Coastal Cleanup – Marine Debris Trends

The Ocean Conservancy has conducted Coastal Cleanups on a
specific day during the Fall (3rd Saturday in September) for specific
beaches in the U.S. since 1988 and can serve as a ‘‘snapshot’’ of
beach MD washups over time. They have since enlarged this pro-
gram to an International Coastal Cleanup. During the 1987–88 per-
iod New York and New Jersey beaches were closed due to floatable
debris, medical waste washups, and pathogens (for NJ in 1988,
82.4% of beach closings were due to sewage-bacteria levels, 14.3%
due to medical waste washups, 2.2% from grease balls, and 1.1%
due to algal blooms [McIver, 1988]). Further evidence from the
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1988 National Coastal Cleanup found that of the waste and debris
items collected (for 23 coastal states), NY and NJ had the highest
portion of medical waste (Center for Marine Conservation,
1989: 31), the highest portion of sewage waste (Center for Marine
Conservation, 1989: 29), and the highest portion of plastic debris
(NJ ranked 1st, Center for Marine Conservation, 1989: 20) in spite
of having the shortest length of coastline cleaned (NY-2nd shortest,
4.2 mi., NJ-4th with 15.4 mi., Center for Marine Conservation, 1989:
12). Regarding MD items collected during the annual National
Coastal Cleanup for the 2006–2010 period, 63% were categorized
from shoreline activities (which includes food-beverage debris,
The Ocean Conservancy, 2009), 29% from smoking activities, and
1.65% from medical-personal hygiene for NJ in 2006 (Table 9). For
NY the data is similar, 69% from shoreline activities, 20% from
smoking activities, and 1.5% from medical-hygiene. This debris
mix remains fairly steady through the 2010 cleanup date for both
states.

An examination of the data for items that have been among the
top 10 items reveals that in 2006 cigarette filters ranked 1st in both
states, followed by caps from beverage containers, bags (paper and
plastic) NJ only, food wrappers NY only, then straws NJ only, and
then caps NY only (Table 9). Over time this is fairly consistent with
cigarette filters ranked 1 for both states in 2010, followed by caps,
and then straws NJ only, and food wrappers NY only.

Balloons (an item known to harm marine mammals) only
accounted for a little more than 1% in all years but 2006, and
plastic bags 6.3% in 2007 to 4.5% in 2010 for NJ (Table 9). For NY,
balloons represented about 2% in 2006 and 1.6% in 2010. Plastic
bags represented 8.2% in 2007 for NY and 6.5% in 2010 (Table 9).
In spite of these small magnitudes, their presence in the coastal
cleanup in each year over 2006–2010 indicates that policy
objectives could be reexamined to determine if the policy and
these magnitudes are acceptable or if these items should be
eliminated or reduced from the waste stream (perhaps from use
bans or use taxes-fees in coastal areas).

Data for syringes and tampon applicators are included because
it was the presence of syringes that caused such negative
impressions during the 1987–88 NY–NJ marine pollution events,
Table 8
Pollutant inputs to NY Bight, 1989. Source: St. John (1990), Mueller (1990) and
Kennish (1998).

Transect Coastal Sludge Dredge Atmosphere

Sourcea

TSSc 10,918 mt/d 21.0% 0.7 4.0 71.9 2.4
Metalsc 19 mt/d 34.2% 1.9 19.2 13.4 31.3
PCBs 31 kg/d 13.0% 0.6 1.3 26.4 58.7
PAHs 514 kg/d 13.7% 0 0 0 86.3

Pt. Source NPS Tribut Dump Transport

Sourceb

Nitrogen 1037�mt/d <1% <1 – 2 96
Phosphc 99�mt/d 3% <1 – 12 84
BODc 140�mt/d 5% 3 – 44 48

Note: Pollutant loads to the NY Bight were measured within the NY Bight Apex;
74�000W to 73�360W longitude, 40�150N to 40�350N latitude, encompassing a dis-
tance of 6–7 km offshore (Kennish, 1998), mt/d = metric tons/day, kg/d = kilograms/
day.

a Runoff refers to stormwater runoff, Wastewater refers to wastewater treatment
facilities discharge, Upstream refers to transport from upstream sources, Landfill
refers to leachate from landfills, Atmosphere refers to atmospheric deposition.

b PS refers to point source, NPS refers to non-point source, Tribut refers to Trib-
utaries (Upstream source), Dump refers to pollutant transport from dredged
material discharged at the 12-mi Mud Dump Site, Transprt refers to pollutant
transport from the NY–NJ Harbor-Estuary and/or coastal oceanic drift along the
eastern boundary of the NY Bight flowing southwest.

