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PREFACE

The Second International Conference on Marine Debris is a sequel to
the Workshop on the Fate and Impact of Marine Debris which was held in
Honolulu, Hawaii, 26-29 November 1984. The workshop was the first meeting
of its kind to address the issue of marine debris as an international
problem, and focused primarily on the impact of debris on the living marine
resources. This second meeting provides a status review of wider dimen-
sions, including the source, impact, economics, technology, law and policy,
and educational aspects of marine debris and its impact on society as well
as on the resources of the sea. The details leading to this second meeting
and the general conclusions drawn from this meeting are provided in the

Executive Summary.

The size and scope of the Second International Conference on Marine
Debris make it necessary to publish the proceedings in two volumes. The
first volume includes the Executive Summary, the full text of 5 overview
papers, and the full text of 40 papers presented in the technical sessions
on sources (Session I), entanglement and ghost fishing (Session II), and
ingestion (Session III). The second volume includes the text of 31 papers
presented in the technical sessions on economics (Session IV), technology
(Session V), law and policy (Session VI), and education (Session VII).
Additionally, volume two includes the reports of the eight working groups
(assessment, entanglement, ghost fishing, ingestion, economics, technology,
law and policy, and education) and abstracts of the poster and video
presentations. All technical papers were reviewed by one or more referees.
Reference to several of the papers is by abstract only, the full text of
these presentations not being submitted in time for publication or sched-
uled for publication elsewhere.

The Appendixes comprise the membership of the steering group, the
agenda of the conference, and a list of conference participants.

The senior editor, who had the task of organizing this Second Inter-
national Conference on Marine Debris, is indebted to many organizations and
individuals for helping to make this conference a success. Special thanks
are due the members of the steering group for their guidance and assistance
in the technical aspects of the conference, and Ms. Christine Woolaway of
the University of Hawaii Sea Grant College Program for her outstanding
effort in working out the logistics and conference arrangements. Sponsors
who provided financial and personnel support included (1) Canada Department
of Fisheries and Oceans, (2) Council for Solid Waste Solutions, (3) Inter-
governmental Oceanographic Commission (UNESCO), (4) National Coastal
Resources Research and Development Institute (U.S.A.), (5) Pacific Rim
Fishing Industries, (6) Sea Grant College Programs (Washington, D.C., and
the University of Hawaii), (7) State University of New York (SUNY), Stony
Brook, Marine Sciences Research Center’s Waste Management Institute, (8)
School of Ocean and Earth Science and Technology (University of Hawaii),
(9) U.S. Environmental Protection Agency, (10) U.S. Fish and Wildlife
Service, (l1) U.S. Marine Mammal Commission, (12) U.S. Minerals Management
Service, (13) U.S. National Oceanic and Atmospheric Administration (NOAA)
(National Marine Fisheries Service Honolulu Laboratory), and (14) U.S. Navy,
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Ms. Suzanne Montgomery of Washington Communications Service, 150 N.
Muhlenberg Street, Woodstock, Virginia, prepared the Executive Summary.

Reference to trade names in the Proceedings of the Second International
Conference on Marine Debris does not imply endorsement by the National
Marine Fisheries Service, NOAA.

This proceedings is also a University of Hawaii Sea Grant College
Program cooperative report, UNIHI-SEAGRANT-CR-91-02.

Finally, the editors owe the successful completion of these proceed-
ings to two former employees of the Honolulu Laboratory, Ms. Louise Brewer
and Ms. Elizabeth Young, who assumed the tremendous task of typing and
checking the conference manuscripts.
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EXECUTIVE SUMMARY

I. INTRODUCTION

Until 10 or 15 years ago, the presence of debris in ocean and coastal
areas was not recognized as a significant marine pollution issue. By the
early 1980's, however, it became apparent that the amount of debris accumu-
lating at sea and on beaches was increasing dramatically. There was also a
corresponding increase in the incidence of marine species being adversely
affected by ocean debris. These included marine mammals, seabirds and
commercially valuable species of fish killed and injured in lost or dis-
carded fishing gear and other debris, as well as beach-cast turtles with
their digestive tracts blocked by plastic items. Clearly, marine debris
was becoming a widespread marine pollution problem that could no longer be
ignored.

In November 1984, the National Marine Fisheries Service, at the recom-
mendation and with the assistance of the Marine Mammal Commission, convened
a Workshop on the Fate and Impact of Marine Debris. The workshop was the
first meeting ever undertaken to comprehensively assess information on the
amounts, distribution, sources, effects, and management needs pertaining to
problems of trash and other human-related debris lost or discarded into the
ocean.

Participants in that conference concluded that many marine organisms
throughout the world were being affected adversely by persistent debris and
that there was an urgent need to: (1) educate vessel operators, fishermen
and the public on the problem; (2) stop or reduce the deliberate disposal
of persistent materials; and (3) obtain better quantitative data to assess
the impact of marine debris on living organisms.

As a result of the workshop findings, a number of programs were under-
taken in the United States and elsewhere to address the problem of marine
debris. In view of the progress being made, in December 1986, the Marine
Mammal Commission recommended to the National Marine Fisheries Service that
it initiate planning for a second conference to review the marine debris
issue. The Service agreed with this recommendation and, in fiscal year
1988, provided funds to begin planning and organizing a conference. 1In
March 1988 the Marine Entanglement Research Program established a steering
group to organize an international workshop. The Second International
Conference on Marine Debris took place 2-7 April 1989 at the Ala Moana
Americana Hotel in Honolulu, Hawaii.

Objectives

The objectives of the conference, as defined by the steering group,
were to:

e evaluate new information on the types, amounts, sources,
fates, and distribution of marine debris in different ocean

areas;




e evaluate what has been done in the North Pacific basin as a
prototype for activities that might be usefully undertaken in
other regions;

e identify and evaluate existing and potential methods for
gathering data on and monitoring trends in the sources,
types, fates, amounts and distribution of debris at sea and
on beaches;

e identify and evaluate information on the nature and extent of
marine debris-related impacts on species and populations of
marine life, including seals, turtles, seabirds, crustaceans,
and fish, in different ocean areas;

¢ identify and evaluate the impacts of marine debris on human
health and the safety of ships at sea;

¢ identify and evaluate aesthetic and other impacts of marine
debris on coastal environment;

e review and evaluate information on existing and potential
technological and procedural ways to reduce or eliminate the
problem of marine debris;

e assess the effectiveness and future role of programs to
educate the public and promote awareness of the problem;

e evaluate international, intergovernmental, domestic, and
informally constituted regional authorities that might be
usefully drawn upon to strengthen cooperative efforts to
address regional issue;

¢ describe programs necessary to assess the effectiveness of
measures presently being taken to address various elements
of the problem; and

e prepare a report summarizing the results of the conference
and the steps that should be taken to address different
aspects of the problem.

Workshop Organization

The conference opened Monday, 3 April, with a keynote address and a
plenary session that set the stage for discussions during the remainder of
the week. Overview papers presented during the plenary described the
marine debris issue in six geographic areas: the North Pacific, the north-
west Atlantic; the southwest Pacific; waters off southern Africa; the
Antarctic; and the Caribbean. During the next 4 days, background and
experience papers were presented on aspects of the marine debris problem.
The subject areas of these technical sessions included: (1) amounts, types,
distribution and sources of marine debris; (2) entanglement of marine life
and ghost fishing; (3) ingestion by marine life; (4) economic impacts on




vessels and shorelines; (5) solutions through technology; (6) solutions
through law and policy; and (7) solutions through education. In some
cases, these technical sessions ran concurrently. Beginning on Wednesday,
5 April, participants separated into eight working groups to discuss the
results of the technical sessions and formulate recommendations on needed
actions. The subject matter of the working groups mirrored those of the
technical sessions except that entanglement and ghost fishing split into
two working groups. At a final plenary session on Friday, 7 April, working
group chairmen summarized the results of these deliberations for workshop
participants as a whole. A conference summary was presented at the closing

luncheon.

Sponsors and Participants

Sponsors of the workshop included: Canada Department of Fisheries and
Oceans; Council for Solid Waste Solutions; Intergovernmental Oceanographic
Commission (UNESCO); National Coastal Resources Research and Development
Institute (U.S.A.); Pacific Rim Fishing Industries; Sea Grant Colleges--
University of Hawaii; State University of New York at Stony Brook, Marine
Sciences Research Center’'s Waste Management Institute; University of
Hawaii, School of Ocean and Earth Science and Technology; U.S. Environ-
mental Protection Agency; U.S. Fish and Wildlife Service; U.S. Marine
Mammal Commission; U.S. Minerals Management Service; U.S. National Oceanic
and Atmospheric Administration; and the U.S. Navy.

As at the 1984 conference, participants included representatives from
these groups along with scientists from various disciplines, administration
and management personnel from Federal and State offices, and representa-
tives of the fishing industry, the academic community, conservation groups,
and other public and private interests. Although participants were pri-
marily from the United States, representatives from the Republic of Korea,
Japan, New Zealand, Canada, Israel, The Netherlands, South Africa, and the
United Kingdom were also present. This level of participation is indica-
tive of the high degree of international interest in the problems of marine
debris.

II. SUMMARY OF OVERVIEW SESSION
(chaired by Brian Boyle)

Several papers were presented addressing the marine debris situation
in various parts of the world. Activities were reported under way to
reduce the impact of marine debris on North Pacific seabirds and marine
mammals. Effects of these actions are as yet unknown. Impacts of marine
debris in the northwest Atlantic were also discussed, and it was concluded
that aesthetic degradation of beaches and the cost of cleaning beaches
appear to be the most serious effects of marine debris in the study area.
Threat to marine life appears to be limited to sea turtles. Addressing
accumulation, distribution, and environmental effects of plastic pollution
in the southwest Pacific, it was noted that plastic debris of all kinds and
in all sizes is widespread in this region, including shores of isolated and
unpopulated islands. Ingestion of plastics has been recorded for at least
7 species of mammals, 26 seabird species, and 2 marine turtles species in




the waters off southern Africa and the adjacent Southern Ocean. In
addition, 5 marine mammal species and 13 seabird species have been found
entangled in plastic debris. Steps are being taken by the Commission for
the Conservation of Antarctic Marime Living Resources to monitor marine
debris in the Antarctic. Assessment of petroleum hydrocarbons in the
marine environment of the Caribbean was also discussed.

III. SUMMARY OF TECHNICAL SESSIONS

Session I: Amounts, Types, Distribution, and Sources of Marine Debris
(chaired by Murray Gregory and Satsuki Matsumura)

Debris is found in all oceans in all parts of the world. [Regional
evaluations of the amounts, types, distributions, and sources of persistent
debris are required to develop efficient strategies for its control. Such
evaluations are also critical to the discovery of current and potential
problems caused by marine debris. This session included 22 papers, -includ-
ing several on concentrations of marine debris in the North Pacific/Bering
Sea areas and others addressing the debris problems in the Gulf of Maine,
New York Bight, the Outer Banks of North Carolina, a Texas barrier island,
the east Mediterranean, the Israeli coast, and elsewhere. Papers also
discussed the National Marine Debris Data Base and suggested guidelines for
the design of beach debris surveys.

Session II: Entanglement of Marine Life (chaired by Charles Fowler)

The destruction of marine organisms through encounters with synthetic
debris has been widely reported, and entanglement is the most common
mechanism for this destruction. While the consequences of entanglement are
obvious for individual animals, the implications for the status of the
populations involved have been difficult to ascertain. Sixteen papers were
presented on these topics, including ten on the northern fur seal and one
each on Hawaiian monk seal, pinnipeds in the Southern California Bight, and
marine mammals and sea turtles in the New York Bight. Presentations also
addressed ghost fishing and the preliminary results of a study on the
impact of the changing shape of derelict driftnets.

Session III: Ingestion by Marine Life (chaired by Peter Lutz)

Ingestion of plastic bags, synthetic rope, plastic pellets, and other
marine debris has been reported as the cause of death of individual sea
turtles, seabirds, marine mammals, and fish. The extent to which such
incidents occur is uncertain, and thus it is also uncertain whether such
occurrences have negative impact on population levels. This session
included 15 papers presenting the latest scientific findings on research on
debris ingestion. Six papers addressed incidence and effects of ingestion
by seabirds, four focused on ingestion of plastics by sea turtles, and
others addressed ingestion by fishes and marine mammals.




Session IV: Economic Impacts on Vessels and Shorelines
(chaired by John Sutinen)

Netting, rope and sheeting discarded at sea can disable vessels, thus
threatening human safety on the open water. Floating debris has a negative
aesthetic impact on beaches and inshore waters and can pose a human health
hazard. Coastal communities that depend on tourism can incur significant
costs as a result of decreased tourist traffic and cleanup costs. An eco-
nomic perspective on the problem of persistent marine debris addressed
problems in enforcing regulations to prevent marine debris. A research
agenda was proposed. One report described how the Japanese commercial
fishing fleet suffered damages as a result of marine debris. Other papers
addressed recent incidents of medical wastes washing up on U.S. Atlantic
beaches and the New York State Marine Debris Program.

Session V: Solutions Through Technology (chaired by Bruce Perlson)

A vast range of useful applications of new and modified technology is
available for reducing the marine debris problem. Areas ripe for
advancement include: simplification of shipboard waste handling, control of
land-based sources, port waste handling systems, plastics and other
recycling systems, waste heat recovery; fishing gear loss and recovery, and
controlled-lifetime plastics. There is apparently a changing attitude in
the packaging industry toward the development of biodegradable plastics. A
paper described results of studies of the weathering behavior of five types
of plastic materials commonly found as marine debris, and another reported
on a recently initiated project to encourage recycling of marine plastic
debris. Other papers in this session addressed control and disposal of
wastes aboard ships and the port’s role in reducing marine debris by
providing refuse reception facilities.

Session VI: Solutions Through Law and Policy (chaired by Timothy Keeney)

Solutions to the marine debris problem involve many disciplines,
industries, institutions, and agencies of government. This session focused
on models of public process that have dealt with fractionated leadership
and authority structures in solving the marine debris and similar multidi-
mensional problems. The U.S. Environmental Protection Agency’s Interim
National Coastal and Marine Policy, which is aimed at controlling medical
wastes and other marine refuse, was described. Another paper discussed
international and regional regulations to prevent and control pollution by
ships and noted, for example, that a recent survey of the German Bight
estimated that 95% of the 8.5 million pieces of debris dumped annually,
come from ships. Five papers addressed aspects of MARPOL Annex V and its
potential for reducing marine pollution, and the Marine Plastic Debris
Action Plan adopted in the State of Washington was described.

Session VII: Solutions Through Education (chaired by Bernard Griswold)
Because a great deal of the persistent debris reaching the ocean is

the result of actions by individuals, public education on impacts of debris
and disposal alternatives is seen as an important factor in solving the




problem. Papers in this session represented a wide range of educational
programs and materials in place throughout the world, and one discussed how
the plastics industry has responded to the problem of marine pollution,
specifically to the presence of resin pellets in the marine environment.
Efforts being carried out by The Tidy Britain Group to control marine
litter were documented. Other authors discussed marine education and
cleanup programs being implemented by the shipping industry, the U.S. Navy,
various states and localities, and Japan. The final paper pointed out the
need to consider and understand public attitudes and perceptions when
designing an education program.

IV. SUMMARY OF WORKING GROUP MEETINGS

Working Group 1: Methods to Assess the Amounts and Types of Marine Debris
(chaired by Christine Ribic)

The working group reviewed various methods currently being used to
survey debris at sea, on beaches, on the sea floor, and emanating from
land. Participants agreed that certain areas should be selected for con-
centrated study: on an international level, MARPOL special areas were
suggested as appropriate; on national or regional levels, areas should be
chosen to meet local areas of interest or management.

The group proposed methodologies to be used to determine amounts of
debris. For nearshore, open ocean and sea bottom areas, platforms of
opportunity, or dedicated surveys are appropriate. Beach surveys could be
done using either designed programs or volunteer programs.

To improve accuracy and usefulness of strip transect surveys used to
assess floating debris, the group recommended: using two or three observers
instead of a single observer; calibration runs to estimate strip width;
and experiments to investigate color and size biases. The working group
further recommended that, when accurate distance measurements can be made,
line transect methodology should be used. It also noted the possibility of
using low-flying aircraft to survey nearshore areas.

As regards the magnitude of bottom debris, the group identified
fishermen as a potential source of baseline information. It recommended
that a survey form be developed to collect information from fishermen on
debris tangled in their nets. One suggestion was made to classify all
debris in one of four size categories ranging from "mega" (>2-3 dm) to
"micro" (powdered or unseen in general).

The working group attempted to list certain debris types for purposes
of recordkeeping, such as: nets (by type); other fishing gear; strapping
bands (open/closed) (cut/not cut); granulated plastic (recycled plastic);
particulate plastic; fragmented plastic; plastic bags; plastic containers
(country of origin, age); Styrofoam; medical wastes; rope; entanglement
remains (e.g., bones). The group recommended that other lists be reviewed
to develop a common list that can be tailored to individual areas.




The working group agreed that the technique currently appropriate for
assessment studies on a large scale was the beach survey. On a limited
scale, dedicated surveys using visual observations and neuston tows in the
nearshore areas (e.g., bays, harbors) or limited ocean areas (e.g., off-
shore dumping areas) could also be used for assessment. Techniques using
aircraft are experimental and could probably be used for baseline studies.
Bottom debris studies are currently in the baseline category. Development
of techniques to study bottom debris is needed.

Most members of the working group agreed that a procedures manual
should be compiled for use as a starting point for people interested in
initiating marine debris studies.

Working Group 2: Entanglement of Marine Life (chaired by W. R. P. Bourne)

The working group found that there is accumulating anecdotal evidence
that virtually all marine animals are occasionally entangled in debris, but
that quantitative data are available for only a few species. Care is
needed in the interpretation of available information because it is diffi-
cult to distinguish between the effects of marine debris and other factors
such as oceanic fluctuations, disturbance of animals while breeding, the
impact of fishing on both animals and their food supply, disease, and other
forms of pollution.

The group found that entanglement of cetaceans appears to be infre-
quent, but even small numbers may represent a serious impact on the reduced
population of North Atlantic right whales. Phocid seals are occasionally
entangled in netting but the incidence is not high. One phocid seal for
which the entanglement problem appears to be most significant is the endan-
gered Hawaiian monk seal. Otariid seals appear to be among the marine
species most prone to entanglement, young animals being particularly
vulnerable. As regards marine turtles and seabirds, the group concluded
that entanglement does occur but that there is little if any evidence of
any impact on numbers when compared to other factors such as loss of
habitat or incidental take in certain fisheries.

The working group concluded that, in view of the number of problems
that require investigation and the wide area to be covered, there is need
to establish an international organization to coordinate and standardize
systematic collection and dissemination of information about the occurrence
and impact of marine debris and possible conservation measures to mitigate

its impact.

The group further recommended, among other things, that efforts be
continued to monitor, remove, and destroy lost or discarded nets and
other debris presenting a hazard to monk seals, marine turtles, and other
wildlife in the Northwestern Hawaiian Islands; and that monitoring be
continued on the numbers, survival, breeding success, and incidence of
entanglement of northern fur seals. It also recommended the investigation
of the impact of entanglement and other possible hazards on right whales in
the northwest Atlantic and Kemp's ridley turtles in the Caribbean, and a
review of the long-term evidence for the incidence of entanglement provided
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by bird-banding and beach surveys. Continued analysis of population level
effects of entanglement through simulation modeling are to be encouraged.

Working Group 3: Ghost Fishing (chaired by Paul Breen)

The group concluded that ghost fishing is a potentially serious
problem because of the very large volume of fishing gear now in use and the
increasing use of nondegradable materials such as plastic, vinyl-coated
wire, and fiberglass. Traps and gillnets were seen as the primary cause of
ghost fishing problems, with trawl and longline gear types presenting a
lesser problem. The group concluded that mitigation of ghost fishing by
traps is technologically simple, but that ghost fishing by nets may be more
difficult to solve. 1t recommended that both time-failure devices and
degradable meshes be developed and tested.

The group agreed upon a series of recommendations classified by
priority. High priority was placed on the following four proposals:

1. Fishery agencies responsible for trap and tanglenet fish-
eries should conduct lost gear simulations to determine
whether ghost fishing occurs and, if so, the rate at which
target and nontarget species are killed. If ghost fishing
is found to be a problem, the rates of gear loss should
be estimated through logbook programs or questionnaires.
Useful information might be obtained from surveys of
manufacturers.

2. Where ghost fishing has been demonstrated or is suspected in
a trap fishery, the fishery agency should decide what timed-
failure mechanisms would be most appropriate to reduce the
lifespan of traps and how soon timed failure should occur.
Research under actual fishing conditions should then be
conducted to determine the most appropriate regulation for
timed failure.

3. Further studies with simulated lost pelagic gillnets should
be conducted using nets larger than those studied to date
and approximating commercial nets. These studies should
examine whether ghost fishing takes place; if so, at what
rate; and the rate at which the nets form a mass or other-
wise cease to fish.

4. Direct observations should be made of lost pelagic gillnets
to determine their shape and to determine the apparent rates
at which ghost fishing for fish, birds, sea turtles, and
marine mammals is taking place.

Working Group 4: Debris Ingestion by Marine Life (chaired by Louis Sileo)

The working group noted that studies to determine the prevalence of
ingested plastics require monitoring. It recommended that future studies
have statistically adequate sampling schemes designed to test hypotheses
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that the prevalence is increasing or decreasing in given areas, taxa, etc.
The group found that, regardless of the species, the same three general
pathophysiological effects were proposed: (1) mechanical blockages; (2)
pseudosatiety or other impairment of a chick’s ability to accept a full
meal; and (3) absorption of toxins from the plastic.

The working group placed priority on research on turtles, i.e.,
experimental feeding studies to determine how to interpret the lethality
or other significance of ingested plastic and the range of pathophysiology
in ingested plastic in turtles, along with continued monitoring of the
prevalence of ingested plastic and its association with lesions. The group
also recommended controlled experiments be carried out on birds to (1)
determine if pseudosatiety does occur; (2) elucidate the duration of reten-
tion and erosion rates of ingested plastics; and (3) determine the toxicity
of ingested plastics. The results of such studies will determine the need
for long-term population studies.

Working Group 5: Economic Impacts of Marine Debris
(chaired by Kenneth McConnell)

The working group viewed the marine debris problem as an example of
a situation where markets have failed to allocate resources efficiently,
leading to the creation of nonmarket, or external, costs. The presence
of an external cost indicates a problem that requires some form of public
policy to solve. However, policies to reduce marine debris require people
to change their behavior. Incentive schemes may be especially cost-
effective in controlling debris when education and moral suasion fail.
The working group proposed a list of projects to investigate the use of
fees and incentives as part of the solution. These include: deposits on
the return of nondegradable products, fees on the use of nondegradable
materials, and incentives at the production level.

As regards compliance, the working group proposed investigating
alternatives to the traditional approach of seeking compliance through
persuasion. Policies combining punishment and reward and which partly
subsidize the adoption of techniques are used elsewhere. For example,
sewage treatment has been enhanced by Federal subsidies to construct waste
treatment plants linked with the requirement that all households hook up.
Methods of linking compliance to rules and regulations for handling marine
debris can be linked to access to other beneficial programs.

Public campaigns to reduce pollution by moral suasion have been
attempted for other forms of pollution. A study of such prior public
campaigns would help understand their failures, which have been many, and
their successes, which have been few.

As regards on-shore disposal, the working group proposed an investiga-
tion of the economic gains that can accrue to a particular region as a
consequence of consolidating waste handling facilities.

On the matter of aesthetics, the working group noted that debris makes
beaches less attractive and traps fish and wildlife. Each of these entails
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an aesthetic loss to some individuals. Currently, little or nothing is
known about the economic cost of either. The working group recommended two
types of studies to help understand the magnitude of the economic costs of
marine debris. These are a study of the economic costs of debris on a
specific set of beaches and a study of the economic costs incurred when
some individuals of a noncommercial species (e.g., birds, mammals) are
entangled in marine debris.

When vessels and their gear are impaired by contact with marine
debris, there are two kinds of costs: the cost to repair or replace damaged
gear and the opportunity cost of the vessel and gear when it is not in
service. The working group suggested research to investigate the incidence
of impairment and the magnitude of costs for one of the following industry
groups: commercial fishing, shipping, or recreational boating.

The biggest impact of marine debris on fish stocks is the ghost
fishing phenomenon, but there is also the possibility that consumers’
perception of contamination of fish stocks by marine debris can influence
the demand and price of selected fish products. Ghost fishing has an
economic cost in terms of the lost resource. The working group suggested a
joint project involving economists and biologists to study the impact of
perceived contamination on the price of and demand for fish.

Working Group 6: Technological Solutions (chaired by William Gordon)

The working group recognized that further work is required to quantify
the types and volumes of ship-generated debris, but felt strongly that
technology/methodology currently exists to address management of the
majority of the wastes generated at sea. Because a large measure of the
ship-generated debris ultimately will be transported ashore, satisfactory
resolution of much of the marine debris issue will require rational resolu-
tion to many of the terrestrial waste management issues and problems.

The group concluded that more information should be obtained about
types, quantities, and distribution of the plastic materials that will be
brought ashore under MARPOL regulations for disposal ashore. Such informa-
tion should be disseminated throughout the plastics industry to encourage
reuse of such material.

The working group recommended that development of new technologies
be encouraged. For example, in the area of low technology burning,
research is needed on the environmental impacts of air emissions, develop-
ment of guidelines concerning materials separation and operations, and
environmental implications of ash and methods of its disposal. Regarding
incineration, research is needed on environmental impacts of air emissions
and the environmental implications of ash and methods of disposal.

In the area of ship design, new designs should accommodate waste
management strategies and new construction should include facilities and
space accommodations for waste management.
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Regarding policy, no single methodology or technology will ensure
compliance with waste management regulations. The working group felt that,
accordingly, no policy should be established which will prohibit technol-
ogies which have potential.

Working Group 7: Marine Debris Law and Policy
(chaired by David Cottingham)

The working group reviewed existing legal and institutional arrange-
ments to curtail the disposal and loss of solid wastes into the marine
environment. The group concluded that solutions to the problem of marine
debris should be developed and implemented in concert with efforts to
address broader solid waste management issues. The most pressing needs
identified include: (1) expanding participation to relevant international
agreements; (2) assuring that adequate port reception facilities are avail-
able at all ports and harbors to receive ship-generated garbage returned to
shore; and (3) adopting national policies and programs, such as recycling
and innovative packaging, to reduce quantities of generated solid waste.

The group identified two international agreements as being of greatest
importance to the problem of marine debris: MARPOL Annex V and the London
Dumping Convention (formally known as the International Convention on the
Prevention of Marine Pollution by Dumping of Wastes and Other Matter). 1In
addition, at least 10 regional conventions control various forms of pollu-
tion, including the disposal of plastics and other solid wastes into the
marine environment. The working group concluded that these international
conventions establish the prohibition of disposing of plastics and other
solid materials into the sea as "customary international law."

The group recognized that control of land-based sources of marine
debris is a difficult problem that must be addressed domestically by
individual nations. For example, it recommended that governments encourage
recycling programs to reduce the volume of material that becomes solid
waste,

Regarding compliance and enforcement, the working group recommended
that the International Maritime Organization and pertinent governments
party to MARPOL Annex V develop incentives to encourage vessels owners and
operators to comply with garbage disposal regulations, and that vessel
owners and operators be encouraged to report ports and harbors that do not
have required port reception facilities.

Working Group 8: Marine Debris Education (chaired by Kathy O’Hara)

Education has been identified as an important way to help reduce the
marine debris problem and is particularly important because land-based
sources of debris are primarily nonpoint. Ethics and behavior patterns of
individuals both on land and at sea must be changed, and education is a
known means for effecting such changes.

The working group was charged with assembling a comprehensive list
of the types of educational materials currently in use. The group
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identified more than 100 different types of educational materials,
including 21 brochures, 19 reports, fact sheets and special documents,
11 posters, 10 videos, 9 curriculums and guides for educators, 6 news-
letters, and more than 30 other types of educational materials.

Marine debris education encompasses two key elements: the implementa-
tion of educational programs and the development of educational materials.
With regard to the former, the working group recommended that marine debris
education should be incorporated into three primary types of programs: (1)
formal education in a structured academic setting; (2) informal education
outside a formal academic setting but within structured educational events
such as adult education classes and organized youth groups; and (3) general
public awareness. Among the groups identified as target audiences for
marine debris education, the working group concluded that five major groups
are priority audiences: (1) general public, (2) media, (3) teachers and
educators, (4) school children, and (5) all marine user groups.

A public awareness campaign is of utmost importance at present.
Specific elements that should be addressed in developing this campaign
include an initial assessment of human behavior and public perception of
the marine debris problem. The working group felt that a comprehensive
strategy to effectively use the media to disseminate information was para-
mount to the success of this campaign.

After reviewing the list of marine debris educational materials, the
working group concluded that there is a wealth of materials currently
available but there is a need to facilitate the dissemination of these
materials to appropriate groups. In 1988, the National Oceanic and
Atmospheric Administration’s Marine Entanglement Research Program
established two Marine Debris Information Offices, which respond to
requests for information on marine debris. The working group suggested
that the dissemination of educational materials would be facilitated if
these offices were given increased visibility as a resource center along
with sufficient quantities of educational materials to meet the demand.

Existing government distribution mechanisms should also be used to
increase dissemination of materials, such as licensing and registration
procedures for fishing and boating, the working group concluded. The group
recognized the difficulty of disseminating educational materials on an
international level due to the diversity of cultures and languages. How-
ever, it was suggested that specific international agencies, such as the
United Nations Environment Programme, the Food and Agriculture Organiza-
tion, and the International Maritime Organization, should be encouraged to
facilitate information exchange.

Efforts should be made to include the marine debris issue on the
agendas of international conferences and meetings that address the issues
of marine pollution and education.

Appropriate means for evaluating the success of educational programs
were discussed. The working group concluded that evaluation techniques
could be conducted through long-term citizen monitoring of beach debris and
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monitoring the usage of shoreside refuse reception facilities. Formal
surveys should be conducted, where possible, to assess changes in attitude
and behavior.