c TSS = total suspended solids, Metals (total metals include chromium, copper,
mercury, nickel, zinc), BOD = biochemical oxygen demand, Phosp = phosphorus.
and tampon applicators have been historically noted as an impor-
tant debris indicator in early marine debris literature. In fact it was
the presence of 1-syringe found on Smith Point Park Beach (Suffolk
Co., NY) in 1988 that closed the entire beach until deemed safe for
the public (Swanson, 1988). Both items represent small percent-
ages of the total debris collected in 2006 and in all other years
(Table 9). For NJ, syringes represent .09% for all years (high of
179 syringes, low of 96), and .09% in 2006 to .06% in 2010 for NY
(high of 691, low of 224). Despite all the education efforts and
advertising, proper syringe disposal still requires attention if it is
to be eliminated from beaches. The same can be said about medi-
cal-personal hygiene items (condoms, disposable diapers, syringes,
and tampon applicators/tampons). Because habits are hard to
change, policy efforts could develop more effective educational
advertising to counteract these actions so that beaches are not
treated as places where one casually leaves trash and waste as they
exit the beach; beaches should be thought of as places revered for
cleanliness and their pristine character.

2.11. USEPA BEACH 2006–2011

A new program was initiated by the USEPA in 2000, the Beaches
Environmental Assessment and Coastal Health (BEACH) Program,
where participating states are required to measure and report
water quality levels, and issue and report beach notification
actions (assumed here to represent a beach closing, i.e., number
of days a particular beach was closed). Beach data for NJ and NY
include both ocean and bay beaches (a composite statistic), and
the data are only expressed in this aggregate form (for entire state
by county), hence specific information for ocean beaches (relevant
to NY Bight restoration actions) and bay beaches (relevant to NY–
NJ Harbor Estuary restoration actions, and Long Island Sound res-
toration actions which impact NY bay beaches) are not discernable.
Both states use the USEPA recommended criteria for water quality
and human health risk, >104 Enterococci/100 mL for saltwater
results in beach closures, and NY uses a second USEPA recom-
mended criteria, >235 E. coli/100 mL signifies unsafe water for
human exposure (SNJ 1996–2012: http://www.njbeaches.org/
monitoring_results.htm; USEPA, 2010: http://water.epa.gov/type/
oceb/beaches/seasons_2010_ny.cfm).

Beaches in Atlantic and Cape May Counties (Co’s) in New Jersey
had the lowest relative beach closing data over the 2006–2010 per-
iod (days beaches were closed and number of beaches with
reported closings) compared to Ocean and Monmouth Co’s
(Table 10). Anywhere from 1 to 2 days of closings for up to 48 bea-
ches in Atlantic Co. with 0 closings in 2007 and 2009. And 3 days of
closings for up to 69 beaches in 2010 for Cape May Co. (0 closings
in 2006, 2007, 2008, 2009). The percent of beaches closed relative
to all beaches in a county may be a more appropriate statistic to
use for comparison purposes here. Monmouth Co. exhibited the
most beaches closed and most days closed with 55–141 days
closed over 59 beaches, and percent beaches closed to total
beaches from 9% in 2006, to 21% and 42% in 2009 and 2010,
respectively (Table 10). Ocean Co. experienced from 6% of
beaches closed in 2006 to 5% in 2010. Both Atlantic and Cape
May counties exhibited the lowest percentages 0–4% Atlantic Co.,
0–3% Cape May Co.

In New York, Nassau and Suffolk Co’s contain the greatest num-
ber of beaches, exhibited the largest number of days closed, and
number of beaches closed; although other NY counties exhibited
100% of beaches closed for a day or longer during the 2006–2011
season (Richmond first, then Kings, and Queens Co’s, Table 10).
On the basis of percent beaches closed both Suffolk Co. and Nassau
Co. beaches were fairly steady over the 2006–2010 period, Suffolk
34–35%, Nassau 35–29%, 2011 exhibited some departure from
these ranges (increase for Suffolk Co., decrease for Nassau Co.).

http://www.njbeaches.org/monitoring_results.htm
http://www.njbeaches.org/monitoring_results.htm
http://water.epa.gov/type/oceb/beaches/seasons_2010_ny.cfm
http://water.epa.gov/type/oceb/beaches/seasons_2010_ny.cfm


Table 9
National coastal cleanup marine debris findings-percentages, New York and New Jersey, 2006–2010. Source: The Ocean Conservancy, Annual International Coastal Cleanups: State
Results, Washington, DC.

2006 2007 2008 2009 2010

NJ NY NJ NY NJ NY NJ NY NJ NY

Shoreline removal 63.15 68.70 76.98 70.73 63.65 68.09 69.28 68.37 64.25 67.51
Underwater removal 3.63 7.55 2.72 10.75 4.06 4.99 3.93 5.72 2.99 6.51
Smoking related 28.89 20.22 16.53 14.35 29.85 23.68 24.32 21.57 30.32 21.83
Dumping related 2.67 2.02 1.98 2.24 0.70 1.78 0.60 2.70 0.52 2.75
Medical-hygiene 1.65 1.50 1.79 1.94 1.74 1.46 1.87 1.64 1.91 1.40
Total (no.) 108,733 279,535 129,610 280,997 137,110 293,044 105,092 312,557 101,583 347,654
Miles cleaned (mi.) 117.9 677 105 263 147.8 304.5 100.1 325.7 60.4 397.5

Top 10 items
(6) Bags 15.31 7.73 – – – – – – – –
Bags, paper – – 0.62 1.88 1.02 2.25 0.95 2.76 0.61 4.64
Bags, plastic – – 6.28 8.17 5.18 7.65 5.44 8.61 4.47 6.47
(10) Balloons 2.13 1.95 1.41 1.93 1.40 1.39 1.37 1.76 1.11 1.62
(5) Bottles, plastic 3.89 8.38 7.37 6.69 5.34 7.31 7.23 6.91 6.06 6.12
(8) Bottles, glass 1.97 5.73 3.17 3.77 2.30 5.26 2.56 4.93 1.65 4.85
(9) Cans, beverage 2.15 4.95 3.34 4.70 2.36 4.76 2.83 4.61 2.85 4.88
(3) Caps 16.39 11.13 19.92 13.31 18.59 11.45 18.53 12.20 16.00 11.73
(7) Cups 6.93 6.17 6.71 6.20 6.33 6.17 5.87 5.90 6.24 5.54
(2) Food wrappers 1.81 11.59 11.89 10.35 10.33 10.56 9.84 9.64 9.62 10.01
(4) Straws 10.58 5.36 12.27 7.43 7.49 6.39 11.30 5.80 13.00 6.28
(1) Cigarette filters 24.55 16.70 12.77 10.33 25.43 20.49 18.47 18.38 24.14 18.81
Cigar tips 2.43 1.40 2.11 1.93 3.17 1.62 4.00 1.73 4.36 1.41
Syringes (%, n) 0.09 (96) 0.09 (251) 0.10 (128) 0.25 (691) 0.09 (96) 0.09 (268) 0.17 (179) 0.10 (308) 0.09 (96) 0.06 (224)
Tampon appls. (%, n) 1.26 (1336) 0.92 (2581) 1.38 (1785) 1.19 (3351) 1.43 (1966) 0.96 (2805) 1.50 (1577) 1.15 (3589) 1.64 (1667) 0.87 (3009)

Table 10
US EPA’s annual beach notification and closures for New Jersey and New York, 2006–2011. Source: USEPA Annual Beach Notification Summary-BEACHES: http://water.epa.gov/
type/oceb/beaches/summarylist.cfm.

State: 2006 2007 2008 2009 2010 2011
County DC,BC,pBC DC,BC,pBC DC,BC,pBC DC,BC,pBC DC,BC,pBC DC,BC,pBC

NJ
Monmouth 72,16/161,0.09 60,7/59,0.12 55,7/59,0.12 141,12/58,0.21 92,21/50,0.42 123,16/50,0.32
Ocean 12,5/84,0.06 16,8/84,0.09 15,7/84,0.08 29,6/66,0.09 7,3/63,0.05 8,5/63,0.08
Atlantic 1,1/48,0.02 0,0/48,0 1,1/48,0.02 0,0/48,0 2,1/27,0.04 0,0/37,0
Cape May 0,0/128,0 0,0/69,0 0,0/69,0 0,0/69,0 3,2/69,0.03 0,0/69,0

NY
Richmond 2,2/3,0.67 16,2/3,0.67 5,3/3,1.0 2,3/3,1.0 0,3/3,1.0 18,4/4,1.0
Kings 17,3/11,0.27 29,3/11,0.27 15,3/11,0.27 42,11/11,1.0 7,1/11,0.09 27,6/6,1.0
Queens 14,1/11,0.09 9,1/11.0.09 15,2/11.0.18 12,3/11,0.27 11,2/12,0.17 25,5/5,1.0
Nassau 92,23/65,0.35 138,23/65,0.35 150,23/65,0.35 213,24/65,0.37 67,20/69,0.29 127,28/68,0.11
Suffolk 279,66/196,0.34 385,74/201,0.37 327,67/201,0.33 270,70/201,0.35 79,64/183,0.35 308,126/186,0.68