It was agreed by all working group participants that the marine debris
issue is part of the larger solid waste problem and therefore we should
incorporate lessons learned from dealing with solid waste into marine
debris educational materials and programs.

V. RECOMMENDATIONS

Conference participants set forth a number of priority recommendations.
Examples of some of the primary recommendations are:

* broad international acceptance and implementation of the
terms of MARPOL (73/78) Annex V, especially the provision of
port reception facilities;

e recognition of the marine debris problem as a symptom of the
worldwide solid waste disposal crisis;

¢ pursuance of technological and procedural solutions to the
marine debris and solid waste problems while avoiding
policies and regulations that may restrict solutions;

e expansion of marine debris and solid waste disposal education
to people and institutions worldwide, recognizing regional
and cultural differences in the perception of these problems;

e development of a set of standard methods for surveys of the
amounts, types, and sources of marine debris;

e establishment of an international committee or organization
to further collaborative research on the impacts of
entanglement on living marine resources;

* design and implementation of baseline experiments to estab-
lish the lethal and sublethal impacts of persistent debris
ingestion by sea turtles and seabirds;

¢ design and implementation of experiments to evaluate ghost
fishing in gillnet and trap fisheries with high gear loss
rates, developing mitigative measures as needed; and

e evaluation of the economic impacts of marine debris, both
direct, as in vessel disablement and commercial fish loss,
and indirect, as in aesthetic damage and solution costs.
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A REVIEW OF MARINE DEBRIS RESEARCH, EDUCATION, AND
MITIGATION IN THE NORTH PACIFIC

James M. Coe
Alaska Fisheries Science Center
National Marine Fisheries Service, NOAA
Seattle, Washington 98115, U.S.A.

ABSTRACT

The earliest biological investigations and reports of the
marine debris problem focused on North Pacific species,
principally seabirds and marine mammals. In 1984, the Workshop
on the Fate and Impact of Marine Debris in Honolulu brought
together scientists and managers to evaluate information on this
problem. Based on the recommendations of the workshop this
paper reviews research and management activities and results
since 1984 in the North Pacific. The Governments of the United
States and Japan have been the primary participants in these
activities. Both United States and Japanese programs include
research and monitoring, mitigation technology, and education,
as evidenced by the variety of papers being presented at this
conference. The effective implementation of the requirements of
MARPOL Annex V, especially in the fishing industries of the
North Pacific, is a common goal of most Pacific Rim nations.

The fishing industries themselves have made significant commit-
ments to address their contribution to the marine debris problem
in the North Pacific. The effects of these actions on the known
impacts of persistent debris in the North Pacific have yet to be
realized.

INTRODUCTION

The early focus of attention in the marine debris issue in the United
States was the North Pacific Ocean and its shores. This was due in large
part to the early documentation of the interactions of wildlife with
fisheries-generated marine debris. Observations of northern fur seals
entangled in debris were recorded as early as 1936 (Fiscus and Kozloff
1972). Records of Laysan albatross ingesting plastic debris date from the
mid-1960's (Kenyon and Kridler 1969). 1In 1974, field biologists began
keeping records of entanglement of highly endangered Hawaiian monk seals
(Henderson 1985). Widespread ingestion of plastic particles by 37 species
of North Pacific seabirds was reported in a study by Day (1980).

In R. S. Shomura and M. L. Godfrey (editors), Proceedings of the Second International
Conference on Marine Debris, 2-7 April 1989, Honolulu, Hawaii. U.S. Dep. Commerx ., NOAA Tech.
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Starting in the early 1960's, large-scale industrial fisheries
proliferated in the North Pacific and in the Bering Sea. Increasing use,
loss, and discard of persistent plastic nets, packing straps, packaging,
and other refuse from these vessels were evident in surveys of Alaskan
beaches since 1972 (Merrell 1985). The general surface circulation
patterns of the North Pacific suggest that floating debris may remain at
sea for several years before being deposited on shore (Reed and Schumacher
1985). Accumulating evidence of increasing amounts of debris in the ocean
combined with observations of its range of impacts on wildlife led to the
convening of the first international scientific meeting on marine debris in

late 1984.

The Workshop on the Fate and Impact of Marine Debris (FIMD), held in
Hawail in November 1984, was an opportunity for the scientific community to
evaluate the state of knowledge about marine debris and to draw conclusions
where appropriate (Shomura and Yoshida 1985). Based largely on data from
the North Pacific, the working groups at the 1984 workshop concluded that
persistent marine debris poses a long-term threat to certain species as
well as to maritime and coastal commerce. Observations from other ocean
areas suggested that similar problems could exist in all the world’s ocean
areas. These revelations fostered the initial concern about this new and
apparently widespread form of marine and coastal pollution.

In response to the charge to participants, the 1984 workshop prepared
a series of findings and recommendations that were to become the guidelines
for marine debris action in the North Pacific as well as the world. The
executive summary of the workshop report includes the following conclusory

paragraph:

"The Workshop considered the information presented during the
technical sessions and concluded that there is ample evidence
that debris of both terrestrial and shipborne origin are wide-
spread in the marine environment. While such debris is known
to interact with a wide variety of marine mammals, fishes,
turtles, birds, and invertebrates, in most instances the conse-
quences and quantitative impacts of this interaction do not
appear to be well understood. However, substantial qualitative
evidence indicates these interactions are contributing to
increased mortality over that resulting from natural causes."

These findings prompted the workshop participants to make general
recommendations for information collection to elucidate the sources,
distribution, amounts, fates, and impacts of persistent marine debris.
Studies of the biological impacts of entanglement and ingestion on North
Pacific marine mammals, seabirds, and sea turtles were specifically identi-
fied. The development of sampling methodology for beach and sea surface
debris--especially fishing gear--was recommended. In concluding that
marine debris is a real problem for marine life and vessels, however poorly
quantified, the workshop recommended education and mitigation efforts to be
undertaken concurrently with the information collection activities. The
mitigation efforts were to include regulation of the types of debris most
hazardous to marine life, investigations of the use of biodegradable
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materials, net recycling, and the promotion of beach surveys and cleanups.
Education efforts were recommended to advise user and interest groups of
the nature and scope of the marine debris problem. The target groups were
to include fishing and plastics industries, merchant carriers, the mili-
tary, appropriate international organizations, and the public.

The workshop recognized that many of its findings were based on infor-
mation from the North Pacific Ocean and recommended that the severity of
the marine debris problem in other ocean regions be investigated. It also
recommended a start on the evaluation of economic impacts of debris by
obtaining data on worldwide vessel disablement caused by interactions with
marine debris. The need for international cooperation in the investigation
and solution of marine debris problems was broadly recognized by the
workshop.

With the 1984 FIMD workshop as a starting point, this paper attempts
to summarize and review recent marine debris research and monitoring,
mitigation, and education activities affecting the North Pacific Ocean.
This review includes known United States and foreign activities, brief
summaries of their results, and an evaluation of developments and
continuing needs in each action area. It is likely that there have been
foreign government or industry actions addressing marine debris in the
North Pacific that are not reported here. Any such omissions are uninten-
tional. Many of these actions may be reported elsewhere in Shomura and
Godfrey (1990).

RESEARCH AND MONITORING ACTIVITIES

Research related to marine debris problems has encompassed biological
investigations, measurement of the sources, amounts and distribution of
debris, and research and development for technological solutions. Under
this section, biological research and the monitoring of debris sources and
amounts will be reviewed. Research related to technologies for solving
marine debris problems will be reviewed in the Mitigation section below.

Biological Research

Northern Fur Seal Entanglement

The United States, Japan, and the Soviet Union have carried out
research related to the entanglement of the northern fur seal, Callorhinus
ursinus. Until 1985, these research activities were coordinated under the
Interim Convention on Conservation of Pacific Fur Seals. Since that time,
cooperative research has continued between the United States and Japan at
the Pribilof Islands, with each nation also doing independent research.

The northern fur seal population breeding at St. Paul Island in the
eastern Bering Sea has been the subject of continuing study of the role
of entanglement in fur seal population dynamics. Against a background of
a declining population, the hypothesis that entanglement is a principal
contributor to that decline was evaluated (Fowler 1985). Research to
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elucidate this relationship was primarily confined to the immediate
vicinity of St. Paul Island during the summer breeding season.

Scientists from the United States and Japan continued cooperative
studies on juvenile male fur seals in order to count and tag entangled
seals. These studies (involving roundups) were necessary to simulate the
juvenile male harvests which ended in 1984 but from which all previous
entanglement rates had been calculated. A sample of nonentangled seals was
tagged at the same time to allow for later evaluation of differential
mortality based on resighting rates in future roundups. Roundups with
tagging were conducted in 1985, 1986, and 1988. Resighting of these tagged
seals provides data on the differential survival of entangled and nonentan-
gled juvenile males. Roundups with removal of debris, starting in 1989,
are expected to produce the tag resighting data necessary to estimate the
changes in survival that may be possible through removal of debris for the
period between weaning and the seals’ first return to St. Paul Island.

Interpretation of the entanglement rates calculated from the roundups
has been complicated by the possible differences in behavior of entangled
and unentangled seals. Observations suggest that entangled seals may spend
a larger proportion of their time away from the hauling grounds than their
unencumbered counterparts. Studies in 1985 of entangled females with pups
showed significantly longer feeding forays for entangled females and comnse-
quently less healthy pups. An experiment was conducted in 1988 using radio
tags on entangled and unentangled juvenile males to measure differences in
hauling behavior. Results will be useful in interpretation of prior years’,
roundup-based tag returns for calculating survival. These results are
currently being analyzed with preliminary results presented by Fowler et al.
(1990).

Without correcting for possible behavioral differences affecting the
calculations, the entanglement rate for juvenile male fur seals has been
near 0.4% from the late 1970's to the mid-1980's. Preliminary results for
1988 suggest that this rate may be decreasing due to less entanglement in
waste trawl netting. Preliminary results and some interpretation of the
tagging and differential mortality studies is presented in the Technical
Session on Entanglement.

Both Japanese and United States scientists have carried out research
on the behavior of fur seals leading to their entanglement. In 1986, an
experiment in which fur seal pups were allowed to swim in a tank with
various-sized pieces of netting showed that newly weaned pups were highly
susceptible to entanglement in netting as small as 15 cm stretched mesh and
that few were able to extricate themselves (Bengtson et al. 1988). Similar
experiments in Japan with captive juvenile male fur seals showed that
investigative behavior often led to entanglement, but many of these entan-
glements were temporary. In the Japanese experiments, the materials
offered to the seals reflected the ranges of sizes found on naturally
entangled, living seals. These experiments demonstrate the susceptibility
of fur seals to entanglement in nets of various mesh sizes, and suggest
that newly weaned pups may be at particular risk.
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For most of the year, the northern fur seal population ranges across
the entire subarctic Pacific. This makes coherent studies of at-sea entan-
glement arduous, expensive, and risky in terms of information return.
Consequently, research on the entanglement of northern fur seals during
their 9 months away from the Pribilof Islands has been minimal. At the
Pribilof Islands, only the survivors are being investigated, giving a
potentially biased view of the role of entanglement in population fluctua-
tions. Research reviews and workshops in the United States to elucidate
methods of inquiry that may be feasibly and economically applied to this
question have been unsuccessful.

Recent data from the Pribilof Islands suggest that the fur seal
population may have stabilized. Having been unable in the last 4 years to
identify directly the role of entanglement in the fur seal population
decline from the 1970‘s through the early 1980's, further entanglement
research at the Pribilof Islands may be unproductive, although monitoring
of entanglement rates as an index of hazardous debris changes should
continue.

The question is certainly not closed. The impact of entanglement on
0- to 2-year-old fur seals while at sea remains one of the most serious
marine debris issues. Resources permit only opportunistic gathering of
data in the pelagic range of these animals. Reviews of remote sensing
applications and other high technology approaches to this issue have shown
them to be prohibitively risky or expensive. It is apparent that a com-
plete, scientific assessment of the role of marine debris in population
fluctuations of the northern fur seal will take many more years, if it can
be done at all.

Northern Sea Lions

The northern sea lion, Fumetopias jubatus, population in the eastern
Aleutian Islands has experienced a population decline of about 7% per year,
similar to the northern fur seals at the Pribilof Islands. Unlike the
northern fur seal, the northern sea lion population in the eastern Aleu-
tians appears to have declined continuously since the 1960's. Concomitant
decreases in other North Pacific population centers rule out emigration as
an explanation. Entanglement in marine debris was hypothesized as a
possible cause for this decline along with changes in prey availability,
disease, direct killing by fishermen, and rookery/haul-out disturbances.

Since there were a few observations on record of entangled northern
sea lions, surveys of the eastern Aleutian and Gulf of Alaska haul-out
sites were conducted in June-July and November of 1985 (Loughlin et al.
1986). 1In the June-July survey, just over 30,000 sea lions were counted.
Six were entangled and five more showed obvious signs of previous entangle-
ment. The entanglement rate in this survey was 0.04% of the adult popula-
tion. These data were judged inadequate to assess the magnitude of entan-
glement of sea lion pups because the survey took place before the pups had

gone to sea for the first time.

The November survey was conducted to census fur seal and sea lion pups
hauled out or stranded in the Aleutian Islands after weaning. This survey
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covered nine known haul-out locations and possible stranding sites but
found no entangled fur seal or sea lion pups.

These results did help to clarify the role of entanglement in the
northern sea lion population decline by suggesting a very low entanglement
rate and a possibly high level of escapement from entanglement, at least in
adults. Just as with the northern fur seal, the question of what may be
happening to newly weaned sea lion pups at sea remains unclear.

Hawaiian Monk Seals

Classified as an endangered species under the U.S. Endangered Species
Act (ESA), the Hawaiian monk seal, Monachus schauinslandi, is afforded
special attention to protect it from entanglement. Since 1982, field biol-
ogists have collected, catalogued, and destroyed potentially entangling
debris found at known monk seal haul-out sites in the Northwestern Hawaiian
Islands (NWHI). Wherever possible, seals are freed from debris. Through
1984, records showed 35 incidents of monk seal entanglement, including 8
with scars of previous entanglements (Henderson 1985). From 1985 to 1987,
another 19 entanglements have been observed, 3 of which resulted in the
death of the animal (Henderson 1988). These 19 incidents represent an
increase in the observed rate of monk seal entanglement despite the fact
that many haul-out beaches in the NWHI are cleaned at least once a year.

Further information on the effects of entanglement on the Hawaiian
monk seal are presented in Henderson (1990).

Seabirds

While there are scattered reports of seabirds being entangled in a
variety of materials, the more widespread problem for seabirds is the
ingestion of debris, especially floating plastics. Research on marine
debris/seabird interactions undertaken in the North Pacific since the 1984
workshop has focused exclusively on the ingestion problem. In 1986, three
specific studies of the impacts of plastic ingestion on the seabirds of
Hawaii were undertaken cooperatively by the U.S. National Marine Fisheries
Service (NMFS) and the U.S. Fish and Wildlife Service.

An evaluation of the incidence of ingested plastic in seabirds of the
Hawaiian Islands was conducted between May 1986 and January 1987 (Sileo,
Sievert, Samuel, and Fefer 1990). Prior to this study, only 2 of Hawaii’s
22 species of seabirds had been thoroughly examined for ingested plastic.
The study was able to examine 18 of Hawaii's 22 species, finding only 2
species with 0 plastic. The presence of plastic ranged from 0% in gray-
backed and white terns and 1% in brown noddies to 94% in black-footed alba-
trosses. The data suggested that incidence of plastic in birds was related
to the level of plastic in their immediate environment.

The other two studies of seabird ingestion of plastics involved the
Laysan albatross population at Midway. Sampling of Laysan albatross chicks
to determine diet, growth, and general health was initiated in 1987 to
measure the relationship between plastic ingestion and growth, and plastic
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ingestion and mortality. This study continued in 1989, as the variability
in the amounts of plastic fed by parent albatrosses to their chicks has
been higher than expected. Chicks in 1987 had on average nine times more
plastic in their diet than did 1988 chicks. Preliminary indications are
that plastic ingestion may not contribute in any obvious way to chick
mortality; its impacts on growth, however, may be detectable (Sileo,
Sievert, and Samuel 1990; Sileo, Sievert, Samuel, and Fefer 1990).

Papers presented at this conference indicate that several species of
North Pacific shearwaters have been studied for plastic ingestion (Ogi
1990). Further, investigations of seabird ingestion are underway in the
South Atlantic by Ryan, in the South Pacific by Gregory, and in the eastern
tropical Pacific and the Antarctic by Ainley and others. As in the North
Pacific studies, there is, as yet, little evidence of direct damage to most
seabird species caused by the ingestion of plastic debris. This indication
is by no means proven, although broad acceptance of such a finding may be
forthcoming. The working group on ingestion of marine debris is expected
to address this generalization and recommend definitive research actions.

Cetaceans

In the period between the 1984 workshop and the current conference,
little progress has been made in distinguishing between evidence of
cetacean entanglement in marine debris and cetacean entanglement in active
fishing gear. In most cases, the animal is encumbered by some fragment of
fishing gear or rope but is found stranded on shore or adrift at sea away
from any direct source. There has been no accumulation of records since
the 1984 workshop to indicate that North Pacific cetaceans are threatened
by marine debris through entanglement. A direct review of this phenomenon
using all available information has not been undertaken. The value of such
a review should be discussed in the working group on entanglement.

The subject of ingestion of marine debris by odontocete cetaceans was
reviewed by Walker and Coe from 1987 through 1988 and is reported in the
Technical Session on Ingestion in these Proceedings. While Walker and Coe
(1990) found virtually no ingestion of debris by free-ranging pelagic
odontocetes, they describe several cases of severe trauma to captive
dolphins due to plastic ingestion. This review also finds that Baird’'s
beaked whale, Berardius bairdi, and the sperm whale, Physeter macrocephalus,
which feed in the benthos, commonly ingest foreign materials that have sunk
to the sea floor. This work also suggests that the filter-feeding mysti-
cetes may be at much greater risk of ingesting debris than their toothed
cousins. A review of current worldwide information on the ingestion of
foreign materials by the mysticete whales and the impacts of ingestion
seems justified, as does further investigation of the benthic-feeding

odontocetes.

Sea Turtles

Balazs (1985) summarized the body of information on entanglement in
and ingestion of marine debris by all species of sea turtles. While the
North Pacific is home to at least four of the seven species of sea turtles,
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all of which are protected under the ESA, the majority of research on the
impacts of debris is being done in the southeastern United States. Because
they are clearly vulnerable to entanglement (Balazs 1985), are relatively
indiscriminate feeders (Lutz 1986), and are all endangered or threatened
under ESA, sea turtles wherever they are found must be considered at
serious risk from marine debris. Balazs and Choy (1990) provide an update
on our knowledge about this problem for North Pacific sea turtles.

Research on the impacts of entanglement and ingestion on hatchling and
juvenile sea turtles are being conducted by the Archie Carr Center for Sea
Turtle Research at the University of Florida. This work is concentrating
on the loggerhead turtle, Caretta caretta, in the Atlantic and will con-
tinue for at least 2 more years. The results of these studies regarding
the role of convergence zones as debris sinks and sea turtle rearing areas
may be generally applicable to other species of sea turtles, including
those in the North Pacific.

Debris Sources and Amounts

The 1984 Hawaii workshop expressed concern about persistent debris at
sea, on beaches, and on the sea floor. The principal focus of this concern
was lost or discarded fishing gear, especially netting, traps, and ropes.
These materials were judged to present the greatest hazard to marine life
and ships through ghost fishing and entanglement. Since that time,
research has been carried out to establish methods for surveying debris on
beaches and at sea, systematic surveys have been conducted on beaches in
Alaska, surveys of floating debris have been made from a number of vessels,
a marine debris reference collection has been established, and trawl
surveys of benthic debris have been completed.

Methods

A variety of approaches have been used to measure debris on beaches.
Methods vary from geographic region to geographic region and from worker to
worker. Most approaches have sound statistical underpinnings and reflect
the experience and preferences of the survey initiator. Ribic and Bledsoe
(1986) examined Alaskan beach survey data from Merrell (1980, 1985) and
data from a number of sighting survey cruises in the North Pacific. They
recommended methods for carrying out surveys of lost nets at sea and on
beaches. Most of these recommendations focused on improving the ability to
detect changes in debris density over time. From ship survey data for
floating net sightings in the North Pacific and Bering Sea (Jones and
Ferrero 1985), these workers calculated that net surveys in these regions
would need to include at least 2,800 sampling units (1l-h watches) in order
to detect a reduction of 50% with 95% confidence. These surveys should be
run annually and be designed to permit identification of, and stratifica-
tion for, local concentrations of debris. This work also recommended that
the suitability of aerial survey techniques for marine debris be evaluated.

Specific to entanglement problems in the North Pacific, the 1984
Hawaii workshop recognized the need for identifying the fishery of origin
of nets and other fisheries materials found on animals and on the beaches.
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In response to this need, the NMFS established a reference collection for
fishing gear debris in the Alaska Fisheries Science Center in Seattle.
Researchers with unidentified fisheries debris from the North Pacific may
send a sample to the curator of this collection along with all pertinent
information and receive an evaluation of its composition, the likely
fishery of origin, and other pertinent information that may be available.

Debris Surveys

Since the work of Ribic and Bledsoe, there have been a large number of
at-sea debris surveys, much of it from Japanese research and patrol vessels
(Mio and Takehama 1988; Yagi and Nomura 1988). The surveys reported by Mio
and Takehama involved 17 vessels covering 80,546 nmi in the North Pacific
and recording 7,458 sightings, 1,584 of which were seaweed and 1,082 were
wood, or 0.06 synthetic debris items of detectable size per track mile.
Yagi and Nomura reported debris sighting data from vessels repeating a
north-south transect from Japan to New Guinea from 1977 to 1986. This
survey averaged 39 debris sightings annually in an average 4,000 km sur-
veyed, or just under 0.0l items per track mile. An increasing trend in the
number of plastic sheets and bags was identified in this series; however,
no overall increase in plastic debris was obvious.

Cooperative research cruises each year since 1986 between the United
States and the Republic of Korea and Taiwan have gathered data on the at-
sea distribution of marine debris. These results are contained in the NMFS
cruise reports (unpubl. data) but have not been consolidated or analyzed
for time series or regional comparisons.

Some of the early research (Day 1980; Day et al. 1985) on ingestion of
plastic particles by seabirds led to the speculation that a large amount of
disintegrating plastic debris may be afloat in the convergence areas of the
North Pacific. The density and characteristics of the microdebris were
investigated by Day under contract to NMFS in 1987 and 1988. Samples were
taken at 27 stations using neuston nets with mesh sizes in intervals down
to 0.053 mm, and at 46 stations with mesh sizes in intervals down to 0.50
mm. In general, Day found areas of floating plastic particles all over the
North Pacific, with the highest concentrations near Japan and just south of
the Subarctic Front. The specific findings and interpretation of this work
are reported in Day et al. (1990).

Ribic and Bledsoe (1986) concluded that "The usefulness of beach
survey information is almost entirely dependent on the capability to infer
ocean debris conditions from the beach information." The coordination of
shipboard and beach surveys is essential if the utility of beach survey
data is to be confirmed. Further, the lifetimes and dynamics of debris on
beaches need to be understood if one is to conduct independent surveys over
time in regions of interest. It may be necessary to remove or permanently
mark debris to evaluate lifetime and movement as well as to ensure indepen-

dence from survey to survey.

To date, there have been no coordinated ship/beach debris surveys to
evaluate the relationship between amounts and types of floating and stranded
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debris in any region of the North Pacific. Johnson and Merrell (1988)
report on time series of beach debris surveys from selected beaches in
Alaska, where they cleaned sections of beach and also tagged large debris
items. From this work they have been able to estimate the rate of deposi-
tion of entangling materials on certain Alaska beaches. At Yakutat, the
deposition rate of trawl nets was estimated at seven nets/km/year. As a
result of his debris tagging work, Johnson discovered that large net debris
may be buried, uncovered, and moved along the beach by severe winter storms
Investigations into the dynamics of beached debris are continuing in Alaska
and are further reported in Johnson (1990).

As part of the effort to protect Hawaiian monk seals from entanglement
in debris, the research teams routinely survey, catalog, and remove nets,
ropes, etc. from beaches in the NWHI. The net materials found in these
surveys from 1982 to 1986 were reported by Henderson et al. (1987) and are
updated by Henderson (1990). The collections through 1985 amounted to 632
nets or net fragments, 539 of which were poly, i.e., polypropylene or poly-
ethylene, and 66 monofilament nylon. All of the monofilament net fragments
were from gillnets and 54 of these were most likely from Asian squid and
salmon driftnet fisheries. 1t was concluded that most of the poly nets and
net fragments were from North Pacific midwater and bottom trawls. The
fisheries of origin of this unexpectedly high proportion of trawl net mate-
rials on the beaches, and the ocean current systems that brought them to
the NWHI, are yet to be established. Since the number of nets per kilom-
eter of beach was quite high at several of the most important pupping
beaches, and monk seals, unlike northern fur seals, entangle in a wide
range of mesh sizes, the sources of poly fragments in the NWHI need to be
understood and minimized.

Interest in the nature of accumulations of sinking debris on the
Continental Shelf led to the enumeration of debris in bottom trawl surveys
in the eastern Bering Sea in 1987 and off the U.S. west coast in 1988 (June
1990). These surveys were for groundfish abundance in areas of sand or mud
bottom. The survey nets were set up to fish hard on the bottom, making it
likely that debris in the upper few centimeters of the sediment would be
scooped into the nets and be recorded. 1In general, the concentrations of
sunken debris reflect the level of vessel activities in the areas. As one
would expect, high traffic areas have greater debris densities than low
traffic areas. Also, the types of debris found on the bottom generally
reflect the surface activities.

In an attempt to elucidate the sources of net fragments in the North
Pacific and the Bering Sea, a study of NMFS Foreign Fishery Observer
Program data was conducted (Berger and Armistead 1987). The records from
1,068 observer cruises in 1982-84 in the U.S. exclusive economic zone (EEZ)
provided data from every month of the year. The amounts of net discarded,
lost, retrieved, or seen floating were recorded, as were net-mending activ-
ities and fishing operations. In 1982, 1983, and 1984, respectively, 14,
31, and 17% of the net pieces discarded were in the mesh size range to
entangle fur seals. During this period, a total of 1,551 pieces of net
were brought up in trawls and most were discarded back into the ocean. In
1983, foreign joint venture operations lost 70 trawl nets or large portions
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of nets. In 1984, this number increased to 90 nets. Foreign fishing in
the U.S. EEZ has been almost completely displaced since 1984, but it is not
known if the loss and discard rate of nets and net fragments has changed.
Under the U.S. domestic law implementing MARPOL Annex V, it is illegal to
discard net fragments, and one would therefore expect the amount of net
input into the U.S. EEZ in the North Pacific to decrease in the coming

years.

Another applied study of the disposition of derelict fishing gear in
the North Pacific was reported by Gerrodette et al. (1987). 1In this study,
a series of monofilament drift gillnets were attached to satellite trans-
mitters and set adrift to simulate lost sections of squid or salmon drift-
net. The purpose of the study was to gather information on the size,
shape, location, and length of time in the ocean. Four nets, 50, 100, 350,
and 1,000 m long were released on 12 August 1986 in the vicinity of Hancock
Seamounts, northwest of the Hawaiian Islands. The nets were tracked by
satellite from 57 to 309 days. The 50- and 100-m nets collapsed within
hours of being deployed. The 1,000-m net was reduced to approximately 15%
of its original length after 9 days adrift. It appears that there is a
positive correlation between the length of the drifting section of gillnet
and its ghost fishing effectiveness. The complex tracks of the nets showed
that prediction of the drift paths of derelict fishing gear requires a
detailed knowledge of the local surface currents and wind conditions.
Recent Japanese studies of drifting gillnet (Mio et al. 1990) confirm these
general findings; however, the ghost fishing characteristics of a lost,
full length, pelagic driftnet (approximately 5 km) have yet to be measured.

Lastly, voluntary public beach cleanups have been organized to the
extent that a uniform method of data collection is being employed in the
western United States and Hawaii (Center for Environmental Education 1988).
The data from these annual cleanup programs may have some utility as
indices of the long-term changes in the amounts and types of beach debris
in various regions. The myriad promoters of this voluntary initiative are
intent on the development of a worldwide International Beach Cleanup Day
using the same data collection methods. Over a 10-year period, the success
of the implementation of MARPOL Annex V may be seen in the data from these
extensive but infrequent (once or twice per year) samplings. They should
be broadly promoted.

MITIGATION

Under this section, the collection of activities whose objective was
to lessen the input of persistent debris into the ocean, and especially the
North Pacific, are summarized. These actions include technical assessments
and developments of waste handling and disposal technologies, as well as
legal and administrative efforts. Recent progress in both categories
affects most ocean areas, including the North Pacific.

Legal and Administrative Actions

On 30 December 1988, the terms of optional Annex V of the Interna-
tional Convention for the Prevention of Pollution from Ships as modified by
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the Protocol of 1978 (MARPOL 73/78) entitled "Regulation for the Prevention
of Pollution by Garbage from Ships" entered into force for 35 nations
representing slightly over 50% of the world’'s registered shipping tonnage.
The MARPOL Annex V prohibits the discharge of plastic from ships into the
ocean and sets distance-from-shore limitations for the discharge of other
types of ship's garbage. Table 1 summarizes the discharge requirements of
Annex V. Ships are defined under MARPOL 73/78 as all surface and subsur-
face craft as well as all fixed and floating platforms regardless of size.
Annex V also identifies five special areas in which all discharge of
garbage is prohibited. There are no special areas in the Pacific Ocean.

The principal North Pacific coastal nations that have ratified, and
are implementing, MARPOL Annex V are North Korea, Japan, the U.S.S.R., and
the United States. The domestic implementing legislation for Annex V
differs somewhat between nations but, typically, flag vessels of signatory
nations must meet the discharge requirements worldwide. All vessels within
the EEZ’s of signatory nations must meet the discharge requirements.