Note: DC refers to days closed, BC beaches closed, pBC percent beaches closed of total monitored beaches. Data reported is as follows: # days closed, #beaches closed/total
beaches monitored, % beaches closed. Please note that the USEPA BEACHES program requires states to record and submit this information to the USEPA. Beaches in both NJ
and NY include both ocean beaches and bay beaches (a composite statistic), and the data are only available in aggregate form (entire state by county), hence specific
information for ocean or bay beaches are not available. The importance of this is that ocean beaches are relevant to the NY Bight restoration efforts, and bay beaches are
relevant for the NY–NJ Harbor Estuary Program. Since the scope of analysis in this paper is the Bight-Harbor-Estuary complex, the composite data conform to this convention.
Both NJ and NY use the same USEPA criteria for beach closings, >104 Enterococci/100 mL, NY also uses a second USEPA criteria concerning beach closing >235 E. coli/100 mL
(SNJ 1996–2012: http://www.njbeaches.org/monitoring_results.htm, USEPA (2010): http://water.epa.gov/type/oceb/beaches/seasons_2010_ny.cfm).
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Despite advancements in technology in wastewater treatment,
upgrades in wastewater facilities, and waste management
programs, more must be done to improve coastal water quality
(similar conclusions reached by the [NRC, 1993, 2000]). Policy
discussions should reexamine goals concerning coastal water
quality and decide whether a ‘‘0’’ beach closure status is still a fea-
sible strategy for some areas. Perhaps some other level makes
sense, e.g., not to exceed a 5% closing over a summer season for
some beaches.

2.12. State of the New York–New Jersey Harbor-Estuary

To give a quick overview, water quality indicators in the NY–NJ
Harbor Estuary, pathogen levels and DO levels were examined on
the basis of sample sites with good, fair, and poor readings for
the 1974–2010 period (NYNJHEP, 2012). Both water quality
measures are extremely significant and contribute to ambient
water quality. Although subjective measures are not ideal, the
results and comparisons over time show improving trends; 1974
contains a high portion of ‘poor’ readings and a low portion of
‘good’ readings, compared to 2010 with a low portion of ‘poor’
readings and a high portion of ‘good’ readings (Table 11).

2.13. Water quality – pathogen levels

Coliform bacteria levels throughout the NY–NJ Harbor-Estuary
have been recorded since 1974. Indications are a steady downward
trend throughout the 1974–1999 period with a leveling off there-
after (Table 12, Fig. 3). Statistical analyses comprising grouped
means comparisons based on a Duncans Multiple Range test, and
regression trends of a test for structural change pre- and post-
1999 lend support. Grouped means trended down from a mean

http://water.epa.gov/type/oceb/beaches/summarylist.cfm
http://water.epa.gov/type/oceb/beaches/summarylist.cfm
http://www.njbeaches.org/monitoring_results.htm
http://water.epa.gov/type/oceb/beaches/seasons_2010_ny.cfm


Table 11
Water quality indicators of the NY–NJ Harbor-Estuary, 1974–2010. Source: NYNJHEP
(2012).

Year Pathogens DO

1974 P-13, 44.8% P-18, 64.3%
F-12, 41.4 F-9, 32.1
G-4b, 13.8 G-1, 3.6

1998a, 1990 P-0, 0.0 P-2, 5.9
F-2, 6.1 F-29, 85.3
G-31, 93.9 G-3, 8.8

2001 NA P-10, 29.4
F-23, 67.7
G-1, 2.9

2010 P-1, 1.5 P-3, 4.5
F-12, 18.5 F-48, 71.6
G-52, 80.0 G-16, 23.9

Note: P = Poor, F = Fair, and G = Good; number counts follow category, then per-
cents. DO refers to dissolved oxygen. For Pathogens, P > 2000 bacteria/mL,
F < 2000 bacteria/mL (NY fishing criterion), and G < 200 bacteria/mL (NY bathing
criterion). For DO, P < 2.3 mg/L, F: 2.3 mg/L < F < 4.8 mg/L (minimum concentration
to avoid increased mortality), and G > 4.8 mg/L (minimum concentration that
ensures growth of marine fauna), mL = milliliter, mg/L = milligram per liter, note
hypoxia is measured as DO < 2 ppm and as DO < 3 mg/L.

a 1998 for Fecal Coliform data, 1990 for DO data.
b 1 site-inside the Transect, 1 site-just outside Transect.
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of 995.16 bacteria/100 mL 1974–78 period, 511.62 1979–82,
332.17 1983–86, 202.29 1987–91, to a mean of 66.86 bacteria/
100 mL 1992–96, all significantly different at a 1% level of confi-
dence, whereas the groupings in subsequent periods, while numer-
ically lower, were not statistically significant (even at the 0.15
level, Table 12). Tests of structural change are common in econom-
ics where the data can be split into two (or more) distinct groups
based on a significant event(s) over time (e.g., pre-war versus
post-war period, Johnston, 1984; Chow, 1960). In brief, the test
can be thought of in two ways, related to the regression model
or the data. The null hypothesis is that the restricted model is true
(common intercept and slope; model based on full data-combine
the data) versus the alternative that the unrestricted model is true
(different intercept and slope; model based on partitioned data-do
not combine the data). In the case here, it could be that advance-
ments have improved water quality levels as measured by fecal
coliform up to this point (1999), but further advancements are nec-
essary for more improvements (for additional improvements to be
statistically significant). A test of structural change in a regression
trend model for the pre- versus post-1999 period, supported a sig-
nificant structural change at the 1% level of confidence (Table 13),
Table 12
Means comparisons of water quality indicators, Pathogen-levels 1974–2010, DO-levels 19