The Japanese showed concern over the trashing of the Pacific as early
as 1970, when they enacted Domestic Law 136, "Law Relating to the Preven-
tion of Marine Pollution and Maritime Disaster," which prohibits discharge
of nets or net fragments and promotes onboard incineration. At the urging
of the Fur Seal Commission in 1983, Japan joined the United States and the
U.S.S.R. in a campaign to protect fur seals from entanglement by stopping
the dumping of fishing gear and by cutting plastic strapping bands before
discard. 1In June 1987, the Fisheries Agency, the Government of Japan
(formerly the Fisheries Agency of Japan) established the Fishing Ground
Preservation Division to carry out a broad range of projects related to
the marine debris problem and its solutions. This program sponsors the
research on the types and distribution of marine debris in the North
Pacific reported above, and promotes a broad range of recycling, cleanups,
and public education efforts, principally through prefectural governments
and regional fishing organizations. Japanese domestic regulations imple-
menting MARPOL Annex V were set in place in March 1988.

In response to the northern fur seal entanglement problem and the 1984
FIMD workshop, the United States set up the Marine Entanglement Research
Program in the National Oceanic and Atmospheric Administration (NOAA).
This program is charged with formulation and execution of research, mitiga-
tion, and education activities to address the marine debris problem in U.S,
waters.

At the request of 30 U.S. Senators, and under the direction of the
White House Domestic Policy Council (DPC), NOAA convened the Interagency
Task Force on Persistent Marine Debris, which included the Departments of
Defense, the Interior, Transportation, and Agriculture as well as the
Environmental Protection Agency (EPA), the Office of Domestic Policy, the
Marine Mammal Commission, the Office of Management and Budget, and the
Office of the President. The Task Force reviewed the problem and produced
a set of recommendations for United States actions. The DPC approved and
published the Task Force Report in May 1988 (NOAA 1988). As implemented,
these recommendations will have far-reaching impacts on the control of
persistent marine debris in the North Pacific.
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A wide range of activities have been undertaken in international
organizations and commissions that recognize and address the marine debris
issue. The broadest possible recognition of persistent marine debris as a
legitimate marine pollutant has been a goal of the United States. As a
result of actions by the United States, Japan, and others, the marine
debris problem has appeared on the agendas of the International North
Pacific Fisheries Commission, the International Fur Seal Commission, the
Intergovernmental Oceanographic Commission, the Commission for the Conser-
vation of Antarctic Marine Living Resources, the Food and Agriculture
Organization, the United Nations Environmental Program, and, of course, the
International Maritime Organization (IMO). One of the principal products
of these international actions is the publication of guidelines by IMO
(1988). The main objectives of these guidelines are:

¢ to assist governments in developing and enacting domestic
laws which give force to, and implement, Annex V;

e to assist vessel operators in complying with requirements
set forth in Annex V and domestic laws; and,

e to assist port and terminal operators in assessing the need
for, and providing, adequate reception facilities for
garbage generated on different types of ships.

All maritime nations are encouraged to ratify and implement Annex V, using
the guidelines to help standardize international practice.

The provision of adequate port reception facilities to receive ships’
garbage has been a significant concern expressed by port and terminal oper-
ators in the United States. Two projects were undertaken at North Pacific
ports to evaluate this issue: one in the west coast fishing and logging
port of Newport, Oregon, and one involving Unalaska/Dutch Harbor and
Kodiak, Alaska. The Newport Marine Refuse Disposal Project found that
community and port user involvement in, and ownership of, the local marine
refuse problem led to a high level of usage of port reception facilities.
Further, efficient waste management practice in the port was maintained by
integrating the garbage reception system with recycling and reuse programs
in the community and with waste o0il reception sites. The lessons from the
Newport Project are reported by Recht (1988). Currently, under a grant
from NMFS the Pacific States Marine Fisheries Commission is conducting a
program to assist eight west coast ports in their development and provision
of adequate garbage reception facilities.

The results of the Unalaska/Dutch Harbor and Kodiak evaluations of
port garbage handling problems were released in October 1989. Results
suggest that the waste disposal facilities of these remote, highly vessel-
dependent ports may be strained by the addition of vessel garbage. This is
particularly true for Dutch Harbor, where the landfill life may be shor-
tened significantly. These problems are complicated by the need to handle
and dispose of waste oil, hazardous wastes, and garbage requiring special
handling for pest control. Preliminary suggestions for solutions involve
recycling, incineration, and regional consclidation of certain high-capital
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waste handling facilities. The experiences gained in this project and the
Newport Project are generally applicable to ports all across the Pacific
Rim.

The State of Washington has developed and published a Marine Plastic
Debris Action Plan as a guide for state agencies in addressing the marine
debris problem (Washington State Department of Natural Resources 1988).
This plan is an excellent model for coastal states seeking guidance on
organizing to deal with marine debris issues. California and Alaska are in
the process of developing state policy and action plans.

The principal maritime nations of the North Pacific that have not
ratified Annex V are Canada, Mexico, the People’s Republic of China, the
Republic of Korea, and Taiwan. Domestic laws of these nations addressing
garbage discharge from ships have not been reviewed for this paper. It is
known that the Canada Shipping Act provides the Canadian Government with
the authority necessary to establish garbage regulations more stringent
than Annex V. The Government of Canada is currently reviewing options for
marine debris programs and controls. The Republic of Korea has developed a
guide for the conservation of marine mammals and salmonids in the North
Pacific which requires fishing vessels to retain, and return for shore
disposal, all plastics and waste fishing gear, and to maintain a record of
these actions. Legislative and policy actions on marine debris in other
North Pacific countries have not been widely reported.

Mitigation Technology and Procedures

In general, efforts to develop or improve technology and procedures to
reduce, control, or eliminate marine debris and solid waste have been
carried out by private industry, by governments, and by independent organi-
zations. This work covers shipboard-specific waste handling procedures and
equipment, fishing gear technologies, incineration, recycling, and degrad-
able materials. Little of the research and development in these areas has
been specific to the North Pacific or to the marine debris problem. How-
ever, these developments are germane to controlling marine debris input to
the North Pacific and are briefly discussed in this section.

Shipboard Waste Handling

Since the 1984 FIMD workshop no primary technology has emerged to
control either ship-generated or land-source debris entering the oceans.
The variety of applications and needs has operated to broaden, rather than
narrow, the technical and procedural options open to all who must dispose
of wastes. While regulatory systems seem to have progressively restricted
disposal options on land, most regulators are allowing vessel operators to
choose methods most suited to their circumstances. Absent any substantive
reasons to the contrary, preserving all technical options that allow
disposers to meet the requirements of the law should result in higher

levels of compliance.

In 1986, NMFS contracted for a review of shipboard waste handling
options. The report (Parker et al. 1987) produced a table showing the
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applicability of various waste disposal methods for various types of ships.
Limited data on waste generation rates, ship configurations, and procedure
capacities required some assumptions to be used in developing the table.
The most general findings in this study were that:

e controlled incineration could be used aboard all but the
smallest vessels;

e in using compactors, all but ships with very high crew
complements (military vessels) should be able to store their
compacted wastes on board,

e storage of uncompacted wastes on board is limited to fishing
boats, research vessels, and others where the vessels are
large relative to crew size,; and

e waste generation rates on most vessels are too low to make
recycling an economically attractive approach.

Alig et al. (1990) and Martinez (1990) review the more recent developments
in shipboard waste handling technology and procedures.

The entry into force of Annex V has resulted in increased use of, and
experimentation with, burn barrels for disposing of plastics and other
garbage aboard ships with small crews, especially fishing boats in the
North Pacific. The NMFS commissioned a study of the design and use of burn
barrels to provide information on their technical feasibility, safety, and
environmental considerations (SCS Engineers, Inc. 1989a). The work
concludes that burn barrels are currently legal outside 12 nmi, may be
regulated by coastal states inside 12 nmi, are not yet regulated by the
EPA, are capable of reducing certain types of garbage to ash, and, under
certain conditions, can be operated safely (Chang 1990). Operating and
safety guidelines for the use of burn barrels aboard ships were prepared
(5CS Engineers, Inc. 1989b). However, neither NMFS nor the contractor for
these studies advocates the use of burn barrels.

Degradable Plastics

Since the 1984 FIMD workshop, the replacement of disposable plastics
and fishing gear with degradable plastics has been widely discussed. This
has been characterized as a potential solution for ghost-fishing problems
caused by lost and discarded fishing gear, as well as a potential solution
for litter and landfill capacity problems. Substantive research and devel-
opment work on these types of plastics has been renewed after some initial
work in the early 1970’'s. Most of this work is being done within the plas-
tics industry and is proprietary. The American Society for Testing and
Materials has formed a technical committee to define and develop standards
for degradable plastics. In the mean time, there have been many commercial
claims of product performance and applications for degradable polymers.
Whether these products or future products will play a substantial role in
controlling future plastic waste impacts on the environment remains to be

seemn.
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The single recent study of the degradation properties of certain
polymer types in marine and terrestrial settings was carried out by Andrady
(1990). There has been no applied research on the use of degradable
polymer products in the fishing industry. The primary work has been in the
applications of natural fiber connectors or linkages in traps and pots to
reduce their ghost-fishing life. Some coastal states around the North
Pacific require natural fiber lacings or hangings in side panels or tunnels
of crab, lobster, and fish traps. Ideally, these rot out shortly after the
device is lost, rendering the trap harmless. A recently realized drawback
to these approaches is that most natural fiber twines on the market are now
fortified with some percentage of polymer fibers and do not rot as quickly
or completely as expected (W. G. Gordon, New Jersey Marine Science Consor-
tium, Sandy Hook: Executive Office, Building 22, Fort Hancock, New Jersey
07732, pers. commun. February 1988).

Fishing Gear Marking

Ghost fishing and entanglement are a widely recognized result of the
loss and discard of fishing gear and gear fragments. The MARPOL Annex V
explicitly excludes the accidental loss of fishing gear from its plastics
discharge prohibition. This is sensible because, as a rule, fishermen
balance the cost of replacing gear and the associated lost fishing oppor-
tunities against the expected value of their catch. Under most circum-
stances, this equation limits the risk of gear loss to economically accept-
able levels. However, as long as fishing is a legitimate activity, some
gear will continue to be lost. The wildlife and vessel hazards presented
by this continuing accumulation will remain after all other plastic debris

is controlled.

It has been suggested that the control of loss, discard, and abandon-
ment of fishing gear could be improved through the use of marking systems.
Nonremovable marks presumably could allow derelict gear to be traced back
to its owner so punitive action could be considered. Thus, marking systems
might add to fishermen's incentive to avoid loss, cease discard, and put
more effort into recovery. The practical application of such marking
systems would require a complex administration and a near-foolproof tech-

nology to succeed.

Under a grant from NMFS, a review of potential fishing gear tagging
methods was conducted. The materials used in commercial fishing gear,
their manufacturing and assembly techniques, and their working parameters
were reviewed. Marking techniques considered were in the following cate-
gories: external tags, implants of various types, color codes, chemical
codes, and bonded sheaths. This study (Northwest Marine Technology, Inc.
1989) concluded that it is technically feasible to mark fishing gear and
that the optimum system will depend on the gear type. It points out that
no matter what type of system is employed, extensive record keeping would
be required if vessel-of-origin information is to be retained. This study
did not evaluate the socioeconomic or political suitability of application
of these techniques for any specific fishery or region.

It remains to be seen whether future improvements in fishing
technology and procedures will actually reduce gear losses and increase
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recovery rates or merely enable greater risks to be taken. This issue will
be given increased attention in the United States in coming years.

The Marine Plastic Pollution Research and Control Act of 1987 required
NMFS to report on the utility of using bounty systems and incentive systems
to control the loss and discard of fishing gear in the ocean. To address
this question, NMFS funded a workshop on these subjects in February 1988 in
Portland, Oregon. The workshop concluded that artificial mechanisms to
control fishermen’s compliance with the regulations implementing MARPOL
Annex V would be premature (Alaska Sea Grant 1988). It was recommended
that education programs be continued and that such consideration wait until
the required reports of compliance are made by the U.S. Coast Guard. 1If
compliance levels are unacceptable then regulatory mechanisms should be
explored in consultation with the fishing industry.

Recycling

Efforts to recycle postconsumer plastics have met with a wide variety
of successes in recent years. In general, the controlling factors in the
economic viability of plastic recycling appear to be the volume, supply,
and purity of feedstocks. With few exceptions, subsidies have been neces-
sary to entice recyclers into the mixed, postconsumer plastics arena. The
municipal waste streams of urban areas are rich in plastics but require
labor-intensive sorting. Technology for automated, mixed-waste sorting
is under development, but separating polymer types may not be feasible.

In response to this realization, a number of processes and products for
recycled mixed plastics have been and are being developed. Current product
examples include substitutes for outdoor lumber, watering troughs for
farms, and fillers for pillows, padding, and insulation.

Plastics recycling in Japan dates back to 1964. Nylon six gillnets
have been actively recycled by melt reprocessing since 1974 (Matsunaga
1988). Products from the recycled nylon six gillnets include automotive
and appliance parts, telephones, heels for shoes, golf tees, light struc-
tural reinforcements, and plastic reinforced glass products. In recent
years, nylon 6 has been largely replaced by nylon 66 in North Pacific
fisheries because it is thinner and stronger. Nylon 66 cannot be recycled
because of its heterogeneous properties, and Japanese net recycling
capacity exceeds the supply of nylon 6 (Matsunaga 1988). Fishing gear
recycling is currently unprofitable and must be subsidized by Federal and
local governments (Nakamura 1988). Research programs in the Fisheries
Agency, the Government of Japan are exploring new processes for recycling
fishing gear (Takehama 1988). Aizawa and Satou (1990) report on the dispo-
sition and recycling of plastic products including nets.

It is noteworthy that in both Japan and the United States there
appears to be a considerable demand for used fishing nets for less demand-
ing fishery applications as well as for nonfishery uses. These uses
include shellfish culture, seaweed drying, garden uses, erosion control,
sports goals and backstops, and decorations. It is encouraging that
domestic demand may absorb at least some of the nonrecyclable gear while
recycling and other disposal alternatives are developed. Ports accepting
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waste fishing gear under Annex V requirements should explore ways to
encourage this demand.

MARINE DEBRIS EDUCATION

Recognizing that littering is chronic in developed and developing
nations; that dumping at sea is a time-honored disposal metiiod; that cheap,
persistent plastics have changed the nature of the litter problem; and that
terrestrial and marine enforcement capabilities are limited at best,
realistic progress in the minimization of input of persistent wastes into
the marine environment can only be brought about through gross changes in
public attitudes and behavior. Education and example are repeatedly iden-
tified as the processes for effecting such changes.

Recognition of the ocean and coastlines as valuable national resources
is particularly strong among the North Pacific Rim nations. Each of the
cultures around the Pacific embodies an ocean ethos, the foundations of
which lie in their maritime heritage. This heritage is based on resource
utilization, trade, and transportation. A growing appreciation of the
relationships between ocean (and environmental) health, productivity, and
human use patterns appears to be making these cultural sentiments vulner-
able to change. Education programs addressing the marine debris problem
are intentionally or unintentionally using the broad appeal of the ocean
and coasts to take advantage of this wvulnerability. By moving a society's
ocean ethos towards the belief that a clean ocean has value, individuals in
that society will be less inclined to act counter to that belief.

The maritime heritage, hence the ocean ethos, varies widely among the
cultures and subcultures around the North Pacific. To have a lasting
effect on the attitudes and behaviors of a subculture (such as regional,
ethnic, or industrial), education must be either so general that it does
not seriously conflict with the world view or highly specific to that
subculture’s interests and vulnerabilities. In some cases, an education
approach may fit both criteria. Marine debris education programs around
the North Pacific have been combinations of both approaches.

Concern over entanglement of northern fur seals and ghost fishing by
derelict gillnets in the North Pacific dictated that the first marine
debris education program be focused on the fishing industries. 1In 1983,
the North Pacific Fur Seal Commission funded the preparation and distribu-
tion of a poster requesting fishermen of Canada, Japan, the U.S.S.R., and
the United States to control their discharge of net fragments and packing
bands to reduce seal entanglement. Starting in 1985 in the United States,
NMFS developed information, documents, and other educational materials for
distribution to the fishing fleets of the Pacific Rim nations. Seminars
and printed materials were given to every fishing association and fisheries
management entity on the U.S. west coast. Formal presentations were made,
and printed matter was distributed in Japan, the Republic of Korea, and
Tajwan in 1986. Fishing industry associations independently and in
conjunction with NMFS carried out marine debris awareness activities and
developed and distributed information. The fishing industry sponsored a
coast-wide meeting on the marine debris issue for fishermen in Newport,

Oregon in July 1986.
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The Newport meeting was followed by an international, industry-
sponsored North Pacific Rim Fishermen's Conference on Marine Debris in
Kailua-Kona, Hawaii, in October 1987. Sponsorship and participation in
this conference came from fishing industry groups and associations from
Canada, the Republic of China, Japan, the Republic of Korea, and the United
States. The conference recommended a set of marine debris research
priorities and adopted a resolution declaring the fishing industries’
commitment to controlling their part of the marine debris problem. A group
of fishing industry associations on the U.S. west coast used this resolu-
tion to develop an engraved plaque entitled "Fishermen's pledge for a clean
ocean." The proceedings of this conference (Alverson and June 1988) are a
valuable source of information about North Pacific marine debris programs

and actions.

In response to all manner of inquiry from the public, NOAA established
a west coast Marine Debris Information Office in San Francisco in late
1988. This office distributes 16 separate packages of general marine
debris information depending on the nature of the request received.
Requests for information may be mailed to:

Center for Marine Conservation

Marine Debris Information Office, NOAA
312 Sutter Street, Suite 606

San Francisco, CA 94108 U.S.A.

The broadest possible audience has been sought through the production
of a variety of posters, brochures, and videotapes. An award winning
7 1/2-m video called "Trashing the oceans" was produced in 1987 and has
been shown all over the world. This production is suitable for general
audiences and is available from NOAA or the Marine Debris Information
Offices. The NOAA, the Society of the Plastics Industry, and the Center
for Marine Conservation (CMC) worked together to develop and distribute
brochures and public service advertisements through marine trade journals
and magazines nationwide (Bruner 1990; Debenham 1990).

Judie Neilson first organized large-scale, public, voluntary beach
cleanups focusing on the persistent waste problem in Oregon in 1984
(Neilson 1985). The idea has caught on in every coastal state in the
United States as well as in Japan. 1In 1988 in the United States, 47,500
volunteers cleaned 5,630 km (3,500 mi) of shoreline, removing almost 1,000
tons of trash. These data were collected by the volunteers and assembled,
analyzed, and reported by CMC with support from Federal and private sources
(CMC 1989). The results of the cleanups have been widely reported in local
and national media, used in congressional testimony, and incorporated into
ever-broadening education programs.

In an attempt to ensure the widest possible understanding of the
requirements of MARPOL Annex V and to build the basis for compliance, NMFS
has contracted for the development and implementation of a shipping and
cruise lines industry education program (Wallace 1990). This activity is
directed at all vessels and vessel operators plying U.S. waters, regardless
of nationality. Products from this work will include model shipboard waste
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management plans, summaries of the U.S. regulations implementing MARPOL
Annex V, and packets of information on the impacts of marine debris.
Delivery of these materials will be through corporate offices, union
offices, and associations of shipowners and officers.

Programs initiated by the Fisheries Agency, the Government of Japan in
recent years have included fishing industry and public education components
(Yagi and Otsuka 1990). Voluntary beach cleanups have been organized in
the coastal prefectures. Seabed cleanups involving fishermen and divers
are being carried out in ports and high-use coastal areas. In 1986, 3,959
km? in 25 separate areas were cleaned. Several general video presentations
on the marine debris problem, on cleanups, and on the national marine
debris program have been produced for wide national and international

distribution.

The Republic of Korea has developed an education program and a set of
regulations to control the discharge of waste fishing gear from its fishing
vessels (Lim 1988). Each year, vessel captains are required to attend a
training session by the National Fisheries Research and Development Agency
vhich includes marine debris education. The admiral of the Korean Deep Sea
Fisheries Association is charged with educating Korean fishermen against
discharging entangling materials. The full extent of Korean and other
Pacific Rim countries’ marine debris education activities, apart from
fishing industry actions, is unknown.

Finally, in an effort to raise the world level of understanding and
appreciation of all facets of the marine debris problem, the NMFS initiated
and acted as principal sponsor for the Second International Conference on
Marine Debris.

CONCLUSIONS

The recommendations from the 1984 FIMD workshop have not been fully
met. Research on the impacts of marine debris on wildlife has not estab-
lished a clear understanding of the role of entanglement and ingestion in
the population fluctuations of any marine species. Efforts to measure the
sources and amounts of persistent debris have been greater in the North
Pacific than in any other ocean area, but a full understanding of the
dynamics of input, output, and circulation remains well in the future.

However, since the FIMD workshop, mitigation and education efforts
have enjoyed the highest priorities. By international standards, legal and
administrative actions to address the marine debris problem have progressed
rapidly. The entry into force of MARPOL Annex V marks the primary inter-
national step in controlling ship-generated debris. Technological solu-
tions for solid waste in the oceans and on land are now receiving major
attention from government and industry sectors around the Pacific Rim.
Education programs continue to expand, reaching people all over the world,
even though the high level of international cooperation recommended by the
FIMD workshop has not been achieved. As domestic policy and problems are
addressed, the opportunity for, and suitability of, international action

will increase.
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Research

The research community addressing persistent waste pollution of the
oceans is in a period of transition. Researchers, particularly biologists,
initially noted the effects of marine debris as an oddity, not necessarily
associated with their primary research. Since the FIMD workshop and the
entry into force of MARPOL Annex V, the study and understanding of this
type of pollution has become a legitimate, although minor, activity pur-
posely incorporated into marine research agendas. As this evolution
proceeds, definitions of terms are accepted, methods of inquiry are shared
and generalized, new disciplines are involved, the literature is estab-
lished, and the underpinnings of a new subdiscipline are solidified. The
next 5 years will undoubtedly see the recognition of a marine faction of
the solid waste research community including biologists, chemists, oceanog-
raphers, engineers, economists, lawyers, and possibly an institution or
two. The work of this community is likely to be more applied than basic,
as the immediate problems of solid waste management at sea and along the
coasts must be solved to comply with current and future statutes. This
emphasis will likely result in the diversion of limited resources from
research on the biological impacts of marine debris.

While North Pacific species (northern fur seal, Hawaiian monk seal,
Laysan albatross) have been the most intensively studied, inability to
field pelagic research programs continues to prevent full elucidation of
the role of debris in population changes. Increased knowledge of the
behavioral and physical mechanisms of impact and the materials involved has
strengthened the deductive evaluations of effects on populations, particu-
larly for northern fur seals. Should international field research programs
be developed for North Pacific high seas driftnet fisheries, information
may become available to assess further the impacts of marine debris on fur
seals. The experiments necessary to finally assess the physical impact of
plastic ingestion on seabirds and sea turtles should be undertaken immedi-
ately. Studies on the possible toxic effects of plastic ingestion should

also be initiated.

Specific regional studies of the direct and indirect costs to coastal
communities resulting from debris are overdue. Collection of information
on the incidence of vessel damage caused by persistent marine debris has
been sporadic and mostly anecdotal. There have been few recent studies of
the impacts of ghost fishing on target or nontarget species, on fisheries
production, or on profitability. These types of information are essential
for evaluating the range of economic impacts of debris and for crafting
appropriate solutions. Clear, broadly applicable models for evaluating the
economic impacts of accumulating marine debris would be valuable tools used
worldwide.

Mitigation

Marine debris mitigation is proceeding apace. Laws are being passed,
attitudes are changing, and industries are getting the message. The rela-
tionship between marine debris and the overall solid waste crisis is the
real key here. The marine problem will not be completely solved until the
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land-based disposal problem is solved. Broad public concern for the ocean
and coastal environment has allowed a start to be made; there can be no
turning back. The timetable for control depends on the rate of development
and implementation of rational solid waste disposal practice. For the near
future, two areas of emphasis are evident. First, the remaining North
Pacific Rim nations must accede to MARPOL and ratify Annex V. Second, the
focus for the next several years must be on technology, policy, processes,
regulation, enforcement, and education to fully implement MARPOL Annex V.
On land, appropriate combinations of source reduction, recycling, incinera-
tion, substitution, and use of landfills must be sought. Within 2 to 5
years, control of persistent waste discharge into the ocean could be fully
institutionalized around the North Pacific Rim. This endeavor assumes
increased international cooperation in the provision of port reception
facilities, in enforcement, and in promoting responsible waste management
by all maritime nations.

Education

At least in the United States, the power of ocean issues to stir
public action has been increasing for several decades. The marine debris
issue has become a major rallying point for advocates and educators alike,
catalyzing public awareness and action on an array of environmental issues.
A high level of volunteerism is being achieved in public and industry edu-
cation programs. Apparently, the United States and much of the developed
world are ready to accept the responsibility for solving the marine debris
problem. It is an issue whose time has come, one that may open the way for
increased public insistence on, and acceptance of, a more responsible

environmental policy.

Each nation must develop and effectively distribute information on its
laws and regulations to implement MARPOL Annex V or its national equivalent.
Timely, informed assistance in this implementation phase is critical to the
long-term public acceptance of these requirements. All vessel operators
and ports need this assistance. It should be noted that widely publicized
examples of enforcement actions can be highly educational.

For the immediate future, existing education materials should be
translated and adjusted as necessary for broad international use. The
beach cleanup programs should be expanded to include all coastal nations.
The cleanup data should be reported as widely as possible. Outlets for
marine debris education materials should be established and publicized by
all national and international agencies having environmental or maritime
responsibilities. These are all low-cost, highly credible activities that
should appeal to most governments and organizations. After all, who is
willing to say, "I support marine debris?"

Finally, the Third International Conference on Marine Debris should be
held in 1994 or 1995 to document world progress on this issue.
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OVERVIEW: MARINE DEBRIS IN THE NORTHWEST ATLANTIC OCEAN

Burr Heneman
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ABSTRACT

This review emphasizes recent developments (since the
author’s 1988 report) in regard to marine debris sources,
types, amounts, and distribution, effects, and mitigation,
on the Atlantic coasts of Canada and the United States.

INTRODUCTION

A substantial body of information about sources, types, amounts, and
effects of marine debris exists for the northwest Atlantic Ocean, most of
which is summarized in a report (Heneman 1988) distributed to participants
at this conference. This presentation includes general observations based
on that report but emphasizes new developments.

For our purposes, the northwest Atlantic reaches from the Atlantic
coast east to midocean and south to, and including, the North Equatorial
and Antilles Currents. Its western watershed, which includes the St.
Lawrence and many lesser rivers, drains the most densely populated and
industrialized areas of the United States and Canada.

SOURCES, TYPES, AMOUNTS, AND DISTRIBUTION

In contrast to areas of the world where a few sources account for most
marine debris, the northwest Atlantic is plagued by a great variety of
major debris sources. Merchant shipping, commercial fishing vessels,
cruise ships, recreational boats, and naval vessels may be the largest
sources, although MARPOL Annex V should cause these to diminish in impor-
tance. At the same time, inadequate storm drain and sewage treatment
systems in the United States and Canada are known to dump large amounts of
floatables into the marine environment, especially in periods of high rain-
fall; coastal landfills commonly "leak" debris into nearby waters; the
plastics industry in the northeastern United States appears to have been a
major source of plastic resin pellets; and beachgoers are an important
source of litter. As we have seen with medical wastes for the past two
summers, relatively small amounts of illegally dumped materials can have
major effects. Virtually every kind of debris source that has been

In R. S. Shomura and M. L. Godfrey (editors), Proceedings of the Second International
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Memo. NMFS, NOAA-TM-NMFS-SWFSC-154. 1990.




51

identified anywhere in the world is a contributor somewhere in the
northwest Atlantic. This variety of major sources obviously complicates
efforts to reduce amounts of marine debris and to mitigate its effects.

It is more difficult to generalize about where debris occurs in the
northwest Atlantic than in a trade wind area such as the Caribbean. The
North Atlantic gyre concentrates floating debris in the Sargasso Sea and on
the beaches of Bermuda. Along the gyre'’'s southern periphery, trade winds
deposit large amounts of debris from the Antilles Current onto Atlantic-
facing beaches in the Bahamas. Farther north, local sources and local wind
and current conditions are more important factors influencing the distribu-
tion of debris on the United States and Canadian coasts.

There is little information on trends in amounts of marine debris.
Wilber (pers. commun.) points out that his data and Carpenter and Smith's
(1972) data for the northern Sargasso Sea indicate a 1,000% increase in the
density of plastic pieces and a 200-400% increase in plastic pellets in a
period of about 15 years.

There is little recent information to report from Canada on sources,
amounts, and distribution of debris. Canada’s Ocean Policy of 1987
includes commitments to deal with plastic debris and lost and abandoned
fishing gear, but little has been done to implement the policy. Growing
public concern may be leading to a change, however. Last summer, for
example, the Nova Scotia Department of the Environment conducted one of
Canada’s first beach cleanups. An opinion survey at the same time found
increasing indignation about litter on beaches.

EFFECTS

The best-known and most serious effects of marine debris along the
northwest Atlantic coast are aesthetic and economic; the summer of 1988
provided another well-documented example of that when tourist-dependent
coastal economies lost tens of millions of dollars to beach closures in the
New York area. This is not a new problem, however; the first major inci-
dent of this sort was in the summer of 1976, when sewage and debris closed
Long Island beaches and the Governor of New York declared a disaster.

Other effects, such as damage to vessels and harm to wildlife, are
either minor or are poorly documented. At the Workshop on the Fate and
Impact of Marine Debris (FIMD) in 1984, participants agreed that the
effects of debris on sea turtles and of derelict nets and traps on fish and
shellfish deserved greater attention (Shomura and Yoshida 1985). That is
especially true for the northwest Atlantic, where these subjects may repre-
sent the most important information gaps.

ACTION AND MITIGATION

Two new programs in the United States are collecting information on
types, sources, and amounts of debris. The Marine Entanglement Research
Program and the U.S. National Park Service are sponsoring regular data
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collection at eight national seashores, including four on the Atlantic
coast: Cape Cod, Assateague Island, Cape Hatteras, and Cape Canaveral.