Pathogen-levels DO

Top

1974–78 995.16 ± 122.377a 200
1979–82 511.62 ± 86.627b 200
1983–86 332.17 ± 88.755c 199
1987–91 202.29 ± 52.636d 199
1992–96 66.83 ± 18.004e 198
1997–2001 31.02 ± 6.747e 198
2002–06 36.62 ± 12.429e 197
2007–10 26.62 ± 10.142e 196

197

Note: Mean ± standard deviation. Analysis of pathogen water quality data (bacteria per 10
note order is reversed for DO comparisons, means in descending order.
Means comparisons were made using a Duncans Multiple Range test. For Pathogen-levels
at .05 level). For DO-levels means with different letters were significantly different at th
grouping represents the time period the Water Body was entered into the US National Est
Comprehensive Conservation and Management Plan (CCMP) was conducted (1991), a 5
hence, the data should not be combined-different regression slopes
and intercepts exist across the data.

2.14. Water quality – dissolved oxygen levels

Dissolved Oxygen (DO) levels are another significant measure of
ambient water quality. DO has been recorded for the NY–NJ
Harbor-Estuary since 1968. Indications closely follow the pathogen
findings, an improvement up to the 1992–96 period, showing sta-
tistically significant increases at the .01 level for top layer DO levels
from a mean of 4.38 mg/L 1973–77 to 6.70 mg/L for 1992–96 per-
iod (and at .05 level for bottom DO levels, 3.85 1975–77 to 5.61
1992–96) based on a Duncans Multiple Range test for groupings
in the 1968–96 period (Table 12, Fig. 4 top-DO, Fig. 5 bottom-
DO). A further test of structural change in a regression trend line
at 1999 provided weak support, the test was barely significant at
the .05 level for DO-top water layer, but not for the bottom layer
DO (Table 13). This indicates slightly different outcomes. For the
top-DO level, Fig. 4 and Grouped Means analysis indicates some
leveling off around a mean DO of 6.7 mg/L in the 1997–2010 per-
iod, providing support for the test of structural change, hence the
data pre- and post-1999 should be treated separately and not com-
bined. Concerning the bottom-DO level, Fig. 5 and the Grouped
Means provides support for the structural change test, but here
there is no leveling off, although the Grouped Means are numeri-
cally different from 1997 forward the difference is not statistically
different. Here the data should not be separated, the regression
model of common slope and intercept for the 1968–2010 period
is the true model.

3. Discussion and future challenges

3.1. Water quality

Both pathogen and DO data exhibit significant improvement
since the mid-1970s, however, the mixed finding of a leveling off
of pathogen levels, but weakly so for DO levels (only top-DO levels,
not for bottom-DO levels) in the last decade, (2000s, i.e., 1999-for-
ward) is troubling, challenging, and promising all at the same time.
Troubling in that a capacity constraint may have been reached
regarding pathogen treatment and reductions, weakly so for DO
levels and improvements, and that current technology or capacity
may not be adequate to lower pathogen levels and improve DO lev-
els further requiring significant technological advances and
improvements to show further progress. Challenging because the
need for technological advances and added capacity will require
68–2010, NY–NJ Harbor-Estuary. Source: NYNJHEP raw data.

levels

Layer Bottom Layer

7–10 6.7801 ± 0.193a 2007–10 5.9175 ± 0.242a
2–06 6.7204 ± 0.318a 2002–06 5.7865 ± 0.178a
7–2001 6.7111 ± 0.172a 1997–2001 5.6637 ± 0.274a
2–96 6.7046 ± 0.225a 1992–96 5.6132 ± 0.183a
7–91 5.7883 ± 0.332b 1983–86 5.1773 ± 0.122b
3–86 5.6610 ± 0.231b 1978–82 4.8266 ± 0.372b
8–82 5.1423 ± 0.413c 1987–91 4.7924 ± 0.245b
8–72 5.0957 ± 0.163c 1968–72 4.3519 ± 0.549c
3–77 4.3777 ± 0.216d 1973–77 3.8512 ± 0.196d

0 mL) is based on geometric means using full data set. DO-levels measured as mg/L;

means with different letters were significantly different at the .01 level (same result
e .01 level for the Top Layer and at the .05 level for the Bottom Layer. The 1987–91
uary Program as an Estuary of National Significance (1987) and the period in which a
-year period, hence, the 1983–86 period is unbalanced (does not equal 5 years).