The U.S. Environmental Protection Agency (EPA) has funded at least 1
year of a National Marine Debris Data Base, in which the Center for Marine
Conservation is computerizing data from all the 1988 statewide volunteer
beach cleanups. Over time, these two programs may provide a means of
monitoring the success of Annex V and other mitigation measures.

On the Atlantic coast of the United States, mitigation efforts such
as education and public awareness campaigns have focused on implementation
of Annex V. The Marine Entanglement Research Program has funded several
projects through the Center for Marine Conservation, including:

e a Marine Debris Information Office located in Washington,
D.C. to respond to information requests from the Atlantic and
Gulf coasts. It provides educational materials to marine
user groups, industry, educators, policy makers, and the
general public;

e separate public service advertisement campaigns aimed at the
commercial fishing, shipping, and plastics industries, and
recreational boaters and fishermen;

e a review of marine debris information for the general public,
"A Citizen’'s Guide to Plastics in the Ocean."

The Society of the Plastics Industry helped fund the Citizen's Guide,
public service announcements for television, and other marine debris educa-
tional materials produced by the Center for Marine Conservation.

Another Center for Marine Conservation project, this one in Florida
and funded by the National Marine Fisheries Service Saltonstall-Kennedy
program, endeavors to show that education is a cost-effective method of
persuading commercial and recreational fishermen to comply with Annex V.

There have been continuing and expanding efforts to remove debris from
the marine environment. For instance, most coastal states have had annual
beach cleanups in recent years. The Army Corps of Engineers, the EPA, the
U.S. Coast Guard, and New York and New Jersey state agencies recently
announced that they have begun a cooperative program in the New York area.
They will try to locate concentrations of floating debris by helicopter and
use Army Corps vessels to collect it.

Canada’s Department of Fisheries and Oceans convened a workshop in
Halifax, Nova Scotia, 17-18 May 1989. The workshop provided an opportunity
for organizations and individuals from the private sector to advise the
government on the development of an action plan on marine debris (Buxton

1989; DPA 1989).

As for mitigation efforts, Canada has placed itself in an unusual
position. Although Canada is a signatory to the London Dumping Convention,
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it is not a signatory to MARPOL, much less to Annex V. For some years, the
Canada Shipping Act has prohibited the disposal of any garbage or trash
from vessels within 200 nmi of Canada’s Atlantic and Pacific coasts, a
provision that is stricter than Annex V. Unlike Annex V, however, the act
does not restrict ocean disposal by Canadian vessels beyond 200 nmi, and it
does not require ports to provide reception facilities.

Recent amendments to the Canada Shipping Act take a half step forward
by permitting Canadian agencies to impose stricter regulations that would
bring Canada into conformity with Annex V. But the agencies have not yet
decided to actually adopt any new restrictions. Furthermore, there seems
to be little enforcement of existing regulations and no educational programs
to encourage compliance.

CONCLUSION

Although the Atlantic coast of the United States has the same marine
debris problems, more or less, as other coastal areas of the country and
the world, its problems receive more attention than is warranted simply by
its geography. United States policy makers are concentrated in Washington,
D.C. National, and to some extent international, opinion shapers are
concentrated in New York City. As a result, events in that part of the
world become more important.

To mention two examples: The cover story in Time magazine for 1 August
1988 is titled "Our Filthy Seas." That same week, Newsweek'’'s cover story
was "Don’t Go Near the Water--Our Polluted Oceans." An issue has truly
arrived on the national agenda when it makes the covers of these two
magazines the same week, when it is a regular fixture on network news, and
when it is an issue in a presidential campaign, as it was in 1988. The
fact is, the response to marine debris problems on the Atlantic coast will
continue to have a disproportionate influence on how the rest of the United
States responds to its marine debris problems.

It has become abundantly clear since the 1984 FIMD workshop that the
ultimate solutions to marine debris problems on the U.S. Atlantic coast are
inextricably bound to solutions to the impending crisis in solid waste
disposal on land. All of the elements that can contribute to reducing
amounts and effects of marine debris--source reduction, recycling, degrad-
ability, changing societal attitudes towards waste--are vital in the larger
arena of land disposal. That fact should inform much of our effort in
regard to the marine debris subset of the problem.
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ABSTRACT

Plastic debris of all kinds and in all sizes is widespread
in the southwest Pacific. Densities of virgin nibs exceed 1,000
km ? in surface waters north of New Zealand and in nearshore
waters adjacent to manufacturing centers. There is a latitu-
dinal §radient of densities, with numbers falling to less than
20 km™° south of New Zealand. On shorelines, greatest numbers
(>>100,000 m"! of beach length) are found near large cities,
although a similar latitudinal gradient shows with very low
numbers from around southern New Zealand (1-5 m"!) and none from
the subantarctic islands. In general, numbers of nibs on shores
of eastern Australia are much less than they are on New Zealand
shores. Significant numbers (>1,000 m"}) have been found as
local concentrations on some trade wind-facing beaches of all
Pacific islands so far examined.

Distribution of these nibs, together with that of other
plastic and persistent synthetic litter, is influenced by sur-
face current patterns and prevailing wind regimes, with greatest
concentrations being noted on windward and downdrift shores, in
windrows, and (tentatively) along oceanic fronts.

Larger, fabricated plastic items have been seen on the
shores of all isolated and unpopulated islands so far visited
around the region. Where identifiable, sources frequently lie
in distant water fishing activities. On populated islands, many
of which lack adequate facilities for domestic waste and garbage
disposal, there is a buildup of locally sourced litter along
shores. Not only is this litter aesthetically distasteful, some
materials (e.g., syringes) are hygienically unacceptable. The
problem is an ever-growing one and needs addressing in appro-
priate forums. The environmental implications of this plastic
pollution are many, with the most important involving entangle-
ment and ingestion. The longer term significance of hazardous
and persistent chemical residues, originally present in plastics
as additives and released in minor amounts during degradation,

In R. S. Shomura and M. L. Godfrey (editors), Proceedings of the Second International
Conference on Marine Debris, 2-7 April 1989, Honolulu, Hawaii. U.S. Dep. Commer., NOAA Tech.

Memo. NMFS, NOAA-TM-NMFS-SWFSC-154. 1990.




56

is difficult to assess. Pelagic plastics also provide an impor-
tant hard substrate for an encrusting biota that includes a
hermatypic coral, bryozoans, coralline and filamentous algae,
hydroids, barnacles, and some foraminifers, and are a largely
unrecognized vector in their wider distribution.

From surface crazing and other evidence of aging such as
chalkiness and embrittlement, it is inferred that degradation
rates decrease progressively from lower to higher latitudes.

INTRODUCTION

It is generally accepted that surface waters of the South Pacific
Ocean (Fig. 1) are relatively free from man-made pollutants, other than in
the nearshore zone of more heavily populated islands (Matos 198l). Recent
reviews have tended to emphasize localized incidents involving point-
sources of sewage and industrial effluents (e.g., Suva Harbor, Fiji: Brodie
and Morrison 1984), and toxic chemicals and pesticides (Cook Islands:
Hambuechen 1973; and Tonga: Brodie and Morrison 1984; Morrison and Brodie
1985), although wider political concern has been expressed over the
prospect of seabed disposal and dumping or storage of nuclear waste in the
expanses of the region (Branch 1984; Carew-Reid 1988). The area lies
remote from tanker routes (Waldichuk 1977) and major shipping lanes, and
pelagic tar balls so common to more frequently traversed waters are rarely
encountered (Butler et al., 1973, p. 24; Bourne 1976; Gregory 1977, unpubl.
data; Oostdam 1984; Lee pers. commun.). The problems of marine o0il pollu-
tion become more evident passing westward into southeast Asian waters
(Bilal 1985). However, the island countries of the southwest Pacific have
a long and commonly expressed concern over contingency planning for pollu-
tion from oil spills (Hayes 1981; Dahl and Baumgart 1983; Hayes and Kay
1986) .

Plastics and other persistent synthetic materials are today a signifi-
cant contaminant of both open ocean and nearshore waters, particularly
those adjacent to the industrial North. The sources and environmental
problems they create are many and varied (Gregory 1978, 1983; Laist 1987;
Pruter 1987). Plastic artifacts as well as casual litter and solid
domestic wastes have long been an acknowledged, although seldom seriously
addressed, problem on several Pacific islands (Anonymous 1976; Connor 1976;
Efi 1976). On Tonga, for example, plastics and cigarette and candy wrap-
pers have been identified as ". . .the second most common form of litter
and the second largest waste item for disposal" (Chesher 1984, p. 38). 1In
all instances known to this author, the importance of local sources has
been noted, with little recognition that some material may have been adrift
for a time before stranding. The observations of Sachet (1955) on the wide
dispersal of exotic pumice on Pacific atolls, as well as those of Bligh
(1792) on coconut husks, are evidence that, over the vastness of the
Pacific, floating materials can drift far from their places of origin.
Drift pumice, often with an encrusting biota, is common on beaches of
eastern Australia (Table 1). Similarly, in the Southern Ocean there is
evidence of floating debris such as logs, pumice, and man-made artifacts
being rapidly dispersed in circumpolar fashion by the strong West Wind
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Figure 1.--Map of the southwest Pacific Ocean indicating
principal places mentioned in text. Major oceanic features are
also illustrated.

Drift Current and general oceanic circulation patterns (Barber et al. 1959;
Gregory et al. 1984; Smith 1985; Gregory 1987, 1990; Lutjeharms et al.
1988).

Waters around New Zealand and its offshore islands are by any criteria
relatively unpolluted, although semienclosed estuaries and harbors in the
vicinity of larger urban centers give increasing cause for concern (Ridgway
and Glasby 1984). Plastics and other persistent synthetic compounds,
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Table 1.--Numbers of virgin plastic granules and drift pumice
on selected beaches of eastern Australia (arranged from north
to south). The quantities of granules are local maximums
expressed in number per linear meter of shore, following the
approach of Gregory (1978); p = present in low numbers

(<1 m™'). bDrift pumice: * = abundant, + = present.
Plastic Drift
Location granules pumice
Tasmania
Hobart to Bicheno nil nil
Victoria
Portsea, Sorrento, Rosebud P nil
Mordialbo >1,000 nil
St. Kilda >500 nil
Altona 100 nil

New South Wales

Narooma nil +
Batemans Bay nil *
Kioloa nil *
Jervois Bay P nil
Shoalhaven >5 *
Stanwell Park >50 *
Botany Bay >>2,000 +
Bondi >10 +
Manly P nil
Narrabeen >20 nil
Port Macquarrie P *
Coffs Harbor nil *
Queensland
Gold Coast P *
Brisbane (Red Cliffs) nil +
Bargara (Bundaberg) 5 *
Keppel Sands (Rockhampton) 5 *
Sarina nil *
Mackay P *
Townsville nil *

particularly those arising from packaging, are a significantly visible but
minor part of the local waste stream (Ministry for the Environment 1987;
Plastics Institute of New Zealand 1988). The environmental hazards and
threats to local wildlife are varied and have been reviewed by a number of
authors (Gregory 1977, 1978, 1987, 1990; Gregory et al. 1984; Cawthorn
1985, 1987; Mattlin and Cawthorn 1986; Dawson and Slooten 1987; Murray
1988).
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Gregory (1977, 1978) initially recorded small virgin plastic resin
granules and pellets in surprisingly high quantities on the New Zealand
coast and mapped their distribution (Fig. 2). It was noted that greatest
numbers occurred near metropolitan centers, suggesting that the distribu-
tion was caused by dispersal from local sources (Fig. 2), although some
evidence indicated possible drift from eastern Australia waters (Gregory
1978). Changes in the composition of litter stranding on a remote northern
New Zealand beach over an 8-year period have been recorded by Hayward
(1984). Ever-increasing fishing activities add further to the seaborne
litter load on even the most isolated shores (e.g., Auckland and Campbell
Islands, Cawthorn 1985; Gregory 1987, 1990).

This paper reviews in detail the nature, characteristics, quantities,
distribution and sources of pelagic plastics around the southwest Pacific
region. It is based largely on the author’s published studies from New
Zealand and its offshore, subantarctic islands. However, the opportunity
has been taken to include a corpus of previously unpublished data gathered
from eastern Australia, several Pacific islands, and adjacent waters during
opportunistic surveys over a number of years. The environmental conse-
quences of this plastics pollution are evaluated and some conclusions
reached on how they could be addressed.

PLASTIC MESOLITTER

In the category of plastic mesolitter I include the small, ovoidal-to-
rounded and rod-shaped virgin plastic granules or nibs of polyethylene and
polystyrene resins that are the raw materials or feedstock of plastic
fabricators worldwide. The granules are mostly <5 mm across, are colorless
to translucent or transparent, and have been described in detail previously
(Gregory 1978, 1983). Intensely colored dye-carrying granules (yellow,
blue, green, red, black, white) are never as common as the colorless ones.
In addition, there are occasional sharply angular and jagged plastic chips
of comparable size produced through granulation of larger items for
recycling. These chips are variously colored but rarely transparent or
translucent. Small, often flaky, fragments coming from the degradation and
disintegration of larger plastic objects also fall into this category. The
fragmenting and fracturing processes appear to be mostly embrittlement
through oxidative aging and photodegradation rather than physical or
mechanical weathering.

Gregory (1977, 1978) described the distribution of virgin plastic
granules on New Zealand shores (Fig. 2). Large numbers, often >10,000 m!
of beach length and in one instance >>100,000 m'l, were recorded near some
of the larger metropolitan and industrial areas where plastics fabricators
are located (Fig. 2). Away from these regions numbers decreased, but they
were persistently and surprisingly high at some remote localities (e.g., to
>150 m~ ! near North Cape; and to 50 m ! near East Cape). Only around the
southernmost part of South Island were they consistently very rare or
absent. For the mid-1970’'s it was estimated that at least 1,000 metric
tons of these granules were stranded on the shores of New Zealand (Gregory

1978).
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NUMBERS AND DISTRIBUTION OF
PLASTICS FABRICATION PLANTS :

1 8§ 10 20 30 40

(and over)
> ocean currents

Granules encrusted by Membranipora
* tuberculata (Bosc)

NUMBERS OF BEACHED PLASTIC NIBS m™':

absent

Figure 2.--Distribution of virgin plastic granules on New Zealand shores
based on a 1972-78 survey. Three values given for each distribution line
indicate abundance levels at which pellets were (i) reasonably consistent
(lowest value, top of list), (ii) commonly encountered (middle value), and
(iii) locally concentrated (greatest value). Data are from Gregory (1978).
Local New Zealand sources of virgin plastic granules are after Bullen
(1968); the surface currents and prevailing winds that spread them around
and along the coast are after Brodie (1960).
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Virgin plastic granules have been encountered on the shores of eastern
Australia from Batemans Bay in New South Wales north to Townsville in
Queensland (Table 1). They are also present around Melbourne and Adelaide.
None have been noted on eastern Tasmanian shores northward from Hobart.
Occurrences are sporadic, and numbers seldom reach those recorded from New
Zealand. On remote beaches numbers are generally <1 m!, and in many
instances a lengthy search is required to turn up any granules at all.

It is only at a few isolated localities around Sydney (>2,000 m 1) and
Melbourne (>1,000 m"!) that quantities ever approach those frequently

recorded near Auckland.

No virgin plastic granules have been found so far on any of New
Zealand's subantarctic islands (e.g., Campbell, Auckland, Snares, Antipodes,
and Bounty) (Gregory 1987), although they are not uncommon on Chatham Island
(to >100 m™', Gregory 1978). The granules, however, have been found on all
subtropical and tropical southwest Pacific islands that were systematically
searched by this author during visits over the past few years (Table 2,
Figs. 3-8). 1In several instances the numbers are unexpectedly high for
such remote, nonindustrialized places (e.g., Tonga, >>1,000 m'l).

The angular granules produced for recycling are never common away from
the industrial centers of Australia and New Zealand, and have not been
encountered on the shores of those Pacific islands so far examined.

The numbers of plastic granules and larger plastic items afloat in
surface waters of the New Zealand sector of the Southern Ocean have been
determined from over 50 neuston tow stations (Gregory et al. 1984; Gregory
1987, 1990). The numerous reports of Southern Ocean feeding seabirds
ingesting plastic granules and other artifacts (Bourne and Imber 1982;
Furness 1983; Randall et al. 1983; Brown et al. 1986; Skira 1986; Gregory
1987, 1990; Harper and Fowler 1987; Ryan 1987a) indicate these materials
have circumpolar dispersal. Brief and sporadic surveys of pelagic plastic
have been undertaken from research vessels on passage between New Plymouth
and Norfolk Island, Tauranga and Raoul Island, and the Hauraki Gulf to
Wellington by way of East Cape as well as around Auckland Harbor and its
approaches. At this time data are inadequate to draw unequivocal conclu-
sions. The data strongly suggest, however, that densities in surface
waters to the north of New Zealand probably (and often substantially)
exceed 1,000 km™? (Fig. 9). 1Indeed, fresh granules stranding along the
most recent swash line (by inference over one tidal cycle--February 1988)
on Raoul Island at 5-10 m ! suggest that densities approaching 10,000 km "2
may occur sporadically! Variation in numbers between stations is very
large. There is apparently a strong latitudinal gradient in the areal
density of floating granules (Fig. 9). 1In higher latitudes between the
Subtropical Convergence and the Subantarctic Front, granules occur in
numbers that may barely reach 20 km % (Gregory et al. 1984; Gregory 1987,
1990). Densities farther south and in the region of seasonal pack ice are
negligible. In some nearshore waters much higher densities are commonplace
(e.g., >10,000 km™? in Hauraki Gulf; >20,000 km™? in Auckland Harbor;
>40,000 km™? in Cook Strait approaches to Wellington Harbor) (Gregory 1990,
unpubl. data). For comparison, densities elsewhere have been 1,500-3,600
km™? for the Cape Basin region of the South Atlantic lying west of southern
Africa (Morris 1980), and 3,640 km ? from over 1,000 neuston trawl stations
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Table 2.--Virgin plastic granule numbers on representative
southwest Pacific island shores. Numbers given are local
maximums expressed in number per linear meter of shore,
following Gregory (1978); p = present in low numbers

(<1 m ). For locations see Figures 3-8.

Location Number

Norfolk Island

Emily Bay ca. 100
Raoul Island

North Beach >50

Denham Bay nil

Fiji, Viti Levu

Lautoka P
Singatoka p
Korolevu <5
Deuba >>100
Suva >5(?)

Fiji, Vanua Mbalavu

East 24
West P
Tonga, Tongatapu
Anahulu Beach 100
Laulea Beach >>1,000
Oholei Beach <50
Keleti Beach nil
Fahina Beach nil

Western Samoa, Upolu Island

Apia P
Vaiala Beach nil
Malaeia Beach 20(?)

Cook Islands, Rarotonga

Ngatangiia Harbor >500
Raringaru Stream >>10
Akapuao Stream <10(?)
Totokoitu Stream P
Papua Stream 10

Rarotongan Hotel 1-<10
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Figure 3.--Virgin plastic granules, oceanic and locally
generated megalitter on southwest Pacific island shores:
Norfolk.
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Figure &4.--Virgin plastic granules, oceanic and locally
generated megalitter on southwest Pacific island shores:

Raoul .
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Figure 5.--Virgin plastic granules, oceanic and locally
generated megalitter on southwest Pacific island shores:
Fiji.
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Figure 6.--Virgin plastic granules, oceanic and locally
generated megalitter on southwest Pacific island shores:
Tonga.
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Figure 7.--Virgin plastic granules, oceanic and locally

generated megalitter on southwest Pacific island shores:
Western Samoa.
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Figure 8.--Virgin plastic granules, oceanic and locally
generated megalitter on southwest Pacific island shores:
Rarotonga.
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Figure 9.--Regional distribution of pelagic plastic granules
across the southwest Pacific is influenced by oceanic fronts and
wind and surface current patterns. Based on Gregory et al.
(1984); Gregory (1987, 1990), and unpublished data.

for waters in the Agulhas Current up to 100 nmi offshore from Cape Province
(Ryan 1988). On the other hand, densities in surface waters of the north-
ern Sargasso Sea include >10,000 pieces of plastic and 1,500 pellets km ™2
(Wilber 1987). Elsewhere around the eastern North Atlantic, densities of
polluting plastic are lower, with only 700 pieces km™? and 80 pellets km™?
being reported from waters north of the Gulf Stream (Wilber 1987).
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PLASTIC MACRO- AND MEGALITTER

In the categories of plastic macro- and megalitter I include large
manufactured items and artifacts fabricated from plastics and other persis-
tent synthetic materials and the products of their fragmentation and disin-
tegration, following the approach of McCoy (1988). Megalitter is of a size
enabling visual identification of floating items by a shipboard observer
(generally decimeters or larger), while macrolitter is mostly smaller items
and fragmented material, larger than the previously described granules and
readily seen with the naked eye during shoreline surveys. Typical examples
of the former are fishing floats, containers, crates, bottles and their
tops, netting, lines, hawsers, strapping bands, plastic sheeting and bags,
foamed items, and confectionery wrappings. Only some of these items are
readily degradable.

Significant quantities of macro- and megalitter have been seen on all
shores examined to date (Tables 2 and 3, Figs. 3-8, 10-13). The amounts
are highly variable, but even on uninhabited islands and the otherwise
remotest of places discarded plastic is present. In a survey of New
Zealand'’s subantarctic islands, Gregory (1987, Appendix 1) itemized a great
diversity of plastic material and noted that the quantity of macrolitter
was surprisingly small considering the abundance of megalitter items (Fig.
10). A similar diversity of seaborne megalitter becomes stranded on
islands of the southwest Pacific. As an example, Raoul Island in the
Kermadec Group some 500 km northeast of New Zealand (Fig. 1), has <10
permanent residents at a weather station, and yet large quantities of
macro- and megalitter are stranded on the beaches (Table 3).

In late 1988 New Zealand's Department of Conservation, with coopera-
tion from the Wildtrack Programme produced by the Natural History Unit of
TVNZ (Television New Zealand), initiated a nationwide survey of plastic
litter on beaches. Most participants are students who complete a standard
record card (Fig. 14). Preliminary reviews of some 50 returns coming from
widely separated places, both remote and near population centers of the
North and South Islands, confirm casual observations that considerable
quantities of plastic macro- and megalitter accumulate on these shores.

It is surprising to note that few returns identified the small resin
granules, even at places where they are reasonably common. Those items
most frequently recorded were fragments of foamed and hard plastic, plastic
bags and sheeting, strapping bands, bottles, and bottle tops. The follow-
ing selected examples illustrate the magnitude of contamination:

74 bottles on 860 m of beach--Ohope, Bay of Plenty
426 bottles and 82 bags on 2 km of beach--Mohaka, Hawkes Bay
32 bags on 500 m of beach--Petone, Wellington Harbor

2,817 bottle tops (from repeated surveys: 4 August, 14 and 19
September 1988)--Oreti, Southland

200 packing straps on <200 m of beach--Mokomoko Inlet, Southland
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Table 3.--Simplified catalogue of plastic megalitter and
other artifacts found on a 3-km stretch of beach on the
northern coast of Raoul Island, southwest Pacific.

Type of litter Number
Fish boxes and crates 10
26

Fishery floats

Bottles and containers (detergent, cosmetics, etc). 40

Hawser, rope

Long (ca. #10 m) 10

Short (<10 m) 5

Netting (trawl) and rigid mesh 5
Foamed material (Styrofoam)

Small (<2 cm) >30

Moderate (>2 to <15 cm) >10

Large (>15 cm) >20
Sheeting 10
Strapping bands >20
Footware (jandals/thongs) 20
Miscellaneous >10

Repeated surveys (1974, 1978, 1981, and 1982) at Kawerua, a remote
beach on the exposed west coast of Northland, showed a gradual decrease in
numbers of plastic bags and an increase in bottles and total plastic items,
probably reflecting changes in types of packaging over that period (Hayward
1984). Comparable trends in plastic megalitter accompanying changing
patterns in offshore fishing activities have been noted for the subant-
arctic islands and mainland New Zealand shores (Cawthorn 1985).

SOURCES AND DISTRIBUTION

From the approach of Ryan (1987b), it is appropriate to identify three
categories of plastic debris on shores throughout the region.

1. Material having a local onshore source.

2. Material originating from nearby fishing and shipping
activities.

3. Material that has drifted from afar and that can be
considered oceanic.
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Figure 10.--Representative plastic items washed up on New
Zealand'’s subantarctic islands: North West Bay, Campbell Island
(A) and Derry Castle Reef, Auckland Islands (B and C). The
large crushed container in (A) is of French origin and the two
smaller items (arrow) are of United Kingdom manufacture. Note
the polypropylene strapping (1), incipient crazing on the inside
of broken high-density plastic fishing floats (2), cordage (3),
and parts of wooden packing crates (4) in B and C.

Figure 11.--Representative locally generated and oceanic plastic
litter assembled from combing 100 m of beach at Makara, west
coast near Wellington, New Zealand. Some of this collection has
clearly come from fishing activities. (Photograph taken by M.

Cochrane.)
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Figure 12.--Plastic sandal heavily encrusted with bryozoans,
coralline algae, and clumps of the pink foraminiferan, Homotrema
rubra (arrow). (Collected by K. A. Rodgers on Tuvalu.)

Figure 13.--Encrusted oceanic plastic items from Rarotonga (A)
and Raoul Island (B). Note the bryozoans (l), coralline algae
(2), and calcareous annelid tubes (3).

For the New Zealand coast and inshore waters, Gregory (1978) identi-
fied industrial centers as the principal sources (Fig. 2) of plastic meso-
litter (mostly granules). This litter was material that was accidentally
spilled in wharf and other cargo handling areas and at processing plants,
and reached the sea through sewage and storm drainage systems as well as
natural waterways. Subsequent dispersal was effected by coastal currents
(Fig. 2). On populated islands (e.g., Tonga, Rarotonga), as on New Zealand
shores, it is possible to separate plastic megalitter into two populations.
One is probably of local (or domestic) origin, and the other comes from
offshore sources and may have been adrift for some time. Casual visitors
as well as indiscriminate and uncontrolled garbage dumping are responsible
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Figure 14.--Standard record card used in New Zealand
coastal plastic pollution surveys.

for much of the former; some must also come from vessels operating in local
waters. The most unsavory items found during the course of these surveys
were soiled (disposable) baby diapers, syringes, and discarded pesticide or
agricultural chemical containers. Litter coming from distant offshore
sources is considered oceanic. It is characteristically embrittled and
sports an encrusting biota (see below).

Around the subantarctic islands, plastic macro- and megalitter concen-
trate on west-facing (i.e., windward) shores, whereas little reaches their
eastern (leeward) coasts (Gregory 1987). The dominating influence here is
the strong West Wind Drift Current of the Southern Ocean (Lutjeharms et al.
1988). The same pattern i1s repeated on southwest Pacific island shores.
Here, however, it is the eastern shores--those facing into the southeast-
erly trade winds--onto which plastic meso-, macro-, and megalitter are
herded (Figs. 3-8). Further, in several instances, it is possible to iden-
tify crude decreases in quantities of plastics in the downdrift direction
(e.g., Viti Levu, Tongatapu, and Rarotonga; Figs. 5, 6, and 8). The
encrusting biota (see below) of many megalitter items suggest they have
been afloat for some time. These are part of the global oceanic population
of pelagic litter. Plastic granules on Australian, New Zealand, and Fiji
shores can have their major origins in local suppliers and manufacturers.
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Norfolk, Raoul, Vanua Mbalavu, Tongatapu, and Rarotonga have no local
sources for virgin plastic granules, and lie upwind from regional ones.
Nibs on these shores must have come from the same global oceanic population
of pelagic plastics and are dispersed by the southeast trade winds. A
possible source exists in French Polynesia, which lies upwind, but I have

no data for this region.

Although plastic macro- and megalitter on eastern Australian shores
have not been surveyed, quantities of this litter and the resin granules
appear to be much lower than at equivalent sites in New Zealand. This
difference probably reflects coastal current and broad oceanic circulation
patterns as well as persistent winds that blow offshore or parallel to the
coast over this region. On the other hand, drift pumice is quite common on
these shores, as it is on the shores of many Pacific islands (Sachet 1955).
Much of the plastic litter on popular recreational beaches of Australia,
New Zealand, and larger southwest Pacific islands comes from casual visi-
tors and day trippers; it is dominated by food and confectionery wrappings
and drink bottles. This material is seldom conspicuous on isolated shores.
From these remote places, there is evidence that much plastic debris comes
from fishing-related or other shipping activities (Cawthorn 1985, 1987;
Mattlin and Cawthorn 1986; Gregory 1987, 1990).

Attention has already been drawn to the accumulation of plastic debris
on the windward shores of several southwest Pacific islands. The materials
involved are mostly of oceanic origin and also from fisheries-related and
shipping activities, and their quantities on west- and north-facing
(leeward) shores are minimal. The principal urban population centers of
Tongatapu, Rarotonga, and Upolu (Western Samoa) are all situated on north-
facing coasts along which much locally generated plastic has spread.

Plastic items, categorized by country of origin (when possible), are
summarized in Table 4 for New Zealand's subantarctic islands and for sub-
tropical Raoul Island. Some items are truly oceanic (e.g., an Argentinian
fishing float reaching the Snares), but most appear related to regional
fishing activities. South Korean, Taiwanese, and Japanese vessels are
common in these waters, so the dominance of Asian-sourced artifacts is not
unexpected. The Russians also have a considerable presence, but one that
is not reflected in the seaborne litter. Personal experience on a Russian
research vessel reveals that they generate very little plastic, and
discarded paper and cardboard packaging are incinerated.

The regional distribution of dispersed pelagic or oceanic plastics is
schematically summarized in Figure 9. It has been inferred (Gregory et al.
1984; Gregory 1990) that major oceanic fronts such as the Polar, Subantarc-
tic, Subtropical, and Tropical Fronts, and eddies from the East Australian
Current have important influences on the distribution and abundance of
litter. They act as barriers arresting the spread of material, and along
these barriers the material is also concentrated and carried. For example,
Bourne and Clarke (1984) noted an accumulation of garbage in the Humbolt
Front off Valparaiso, Chile. Observations in the Hauraki Gulf, northern
New Zealand, show that densities of Elastic granules taken in tows made
along windrows may exceed 10,000 km “, whereas densities in tows transverse
to the windrows may be as few as 1,000 km % (Gregory, unpubl. data).
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Table 4.--Summary of numbers of plastic items having
identifiable countries of origin.

Country of origin Subantarctic islands Raoul Island

Asia 1
United Kingdom
New Zealand
Australia
Spain

Bulgaria
France

Norway
U.S.S.R.
Argentina

b e e R W OB W
]
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ENCRUSTING BIOTA

Plastics and other synthetic litter afloat on surface waters of the
ocean are an important and expanding, although little studied, ecological
niche for a pseudoplanktic biota of the kind commonly present on Sargassum
(Winston 1982; Butler et al. 1983). Gregory (1978) noted that granules
from beaches of northernmost New Zealand were sometimes encrusted by the
bryozoan Membranipora tuberculata. This is a tropical species and has also
been found on drift plastics from Australia, Norfolk and Raoul Islands, and
Fiji, Rarotonga, and Tongatapu. It was inferred that there had been
eastward dispersal across the north Tasman Sea by way of eddies in the
East Australian Current (Gregory 1978). Other encrusting taxa identified
during past and present studies include further bryozoan species awaiting
identification, coralline algae, calcareous annelids, barnacles, a herma-
typic coral, and the pink foraminiferan Homotrema rubra (Figs. 12, 13).
Encrusters are less common on artifacts from the subantarctic, where only
goose barnacles (Lepas spp.) and the annelid Spirorbis have been recognized.

It is evident that pelagic plastic litter may be an important vector
in the transoceanic and regional dispersal of a varied biota and may
increase the chances of migration to distant shores, including isolated
islands, as contemplated by Ryan (1987b).

DISCUSSION

The general environmental problems of the southwest Pacific region,
with its limited financial and natural resources, have received wide
attention (e.g., Chan 1973; Salvat 1979; Izrael et al. 1981; Dahl and
Carew-Reid 1985; Carew-Reid 1988). Plastics are an unnecessary additional
contaminant to the region, and the environmental implications to be drawn
are those that have been identified elsewhere (Laist 1987) and need no
further elaboration. For animals these implications include death or
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debilitation through entanglement; blockage of the intestinal tract through
ingestion, leading to starvation and death; ulceration of delicate tissues
by jagged plastic fragments; and reduction in quality of life and reproduc-
tive performance. In addition, large items can be hazards to shipping.

The aesthetic concerns expressed about plastic pollution also must be
acknowledged. Unsightly accumulations of locally generated or oceanic
plastics on beaches could be to the detriment of tourism (Prasad 1987).
Soiled diapers, used syringes, and medicinal and pesticide containers
stranded or abandoned on beaches will discourage even the most hardy of

tourists.

The oceanic problem can be addressed through MARPOL and the London
Dumping Convention. The local problem needs to be approached with cultural
delicacy, for traditional practice and attitudes towards refuse disposal
are in many ways rather casual (Anonymous 1976). Educational efforts,
directed primarily at the young (Bryant 1988), will need to draw on and
develop from traditional Pacific ways.

The very attributes that mankind finds desirable in plastics--lightness,
strength, manufacturing adaptability, flexibility, inertness, resistance
to degradational processes, transparency, and prolonged shelf life in
packaging--are also the reasons they are today a globally important marine
pollutant (Andrady 1988; Johnson 1988).

It is difficult to estimate the rate at which plastics disappear or
are adsorbed into the environment (Gerrodette 1985). And while the break-
down of plastic compounds in itself may create few problems, the effects of
released additives such as antioxidants, retardants, and biocides have
never been assessed, only speculated about (Gregory 1978). Locally gener-
ated litter is likely to be fresh in appearance, while much of the oceanic
and offshore-generated plastic litter stranding on these tropical and sub-
tropical Pacific shores is chalky, crazed, and embrittled, all evidence of
oxidative aging and photodegradation. Whether this occurs while it is
afloat or after it is stranded on the shore has not been established.
Circumstantial evidence suggests that aging is more rapid once artifacts
are stranded high and dry on a beach (Gregory 1983). On the New Zealand
coast, the extent of degradation apparently decreases southwards, although
a detailed survey to confirm this claim has not been undertaken. Similarly,
the proportion of degraded virgin granules is much greater on the tropical
shores than it is on temperate ones (Table 5) (Gregory 1983, table 1). On
high-latitude subantarctic shores, crazing is less evident and much break-
down occurs through mechanical abrasion and battering (Gregory 1987).

The extent of crazing and embrittlement of plastic granules (Table 5)
and megalitter items observed on Raoul, Rarotonga, and Tonga suggest that a
survival time of 5 years (Gregory 1983) may be overly generous. Evidence
indicates that plastics degrade more rapidly in the Australian and New
Zealand region than they do in equivalent Northern Hemisphere latitudes,
although contrary to popular belief, the reason is not necessarily related
to higher ultraviolet values (Sharman 1987). Controlled experiments and
observations on rates of plastic degradation around the world are needed if
we are to understand adequately the population dynamics of pelagic plastics
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Table 5.--Relative numbers (in percentages) of fresh, slightly
degraded, and highly degraded plastic granules from selected

localities.
Increasing degradation —>
Slightly Highly
Locality Number Fresh degraded degraded
Fiji 163 18 45 37
Raoul 25 24 52 24
Rarotonga 70 19 41 40
Tonga 60 20 30 50
Auckland, New Zealand 216 79 13 8
Botany Bay, Australia 73 53 40 7

and to establish whether an equilibrium state between accumulation
(strandings) and losses in environmental sinks (disappearance from view)
has been already reached.

CONCLUSIONS

Although pollution by plastics of the southwest Pacific marine
environment has not yet reached the magnitude evident in waters adjacent to
more heavily populated, industrialized, and fished regions of the Northern
Hemisphere, it is a developing problem and cause for concern.

Increased fishing activities across the region, and in particular
drift gillnetting, are likely to escalate presently identified problems.

Regional distribution and dispersal are influenced by proximity to
sources, oceanic current and circulation patterns, and prevailing winds.
Oceanic fronts may have a key role in defining boundaries to zones with
broadly similar areal densities of pelagic plastics.

Population dynamics of pelagic plastics across the southwest Pacific
as well as globally are not well understood, and more information is needed
on the "sinks" of this material.

There is need to educate the public about the environmental problems
arising from the indiscriminate disposal of plastics and other persistent
synthetic compounds.
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THE MARINE PLASTIC DEBRIS PROBLEM OFF SOUTHERN AFRICA: TYPES
OF DEBRIS, THEIR ENVIRONMENTAL EFFECTS, AND CONTROL MEASURES

Peter G. Ryan
Percy FitzPatrick Institute of African Ornithology
University of Cape Town
Rondebosch 7700, South Africa

ABSTRACT

Plastic debris is a global marine pollutant which is
inflicting ever-increasing environmental and financial costs.
In the seas off southern Africa and the adjacent Southern Ocean,
entanglement has been recorded for at least 5 species of marine
mammals, 13 seabird species, 2 turtles, and 6 shark species.
Plastic ingestion has been recorded from 7 marine mammal
species, 36 seabird species, 2 marine turtle species, and 7
shark species. The incidence in invertebrate taxa is not known.
At present, entanglement does not pose a threat to the survival
of any populations off southern Africa, but the recent introduc-
tion of a driftnet fishery to the South Atlantic and Indian
Oceans and the suffering frequently associated with entanglement
are causes for concern. By contrast, ingestion of plastic
particles may adversely affect almost the entire population of
species that do not regurgitate indigestible objects, with
large, accumulated plastic loads reducing feeding efficiency or
obstructing the digestive tract. Off southern Africa,
generalist, surface-feeding, pelagic taxa such as certain
procellariiform seabirds (petrels and albatrosses) and juvenile
marine turtles are at risk from plastic ingestion. The
incidence of ingested plastic in some species exceeds 90% of the
population. The major financial cost of marine plastic debris
is the reduced aesthetic appeal of coastal areas, which
adversely affects the tourist industry. 1In South Africa alone,
approximately R10 million is spent annually on cleaning beaches,
where plastic makes up more than 90% of all stranded debris.

To address the problem of marine debris requires knowledge
of the sources of various pollutants. Beach surveys readily
assess the most abundant types of plastic debris, and from these
data their sources can be inferred. Disposable packaging
accounts for more than half the large plastic objects on
southern African beaches, with most of the remainder composed
of fishing gear. Sheet plastic (bags and wrappings) 1is the most
abundant single type of plastic. Among small particles, virgin
industrial pellets and fragments of other products predominate.

In R. S. Shomura and M. L. Godfrey (editors), Proceedings of the Second International
Conference on Marine Debris, 2-7 April 1989, Honolulu, Hawaii. U.S. Dep. Commer., NOAA Tech.
Memo. NMFS, NOAA-TM-NMFS-SWFSC-154. 1990.
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Using these findings to assign culpability and to elicit assis-
tance, four approaches are being used to tackle the problem of
marine plastic debris off southern Africa: education, product
substitution, recycling, and legislation. As a short-term
measure, specific types of artifacts responsible for most
entanglements (e.g., hi-cone six-pack yokes, packing straps)

and ingestion (e.g., virgin pellets, plastic bags) have been
targeted for action. These approaches to control marine plastic
pollution are discussed in relation to the highly diverse socio-
economic conditions prevailing in southern Africa.

INTRODUCTION

Much concern recently has been focused on the problems associated with
anthropogenic marine debris, particularly as regards plastic (Shomura and
Yoshida 1985; Laist 1987; Wolfe 1987). A variety of approaches has been
adopted to tackle these problems, but have concentrated on maritime
legislation (e.g., Bean 1987; Lentz 1987) and on awareness campaigns in
developed, first world communities (e.g., Neilson 1985). Other than inter-
national maritime legislation, there have been few attempts to tackle the
growth of marine debris arising from third-world communities. The southern
African region comprises virtually the entire socioeconomic spectrum, and
is to a large extent isolated from the world's major manufacturing centers.
It is thus a useful area for examining the efficacy of various measures
taken to limit persistent debris production. This paper reviews the occur-
rence of anthropogenic marine debris off southern Africa and in adjacent
oceanic areas, and summarizes the known environmental effects of debris.
The approaches used to identify the sources of marine debris and to control
the amount of litter entering the sea are discussed.

THE SEAS OFF SOUTHERN AFRICA

Southern Africa has an unindented coastline, with few large bays or
inlets (Fig. 1). Strong wave action is characteristic of much of the
coast, with sandy beaches comprising almost 70% of the coastline. The
continental shelf is narrow (<50 km wide) off the east coast, moderately
broad (up to 150 km wide) off the west coast, and is most extensive off the
south coast, where the Agulhas Bank extends more than 200 km offshore.

There are two main current systems. The cool (10°-16°C) Benguela
Current flows north along the west coast, and is characterized by localized
upwelling of cold, nutrient-rich bottom water when surface waters are
advected offshore (Shannon 1985). The warm (22°-28°C) Agulhas Current
flows south, close inshore along the east coast until it reaches the
Agulhas Bank, where it moves offshore. South of the subcontinent, the
Agulhas Current retroflects to flow eastward in oceanic waters to the north
of the Subtropical Convergence (Lutjeharms 1981). However, large (500-km
diameter) eddies formed at the retroflection zone frequently transport
Agulhas Current water into the South Atlantic (Lutjeharms 1988; Lutjeharms
and Valentine 1988). Elsewhere to the south of the subcontinent, the
predominant surface flows are eastward, associated with the West Wind Drift

(Lutjeharms et al. 1988).
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Figure 1.--The southern African region and adjacent oceans. The
stippled line indicates the approximate edge of the continental

shelf.

Most merchant ships in the area travel around southern Africa
following the Cape sea route between Europe-North America and the Persian
Gulf-Southeast Asia. This route runs close inshore along the south and
east coasts of southern Africa, only moving offshore off the west coast.
There is relatively little transoceanic merchant trade to either South

America or Australia.

Commercial fisheries off southern Africa are concentrated on the broad
continental shelves off the south and west coasts, where there are exten-
sive demersal (bottom trawl) and pelagic (purse seine) fisheries (Crawford
et al. 1987). There is a limited prawn fishery off the east coast, and a
longline tuna fishery in oceanic waters. Gillnets were little used in the
region until 1989, when oriental vessels started using driftnets more
extensively in both the South Atlantic and South Indian Oceans (Ryan and

Cooper in press).

THE DISTRIBUTION OF PLASTICS AND OTHER DEBRIS AT SEA

Little has been recorded of the distribution and abundance of plastic
and other debris at sea off southern Africa. The abundance, distribution,
and movements of tar balls at sea have been documented for two regions off
the southern African coast, with a view towards identifying coastal areas
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vulnerable to oil pollution (Shannon et al. 1983). The abundance of small
plastic particles (<10 mm diameter) also has been estimated from surface
neuston trawls. Morris (1980) reported densities ranging between 1,300 and
3,600 virgin industrial pellets km? in oceanic waters of the Cape Basin
west of Cape Town.

The density of plastic debris in coastal waters off the southwestern
Cape averaged 3,640 particles km?, derived from over 1,200 neuston trawls
conducted at monthly intervals during 1977-78 (Ryan 1988a). Seasonal
patterns of distribution and abundance were related to probable source
areas and transport at sea. However, the highly clustered dispersion of
particles, presumably due to fine-scale convergence zones, resulted in
great variances in debris abundance estimates (range 0-445,000 particles
km?), largely as a consequence of the relatively small sampling area (190
m® per trawl). Foamed plastics and fragments of manufactured articles
were the most abundant types of particles, but virgin industrial pellets
accounted for most of the mass (mean 42.4 g km%; Ryan 1988a). It appears
that at least a significant proportion of the debris arises from local
sources, with concentrations inshore and close to harbors (Ryan 1988a, cf.
Morris 1980). However, there is also evidence that the Agulhas Current is
an important debris vector (Ryan 1988a).

A small number of neuston trawls (39) in oceanic waters south of
southern Africa in the Agulhas retroflection area collected only two
plastic particles, both fragments of manufactured articles (P. G. Ryan
unpubl. data). This gives a density estimate for the area of only 50
particles km?, similar to the density in the Southern Ocean south of New
Zealand (Gregory et al. 1984).

Ryan (1988a) found that the density of large (>100 mm diameter)
objects counted from a low-flying plane was an order of magnitude greater
10 km from the shore (19.6 objects kmfz) than 50 km offshore (1.6 km'z) in
the area between Cape Town and Saldanha Bay, where the merchant shipping
lane runs close inshore. This offshore gradient is likely to be less
marked farther north off the west coast where the continental shelf is
broader (hence fishing grounds more extensive) and the shipping lane runs
farther offshore. 1In oceanic waters south of the subcontinent, in the
region of the Agulhas retroflection, ship-based counts provided density
estimates of between 0.04 and 0.09 large objects km? (P. G. Ryan unpubl.
data).

These data refer only to floating debris. Virtually nothing is known
about debris on the seabed off southern Africa. Debris comprised of
materials denser than seawater presumably does not disperse far from source
areas. Such items occasionally are caught in bottom trawls off the west
coast (B. Rose pers. commun.; pers. observ.). Floating debris can also
sink if it supports sufficient sessile organisms or entangles enough
animals to increase the density above that of seawater. Such objects have
a much greater dispersal capability than do plastics that are denser than

seawater.
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IMPACTS OF MARINE DEBRIS

Marine debris has both environmental impacts and financial costs. The
major financial burden results from the reduced aesthetic appeal of polluted
marine systems. Beaches are important for the >R2,000 million per annum
tourist industry in southern Africa, and their appeal is reduced when they
are littered with stranded debris. In South Africa alone some R10 million
is spent annually on cleaning litter off beaches.

Apart from the accumulation of unsightly debris, the main environ-
mental impact associated with marine debris is animal mortality through
entanglement in and ingestion of debris. In addition, it has been
suggested that anthropogenic debris is having some ecological effect by
increasing the amount of available substratum onto which sessile organisms
can settle (Carpenter and Smith 1972; Winston 1982), and it is possible
that debris has increased the rate of propagule dispersal to islands (Ryan
1987b). However, the significance of the latter two impacts has not been
determined.

Entanglement off Southern Africa

Entanglement involves animals becoming enmeshed in objects that impede
movement, causing drowning, starvation, or reduced fitness, or restrict
growth, cutting deep wounds into growing animals. This typically involves
fairly large pieces of debris, and the apparent suffering associated with
entanglement engenders considerable public concern.

Representatives of five marine vertebrate classes are known to have
become entangled in debris off southern Africa (Table 1); there are no data
for invertebrate groups. Most records are from coastal waters (where there
are most observers), but a few entangled seals and birds have been found at
subantarctic islands. Overall, the incidence of entanglement is fairly
low, with only one species, the great white shark, Carcharodon carcharias,
having more than 1% of individuals examined entangled in debris. There may
be some cause for concern along the south coast, where 14% of stranded
birds are entangled in debris (n = 97), with 28% of the vulnerable jackass
penguin, Spheniscus demersus, entangled (n = 32, P. G. Ryan unpubl. data).

However, interpretation of the incidence of entanglement is compli-
cated by different sampling techniques. For example, recoveries of banded
crested terns, Sterna bergii, in southern Africa indicate that 14.2%

(n = 267) of birds are captured after being entangled in debris, whereas
only 2.2% (n = 46) of stranded birds were found entangled (x* = 5.23,

P < 0.05; FitzPatrick Institute unpubl. data). And yet it is to be
expected that the proportion of entanglement among stranded animals is
higher than that among the general population, although the exact relation-
ship is unclear. Also, it is not possible to infer the consequences of a
given level of entanglement on population trends. Northern fur seal,
Callorhinus ursinus, numbers have been decreasing apparently at least
partly as a result of a 0.4% frequency of entanglement (Fowler 1987). A
similar entanglement frequency has been recorded at some Cape fur seal,
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Table 1.--A summary of the known incidence of entanglement

of marine animals in plastic objects and other debris off
southern Africa, excluding the by-catch of nontarget species
during fishing operations (including shark exclusion nets).
Based on Shaughnessy (1980), Balazs (1985), and (unpubl. data)
from G. Avery, P. B. Best, N. Rice, G. J. B. Ross, and the
Natal Sharks Board.

Taxon Type of debris Frequency of occurrence
Cetaceans Ropes, nets Three plus species, apparently
infrequent.

Seals Ropes, nets, line 92% Cape fur seals 0.12%, but 0.6%
Packing straps 6% in one colony. Two records at
O-rings 2% subantarctic islands.
Wire <1%

Birds Nets, rope, line 89% Thirteen species, 0.6% of stranded
Plastic bags 1llg, animals but up to 14% locally.
Six-pack yokes

Turtles Rope Two species.

Fish All packing straps Six species of sharks, 0.2% of

shark-net catch, incidence
ranges 0-1.4%.

Arctocephalus pusillus, colonies (Shaughnessy 1980), and yet this species’
population is increasing by 3.7% per year (David 1987).

The types of objects causing entanglement off southern Africa vary
among taxa (Table 1). However, most items are either fishing gear (rope,
netting, and fishing line) or disposable packaging (primarily plastic
packing straps and plastic bags). Only one item was not made of plastic;
a single seal was found with a piece of wire caught around its neck
(Shaughnessy 1980).

These data on entanglement ignore the incidental catch of animals
during commercial fishing operations. Some birds and mammals are caught in
demersal trawls (e.g., Ryan and Moloney 1987) and by the longline fishery
(e.g., Ryan and Rose 1988), but for at least these taxa the fishery by-
catch is relatively small (cf. Tull et al. 1972; Piatt and Nettleship
1987), due largely to the limited use of gillnets. The impact of the
recent expansion of oriental driftnet fisheries in oceanic waters of the
South Atlantic and South Indian Oceans needs urgent investigation. The
killing of seabirds for food by fishermen is an ongoing problem (Cooper
1977; Ryan and Rose 1988).
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Table 2.--A summary of the known incidence of marine animals
ingesting plastic objects and other debris off southern Africa.
Based on Hughes (1973), Ryan (1987a), and unpubl. data from
P. B. Best, J. H. M. David, G. J. B. Ross, and the Natal Sharks

Board.

Taxon Type of debris Frequency of occurrence

Cetaceans Plastic bags 8 Seven species, 3.0% of stranded
Plastic bottles 1 animals.
Packing strap 1

Seals -- No records.

Birds Virgin plastic pellets 56% Thirty-six species, incidence
Plastic user fragments 43% ranges 0-92% with 10 species
Wood, tar balls, paint, >50% and 4 species >80%.
glass, and aluminium foil
1z

Turtles Plastic bags 75% Two species, 11.1% of stranded

Fish

Virgin plastic pellets 25%
Glass 1 piece

Plastic bags 82%
Plastic bottles 12%
Nets and line 6%

animals.

Seven species of shark, 0.3%
of shark-net catch, incidence
ranges 0-6%.

Debris Ingestion off Southern Africa

The effects of debris ingestion are seldom as dramatic as those of
entanglement, but ingested debris can cause death or debilitation by
obstructing the digestive tract (e.g., Balazs 1985; Fry et al. 1987) or

reducing meal size and the urge to eat (e.g., Ryan 1988b).

Ingested

plastic may also be a source of toxic chemicals (e.g., Ryan et al. 1988).

Ingestion of marine debris has been recorded for four vertebrate
classes off southern Africa (Table 2); there are no data for invertebrate
Debris ingestion is much more prevalent than is entanglement,
affecting over 90% of individuals of blue petrels, Halobaena caerulea, and
great shearwaters, Puffinus gravis, breeding at oceanic islands (Ryan
The incidence of debris ingestion among southern African seabirds
is among the highest in the world, largely due to the predominance of
generalist, surface-feeding procellariiform seabirds (petrels, storm-
petrels, shearwaters, and albatrosses) that do not frequently regurgitate
indigestible objects and thus accumulate ingested plastic (Ryan 1987a,

The present incidence of debris ingestion by turtles may be
greater than the 11% indicated in Table 2, because there are no observa-

groups.

1987a).

1988c).

tions sub

sequent to 1973.

Debris ingestion by birds has increased since

the late 1970's off southern Africa (Ryan 1988c).
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Ingestion of debris off southern Africa by large proportions of popu-
lations of birds and turtles in particular is cause for concern. Almost
all debris ingested is plastic that floats in seawater (Table 2). The few
nonfloating debris items found in animals apparently are eaten ashore
(e.g., gulls at refuse dumps, giant petrels at their breeding islands).
Although the types of objects ingested are influenced by an animal’s size
(e.g., Ryan 1987a), two types of plastic objects make up the majority of
ingested debris: virgin industrial pellets and plastic bags (Table 2).
Reducing the abundance of these items at sea is the only long-term solution
to the problem of debris ingestion.

TACKLING THE MARINE DEBRIS PROBLEM

Marine debris is extremely heterogeneous in terms of both the size
and composition of artifacts and the wide range of their sources. This
diversity makes the control of marine debris problematic. Examining the
various impacts of marine debris highlights the types of debris responsible
for most environmental problems. Off southern Africa these are discarded
fishing gear, various types of plastic packaging (notably bags and packing
straps), and small plastic particles (chiefly virgin industrial pellets).
These types of debris warrant most attention, but the implementation of
effective measures to reduce the amount of debris entering the sea requires
knowledge of the sources of marine debris. It is evident that the general
source of discarded fishing gear is the various fishing industries, provid-
ing a ready target for action. However, the sources of packaging and, to a
lesser extent, industrial pellets are highly diffuse, complicating the
assessment of culpability.

Using Beach Surveys to Identify Debris Sources

Beach surveys offer the simplest and most practical way to assess the
relative abundance of various types of marine debris and to identify their
probable sources (e.g., Merrell 1980; Vauk and Schrey 1987). However, one
problem with stranded debris surveys is controlling for the selective
removal of debris by beachcombers (see Ryan 1987b). Surveys at uninhabited
islands avoid this problem. Figure 2 shows the numerical dominance of
plastic articles and the much faster growth in amount of plastic debris
compared with other debris types at Inaccessible Island in the Tristan
group, central South Atlantic Ocean. Most of the debris identifiable as to
country of origin derives from South America, and the proportion has been
increasing: 32% in 1984, 36% in 1987, and 48% in 1988. Given the limited
merchant trade across the South Atlantic, it is likely that much of the
plastic debris reaching Inaccessible Island has drifted more than 3,000 km
from South America (Ryan and Watkins 1988).

This contrasts with the situation on southern African beaches, where
most identifiable debris derives from local sources. A survey of stranded
debris at 50 sandy beaches between Cape Town and the Transkei was under-
taken during June 1984. All large (>20 mm) articles within representative
50-m stretches of beach were collected (P. G. Ryan unpubl. data). Plastic
made up more than 90% of stranded debris, and was recorded at all beaches
sampled. Disposable packaging (e.g., bags, bottles; Fig. 3) comprised more
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Figure 2.--The densities of various types of stranded debris at
uninhabited Inaccessible Island during 1984 (Ryan 1987a), 1987
(Ryan and Watkins 1988), and 1988 (P. G. Ryan unpubl. data).
Dashed lines between 1984 and 1987 indicate the lack of samples
during this period.

than half of all plastic articles (57%), with fishing gear (netting, ropes,
monofilament line, floats, traps, and fish boxes) making up most of the
remainder (31%; Fig. 3). Almost half of the packaging was sheet plastic
(bags and wrappings constituting 47% of packaging; Fig. 3), whereas poly-
propylene rope made up most of the fishing gear (85%).

The relative proportions of packaging and fishing gear among stranded
plastic debris varied with distance from human settlements. Beaches in
urban areas had a much greater proportion of packaging than either rural
or island beaches (Fig. 4). This indicates that dumping of garbage from
ships is not the only source of debris; urban areas in coastal South Africa
also contribute significantly to marine debris loads (although selective
removal of fishery-related products by beachcombers may contribute to the
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Figure 3.--The proportions (by number) of various functional
groups of plastic articles found stranded on 50 South African
beaches during June 1984,

differences). This is evident to anyone examining storm-water outlets
draining urban areas, and concurs with current thinking that land-based
sources may be more important contributors of debris to the marine
environment than are vessels (Bean 1987, but see Pruter 1987; Wirka 1988).
The mean density of packaging at urban beaches in South Africa (0.66
articles m™! of beach) was greater than that at rural beaches (0.53 mly,
although variances were great.
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Figure 4.--The relative proportions (by number) of packaging and
fishing gear stranded at urban (n = 26) and rural (n = 24)
beaches in South Africa, compared with the situation at oceanic
islands.

Virgin industrial pellets and fragments of plastic articles also are
widespread and abundant on southern African beaches, with exceptional
densities of up to 43,350 particles per meter of beach (88% industrial
pellets, P. G. Ryan unpubl. data). Determining the origin of these items
is more difficult than determining the origin of larger articles. However,
at least some industrial pellets derive from local sources, where poor
handling practices result in spillages, with transport to the sea in waste-
water (pers. observ.).

Measures to Control Marine Debris in Southern Africa

The diverse nature of marine debris requires a multilevel approach to
mitigating the problem. Four basic control tools are available: education,
product substitution, recycling, and legislation. However, not all of
these approaches are appropriate to tackle the different facets of the

marine debris problem.

Ship-Based Sources

Ships are responsible for fishing gear (with the exception of mono-
filament line and other wastes from shore-based anglers) and a proportion
of general refuse (packaging and other operational wastes). This source
of debris has received more attention than have land-based sources (e.g.,
Dixon and Dixon 1981; Horsman 1982; Low et al. 1985; Pruter 1987), and
is the subject of several international conventions (e.g., Lentz 1987).
South Africa has agreed in principal to sign Annex V of the International
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Convention for the Prevention of Pollution from Ships (MARPOL), which came
into force at the end of 1988 and prohibits the dumping of all plastic
products at sea. This will be a major advance, and South Africa’'s ratifi-
cation of Annex V warrants expediting. Priority should also be given to
Namibia, which became independent in 1989, acceding to MARPOL.

However, there are problems associated with enforcing Annex V of
MARPOL (e.g., Bean 1987) which necessitate that its implementation in South
Africa be coupled with an intensive education campaign aimed at all
mariners. A representation to this effect has been made to the South
African committee working on incorporating Annex V into national legisla-
tion (Dolphin Action and Protection Group 1989). In the interim, favorable
responses have been received from several merchant lines and the South
African Navy in response to requests to reduce the amount of debris dumped
at sea (Dolphin Action and Protection Group 1988a, 1988b, 1989).

One problem area not covered by Annex V of MARPOL is the accidental
loss of fishing gear at sea. There is no simple solution to this problem.
The dumping at sea of damaged nets and other persistent debris by fishing
vessels has officially been outlawed in South Africa since 1986 (Dolphin
Action and Protection Group 1988a). However, captains of commercial fish-
ing vessels currently are paid bonuses based on the cleanliness of vessels
returning to port. This is perceived by the industry as being responsible
for considerable dumping at sea, an action that could be avoided by linking
bonuses to the amount of persistent debris returned to shore.

Land-Based Sources

There are two main types of marine debris derived from land-based
sources: virgin industrial pellets and the diverse array of manufactured
articles, principally disposable objects such as packaging and convenience
items (Bean 1987). The loss of industrial pellets into the environment is
limited to the plastics industry, which in southern Africa is a fairly
small target for control measures. There is only one polymer producer in
southern Africa (linked to the oil-from-coal plant at Secunda in the
Transvaal), and almost all converters (manufacturers that convert indus-
trial plastics into user products) are based in South Africa (Fig. 5). The
industry has been apprised of the problem and is sympathetic. The recent
large increases in the price of virgin pellets apparently have resulted in
improved handling practices leading to reduced losses, but this needs veri-
fying, and, if necessary, supporting with punitive legislation against
accidental spillages.

A more intractable problem is that of general refuse being washed or
blown into the sea. This type of debris derives from such a variety of
sources that there is no simple target for control measures (Pruter 1987).
Ultimately, the only solution is to educate the public to dispose of refuse
correctly. There are ongoing antilittering campaigns in most southern
African states, but these are proving insufficient to the task. The prob-
lem is complicated by the difficulty of communicating to a broad cultural
and economic spectrum simultaneously. South Africa has the potentially
disastrous combination of a burgeoning third-world population shopping in
first-world supermarkets for products wrapped in first-world packaging,
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Figure 5.--The status of the South African plastics industry
during 1988, showing the magnitude (metric tons) of flows
between producers, users, and the environment (derived from
data from the Plastics Federation of South Africa).
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mostly plastic. Some 20% of South Africans live adjacent to urban areas in
informal settlements where adequate waste disposal facilities are lacking.
The same problem occurs in neighboring states such as Botswana and Namibia
as a result of the large number of products imported from South Africa.