Fig. 3. NY–NJ harbor summer average Dissolved Oxygen (DO)-top layer (mg/L) versus Year (Yr), 1968–2010. Note: 5.0 is the bathing water standard.
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significant funds concerning further pathogen reductions and DO
improvements since costs escalate as the last few units of improve-
ment are achieved (a result common in environmental economics
that the additional costs [marginal costs] dramatically increase to
achieve the last marginal improvement (Ofiara and Seneca, 2001:
32–3, Seneca and Taussig, 1974: 224). Besides technology or capac-
ity issues, there could be a silver lining here, in that some of the
sample locations may demonstrate sporadic results or even results
of little or no improvements over time, results more typical of
earlier decades (e.g., observation of pathogen data for each
sampling station found at least 2 stations that had readings 3 to
4 levels of magnitudes higher in 2009 and 2010 than in earlier time
periods). Focusing on these ‘‘hot spots’’ (specific sites) regarding
funding, technology, and capacity should produce more consistent
readings over time and support overall lower pathogen levels and
higher DO levels harborwide at significantly lower funding levels
versus an across-the-board increase (a uniform increase) for all
wastewater treatment facilities and CSO (Combined Sewer
Outfalls) improvements for the harbor-estuary.

3.2. Pollution inputs

Comparison of the pollutant loads from the mid-1970s
(Table 14) with those of 1989 discussed above (Tables 7 and 8),
show dramatic reductions for Nitrogen, Phosphorus, reductions
of over half for TSS, reductions in total Metals by a factor of 3;
the singlemost change was for PCBs following its phase out (reduc-
tion by a factor of 650–750). The mix of sources changed over time
for most, for Nitrogen and Phosphorus reductions in loads from
wastewater and dumping sources occurred following technological
advances in wastewater treatment facilities, and in overall
reductions from use. While metals and TSS dropped by over half,
their sources stayed somewhat constant over time. For PCBs,
dumping (of sludge and dredge material) probably at the 12-mile
sites (Sludge Dump Site, Mud Dump Site) accounted for the
majority of load, followed by transport from runoff and upstream
sources in the mid-1970s; atmospheric deposition represents the
majority of load in 1989 followed by dredged material dumped
at the 12-Mile Mud Dump Site. As the 12-Mile Mud Dump Site is
phased out, so to will this loading for PCBs, metals, and TSS. The
new focus will be on transportation from upstream sources and
from atmospheric deposition. More diligence towards minimizing
fertilizer use (i.e., source reduction), keeping wastewater treat-
ment facilities as up-to-date as possible, eliminating septic
systems near waterways, and reducing runoff from farms and agri-
cultural fields will contribute greatly towards further reductions in
nutrient and organic loading.

3.3. Future challenges

Future challenges facing the NY–NJ Harbor Estuary Program and
the NY Bight Restoration Plan are on two fronts, upstream (harbor
estuary based) and atmospheric (air transport; bight based).
Estuary based challenges consist of preservation of existing
watershed and wetlands habitat that represents a fraction of what
was lost from past industrialization and development, manage-
ment of inplace toxicants from past industrial processes, and man-
aging reductions in nutrient/organic loading from other upstream
sources and runoff. The NYNJHEP CCMP identified these to be pri-
mary causes of use impairments and targets for management



Table 13
Test of structural change of water quality indicators, Pathogen-levels 1974–2010, DO-levels 1968–2010, NY–NJ Harbor-Estuary.

DO-top
Full model: Parameter Std. err. t Value n r � 2 F-value SSE Chow-t
Intercept �117.9258 10.5912 �11.13 43 0.7692 136.63 7.6980 3.5439
Yr 0.06224 0.00532 11.69

Pre-1999: Parameter Std. err. t Value n r � 2 F-value SSE
Intercept �146.2172 16.9742 �8.56 32 0.7246 78.92 5.9933
Yr 0.07602 0.00856 8.88

Post-1999: Parameter Std. err. t Value n r � 2 F-value SSE
Intercept �14.59422 40.0216 �0.36 12 0.0276 0.28 0.57005
Yr 0.01063 0.01997 0.53

DO-bottom
Full model: Parameter Std. err. t Value n r � 2 F-value SSE Chow-t
Intercept �92.3897 9.6773 �9.55 43 0.7122 101.47 6.4268 1.0485
Yr 0.04901 0.0049 10.07

Pre-1999: Parameter Std. err. t Value n r � 2 F-value SSE
Intercept �109.1652 16.4372 �6.64 32 0.6160 48.12 5.6202
Yr 0.05748 0.00829 6.94

Post-1999: Parameter Std. err. t Value n r � 2 F-value SSE
Intercept �74.4211 37.2531 �2.00 12 0.3166 4.63 0.49391
Yr 0.04000 0.01858 2.15

Pathogen
Full model: Parameter Std. err. t Value n r � 2 F-value SSE Chow-t
Intercept 53,069.0 5349.42 9.92 37 0.7357 97.40 1,064,624 23.4005
Yr �26.5034 2.66854 �9.87

Pre-1999: Parameter Std. err. t Value n r � 2 F-value SSE
Intercept 84,968.0 7147.01 11.89 26 0.8537 140.09 454,332
Yr �42.5835 3.59777 �11.84