To counter these problems, attempts are being made to reduce the
amount of plastic used in disposable applications (260,000 tonnes in South
Africa in 1988, Fig. 5). This "source-reduction" approach (Wirka 1988) can
be successful, judging by the small amount of litter found in Zimbabwe,
where strict currency exchange regulations limit the use of plastics and
almost all containers are returnable on a deposit basis. However, there is
considerable industry resistance to such changes, despite support for a
reduction in superfluous and environmentally damaging packaging by consumer
bodies. Concerted public pressure is needed to stem the growth of plastics
in disposable applications (Wirka 1988). At present, product substitution
is preferred to the use of degradable plastics, which have attendant
problems (e.g., Taylor 1979; Wirka 1988).

Almost 10% of South Africa’s annual plastic production was recycled
during 1988 (including factory scrap; Fig. 5), a greater proportion than
that recycled in the United States (l%; Wirka 1988). One mixed-plastics
recycling plant producing a wood substitute has recently been established
in Cape Town, and there are several primary recycling operations throughout
South Africa. However, there is much scope for further recycling, and
incentives to return used plastics for recycling are likely to prove
successful in limiting littering. There are problems associated with
recycling plastics in southern Africa. The relatively small volume of
material and the widely scattered markets render many recycling operations
uneconomic. Also, in most areas of southern Africa, solid waste disposal
using landfill sites remains by far the cheapest disposal technique,
although groundwater contamination by leachates from landfills is a
potential problem.

Legislation in South Africa is starting to address the problem of
inadequate waste disposal. The recently promulgated Environmental Conser-
vation Bill provides for heavy fines and, in some cases, jail sentences for
littering and other disposal contraventions. However, it is hoped that
voluntary meaures taken by the business sector will obviate the need for
further legislation. Awareness campaigns focusing public concern have had
considerable success in promoting the use of more environmentally friendly
products and practices (e.g., the phasing out of six-pack yokes and shrink-
wrapped packaging for bricks, and the printing of warning labels on a
variety of disposable plastic products; Dolphin Action and Protection Group
1989), but many problems remain to be solved. It is only through the
whole-hearted support of the entire community that the marine debris
problem can be diminished.
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INTERNATIONAL EFFORTS TO CONTROL MARINE DEBRIS IN THE ANTARCTIC

Michael F. Tillman
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1335 East-West Highway
Silver Spring, Maryland 20910, U.S.A.

ABSTRACT

Since much of the Antarctic, including the surrounding
seas, remains in a relatively pristine state, the monitoring of
environmental changes in this area often provides early warning
of hazardous global phenomena, e.g., the stratospheric depletion
of ozone. Reacting to a U.S. initiative, members of the Commis-
sion for the Conservation of Antarctic Marine Living Resources
have taken steps to monitor the potential problem of marine
debris, particularly from fishing operations. The Commission is
joining with the Scientific Committee for Antarctic Research in
establishing a program to monitor the effect of plastic pollu-
tion and entanglement on marine animals. The initiatives under-
taken to establish monitoring programs for marine debris, the
results to date, the reasons for their success and future needs
in the Antarctic are discussed in this review.

INTRODUCTION

The 1984 Workshop on the Fate and Impact of Marine Debris provided
ample warning that marine debris of terrestrial and shipborne origin was
widespread in the marine environment and was apparently capable of contri-
buting substantially to increased mortality of marine life (Shomura and
Yoshida 1985). Of particular concern was the implication of debris arising
from fishing operations (including lost or discarded net fragments, plastic
packing bands, lines, and rope) in the harmful entanglement of substantial
numbers of animals from many North Pacific populations of pinnipeds:
northern fur seal, Callorhinus ursinus (Scordino 1985); Steller sea lion,
Eumetopias jubatus (Calkins 1985); northern elephant seal, Mirounga
augustirostris, California sea lion, Zalophus californianus, and harbor
seal, Phoca vitulina richardsi (Stewart and Yochem 1985); and Hawaiian monk
seal, Monachus schuainslandi (Henderson 1985). Fowler’s (1985 1987)
analyses of the substantial database for northern fur seals even suggested
that the mortality of fur seals due to entanglement may be contributing
significantly to declining trends (4-8% per year since the mid-to-late
1970's) of the population on the Pribilof Islands.

In R. S. Shomura and M. L. Godfrey (editors), Proceedings of the Second International
Conference on Marine Debris, 2-7 April 1989, Honolulu, Hawafi. U.S. Dep. Commer., NOAA Tech.

Memo. NMFS, NOAA-TM-NMFS-SWFSC-154. 1990.




104

To begin addressing the uncertainties surrounding the marine debris
problem while mitigating the known impacts, the 1984 workshop recommended,
among other things, that educational efforts be undertaken to advise user
and interest groups of the nature and scope of the issue. 1t was thought
appropriate to include relevant international groups in this educational
approach. The 1984 workshop also agreed that additional efforts should be
undertaken to establish the severity of the debris problem in areas other
than the North Pacific. Consequently, the stage was set for aggressive
initiatives at several international forums to determine if the marine
debris problem was occurring in other ocean basins.

Given the apparent adverse impact of marine debris, especially from
fishing operations, upon North Pacific pinniped populations, it seemed
reasonable to focus attention upon the Antarctic, where large populations
of pinnipeds also occurred. In response to the establishment of a substan-
tial international trawl fishery in the Antarctic during the 1970's, the
Convention and Commission for the Conservation of Antarctic Marine Living
Resources (CCAMLR) had come into force in 1982. The United States was a
founding member of CCAMLR and brought the marine debris issue to the
Commission’s attention at its third annual meeting, in September 1984,

4 months after the convening of the marine debris workshop.

U.S. ANTARCTIC INITIATIVES
Organization and Mandate of CCAMLR

The CCAMLR is a unique international agreement which implements an
ecosystem approach to the conservation and management of marine living
resources found in the Antarctic. The CCAMLR convention area includes the
marine area south of the Antarctic Convergence, the boundary between lat.
48° and 60°S which separates cold Antarctic waters from warmer subantarctic
waters (Fig. 1). The area south of this boundary is considered the
Antarctic marine ecosystem. The convention applies to "the populations of
finfish, mollusks, crustaceans, and all other species of living organisms,
including birds, found south of the Antarctic Convergence" (Anonymous
1988a).

The CCAMIR currently comprises 20 member nations, and an additiomal 4
nations have acceded to the convention but have not yet been accorded
membership (Anonymous 1988a). The major operational units which undertake
the convention’s responsibilities (Fig. 2) are the Commission for the
Conservation of Antarctic Marine Living Resources (the "Commission") and
the Scientific Committee for the Conservation of Antarctic Marine Living
Resources (the "Scientific Committee"). The work of these bodies is
facilitated by a permanent secretariat which resides at CCAMLR headquarters
in Hobart, Tasmania, Australia.

The convention mandates a management regime which ensures that
harvesting of Antarctic species, such as finfish and krill, is conducted in
a manner that considers ecological relationships among dependent and
related species. Article II of the convention specifically requires the
Commission to follow four basic principles of conservation (Sherman and

Ryan 1988):
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1. To prevent any harvested population from falling below the
level that ensures the greatest net annual increment to
stable recruitment;

2. to maintain the ecological relationships between harvested,
dependent, and related populations of Antarctic marine
living resources;

3. to restore depleted populations; and

4. to prevent or minimize the risk of changes in the Antarctic
marine ecosystem that are not potentially reversible over
two or three decades.

It was within this ecosystem context that the United States was able
to raise the marine debris issue. 1In particular, the fourth principle gave
rise to a powerful argument that the Commissioen must act to prevent
irreversible changes in the Antarctic marine ecosystem which might arise
from harvesting activities, including the loss or disposal of debris
resulting from those activities. At least the Commission found itself
compelled to give the issue due consideration when the United States
introduced it at the 1984 annual meeting.




107

U.S. Proposals and CCAMLR Response

1984 Initiative

In 1984, the U.S. delegation submitted and the Commission considered a
paper entitled "Assessment and avoidance of incidental mortality of
Antarctic marine living resources." This document indicated that, while
there did not seem to be any problem with entanglement of animals in lost
or discarded fishing gear and other marine debris in the convention area,
there was growing evidence in other areas, e.g., the North Pacific, that
significant numbers of nontarget marine organisms were being caught and
killed in such debris, as well as being caught and killed incidentally
during certain fishing operations. The Commission agreed with these
conclusions, and asked its members to undertake steps to study and assess
the possible sources, fates, and effects of marine debris in the convention

area, including (Anonymous 1984):

e reviewing and reporting on past encounters with marine debris
at sea or at coastal research stations;

e reporting on the nature of problems arising from debris such
as fouled propellers or entangled animals, and

e periodically surveying beaches at research stations or other
areas to ascertain the types, quantities, and sources of
debris accumulating there.

The Commission also agreed that members should report on the number of
birds, marine mammals, and other nontarget species taken incidentally

during fishing operations. Moreover, members were asked to inform their
nationals of internatiomnal and national laws prohibiting or restricting the
disposal of netting and other potentially hazardous materials at sea and to
report on measures taken to assess, avoid, and mitigate incidental mortality
of Antarctic marine life. Finally, it was agreed to include this item on
the agenda for the 1985 meeting and to consider the desirability of marking
fishing gear for identification purposes, as well as restricting the use of
gillnets in the convention area.

In 1985, the Commission received formal reports from four members,
including the United States, on steps taken in response to the basic moni-
toring program established in 1984. A number of oral reports were received
as well, and the United States submitted a preliminary report of the
proceedings of the 1984 Workshop on the Fate and Impact of Marine Debris.
Based upon this information, the Commission again concluded that there was
no evidence that significant quantities of fishing gear, binding material,
or other hazardous debris had been or were being lost or discarded in the
convention area (Anonymous 1985). However, given the compelling evidence
for such debris in other ocean areas, including areas adjacent to the
convention area, and of the extent of its harmful effects to marine life
and of its hazards to navigation, the Commission agreed to continue its

monitoring program.
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The Commission further agreed that members should continue studying
the feasibility and desirability of marking fishing gear and of maintaining
inventories of such material brought into the convention area. However,
given that there were no substantial gillnet operations in the area at the
time, the Commission concluded that prohibiting the use of gillnets as a
preventative measure could interfere unnecessarily with the Commission
objective of assuring the rational use of resources. The Commission did
agree to keep the matter under review.

1986 Initiative

At the 1986 meeting, the Commission received reports from members on
monitoring results and the United States submitted a paper proposing addi-
tional steps for ensuring that accidental and incidental mortality of
marine life did not become a problem in the convention area. While the
information provided continued to indicate that incidental and accidental
mortality of living marine resources did not appear to be a problem, the
Commission recognized that such mortalities, including those resulting from
entanglement in or ingestion of marine debris, could interfere with efforts
to achieve the objectives of the convention (Anonymous 1986). As a conse-
quence, the Commission agreed to new measures to reduce or prevent the at-
sea discarding of fishing and other hazardous debris:

¢ Members would take steps to ratify and implement both
optional Annex V of the 1978 Protocol to the International
Convention for the Prevention of Pollution from Ships
(MARPOL) and the International Convention on the Prevention
of Marine Pollution by Dumping of Wastes and Other Matter
(London Dumping Convention); and

e the secretariat would prepare drafts of an information
brochure to advise fishermen, researchers, and others working
in the convention area of the hazards of marine debris; and
of a placard for displaying on ships which listed the "do’s
and don’'ts" for storing, handling, and discarding refuse.

The Commission agreed to continue its monitoring provisions and
the collection of incidental catch data. Moreover, it agreed to
undertake three new monitoring steps (Anonymous 1986):

1. recording and reporting fishing gear lost in the convention
area;

2. 1if feasible, collecting and safely disposing of marine
debris encountered; and

3. collecting samples of marine debris along with pertinent
data, including species and numbers of entangled marine
animals, for archival by the secretariat.

At the 1987 meeting, progress on all agreed monitoring measures was
reviewed, and the Commission closely examined the information on lost or
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discarded fishing gear obtained from national reviews of such data and from
beach surveys in the convention area. Although several members observed no
marine debris or entanglement problems, others reported sightings of debris
consisting of fishing buoys, gas bottles, plastic containers, trawl net
fragments, and plastic packing bands (Anonymous 1987). Moreover, two fur
seals, Arctocephalus gazella, were seen entangled in derelict fishing nets
and a third in longline gear. The Commission agreed not only to continue
all elements of the monitoring program, including new steps agreed upon in
1986, but also to establish the issue of incidental/accidental mortality of
Antarctic marine living resources as a standing item on the agenda for
subsequent annual meetings.

The Commission also reviewed in 1987 the secretariat's drafts of an
information brochure and a placard for display on vessels operating in the
convention area. The secretariat was authorized to publish the agreed
texts and members were urged to give these the widest possible circulation.
Moreover, given that Annex V to the MARPOL Convention would prohibit or
control the disposal of debris arising from fishing operations in the
convention area, members were again specifically urged to ratify and
implement this international measure.

In 1988, the Commission received further reports from members
regarding loss of trawl cod ends and sightings of other derelict debris,
including net fragments and packing bands. Moreover, five fur seals, A.
gazella, were seen entangled in derelict fishing gear and two adult male
fur seals died after becoming entangled in trammel nets (Anonymous 1988b).
The Commission agreed to continue all elements of its monitoring program
but noted that the reporting of incidental mortality as recommended in 1986
had been inadequate so far.

Also in 1988, the secretariat published and distributed the information
brochure and placard for display on the ships of all member nations. As
requested by the Commission, the U.S. has made these available to scientists
and others working in the Antarctic and to the operators of vessels entering
the convention area, including the National Science Foundation, the U.S.
Coast Guard, and the National Oceanic and Atmospheric Administration.

FUTURE NEEDS AND ACTIVITIES
Improving Monitoring Efforts

The assumption is often made that much of the Antarctic, including the
surrounding seas, remains unsullied by human activities. Consequently, if
significant environmental changes are observed there, it is often presumed
that these may be resulting from significant environmental perturbations
occurring elsewhere on the globe, e.g., the stratospheric depletion of
ozone resulting from the production and use of chlorofluorocarbon compounds
in the Northern Hemisphere (Anonymous 1988e). The evidence reviewed so
far by the Commission would tend to indicate that the marine debris problem
in the Antarctic is minimal. That is, it would appear that the levels of
debris discarded by vessels in the convention area or the amount brought in
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by circulation or by other means from other ocean basins have not yet been
sufficient to generate major problems for Antarctic marine life.

However, recent information suggests that the level of CCAMIR's
monitoring efforts to date may not have been sufficient to ascertain the
levels and consequences of marine debris effectively. The Birxd Biology
Subcommittee of the International Council of Scientific Unions, Scientific
Committee for Antarctic Research (SCAR) concluded that a high proportion of
Antarctic seabirds had ingested plastic particles, that the incidence was
increasing in at least some species in the Southern Ocean and that the
problem was particularly acute for procellariform species which accumulate
rather than excrete plastics (Anonymous 1988d). Van Franeker and Bell
(1988) and Ainley et al. (1990) suggested that the source of the ingested
plastic is from wintering areas outside the Antarctic. The SCAR Group of
Specialists on Seals also noted that entanglements of Antarctic fur seals
in discarded fishing gear had been reported from several areas around the
Antarctic, including South Georgia, the South Shetland, Crozet, Marion,
Heard, and Bouvet Islands (Anonymous 1988c). Consequently, one might
conclude that CCAMIR has so far been seeing only the tip of the marine
debris iceberg.

Taking note of CCAMLR’s early monitoring initiatives in this area,
both SCAR groups requested the Commission’s assistance in examining the
problem further. The SCAR’s Bird Biology Subcommittee requested that
CCAMLR consider initiating programs to monitor the level and effects of
plastic pollution in subantarctic and Antarctic seabirds, considering both
ingestion of plastic particles and entanglement. The SCAR Group of
Specialists on Seals also requested that CCAMLR seek detailed information
on the frequency of occurrence and nature of entanglement events involving
seals in order to identify the causes of entanglement and trends in the
frequency and extent of such entanglement over time (Anonymous 1988b).

At its 1988 meeting, however, the Commission noted that its monitoring
program had three shortcomings relevant to SCAR’s requests (Anonymous 1988b):

1. It did not address the problem of ingestion of plastics.

2. It did not specifically provide for quantitative and
detailed reports of entanglement when fishing operations
were not directly involved.

3. It may not provide adequately detailed information on
incidental mortality during fishing operations to enable
assessment of the problem or to monitor changes
quantitatively.

To see if these shortcomings could be rectified so that assistance
might be given to SCAR, the Commission authorized the chairman of the
Scientific Committee to open a dialogue with the relevant SCAR groups
(Anonymous 1988b). In particular SCAR's advice was sought (and provided at
the 1989 meeting (Anonymous 1989)) on how the levels and effects of inges-
tion of plastics by Antarctic seabirds could be monitored, how quantitative
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surveys could be conducted to determine the incidence, causes, and effects
of marine mammal entanglements, and how the CCAMLR system of reporting
incidental mortality might be improved in order to precisely determine the
incidence, causes, and effects of such mortality. This new interaction
between the Commission and SCAR should pave the way for greatly improving
CCAMLR’s pioneering efforts to monitor the marine debris problem.

Improving the Coordination of Efforts

The CCAMLR's exhortations on behalf of MARPOL apparently paid off,
since Annex V came into force in December 1988 (Anonymous 1988e). It is
now illegal for ships registered in the 35 ratifying nations, including the
United States, to dump plastic debris such as that arising from fishing
operations into the sea.

To become even more effective in controlling the marine debris problem
in the Antarctic, it would seem desirable for the Commission to begin coor-
dinating its actions with the International Maritime Organization (IMO).
The IMO is the specialized agency of the United Nations which oversees
implementation of MARPOL and the London Dumping Convention. This possible
coordination, along with the pending cooperation between the Commission and
SCAR, points out a growing need for an effective coordinating mechanism on
this and other Antarctic issues.

In fact there has been a continuing debate among the Antarctic Treaty
consultative parties (ATCP's) regarding the need for an Antarctic Treaty
secretariat (Kimball 1987). The ATCP’s favoring such a secretariat point
to the increasing variety and complexity of issues being dealt with which
require more numerous and more frequent communications within and between
instruments of the Antarctic Treaty system, including CCAMLR, as well as
with other relevant international organizations and elements of the outside
world. The growing number of players becoming involved in dealing effec-
tively with the issue of marine debris in the Antarctic (CCAMLR, SCAR, and
IMO) may well provide another argument in favor of a secretariat.

DISCUSSION

Despite possible shortcomings and problems, it would appear that sub-
stantial progress has been made in trying to deal with the issue of marine
debris in the Antarctic. The CCAMLR's monitoring program has evolved quite
rapidly since the United States introduced the issue in 1984. Although the
program is, perhaps, not yet as quantitative as some scientists would wish,
the Commission is at least in a very good position to ascertain and evaluate
trends in levels of debris and entanglements of marine life.

Under the convention, the Commission must take all of its decisions by
consensus, which has led at times to a lowest-common-denominator-syndrome
and resulted in somewhat ineffectual measures. So, the progress made with
respect to marine debris might seem all the more remarkable unless one
considered it in the light of the unique nature of the convention itself.
The CCAMLR not only requires an ecosystem approach to the conservation and
management of living marine resources but also sets forth the principle
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that the Commission must act to prevent or minimize irreversible changes to
that ecosystem. More than anything, these unique provisions probably
account for the success achieved on the issue.

The philosophy behind CCAMIR provides great flexibility and a basis
for dealing with many kinds of marine conservation issues, not just those
dealing with the use of resources. This is a powerful tool, and the
convention should be taken seriously as a model for all future resource use
conventions and agreements in other ocean areas.
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ABSTRACT

The CARIPOL program is a cooperative regional effort to
assess the state of pollution of the marine environment in the
Caribbean and adjacent regions. In its initial phase, CARIPOL
has concentrated on the assessment of petroleum pollution
through the monitoring of three easily determined variables: the
occurrence of tar aggregates on beaches, of floating tar at sea,
and of dissolved or dispersed petroleum hydrocarbons. A data
base of greater than 7,000, 680, and 1,460 data points,
respectively, for the three variables has been accumulated
through submissions from 14 countries in the region.

Tar on beaches is a serious problem in the region,
especially in the Windward islands, the Cayman islands, and the
archipelago of Aruba, Curacao, and Bonaire where loads of up to
1 kg of tar/m of beach front have been reported. Other affected
areas include the ease coast of Florida, the Yucantan peninsula,
and Campeche Sound. The occurrence of floating tar has been
closely correlated with tanker traffic in areas such as the
south coast of Puerto Rico and the Straits of Florida.

Dissolved and dispersed petroleum hydrocarbons reach critical
levels only in enclosed waters such as bags and harbors subject
to intense maritime traffic or industrial petroleum sites.

The CARIPOL program has now embarked upon a second phase to
assess the accumulation of petroleum hydrocarbons in sediments
and organisms. Initial results indicate that although these
compounds are rapidly degraded when released to the water, they
may persist for extended periods upon reaching marine sediments.
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IN THE U.S. MARITIME SECTORS BEFORE AND AFTER MARPOL ANNEX V
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ABSTRACT

Annex V of MARPOL 73/78 is regarded as an important
instrument for reducing the amounts of plastics and other debris
discarded into the ocean. Estimates of the aggregate quantities
of garbage discarded are outdated, however, and represent only
order of magnitude efforts. In this paper, the authors present
updated estimates of the amounts of plastics and other debris
generated in the U.S. maritime sectors.

The analysis covers both public and private sectors,
including merchant marine vessels active in U.S. trade;
commercial fishing vessels; recreational boats; research and
industrial vessels; U.S. Navy, Coast Guard, and Army ships; and
vessels and structures associated with offshore o0il and gas
operations. Current disposal practices as well as disposal
practices under Annex V are analyzed and used to develop
estimates of how the disposition of garbage generated at sea,
i.e., the amounts dumped overboard, brought back to shore for
disposal, and incinerated, will change under the new
regulations.

INTRODUCTION

Two questions which underlie the debate over the U.S. ratification of
MARPOL Annex V are: (1) How much garbage is being dumped overboard from
vessels? and (2) What effect would the specific restrictions contained
in Annex V have on the overall marine debris problem? Throughout the
numerous congressional hearings which led up to U.S. ratification, only
one source of aggregate data, a 1975 study by the National Academy of
Sciences (NAS), was identified which addressed these questions. That
study, however, examined the entire world fleet and included sources of
debris which will not be regulated by Annex V (Table 1). It also made no
attempt to account for actual disposal practices, reporting instead on the
quantities of garbage "potentially" dumped (NAS 1975).

The present study utilizes current information for the U.S. maritime
sectors to develop current and more comprehensive estimates of garbage

In R. S. Shomura and M. L. Godfrey (editors), Proceedings of the Second International
Conference on Marine Debris, 2-7 April 1989, Honolulu, Hawaii. U.S. Dep. Commer., NOAA Tech.
Memo. NMFS, NOAA-TM-NMFS-SWFSC-154. 1990.
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Table 1.--Global marine litter estimates
(National Academy of Science 1975).

Garbage types and sources Ton/year Percent

Sources regulated under MARPOL Annex V
Crew-related wastes

Merchant marine 11,000 1.8
Passenger vessels 2,800 0.4
Commercial fishing 34,000 5.4
Recreational boats 10,300 1.6
Military 7,400 1.2
0il drilling and platforms 400 0.1
Commercial wastes
Merchant cargo wastes or dunnage 560,000 89.5
Annex V subtotal 625,900 100.0
Sources not regulated under MARPOL Annex V
Fishing gear loss 100 1.0
Loss due to catastrophe® 10,000 99.0
Non-Annex V subtotal 10,000 1000.0
Total 636,000 100.0

®Includes debris from shipwrecks or marine storms.

quantities. The main components of the model are: vessel populations,
entrances to U.S. ports, crew sizes, garbage generation factors, and plas-
tics as a percent of total garbage. It also fills a gap left in previous
studies by addressing historical shipboard disposal practices and changes
in practice expected to result from implementation of Annex V. It must be
noted, however, that few direct measurements of garbage generation and
disposal practices exist. The methodological improvements offered in this
study are based on updated data where they exist, and on substantial anec-
dotal information collected throughout the course of broader regulatory
studies of MARPOL Annex V (Eastern Research Group (ERG) 1988a, 1988b).

The study first reviews information related to the sources, types,
and quantities of garbage generated in the various maritime sectors. Data
on per capita garbage generation, crew size, voyage length, and annual
ship utilization factors are used to derive estimates of per voyage, per
vessel, and annual aggregate garbage quantities generated. Estimates are
made for the following sectors:

e Merchant shipping.

o Commercial fishing.




121

e Commercial passenger vessels.
e Recreational boating.
e Offshore oil and gas operations.

e Research and other miscellaneous vessels.

U.S. Navy, Coast Guard, Army, and other government vessels.

An analysis of historical garbage disposal practices in these sectors
is used to estimate the pre-Annex V garbage quantities dumped overboard,
brought back to shore for disposal, or burned in marine incinerators.

Under MARPOL Annex V, ships may be forced to alter their current disposal
practices. An analysis of options available for compliance with Annex V is
used to derive the post-Annex V disposition of vessel garbage.

GARBAGE ESTIMATION PARAMETERS

This section reviews the types and quantities of garbage generated in
the maritime sectors. This information is combined with data on vessel
populations, crew sizes, and voyage lengths from the supporting statistical
section to produce estimates of the per voyage, per vessel, and aggregate
annual garbage quantities generated.

Types of Garbage Generated

Several types of garbage are generated by vessels operating at sea.
In this study, "domestic" garbage refers to general garbage such as galley
refuse (food wastes, food packaging materials) and garbage from the hotel
areas of the vessel (discarded items such as smoking materials and packag-
ing, shampoo bottles, and razors). Wastes associated with normal ship
operations, such as rags and containers, are also included. Some vessels
generate an additional amount of "commercial" waste. Examples include
cargo dunnage, spent fishing gear, and disposable or single-use oceano-
graphic research instruments. These are discussed separately.

Domestic Wastes

Several sources of information on the quantities of garbage generated
by ships are available. A series of studies done for the Intergovernmental
Maritime Consultative Organization, the predecessor to the International
Maritime Organization (IMO), are judged to represent the best available
estimates (IMO 1987). These rates, representing per capita daily
quantities, were reported as follows:

e Harbor vessels--1.0 kg (2.2 1b).
e Inland and coastal vessels--1.5 kg (3.3 1b).
e Oceangoing cargo vessels--2.0 kg (4.4 1b).

e Oceangoing cruise vessels--2.4 kg (5.3 1b).
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As shown, the rates vary depending upon the type of vessel and where the
vessel operates.

These rates appear consistent with those obtained elsewhere. The U.S.
Navy, for example, examined garbage generation aboard naval ships in 1971
(Naval Ship Engineering Center 1971) and again in 1988 (L. Koss and Lt.
Mullenhard, U.S. Navy, pers. commun. 1988), and reported estimates of 1.39
and 1.43 kg/person/day (3.05 and 3.15 1b), respectively. On land, the U.S.
Environmental Protection Agency (EPA) estimates that each person generates
an average of 1.82 kg (4.0 1b) of garbage per day (National Solid Waste
Management Association (NSWMA) n.d.). Thus, the rates from the IMO studies
appear consistent with those obtained elsewhere.

In this study, the IMO rates for oceangoing cargo and cruise vessels
are applied respectively to cargo and passenger vessels which operate over
the open ocean. The IMO rate for inland and coastal vessels is applied to
crafts which travel inland or along the coastline.

Commercial Wastes

Several classes of vessels generate wastes associated with their
commercial activities. These wastes are distinct from any operational
wastes generated through normal vessel repair and maintenance activities,
which are included under the category of domestic wastes.

Commercial cargo wastes or dunnage.--The term "dunnage" covers
materials such as timber, plywood, pallets, rope, and plastic sheeting used
to protect, separate, and secure cargo carried in break-bulk form. In the
study (NAS 1975), these types of cargo wastes dominated the aggregate waste
quantity estimates (Table 1). Since the mid-1970’'s, however, the trend
towards containerization, and changes in cargo handling methods, are
believed to have greatly reduced the amount of dunnage used. Cargo carried
by containerships or other types of intermodal ships (barge carriers, roll-
on/roll-off) is generally unloaded for transshipment in port without being
disturbed. According to officials of the American Institute of Merchant
Shipping, therefore, the "vast majority" of cargo ships now produce no
dunnage waste (J. Cox, American Institute of Merchant Shipping, pers.
commun. 1988).

The quantities and types of dunnage still used in general cargo trade
vary, and depend upon the type of cargo being carried. Break-bulk ship-
ments of food products, for example, use mainly cardboard for separation
and protection of the cargo. For a highly explosive shipment of ammuni-
tion, however, extensive wooden encasements are constructed to protect
against movement of the cargo. In such cases, tens of thousands of board
feet of lumber may be used. Palletized cargoes may be shrink-wrapped and
secured with steel or plastic strapping, but these are not normally removed
prior to final delivery at the customer’'s facilities. Lumber and plywood
are the most common materials used.

Marine terminal operators familiar with the loading and unloading of
break-bulk ships indicate that very little plastic waste is generated. One
reported use for plastic is to capture leaks of moisture or hydraulic
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fluids in the vessel’s cargo hatches. This plastic would likely be removed
when the vessel is being unloaded. As indicated, plastic shrink-wrap is
used with palletized cargo, but this is generally not removed either on
board the ship or in port.

Estimates of per-vessel and aggregate dunnage quantities are difficult
to make based upon the limited data. The study {NAS 1975) estimated that
general cargo ships generate up to 285 tons of dunnage per year. This
estimate contrasts significantly with information provided by marine
terminal operators and shipping interests. Due largely to the trend
towards containerization of cargo, there appears to be much less dunnage
used today. Relying on current reports, this study assumes that two-thirds
of the general cargo vessels entering U.S. ports generate dumnnage in the
form of lumber, one third generate only cardboard, and that 10% generate
plastic waste. The quantities used are estimated as follows:

¢ Lumber--48.6 m’ (approximately 20,000 board ft) per vessel
entrance.

¢ Cardboard--23.6 m® (30 yd®) per vessel entrance.

e Plastic--assumed to be generated by only 1 of every 10 break-
bulk ships entering U.S. ports, in minimal quantities of 0.12

m® (4.0 ft3) per entrance.

As the estimates presented later will show, under these assumptions the
amount of waste generated by general cargo ships represents only a small
proportion of the total garbage volume regulated by Annex V. Furthermore,
overall estimates of plastics are not particularly sensitive to assumptions
regarding dunnage volumes.

Fishing gear wastes.--Commercial fishing activity also contributes to
the problem of marine debris, and to plastics in particular. Whether trawl
gear, set nets, or lines are being used, occasional fouling of equipment,
such as the tearing or twisting of nets and lines, will occur. During
repair, portions of nets, excess line, floats, and other gear wastes may be
generated. All such materials are nowadays made of synthetics, and are
prohibited from disposal under Annex V. 1In addition to these items, sub-
stantial quantities of fishing gear are also lost accidentally. Annex V,
however, does not cover this category of debris, hence no estimates are

made here.

Limited information is available on the amounts of gear waste gener-
ated. The Foreign Fisheries Observer Program, National Marine Fisheries
Service (NMFS) has monitored fishing gear repair operations on board
foreign vessels active in Alaskan waters. Berger and Armistead (1987)
analyzed data from this program and found that fishing gear repair opera-
tions took place about once every 4.9 days. The U.S. vessels active in the
same fisheries report a similar incidence of gear repair (J. Gnagey, Alaska
Trawl Fisheries, pers. commun. 1988; Z. Grader, Pacific Coast Federation of
Fishermen’'s Associations, pers. commun. 1988). Discarded webbing was found
to be typically small, with only 21.2% of pieces deemed to be "of a mesh
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size or area thought most likely to entangle marine mammals" (Berger and
Armistead 1987). Some 57.9% of discarded pieces consisted of "primarily
loose strands of twine or pieces with a mesh size of less than 100 mm."

Working with these data, the amount of gear waste generated over a
typical cruise is estimated to be relatively small. Assuming that (1) the
average piece of webbing produced during net repair is 1 m?, (2) webbing is
composed of 15 mm diameter twine (Uchida 1985), and (3) the incidence of
net repair and discard is twice per week, than the volume of waste gener-
ated over even a 30-day fishing expedition would amount to just over 0.12
m? (4 fta) of net material (ERG estimates).

Evidence suggests that these estimates from the Alaskan fisheries may
represent an upper bound on the frequency and amount of fishing gear waste
discarded. Beach surveys have found the concentration of fishing gear
waste off the Alaskan islands to be among the highest noted anywhere (e.g.,
Merrell 1985). Discussions with fishery representatives elsewhere in the
United States have indicated that net repair operations while at sea are
relatively less common. Moreover, net fragments and floats in other fish-
eries are reported to be retained on board for use in repair operations,
rather than discarded. Spare nets may also be carried in order to avoid
at-sea repairs completely (ERG 1988a, 1988b). 1In this study, it is assumed
that the average volume of fishing gear waste generated in all U.S. fisher-
ies is half of that calculated for Alaska. An estimate of 0.03 m® (1 ft®)
of gear waste per week at sea is assumed.

Nongear fishing wastes.--Certain fisheries produce additional quanti-
ties of wastes due to their use of specialized fishing techniques. These
include longline fishing, which uses packaged bait (B. Alverson, Longliner
Vessel Owners Association, pers. commun. 1988), and the herring fishery,
which utilizes quantities of packaged salt (J. Kaelin, Associated Fisheries
of Maine, pers. commun. 1988). Longline bait is sold frozen, with packages
wrapped in plastic, packed in cardboard boxes, and secured with plastic
strapping. Chemical light or Cyalume sticks are also used to attract fish.
These sticks, about the size of a pencil, are themselves made of plastic.
Salt used in the herring fishery comes in large plastic bags.

Available estimates of marine waste disposal do not address this
source of waste. The Center for Environmental Education (CEE) reports that
longline gear is used in at least five different fisheries (CEE 1986), and
that longline vessels can bait up to 5,000 hooks per day. In order to
capture the additional wastes produced by vessels in these fisheries, it is
assumed in this study that they generate twice the normal volume of fishing
gear waste.

Research vessel wastes.--Research vessels may generate additional
plastic wastes in the form of packing materials from research instruments
brought on board, and from disposable measuring instruments used in moni-
toring oceanic experiments. Based on discussions with representatives at
various research institutions, an additional 0.12 m’ (4 fta) of plastic
waste per voyage is assumed.
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Dry Versus Wet Garbage

The nature of the MARPOL Annex V regulations makes it necessary to
estimate separately the amounts of "wet" garbage (food waste) and "dry"
garbage generated. Many vessels are expected to separate plastics from
their dry garbage and then dispose of the remainder while in areas where no
Annex V restrictions apply. Some, however, may have to retain all dry
garbage for onshore disposal (and even wet garbage, in some cases) depend-
ing on whether they operate in Annex V "special areas" or in coastal waters.
(Special areas currently include the Mediterranean Sea, Baltic Sea, Red Sea,
Black Sea, and Persian Gulf Areas; Table 2.)

The dry garbage component of the overall solid waste stream is esti-
mated based on the recent U.S. Navy study (Koss and Mullenhard, pers.
commun. 1988). 1In this study, dry garbage accounted for 59.4% of domestic
waste by weight, while wet garbage accounted for 40.6%. These percentages
are similar to those found in the earlier, more extensive Navy studies,
where the dry garbage component was estimated at 43.6%.

Plastics as a Percentage of Total Wastes

Annex V places a complete prohibition on the overboard disposal of
plastics. Estimates of the percentage of the overall vessel waste stream
accounted for by plastics are needed in order to develop projections of the
quantity of garbage that may be brought back to shore for disposal.

The EPA estimates that plastics represent 6.5% (by weight) of all
household and commercial solid waste on land (NSWMA n.d.). The relevance
of this estimate to vessel operations is uncertain, however, because of
likely differences in the types of waste generated at sea. In the national
EPA estimate, paper and paperboard waste makes up 42% of the total, and
yard waste accounts for another 16%. Garbage generated at sea is likely to
contain much less paper waste and no yard waste. Under these assumptions,
plastics would represent a larger share of the waste stream at sea than it
would on land. At the same time, though, national estimates would include
discards of durable plastic objects and industrial plastic waste, very
little of which is generated at sea.

Studies done by the U.S. Navy in 1971 (Naval Ship Engineering Center
1971) and 1988 (Koss and Mullenhard, pers. commun. 1988) represent the only
direct estimates of plastic wastes based on actual operating experience.

In 1971, plastics were found to account for only 0.3% of total garbage by
weight. This study covered numerous vessels and was used by the NAS in
their estimates (NAS 1975). In 1988, however, the Navy found that the
plastics share of total garbage weight had risen to 6.7%--an apparent
twentyfold increase. It must be noted that the more recent study is based
on an analysis of a single Navy vessel operating over a short (32-h)
cruise. Thus, the figures may not be representative.

In reviewing the data from the Navy studies, the question of potential
differences in plastics usage between Navy and other vessels arises. Navy
vessels carry extensive electronic equipment on board which may be wrapped
in plastic "bubble" wrap and other cushioning materials. This source of
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Table 2.--Summary of MARPOL Annex V restrictions
(International Maritime Organization 1987).

All vessels

Offshore platforms and

Outside Within
associated vessels®

Garbage type special areas®  special areas®

Plastics Disposal Disposal Disposal
prohibited prohibited prohibited
Floating dunnage, >25 nmi Disposal Disposal
lining and from land prohibited prohibited
packing
materials
Paper, rags, >12 nmi Disposal Disposal
glass, etc., from land prohibited prohibited
not ground
Paper, rags, glass, >3 nmi Disposal Disposal
etc., ground® from land prohibited prohibited
Food waste, not >12 nmi Disposal Disposal
ground from land prohibited prohibited
Food waste, >3 nmi >12 nmi >12 nmi

ground®

Mixed refuse types

from land

(d)

from land

()

from land

(a)

®Annex V special areas include the Mediterranean, Baltic, Red, and Black
Seas, and the Persian Gulf Areas.

Poffshore platforms and associated vessels include all fixed or floating
platforms engaged in exploration or exploitation and associated offshore
processing of seabed mineral resources, and all vessels alongside or within
500 m of such platforms.

‘Ground waste must be able to pass through a screen with mesh size no
larger than 25 mm (0.1 in).

dWhen garbage is mixed with other harmful substances having different
disposal or discharge requirements, the more stringent disposal requirements
shall apply.

plastics is not generally present on board other types of vessels. Second,
considerably more at-sea repair occurs on board Navy ships than aboard
merchant marine or fishing vessels. Tools and replacement parts may be
packaged in plastic, and parts themselves may be plastic. Wire and cable
have plastic insulation. On the other hand, due to the large crew sizes,
food supplies on board Navy vessels are generally purchased in bulk. The
reduced packaging associated with this bulk purchasing would suggest smaller
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plastic generation rate. Navy vessels may, therefore, generate more plastics
from operational sources, but less from galley refuse.

In the absence of any conclusive evidence on the amount of plastics
contained in the ship's waste stream, the results from the most recent
Navy study (Koss and Mullenhard, pers. commun. 1988) have been used. This
study indicates that plastics represent 6.7% of all wet and dry solid
waste, and 11.3% of dry solid waste, by weight. Additional studies of
this nature relative to shipping and other maritime sectors would
certainly be welcome.

Garbage Densities

Further analysis of garbage generation patterns requires estimates of
the density of garbage. These are needed in order to convert the weight
of a given accumulation of garbage to volume terms. At sea, it may be the
volume of garbage, rather than its weight, that figures in decisions
regarding disposal options.

Table 3 shows estimates of garbage density for shipboard types of
garbage. It will be noted that no sources of data specific to plastics
were identified. Studies done for the State of New York by Franklin Asso-
ciates (V. Sellers, Franklin Associates, pers. commun. 1988) found that
1,000 kg (2,200 1b) of uncompressed plastic soda containers had an average
volume of 20.8 m® (325 ft’), suggesting a density of 48.1 kg/m® (3.07
1b/ft?) . Navy officials, however, have suggested that a much lower
density of 15.4 kg/m® (1 1b/ft3) is appropriate (Koss and Mullenhard,
pers. commun. 1988). This would imply that plastics used on board ship
weigh one-third as much as much as empty soda bottles--an apparently
generous volume estimate. In the absence of any data specific to ships,
however, the Navy'’s estimate of 15.4 kg/m3 (1 1b/fe?) is incorporated.
Again, this estimate is the more generous of those available in terms of
estimating the volume of plastics generated on board.

Table 3.--Estimates of density for shipboard-generated garbage.

Density
Source of estimate and garbage type kg/m’ 1b/ft?
Society of Naval Architects
and Marine Engineers (1982):
Dry rubbish 100.0 6.3
Dry garbage 120.0 7.5
Refuse, 70% wet 640.0 40.0
Food waste 400 to 1,000 25.0 to 68.8

Gassan (1978):

Hotel solids 277.0 17.2
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Table &4 summarizes the numerous estimates and assumptions used in
calculating garbage weights and volumes. The reader should note that
densities are calculated for each of the different components of mixed
garbage. Any conversions from garbage weight to volume made in this study
must be considered, therefore, in the context of the density values used.

GARBAGE HANDLING AND DISPOSAL PRACTICES
BEFORE AND AFTER MARPOL ANNEX V

This section summarizes the more substantial review of garbage
handling and disposal practices contained in ERG (1988b). Estimates of
the percentage of vessels using each of the various garbage handling and
disposal methods, both historically and under Annex V, are used to evaluate
the disposition of the aggregate garbage quantities under pre- and post-
Annex V assumptions.

Pre-Annex V Garbage Handling and Disposal Practices

The historical methods employed by shipboard crews to dispose of
garbage provide a basis for determining the current disposition of the
garbage generated on board, i.e., how much is discarded overboard, how much
brought back to shore for disposal, and how much is burned in onboard

incinerators.

In most sectors, garbage handling practices vary depending on where
the ship operates. Over deep-sea routes, garbage is typically collected
throughout the ship and discharged daily. Closer to shore, crews are more
likely to retain garbage for onshore disposal. The historical practice
of ocean dumping while out at sea has been confirmed in most sectors. A
representative of the American Institute of Merchant Shipping, for instance,
states that: "Generally aboard merchant vessels on the high seas, waste
generated as a result of vessel operations and deck maintenance is disposed
of directly overboard" (Corrado 1986).

The predominance of ocean disposal is also indicated by statistics
kept by the Department of Agriculture’s Animal and Plant Health Inspection
Service (APHIS). This agency requires ships entering the United States
from foreign ports to incinerate, sterilize, or otherwise sanitize any
garbage prior to disposing of it on shore. The APHIS inspection records
for fiscal year 1986, for example, show that only 2.5% of vessels entering
the United States from foreign ports off-loaded any garbage (A. Langston,
U.S. Department of Agriculture, pers. commun. 1988).

Most commercial fishing groups also acknowledge that garbage dumping
has traditionally been the most widely used means of getting rid of any
trash which accumulates.

The use of garbage handling equipment such as grinders, compactors, or
incinerators has not been widespread in the maritime sectors. Only some
newer ships are equipped with such equipment. Until now, overboard dis-
posal while well out at sea has been the most convenient and inexpensive
method available. Based on discussions with operators in the merchant
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Table 4.--Assumptions and estimates used
in garbage generation calculations.

Domestic garbage generation rates (International Maritime Organization

1987)
Per capita per day

Vessel category kg 1b
Oceangoing 2.0 4.4
Coastal 1.5 3.3
Inland/harbor 1.0 2.2
Passenger cruise 2.4 5.3

Fishing waste generations rates (Eastern Research Group estimates)

Per vessel per day

Vessel category m® kg ftl 1b
Normal vessels 0.004 0.064 0.140 0.140
Longliners, etc. 0.008 0.127 0.280 0.280

Domestic waste components, by weight (Koss and Mullenhard, pers. commun.
1988)

As percent As percent

, of all garbage of dry garbage

Garbage type by weight by weight

Wet (food waste) 40.6 --

Dry (nonfood waste) 59.4 100.0
Plastic 6.7 11.3
Glass 4.1 6.9
Metal 13.0 21.9
Rubber 0.3 0.5
Paper, other 35.2 59.3

Garbage density (Society of Naval Architects and Marine Engineers 1982),
except for plastic density, which was suggested by Navy personnel

Garbage type kg/m’ m’/kg 1b/ft? f£3/1b
Total garbage 174.2 0.006 10.89 0.10
Dry garbage 100.0 0.010 6.30 0.16
Food waste 640.0 0.002 40.00 0.03

Plastics 16.0 0.063 1.00 1.00
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marine, commercial fishing, and government sectors, it is assumed here that
for most ships, overboard disposal is the predominant method used.

Vessels which spend more time operating close to shore are less likely
to rely on overboard disposal. There are several possible reasons for
this: Laws and regulations may already prohibit dumping in such areas;
vessels are away from port for shorter periods and thereby generate less
garbage; or operators may be conscious about dumping close to shore.
Several categories of vessels have been identified as using alternative
disposal means. These include segments of the coastal trade fleet, tug and
towboat operators, recreational boaters, offshore oil and gas operations,
some industrial and research vessels, and some Coast Guard vessels.

Post-Annex V Garbage Handling and Disposal Practices

Under MARPOL Annex V, vessel operators may have to implement changes
in garbage handling procedures in order to achieve compliance with the
requirements of the regulations. The actions taken by an individual
operator will depend upon a number of factors, including (1) where the
vessel operates and the specific restrictions of Annex V which apply in
those areas, (2) the quantities and types of garbage generated by each
vessel, and (3) the cost and noncost factors which influence the selection
of compliance methods.

Each vessel owner or operator will evaluate his operations relative to
the requirements of MARPOL Annex V. Table 2 presented a summary of the
restrictions introduced by Annex V for the various types of garbage. Dis-
posal of plastics is prohibited everywhere, and disposal of other types of
wastes is restricted for vessels operating near shore. Vessels operating
in special areas are prohibited from disposing of anything except food
wastes, and then only beyond 12 mi from shore. A separate set of rules
apply to offshore oil and gas operations.

Alternative compliance options have been analyzed in terms of their
relative costs and conveniences in the regulatory analysis prepared for the
Coast Guard (ERG 1988b). Among the compliance methods examined were:
substitution of plastics, storage of garbage for onshore disposal, use of
compactors to reduce garbage volumes, with subsequent disposal on shore,
and installation of onboard garbage incinerators. The model used for
comparing these alternatives took into account all of the relevant costs
associated with each option, including the volumes and types of garbage
generated; equipment, installation, and operating costs; the opportunity
costs of current garbage handling and disposal procedures (i.e., not paying
crews to dump garbage); and costs associated with off-loading and disposing
of garbage in port.

The cost comparison model shows that for most vessels, onboard separa-
tion and storage of plastic garbage, with eventual disposal in port, is the
least costly alternative (see ERG 1988b). As the garbage generation tables
below will show, the quantities of plastics generated by most vessels would
not present extreme storage difficulties. Where garbage volumes may cause
inconveniences or storage problems, compactors can be used to reduce the

volumes.




131

Several factors not captured by the cost comparison may steer vessel
operators towards more costly compliance methods. If, for whatever reason,
vessels anticipate the accumulation of large quantities of garbage on
board, they may consider methods that reduce or eliminate this burden, even
if it increases their costs. Operators may be concerned about situations
where onshore garbage disposal would not be possible for extended periods
of time, due to delays or the inability to obtain removal service in port.
Finally, the cost comparisons do not consider issues caused by operations
in special areas, where additional restrictions on the disposal of garbage
will apply.

When both the cost and noncost issues are considered, most smaller
vessels are still projected to choose separation and storage of garbage
which they will no longer be able to dump overboard. Extensive use of
onboard garbage compaction equipment is forecast, however, for larger
commercial fishing vessels and for a majority of domestic trade merchant
ships. Such equipment will be used to reduce the volume of garbage
retained on board and to facilitate handling and disposal in port. Equip-
ment manufacturers indicate that equipment suitable for onboard use can
achieve a compaction ratio of between 500 and 1,000%, although for pure
plastics the ratio is lower unless the material is first shredded. Only
ships in the merchant shipping foreign trade category and some larger
research and passenger ships are expected to select onboard incinerators.
In the case of foreign trade vessels, the decision to invest in inciner-
ators will not be based simply on economics, as incinerators represent the
most expensive means of compliance, but rather upon the increased conve-
nience afforded to the vessel. Time spent in port is extremely costly,
thus incinerators may be viewed as "insurance" against the possibility of
being delayed due to difficulties in obtaining garbage disposal services.
It must be noted, however, that current or future air pollution standards
for marine incinerators could greatly increase the cost of this option.

Special mention should be made of the solution expected to be adopted
by U.S. Navy ships. As shown below, the Navy has particular garbage
disposal problems due to the large number of crewmen on board. According
to the most recent reports, Navy ships are expected to be outfitted with
thermal extrusion equipment specially designed for shipboard application.
This technology will enable Navy crews to melt down all plastics generated
on board and extrude them into a storable form.

Pre- and Post-Annex V Garbage Disposition

Table 5 presents estimates of the pre- and post-Annex V distribution
of vessels in the merchant shipping sector according to the garbage handling
and disposal practices used. The distributions reflect ERG conclusions from
the review of disposal practices and options described above. Similar dis-
tributions have been developed for each of the maritime sectors under study,
but are not shown here.

Aggregate quantities of domestic garbage derived in the supporting
statistical section are shown in the first column of Table 6 below.
The table shows the pre- and post-Annex V disposition of these garbage
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quantities. Both the weight and volume of garbage are indicated. Weight-
to-volume conversions reflect assumptions about the types of garbage
generated and the use of compaction to reduce garbage volume. This table
shows aggregated sector totals only. A set of more detailed disposition
tables is found in the Appendix.

The first columns of Table 6 indicate the current disposition of
vessel-generated domestic garbage. The relative quantities of garbage
currently brought back to shore, incinerated, or dumped overboard vary from
sector to sector. A small amount of at-sea incineration occurs in portions
of the merchant shipping and cruise ship sectors as well as on some
National Oceanic and Atmospheric Administration (NOAA) research vessels.
The percentage of domestic garbage brought back to shore for disposal is
relatively high in the commercial passenger and recreational boating
sector. Of the 1.2 million metric tons (MT) generated in all of the
sectors, however, 566,000 MT or 45% by weight is still dumped overboard.

Under Annex V, some increased use of marine incinerators will occur,
but the percentage of domestic garbage disposed of via incineration at sea
will remain below 1%. All plastics, with the exception of that destroyed
in incinerators, will be returned to shore for disposal. The current
methodology predicts that 84,037 MT of plastics will be brought ashore for
disposal. This will account for only 9.5% of all garbage brought ashore on
a tonnage basis. Because of its low density, however, in volume terms
plastics will represent close to 75% of the waste. Restrictions on the
disposal of other types of garbage for vessels operating close to shore or
in special areas will also increase the quantity of nonplastics brought
ashore. Overall, the net increase in plastics and nonplastics brought
ashore under Annex V will be 209,663 MT.

SUPPORTING STATISTICAL ANALYSIS OF MARITIME SECTORS SUBJECT TO
COAST GUARD ENFORCEMENT OF MARPOL ANNEX V REGULATIONS

This section provides supporting data on the populations of ships
covered in this study and used to generate the estimates of aggregate
garbage generation shown in Table 6. Seven separate maritime sectors are
identified as falling under the jurisdiction of the Coast Guard under
MARPOL Annex V. These sectors are: merchant shipping, commercial fishing,
commercial passenger vessels, recreational boating, offshore o0il and gas
operations, research and other miscellaneous vessels, and vessels operated
by the U.S. Government. Each of these is profiled below in terms of the
number and types of ships, onboard employment, and the frequency and dura-
tion of voyages. This information is then combined with data from earlier
sections to derive per voyage, per vessel, and aggregate annual garbage
quantity estimates for each of the sectors.

Merchant Shipping

Merchant vessels are those ships involved in the waterborne transport
of cargo and passengers over established transoceanic, coastwise, inter-
coastal, and inland water routes. Under the provisions of the Jones Act,
domestic waterborne commerce (cargoes moving between U.S. ports) is




136

reserved exclusively for U.S. vessels. The U.S. import and export trade,
however, is dominated by foreign vessels. The foreign and domestic trade
sectors are discussed separately below.

Foreign Trade Vessels

According to the U.S. Maritime Administration (MARAD), the U.S.
oceangoing merchant fleet numbers approximately 823 vessels of 1,000 gross
tons (GT) and over. Of these, however, some 391 are inactive. Of the 432
active U.S. vessels, 122 or 28% are active in foreign trade. Another 54
vessels are active in Marine Sealift Command (MSC) operations, and will
have voyage patterns comparable to foreign trade ships (see Table 7).

In addition to the vessels covered by MARAD, the Coast Guard's Marine
Safety Information System (MSIS) data base shows there to be 43 vessels
under 1,000 GT that are certificated for operation over open ocean routes.
Thus, a total of 219 U.S.-flagged vessels operate over foreign trade routes.

The MARAD reports show that foreign-flagged vessels dominate the
foreign trade sector, accounting for 95.6% of all U.S. import and export
trade by tonnage (MARAD 1987b). The number of foreign vessels involved is
commensurate. Data from the Coast Guard indicate that in 1987 a total of
6,751 foreign vessels, representing 110 different shipping nations, were
inspected at U.S. ports (Coast Guard 1987b).

We assumed that vessels without incinerators will off-load all garbage
in their final foreign port of call prior to setting sail for the United
States. Under this assumption, vessels will retain on board all garbage
they are prevented from dumping, and seek to off-load it upon return to the
United States.

In order to estimate how much garbage is generated by these ships
while en route to the United States, we examined data from the U.S. Customs
Bureau'’'s AE-975 file, Vessel Entrances and Clearances (U.S. Bureau of the
Census 1987). This data base includes information on the final foreign
port of call of vessels arriving at U.S. ports.

Four months of data (January, April, July, and October) were examined
and used to derive annual estimates. In 1987, U.S. vessels made a total of
3,969 entrances to U.S. ports, while an estimated 33,087 entrances were
made by foreign vessels. Table 8 shows a breakdown of these entrances by
U.S. coastal area and foreign region of origin. Along the Atlantic and
Gulf coasts, the largest number of entrances, 55 and 40%, respectively,
were recorded by vessels clearing Customs from Caribbean ports. Entrances
at Pacific coast ports were dominated by vessels arriving from Pacific Rim
countries (46.6%) and from Pacific Canadian ports (28.8%).

A weighted average voyage length for foreign trade vessels arriving at
U.S. ports was developed by calculating typical voyage lengths for each of
the U.S.-foreign region pairings from Table 8. The estimated voyage
lengths are based upon representative voyages from each foreign region to
the U.S. coast and an assumed vessel speed of approximately 500 mnmi per
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Table 8.--Entrances to U.S. ports by U.S. and foreign vessels, and
estimated days at sea by U.S. coastal area, 1987 (U.S. Bureau of

the Census 1987; Eastern Research Group estimates).

Estimated number of entrances Estimated
U.S. voyage
coastal Foreign U.S. Total length®
area Vessel origin vessels  vessels vessels (days)

Atlantic Caribbean 5,895 954 6,849 3
Scandinavia and N. Europe 1,497 204 1,701 9
Canada--Atlantic 963 3 966 3
Mediterranean 765 45 810 9
W. coast S. America 612 27 639 9
E. coast S. America 465 36 501 8
Pacific Rim 282 3 285 15
W. coast Africa 267 9 276 11
Australasia 126 -~ 126 17
Indonesia and India 123 -- 123 16
Middle East 78 6 84 12
E. coast Africa 39 9 48 16
Canada--Great Lakes 39 -- 39 4

Total 11,151 1,296 12,447

Weighted average
voyage length 5.7 4.6

Gulf Caribbean 3,264 474 3,738 3
W. coast S. America 1,794 249 2,043 6
Scandinavia and N. Europe 1,212 51 1,263 10
Mediterranean 645 42 687 10
Pacific Rim 435 9 444 13
W. coast Africa 327 27 354 15
E. coast S. America 267 15 282 8
Canada--Atlantic 282 -- 282 6
Australasia 99 -- 99 14
Indonesia and India 72 3 75 13
Middle East 63 3 66 12
E. coast Africa 27 9 36 10
Canada--Great Lakes 33 -- 33 7
Canada--Pacific 3 -- 3 7

Total 8,523 882 9,405

Weighted average
voyage length 6.7 5.3

Pacific Pacific Rim 3,285 306 3,591 11
Canada--Pacific 1,650 567 2,217 3
Caribbean 708 195 903 10
W. coast S. America 321 138 459 15
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Table 8.--Continued.

Estimated number of entrances Estimated
U.S. voyage
coastal Foreign U.S. Total length®
area Vessel origin vessels  vessels vessels (days)
Australasia 174 3 177 11
Indonesia and India 150 15 165 15
Scandinavia and N. Europe 120 3 123 15
E. coast Africa 51 -- 51 11
Mediterranean 12 -- 12 18
Total 6,471 1,227 7,698
Weighted average
voyage length 9.2 7.7
Great Lakes Canada--Great Lakes 1,716 156 1,872 1
Scandinavia and N. Europe 96 9 105 10
Mediterranean 27 -- 27 10
W. coast Africa 12 -- 12 11
Pacific Rim 6 -- 6 16
Middle East 3 -- 3 13
Total 1,860 165 2,025
Weighted average
voyage length 1.7 1.5
Noncon- Caribbean 3,891 354 4,245 (b)
tiguous Pacific Rim 426 6 432 (v)
areas W. coast §. America 195 27 222 ()
(includes E. coast §. America 135 3 138 (»)
Alaska, Scandinavia and N. Europe 93 -- 93 (b)
Hawaii Australasia 84 -- 84 (b)
Puerto Indonesia and India 75 6 81 (v)
Rico, and W. coast Africa 60 3 63 (p)
Virgin Canada--Atlantic 54 -- 54 (v)
Islands E. coast Africa 42 -- 42 (v)
Mediterranean 18 -- 18 (b)
Canada--Pacific 6 -- 6 (b)
Middle East 3 -- 3 (v)
Total 5,082 399 5,481 (»)

"The percentage of entrances from each vessel origin is used to derive
the weighted average voyage lengths for each coastal area.

®oyage lengths for entrances to noncontiguous ports are estimated as
follows: Hawaii--6 days (60% of entrances are from Japan), Puerto Rico and
the Virgin Islands--1 day (majority of entrances are from Caribbean

countries).




141

As indicated above, the Jones Act excludes foreign vessels from
competing for U.S. domestic trade. Consequently, all domestic trade moves
aboard U.S. vessels. 1In 1987, the fleet of U.S.-flagged domestic trade
vessels included the following:

e 176 vessels of 1,000 GT and over (MARAD 1987a). Of these,
103 or 59% are active in "coastal” trade or trade between
ports in the contiguous United States (see Table 7). All but
six of these are tankers. The remaining 73 vessels operate
in "noncontiguous" trade or trade between the contiguous U.S.
states and the noncontiguous states and properties. Included
in this total are 49 tankers and 19 intermodal vessels, as
well as 2 U.S. cruise ships (described in the next section);

e 12 freighters and 14 tankers under 1,000 GT designated for
coastwise travel (Coast Guard 1987b);

e 14 freighters and 43 tankers designated for lakes, bays, and
sounds operation (Coast Guard 1987b);

o 9 freighters and 6 tankers designated for river operation
(Coast Guard 1987b); and

e ca. 5,000 tug and towboats (U.S. Army Corps of Engineers
1987), which operate predominantly over the inland waterways.