Post-1999: Parameter Std. err. t Value n r � 2 F-value SSE
Intercept 1781.016 1825.83 0.98 12 0.0842 0.92 116.4351
Yr �0.8733 0.91086 �0.96

Note: Parameter refers to parameter estimate, std. err = standard error of estimate, t value = t statistic, n = number of observations, r � 2 = r-squared, SSE = sum of squares of
error, chow-t = test statistic for structural change using 2 restrictions.
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actions. To address further wetland losses a Comprehensive
Restoration Plan (CRP) drafted in 2009, developed actions to
preserve and acquire crucial habitat areas (NYNJHEP, 2012). The
Harbor-Estuary contains many sites contaminated with toxic
substances, some have been designated ‘‘Superfund’’ sites based
on CERCLA-SARA policies, and are considered major sources-sinks
of toxic substances to the Estuary-Bight complex. These include
the Upper Hudson River PCBs (a 200-mile segment of the Hudson
River contaminated from 1.3 million pounds of PCBs discharged
over 1940–77; cleanup and remediation of the most contaminated
40-mile section is ongoing), Diamond Alkali site on the Passaic
River, NJ (source of dioxin, PCBs, DDT, mercury and other toxicants;
remediation and sediment dredging ongoing), Berry’s Creek, NJ,
Gowanus Canal, NY and Newton Creek, NY (NYNJHEP, 2012). Reme-
diation involving removal and treatment of contaminated sediment
has begun and will continue along with sediment capping and lim-
its placed on future toxic loadings to the Harbor-Estuary complex.

Air transport was identified as a major source of metals
(mercury, etc.) and PCB loads in the NY Bight and actions involve
developing and implementing new mercury and air toxics
standards to reduce emissions from coal-fired power plants
(NYNJHEP, 2012). Actions to reduce PAH loads will depend on type
of PAH, heavy-PAHs and light-PAH compounds (NYNJHEP, 1996).
The heavy-PAHs tend to settle in bottom sediments meaning
dredging of contaminated sediment may be necessary to reduce
concentrations in biotic and other living organisms. Also because
their source is mainly from combustion resulting in atmospheric
deposition, policies aimed at tighter air quality regulations could
make sense. The lighter forms of PAHs are sourced from CSOs,
stormwater discharge and runoff, spills and improper disposal of
petroleum, and industrial discharge, and remain suspended in
the water column and transported greater distances will have to
have a tiered policy approach. Imposition of existing NRDA laws
concerning spills and disposal of oil and petroleum that have been
around since 1986 and 1990 is possible and can assist in reductions
and/or compensations towards cleanup. Discharge and runoff will
remain the biggest challenge, but proper disposal techniques, use
and handling practices can go a long way. Source reduction, such
as development of alternatives to petroleum based sealants and
or reducing the amount of petroleum product in asphalt are possi-
bilities. Better handling, use and disposal practices in industry will
also contribute to reductions in loads.

Other concerns affecting water quality in the Bight-Harbor is
vessel traffic and vessel discharge, and spills of oil and hazardous
substances; both concerns in managing water quality in other
areas (Stellwagen Bank National Marine Sanctuary, 2003, 2010).
Vessel discharges that could be problematic are black water
(onboard sewage), gray water (water from showers, sinks, etc.,
containing oils, cleaning solvents, metals, pesticides, medical
waste), bilge water (containing fuel, oils, cleaning agents, paints,
rags), ballast waters (possibly containing foreign marine organ-
isms), hazardous wastes (composed of chemicals from cleaning,
photo processing, paints, solvents, inks), and solid wastes/garbage
(Stellwagen Bank National Marine Sanctuary, 2010). Any oil spills
and spills of hazardous substances in the U.S. come under NRDA
regulations (namely CERCLA and OPA). Also the CWA can be
applied to discharges of petroleum and hazardous substances,
excessive nutrients, and sewage containing pathogens and bacteria
that could impair water quality in U.S. waters. The disposal of solid
waste/garbage (plastic trash and other overboard trash) is
regulated by the Marine Plastic Pollution Research and Control
Act of 1987 and MARPOL 73/78 Annex V in the U.S. (NRC, 1995).



Fig. 4. NY–NJ harbor summer average Dissolved Oxygen (DO)-bottom layer (mg/L) versus Year (Yr), 1968–2010. Note: 5.0 is the bathing water standard.
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3.4. Closing

Given the enormity of the area of the NY–NJ Harbor-
Estuary-Bight complex, a watershed of 16,300 sq. miles
(42,190 sq. km; NYNJHEP, 2012), the Hudson River which drains
13,360 sq. miles (34,600 sq. km, Mueller, 1990), and the surface
area of the Bight 13,514 sq. miles (35,000 sq. km, Mueller, 1990),
scale means everything; in terms of use impairments, wetland/
habitat loss, loads of nutrient, sewage sludge and toxic
contaminants, and remediation-management actions (e.g., cleanup
of 200-mile stretch of Hudson River).

For some water measures and goals identified in the NYNJHEP
CCMP there is a long road ahead for public officials to achieve con-
trol and management and further reductions of identified toxic
substances, and additional improvements in water quality (as
measured by pathogen and DO levels), perhaps longer than
previously thought. This will involve advancing new technologies
to treat contaminated sediment (for PCBs, dioxin, DDT, mercury,
etc.), new improvements in wastewater treatment plants (both
capacity and technology for improved control), and actions to
reduce atmospheric deposition. Water quality measures exhibit
improvements over the 1970s to 1990s period, and a slowdown
or leveling off thereafter. All of this represents a great accomplish-
ment, but to continue to make headway and accomplish agreed
upon goals state and federal governments, public officials and
researchers must remain diligent. Enormous resource values to
society are at stake; the results presented in this paper indicate
the magnitudes of social values placed on natural resources and
uses of estuaries and marine environments. The assessments dem-
onstrate that gains to society outweigh the costs involved, and in
cases where compensable values are involved these potentially
could cover any and all costs involved in remediation and restora-
tion of the affected area to pre-spill (pre-contaminated) states.

Findings indicate that policies directed towards coastal water
cleanup and restoration may need to be reexamined to strengthen
and refine policy directives. Concerning coastal water quality and
beach closures, an objective of ‘‘0’’ beach closures or not to exceed
5% closures throughout a summer season are possible policy strat-
egies to be reexamined. For some beaches a ‘‘0’’ closure policy may
not be achievable. The pathogen and DO data show that reductions
of up to 80–90% of waste loads may have been accomplished, but
further reductions-the last 10–20% will be more challenging and
costly, suggesting that ‘‘hot spots’’ could become a focus for further
remediation. Concerning MD, the presence of balloons, plastic
bags, syringes and personal hygiene items found annually on bea-
ches is another policy issue; should policy goals be based on an
acceptable level or complete elimination? It may also make sense
to develop policies directed towards vessel spills and discharges,
and commercial and cruise ship wastes. Fundamentally it comes
down to how we want mankind to think of the oceans and coastal
environments, how much degradation is acceptable, and what lev-
els of restoration are financially feasible. Should our charge be to
continue to maintain the environmental integrity of these
environments for future generations or are we willing to accept



Fig. 5. NY–NJ harbor summer average fecal coliform levels (Bacteria/100 mL) (geometric means, surface water) versus Year (Yr), 1974–2010. Note: <200 bacteria/mL is the NY
bathing water criteria.

Table 14
Pollutant inputs to NY Bight, mid-1970s. Source: Estimates derived by OTA (1987a).

Sourcea

Pollutant
(1989-est.)

Total Input Wastewater Discharge Transport Dumping Atmosphere

mt/d 100,000 %
TSS (10,918 mt/d) 24,110 4 28 63 5
Nitrogen (1037 mt/d) 5205 42 29 16 13
Phosph. (99 mt/d) 1369 36 13 50 <1
BOD (140 mt/d) NA
TOC 26,027 30 33 25 12

mt/yr mt/yr;%
Chromium 1810 416.3; 23.0 470.6; 26.0 905.0; 50.0 18.1; 1.0
Copper 5060 1012.0; 20.0 1315.6; 26.0 2580.6; 51.0 151.8; 3.0
Mercury 110 80.3; 73.0 19.8; 18.0 9.9; 9.0 –
Zinc 12,000 1200.0; 10.0 5160.0; 43.0 3480.0; 29.0 2160.0; 18.0
Metalsb (17.5 mt/d) 18,980, 52 mt/d 2708.6; 14.27 6966; 36.7 6975.5; 36.75 2329.9; 12.28

kg/d
PCBs (31 kg/d) 20,274–23,562 3–13 39 55–64 –

Note: mt/d = metric tons/day, mt/yr = metric tons/year, kg/d = kilograms/day; to convert to kg, 1 mt = 1000 kg. TSS is total suspended solids, Phosp is Phosphorus, BOD is
Biochemical Oxygen Demand, TOC is total organic carbon, PCBs are polychlorinated biphenyls. Also note numbers in parentheses that appear under the pollutant are the 1989
estimate from Table 7.

a Wastewater discharge refers to municipal and industrial discharges, Transport refers to runoff from coastal lands and from upstream sources, Dumping refers to offshore
dumping of sewage sludge and dredged material, and Atmosphere refers to atmospheric deposition.

b Metals from 1989 Table 7 includes nickel (1.5 mt/d); in this table Metals = total metals less nickel.
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lesser scenarios? In peacetime conditions we may be capable of
achieving significantly more but in our troubling times remain
challenged regarding the environment.
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