Great Lakes ships may operate in either domestic or foreign (United
States-Canada) trade. No breakdown is reported for these ships based on
trade status, hence they are analyzed in terms of the number of ships and
annual operating ratios, rather than number of entrances. (Operating
ratios or utilization rates refer to the percentage of days annually on
which the ship is engaged in trading activities.) 1In 1987, there were
estimated to be 58 active Great Lakes ships of 1,000 GT or over (MARAD
1987a) and 7 of under 1,000 GT (Coast Guard 1987b).

Domestic trade vessels operate exclusively within U.S. waters, and
will hence be under Coast Guard jurisdiction whenever they are operating.
One exception is noncontiguous vessels which may exit U.S. waters en route
from the continental United States. The approach to estimating garbage
quantities in the domestic sector is, therefore, somewhat different.
Whereas the annual garbage quantities generated by foreign trade vessels
are estimated based upon the number of voyages, in this case it is the
number of ships, the crew size, and the annual ship utilization rate which

are the determinants.

Crews aboard domestic trade ships also average 20-25 men. Large
oceangoing tugs carry up to 10 men, while smaller tugs and motor barges

carry 6-man crews.

Domestic ships over 1,000 GT are estimated to have average voyage
lengths of 5 days, while those under 1,000 GT average 4 days. Trips of
large tugboats are also assumed to average 4 days, while small tugs are
estimated to average 2 days at sea.
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All vessels in the merchant marine sector, with the exception of Great
Lakes ships, are assumed to operate with 90% utilization rates. Due to the
winter freeze-up, Great Lakes ships are limited to approximately 50% utili-
zation.

Garbage Generation Estimates

Domestic garbage.--In Table 9 below, estimates of the amount and
types of garbage generated over typical voyages are shown for each of the
merchant shipping categories. The table shows both weight and volume esti-
mates, and indicates that the greatest accumulation would occur on foreign
trade and large domestic trade ships. Over a 7-day voyage these ships are
estimated to generate 330 kg or 2.2 m® of garbage, of which only 22 kg is
plastics. One cubic meter represents approximately 8-9 large 113.5 liter
(30-gal) garbage bags.

Cargo wastes.--Table 10 presents estimates of the number of entrances
to U.S. ports by U.S. and foreign general cargo vessels, and of the quanti-
ties and types of dunnage generated by such ships. In the Customs data
base, dry cargo ships account for 56.1% of entrances by U.S. ships and
74.4% of entrances by foreign ships (Bureau of the Census 1987). The MARAD
data indicate that 28 of the 101 dry cargo ships in the U.S. foreign trade
fleet (27.7%) are general cargo-type ships (MARAD 1987a). Applying this
percentage to the number of dry cargo entrances, it is estimated that U.S.
and foreign break-bulk ships enter U.S. ports 617 (0.277 x 0.561 x 3,969
entrances) and 6,819 (0.277 x 0.744 x 33,087 entrances) times annually.
These entrances are seen in Table 10 to generate potentially close to
20,000 m° of waste lumber, 3,815 m® of cardboard, and 2,981 m® of plastic.

Commercial Passenger Vessels

The category of commercial passenger vessels encompasses all for-hire
passenger-carrying vessels, including cruise ships, ferries and excursion
vessels, and charter boats.

Cruise Ships

The cruise ship category includes domestic ships which operate exclu-
sively within U.S. waters and foreign ships which sail from U.S. ports on
international voyages. The Customs data base identifies approximately 80
foreign cruise ships which operate regularly out of U.S. ports. In 1986,
these vessels recorded an estimated 3,324 entrances to U.S. ports (see
Table 11). A high proportion of these entrances (45%) was recorded by
vessels entering the Miami and Tampa port districts from the Bahama Islands.
Other origin and destination combinations which account for large numbers
of entrances include Canada/Alaska, Mexico/Los Angeles, Mexico/Miami, and
Bermuda/New York. Puerto Rico and the Virgin Islands also receive numerous
cruise ships, which arrive primarily from other Caribbean or South American

ports.

Based upon the predominance of short-haul trips represented by these
data, an average voyage duration of 1 day (24 h) is assumed for cruise
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Table 10.--Estimates of annual quantities of cargo waste
(dunnage) currently dumped and quantities dumped under MARPOL
Annex V (Eastern Research Group estimates).

U.S. Foreign
Basis of estimate vessels vessels
Number of entrances to U.S. ports per year 3,969 33,087
Dry cargo as percentage of all entrances 56.1% 74.4%
Dry cargo entrances 2,227 24,617
General cargo as percentage of all dry cargo ships 27.7% 27.7%
General cargo entrances 617 6,819
Dunnage generated per clearance from U.S. port
Lumber
Quantity (m’) 48.6 48.6
Percent of entrances 66.7% 66.7%
Cardbeard
Quantity (m%) 23.6 23.6
Percent of entrances 33.3% 33.3%
Plastic
Quantity (m?) 0.12 0.12
Percent of entrances 10.0% 10.0%
Total dunna§e quantities generated per year
Lumber (m~”) 19,983.4 220,930.2
Cardboard (m®) 130,979 130,979
Plastic (m®) 7.20 7.20
Incidence of dumping 50.0% 50.0%

Total dunnage quantities dumped in U.S. waters per year
Current practice

Lumber (m®) 9,991.7 110,465.1

Cardboard (m’) 1,768,214 1,768,214

Plastic (m®) 3.602 3.602
Under MARPOL Annex V

Lumber (m®) 9,991.7 110,465.1

Cardboard (m°) 1,768,214 1,768,214

Plastic (m®) 0.00 0.00




Table 11.--Cruise ships entering U.S. ports (Bureau of the
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Census 1987; Eastern Research Group estimates).

Estimated
number of
entrances Percent
Vessel origin U.S. port of entrance (1987) of total
Bahamas Miami 1,232 37.1
Bahamas Tampa 276 8.3
Canada (Pacific coast) Anchorage 244 7.3
Mexico (Pacific coast) Los Angeles 228 6.9
Mexico (Gulf coast) Miami 168 5.1
Bermuda New York 152 4.6
French West Indies Virgin Islands 116 3.5
Leeward/Windward Islands Virgin Islands 84 2.5
Netherlands Antilles Virgin Islands 80 2.4
French West Indies San Juan, Puerto Rico 72 2.2
Netherland Antilles Miami 72 2.2
Haiti Miami 56 1.7
Netherland Antilles San Juan, Puerto Rico 56 1.7
Bahamas San Juan, Puerto Rico 52 1.6
Haiti San Juan, Puerto Rico 44 1.3
Jamaica Miami 44 1.3
Dominican Republic Virgin Islands 40 1.2
Dominican Republic San Juan, Puerto Rico 32 1.0
Venezuela San Juan, Puerto Rico 32 1.0
All other origins All other destinations 244 7.3
Total 3,324 100.0

ships arriving in the United States. While examples of much longer voyages
may be found within the data, short voyages are much more typical.

Foreign cruise ships entered U.S. ports with an average passenger
complement of 786. Crew-to-passenger ratios are approximately 1:2 (J.
Ruers, International Committee of Passenger Liners, pers. commun. 1988),
hence an average of approximately 1,000 persons are assumed to be on board
such ships.

Coast Guard data indicate that approximately two dozen U.S.-flagged
vessels are used in domestic cruise operations (L. Stanton, Coast Guard,
pers. commun. 1988). These include two large vessels of over 1,000 GT
which operate in the Hawaiian interisland trade as well as several smaller
vessels active on coastal routes along both the east and west coasts.
Average time between ports is estimated at 1 day, as the vessels are
usually in port each night. Such vessels are estimated to carry an average
of 200 passengers and crew members (E. Scharfe, Director, Small Passenger
Vessel Association, pers. commun. 1988) during typical cruises.
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Other Passenger-Carrying Vessels

Additional categories of passenger-carrying vessels include ferries
and charter fishing and pleasure vessels, of which there are a large number.
In 1987, the Coast Guard's MSIS data base contained some 49 U.S.-flagged
passenger vessels of 1,000 GT and over, and 4,774 vessels under 1,000 GT.

Among the larger passenger vessels, four are ocean-designated and
include the two Hawaiian cruise ships discussed above as well as two con-
verted hospital ships that are part of the MSC. These are covered in the
merchant vessel data. Ten larger passenger vessels operate with river
designations (e.g., Mississippi River cruises), while the remaining 34 are
designated for operation in lakes, bays, and sounds. These vessels offer
ferrying services and excursion or sightseeing cruises of short duration.
Thus, a total of 44 additional large ferries and riverboats operate domes-
tically. They are assumed to carry up to 1,000 passengers on voyages
averaging 1 day in duration.

Approximately 75% of the 4,774 passenger-carrying vessels under 1,000
GT are charter fishing boats, with ferries, yachts, and other small boats
accounting for the remaining 25% (Stanton pers. commun. 1988). Charter
fishing boats are assumed to carry an average of 20 persons, while ferries
and other commercial passenger vessels are assumed tc carry 200 people.
Voyage lengths of 1 day or less are assumed for all vessels in this cate-

gory.

Large cruise ships generate substantial quantities of garbage even on
overnight voyages. Table 12 indicates that 1,000 passengers on a luxury
cruise will generate over 2 MT of garbage each day. Smaller ships
carrying 200 passengers may generate close to 500 kg per day.

Commercial Fishing

United States Vessels

Fishing vessels may be classified according to whether they operate in
onshore, offshore, or inland fisheries. Onshore fishing, defined as fish-
ing which takes place within 12 nmi from shore, is conducted by smaller
boats making primarily day-long trips. Data sources distinguish between
fishing boats, which are under 5 net tons in size, and fishing vessels,
which include all craft of 5 net tons or more (see Table 13).

Boats under 5 net tons generally do not exceed 7.6 m (25 ft) in length
(T. Willis, Coast Guard Documentation Branch, pers. commun. 1988), and are
not eligible for Coast Guard documentation. Normally, therefore, they do
not operate at significant distances from shore. For convenience, all
fishing boats (i.e., <5 net tons) are assumed to operate in the onshore
fisheries. The NMFS estimates there to be approximately 105,500 boats
active in the U.S. fisheries (NMFS 1987). These are assumed to carry an
average of three crew members, and to return to port each night.




147

~s1ajea '§°Q uj Jujaeaado Lyywnuue s{ep 3o @3ejuadied eyl 03 $1IFANY,

©S25UBIIUI JO IIqUNU Iyl puw o3uvkoa 19d
£333uendb a3wqaed (z) 10 ‘uoyjwindod (assaa 2yl pue £333uenb e3vqied yenuue 9SEIA 19d (1) 19yaye 3Jo 3onmpoad a3yl o3 1enba 51 xwak 1ad Jy@yem o3uqied 1301,
-y 21qul °3s "3y3rem £q 93eqied Aip jo 8/°9 S} #3vqaed o13se1d ‘3Iydrea £q 93eqied 18303 3JO Ay 65 5¢ PAIPINITED sy o3wqawd £aq,

809°289‘'1T vL0'8ST 1wak 19d 93sqied ywviol
81 89¢ 9% 95 ¥N 186°€ B9L°'S1 62¢ 06 0 £ 0 62 0 8y %'l 0t 0z 1 s3woq 19319y
g6 LTT'T oLT'881 VN 761°1 089° (81 62¢ 06 k4 it € [3:14 [4 08" %' 007 (V114 1 ST958IA UOTSINIXNY
£10°2¢ 8L6°L nZE'E VN VN VN 06 01 191 91 9Iw't 91 o00v'Z %'l 000‘1T  00'1 1 s1assan udyaiog
€L9°%C v8L°¢ VN 72 089'L51 62¢ 06 4 It £ 14 € 08" 22 002 002 1 19 000°T x3pup
182'01 s’ YN [4 00%'88¢L 67¢ 06 01 191 %1 9Iw'l 91 o00v'Z %'T 000'1 000’1 1 19 000°1<
s1essaa "S°N
sdiys esynap
Amsv (1W) $a0UBIJUI STISEIA (3) awek aed (s) ,93E2 (¢ () () (3%) () (3%) (Lep/3y) o8eloa azys (sKep) sdjys a#3uassed
3o "oN jo "oy T1@ssea 13d sadekop uUoOJIBZIIIAN a3el 1ad  me1p yiduag 193o39mmu0)
numoh aad 1wk 1ad dijys 1enuuy 23eqied a93eq1ed 29eq1ed uoyjeiauald skep a3efop
a3eqied adeqavy 29735%1d Laqg 1e30] vijded  uosidqd
18301 184

o3ukoa 1ad
uojawiasuad 28eqied oyisamoq

*(suol o7139W = N ‘suoy ssoad = 19) (se3ewylsa dnols yosieasay ui193sey) STOSSIA 198uassed
1eTo12uWOD peaeisued sayajiuenb a3eqied oy3sawop Tenuue pue ‘19ssaa 1ad ‘aFefoa 13d jo uojylEATIBQ--"Z1 21qBL




148

Table 13.--Employment and craft
in the U.S. commercial fisheries
({U.S.] National Marine Fisheries
Service 1987).

Size Number
Vessel >5 tons 24,300
Motor boats 104,000
Other boats 1,500

Total craft 129,800
Fishermen 238,800

While some larger craft also operate close to shore, fishing vessels
(5 net tons and over) are assumed to operate beyond 12 nmi from shore.
These vessels are capable of longer voyages, and are frequently equipped
with sophisticated navigational and fish locating equipment. They also
have greater onboard storage and processing capacity.

The NMFS estimates that in 1986 there were 24,300 fishing vessels of 5
net tons or more in the United States. While these may range up to 1,000
GT and over in size, relatively few are this large. Table 14 indicates
that over 60% of fishing vessels are both smaller than 25 net tons in size,
and <15.2 m (50 ft) in length.

Inland fishing covers commercial activity taking place on the inland
waterways. At present, small commercial fisheries operate on the Great
Lakes and along the Mississippi River (S. Koplin, NMFS, Statistics Branch,
pers. commun. 1988), and account for only a small percentage of the
national catch. States bordering the Great Lakes, for example, accounted
for only 1.7% of the 1987 U.S. commercial catch (NMFS 1987). As boats
active in the inland fisheries will be contained within the data presented
above, the craft involved will be assumed to operate in a fashion similar
to those in the saltwater fisheries. Assumptions regarding crew sizes and
voyage lengths of fishing vessels are shown in Table 15, which derives the
per voyage, per vessel, and aggregate annual garbage quantities.

Foreign Fishing Vessels

Foreign fishing vessels granted access to fishing stocks within the
U.S. exclusive economic zone (EEZ) will also be expected to comply with
MARPOL Annex V. While some restrictions on vessel discharges already
apply, the requirements do not address specifically the problem of garbage

dumping.

In the recent past, foreign fishing activity in U.S. waters has
centered around the eastern Bering Sea and Aleutian Islands areas, where
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Table 14.--Documented U.S. fishing vessels,®” by length and
gross tonnage (U.S. Coast Guard, Marine Safety Information
System 20 April 1986; [U.S.] National Marine Fisheries Service

1987).
Vessel length
<15.2 m 15.2-19.8 m 19.8-24.1m >24.1 m

Gross tonnage (<50 ft) (50-65 ft) (65-79 ft) (>79 ft) Total
Less than 25 14,703 112 2 2 14,815
25-49 2,774 1,152 33 -- 3,959
50-99 340 1,511 1,107 45 3,003
100-199 : 18 117 1,418 674 2,227
200-299 -~ -- -- 69 69
300-399 -- -- -- 32 32
400-499 -- -- -- 49 49
500-599 -- -- -- 45 45
600-699 -- -- -- 15 15
700-799 -- -- -- 10 10
800-899 -~ -- -- 10 10
900-999 -- -- -- 23 23
1,000-1,999 -- -- -- 34 34
2,000-2,999 -~ -- -- 2 2
3,000-3,999 -- -- -- 2 2
4,000-4,999 -~ -- -- 2 2
More than 5,000 -- -- -- -- --

Total 17,835 2,891 2,560 1,015 24,300

®*Vessels are defined as craft of 5 net tons or over.

the most significant target species has been Alaskan pollock. The country
most active in this fishery is Japan. Other fisheries with considerable
foreign participation include the Pacific whiting and Atlantic mackerel
fisheries.

Direct access to U.S. fishing stocks by foreign vessels has been cut
back considerably in recent years. At present, foreign access is obtained
primarily through joint venture permits (J. Kelley, NMFS, Office of Fishery
Conservation and Management, pers. commun. 1989). Under joint venture
agreements, U.S. vessels deliver their catch to large foreign motherships
or other factory trawlers, which process the fish at sea.

Data on the number of foreign fishing vessel permits issued in 1987,
by type of vessel, flag of vessel, and fishery, were requested from the
NMFS, but were not available in time for this report. 1In general, though,
activity by foreign fishing vessels within U.S. waters has been decreasing
in recent years with the "Americanization" of the U.S. EEZ. Direct fishing
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by foreign vessels has been almost completely phased out, while joint
ventures between U.S. catcher vessels and foreign processing vessels are
declining. More and more, foreign access to U.S. fishery products will be
in the form of exported products processed on U.S. soil. According to a
report to the Alaska Department of Environmental Conservation, "it is
generally assumed that there will be little, if any, joint venture activity
in the North Pacific EEZ by 1991" (Pacific Associates 1988).

Garbage Generation Estimates

Domestic garbage.--Table 15 shows the derivation of the per voyage
and annual domestic waste estimates. The largest ships may generate up to
1,800 kg of garbage overall per voyage. Of this amount, however, they
would likely have to retain only the plastics. Small fishing boats are
estimated to generate only 4.5 kg of total garbage per day at sea.

Commercial wastes.--As indicated, it is assumed that most fishing
craft will generate an additional 0.028 m® (1.0 ft®) of plastic gear waste
per week (0.004 m® (0.14 ft®) per day). Longliners and boats in the
herring fisheries are assumed to generate twice this amount. Such vessels
are assumed to represent 5% of all vessels in the 5-25 and 25-300 GT
categories. Table 16 shows the estimated quantities of fishing wastes
generated annually.

Recreational Boating

All recreational boats operating over the navigable waters of the
United States are also required to comply with Annex V. Potentially,
therefore, most of the approximately 14 million recreational boats in the
United States might be included in an analysis of Annex V. For this study,
we limit the analysis to numbered boats in coastal states or in states
bordering the Great Lakes. Still, some 7.3 million recreational boats fit
this criterion (see Table 17).

The majority of recreational boats are used on inland waters or, when
used in the ocean, within 3 nmi from shore. When operating in these
waters, boaters are prohibited from disposing of any garbage overboard.
Beyond 3 nmi from shore, limited dumping may occur.

In order to identify those boats prohibited from any overboard
disposal, several assumptions were made. First, only boats registered in
coastal states are assumed to operate in the ocean. Secondly, only larger
boats are assumed to operate beyond 3 nmi from shore. Within coastal and
Great Lakes states, the size breakdown of the registered boating fleet is
as follows:

e 56.3% are under 4.9 m (16 ft) long,
e 39.6% are between 4.9 and 7.9 m (16 and 26 ft) in length, and

e 3.7% are greater than 7.9 m (26 ft) in length (see Table 17).
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Table 16.--Estimates of annual quantities of plastic fishing
gear wastes generated in the U.S. fisheries (Eastern Research
Group estimates) (GT = gross tons, MT = metric tons).

Annual quantities of fishing waste generated

Vessels generating Vessels generating
normal quantities® additional quantities®
Number of
Vessel category vessels (MT) (m®) (MT) (ma)
Undocumented 105,500 1,779 131,781 0 0
Documented
5-25 GT 14,815 216 12,570 23 1,323
25-300 GT 9,258 135 7,855 14 827
300-1,000 GT 188 3 160 0 0
Over 1,000 GT 40 1 34 0 0
Foreign vessels NA NA NA NA NA
Total 129,801 2,133 152,400 37 2,150

*Vessels using trawls, set nets, or pots. Plastic waste in these
fisheries is essentially gear-related.

PVessels active in bait fisheries (i.e., longlining) or herring
fisheries which generate additional quantities of plastic waste in the form
of bait wrappings or salt bags.

According to the Boat Owner's Association of the U.S. (BOATUS),
recreational boats under 4.9 m (16 ft) in length "are most likely confined
to inland lakes, rivers, and bays," and of those over 4.9 m (16 ft), only
10% are estimated to venture beyond 3 nmi from shore (Schwartz 1987),

Based on this, approximately 219,000 boats are estimated to operate in
areas where some overboard disposal of garbage is permitted. The remaining
13.1 million operate in areas where no garbage disposal may occur.

Garbage Generation

Voyage lengths and onboard complements for recreational boats of
various sizes are shown in Table 18, which derives the per voyage and
annual garbage quantities generated.

Offshore 0il and Gas Operations

Offshore oil and gas operations such as exploratory drilling, develop-
ment drilling, and oil and gas production from offshore platforms are also
covered by MARPOL Annex V. The restrictions which apply to such operations
are different from those applicable to commercial and recreational vessels.
Under Annex V, ocean disposal of all types of garbage, with the exception
of ground food wastes, is prohibited. For operations located within 12 nmi
from shore, even the disposal of ground food wastes is prohibited.
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Mobile Offshore Drilling Units

Data from the Department of the Interior’s Minerals Management Service
(MMS) for February 1988 showed there to be 124 mobile offshore drilling
units (MODU’s) active in U.S. Federal waters (L. M. Tracey, Department of
the Interior, Minerals Management Services, pers. commun. 1988). All but
one of these were reported to be operating beyond 12 nmi from shore.
Approximately 78 MODU's were active in state waters (J. Dees, Ocean & 0il
Weekly, Houston, TX, pers. commun. 1988). State waters extend out to 3 nmi
from shore, except off Florida and Texas, where the state-federal boundary
occurs at 3 leagues or approximately 10.35 nmi. All activity in state
waters is subject to the complete ban on disposal within 12 nmi of shore,
while MODU’'s in Federal waters would be able to dispose of ground food
wastes. The MMS data indicate that MODU’s in Federal waters have an
average of 40 beds. This figure has been used as an estimate of the number
of men aboard MODU’s on a 24-h basis. Active MODU's are assumed to operate
at 100% utilization,

Platforms

Approximately 3,500 production platform "complexes," consisting of one
or more platforms in a single location, actively operate in U.S. Federal
waters. Of these, however, only 779 are manned. A total of 124 manned
platforms are situated within 12 nmi from shore, while the remaining 655
are located beyond 12 nmi. Dees (pers. commun. 1988) estimates that a
maximum of 40 additional manned platforms are active in state waters.

The MMS data indicate that platform complexes have an average of 15
beds each.

Offshore Service Vessels

Service vessels employed in petroleum support activities are also
covered by Annex V prohibitions. This category includes supply ships,
tugs, anchor-handling vessels, crew ships, and research and survey vessels.
Coast Guard data indicate that there are 484 offshore service vessels
(0SV's) operating in the Federal Outer Continental Shelf region. Most crew
and supply ships fall in the 50-200 dwt range. These are assumed to carry
crews of five persons, and to make trips lasting an average of 1 day.

No data are available to indicate how many OSV’'s operate in state
waters. Assuming the same ratio of structures (MODU'’'s and platforms) to
0OSV's exists in state waters as in Federal waters, it is estimated that
there are 63 additional 0OSV’'s active in state waters (484 + 903) x 118).

Garbage Generation

Garbage quantities for the offshore oil and gas sector are calculated
in Table 19 on a per day, rather than a per voyage basis, since the struc-
tures are stationary and relatively permanent. Currently, all garbage with
the exception of food wastes is required by the MMS to be transported to

shore for disposal.




156

~gza3wm ‘g uj Jujasaado Ajyenuur sAvp jo 98viuadied ay3 01 i8Iy,

‘sIJUvIIUL
jo 1aqunu ay3 puv aFwkoa 1ad A3jjuend e¥eqied (7) 10 ‘uojavindod jesses 18d (1) 39yate jo 3dnpoiad Iyl 03 1enba &1 1ea 19d 3yByea 2%9wqied 19301,
'y a1qel @95 ‘3ydyaa Aq Bwqivd Aap jo 89 §} #8wqied oyase(d -auydtes Aq 99wqivd 1303 JO kY G ¥ PAIFINITED F] #¥evqaed faq,

%6801 OTL°S1 avak 19d sFvqavd Trao]

0L6°T1 686° 1 VN s 059°¢ S9¢ 0c1 0 1 0 9 0 01 02 S S 1 s19ssaa
90]4396 1045330

T9L'97  UIL YN $s9 0$6°01 $9¢ 001 0 [ [ 81 0 ot 02 St S1 1 Jou 71 PISINO

9090 UL VN §69 056°'01 S§9¢ 001 0 4 0 81 0 ot (/24 S1 st 1 TeU 7T uiyalA
sui033v(d uoj3dnpoad
s¥d pue Tj0 II0Ys3JO

L1%° €T 65°¢€ VN (¥4 002'62 §9¢ 001 0 S 0 8y 1 08 0°¢ ov 0% 1 Jmu 71 #pisaIng

850' 1 191°¢ YN e 00¢° 62 59¢€ 001 0 < 0 8y 1 08 0'Z o on 1 WU 7T UIYIIN
sajun Fur(1iap
910ys3jjo OTIqON

(s©) (1K) S¥dUBIIUY STIESIA () a8ek 19d (s) ,93wx (™) (3%) () (%) (@ (3%) (Aep/9xy) 9%vhkoa 9215 (54up) suojauviedo evwd
jo "opN 3Jo "oy T1essen 1ed sefelop uolIEZITIAN I3wa 1ed  me1) yaBuay PuE [10 920Yy$330

nuqu» aad aeak 1ad dyys tenuuy 98wqaed edwqied e38qie¥ uojiwrzuel siep afwro,
a¥eqied :fvqavy 933seld Aag 1eao} e3108ED uosaag
1e301 aag

geduhosn iad
uoyawiauad afeqied oyasewoq

*(suo3 ofazew = IW ‘suol ss018 = 19) (so3ewi3lse dnoin yoieasay uialsey) sed pue 110 @1i0ysjjo
:pajeisuad ssyajauenb a9eqied OT3Sowop Tenuue pue ‘[ISSIA 1od ‘a8efoa 1ad jo uolleATIB]-- 61 21qEL




157

Research and Other Miscellaneous Vessels

Several categories of miscellaneous vessels have also been included in
this analysis. These include vessels operated by universities and other
oceanographic research institutions, maritime academy training ships, and
various "industrial" vessels such as dredges and cable-laying ships.

Research Vessels

Numerous universities as well as private and nonprofit groups (e.g.,
Greenpeace, the Cousteau Foundation), operate oceanographic research
vessels. The Coast Guard's MSIS data base indicates that in 1987 there
were 26 vessels actively involved in oceanographic research (Coast Guard

1987b).

A 1978 profile of the world's oceanographic research fleet indicated
that a typical research cruise might involve 20-25 crew members and 10-20
scientists (Trillo 1978; cited in Parker et al. 1987). These estimates
were deemed appropriate by individuals connected with two major oceano-
graphic research institutes, the Woods Hole Oceanographic Institute (J.
Colburn, Woods Hole Oceanographic Institute, pers. commun. 1988) and the
Scripps Institution of Oceanography (G. Schorr, Associate Director, Scripps
Institution of Oceanography, La Jolla, CA, pers. commun. 1987).

School Training Vessels

Seven maritime academies in the United States operate a total of 14
ships used for training (Coast Guard 1987b). Seven of these are ocean-
designated, six are authorized for coastwise travel, and one carries a
Great Lakes designation. Only five of the vessels are greater than 1,000

GT in size.

Training ships of 1,000 GT or over are estimated to carry 150 men,
while those under 1,000 GT are estimated to carry a crew of 50. Voyage
lengths are estimated at 15 and 7 days, respectively. These estimates are
based on discussions with officials at the Massachusetts Maritime Academy,
who are familiar with the sizes and operations of vessels used at their and
other maritime academies (D. Kan, Massachusetts Maritime Academy, Buzzard's

Bay, MA, pers. commun. 1987).

Industrial Vessels

The category of industrial vessels comprises an assortment of vessel
types including dredges, cable-laying ships, and drilling ships. Their
common characteristic is that they carry crews who perform functions other
than operating the vessel. The Coast Guard’s MSIS data base indicates that
in 1987 there were a total of 85 such vessels. Of these, 57 were greater
than 1,000 GT, while 22 were under 1,000 GT. Furthermore, 69 were ocean-
designated, while 17 were designated for coastal operation only.

While it is difficult to generalize about these vessels as a group,
voyage lengths and crew complements on board have been approximated.
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Oceangoing industrial vessels of 1,000 GT or over are estimated to carry an
average of 30 persons on board and have voyage lengths averaging 15 days.
Coastal vessels of 1,000 GT are also assumed to carry crews of 30 men, but
are at sea for an average of 7 days. Both oceangoing and coastal vessels
under 1,000 GT are estimated to carry 15 persons and to operate over /-day

voyages.
Garbage Generation

Domestic garbage.--Estimates of garbage generation in these sectors
are shown in Table 20. School training ships and research vessels over
1,000 GT generate substantial quantities of garbage and plastics. Large
research vessels, for example, may generate over 10 m® of plastics from
domestic sources alone. This would be sufficient to fill an average
commercial garbage dumpster.

Research vessel wastes.--The additional quantities of plastics
associated with oceanographic research wastes are derived in Table 21.

U.S. Navy

Data from the Jane's Fighting Ships (1986) indicate that the U.S. Navy
fleet currently numbers approximately 679 active vessels (see Table 22).
Normal operational cycles for Navy vessels involve one 6-month tour of duty
outside of U.S. waters every 18 months (D. Steigman, Jane'’'s Publishing Co.,
pers. commun. 1988). Consequently, at any given time approximately one-
third of the Navy fleet is operating outside of U.S. waters.

Crew complements on board Navy vessels range from 25 men up to as many
as 5,000 on board the largest aircraft carriers. Where a range of crew
sizes was reported, crew complements shown in Table 22 represent the
average. Utilization factors while in U.S. waters range from 20 to 75%,
depending on the vessel'’'s strategic importance and its re-fit cycle
(Mullenhard, pers. commun. 1988). Steigman (pers. commun. 1988) provided
separate estimates of operating ratios for each class of Navy vessel, which
are used to derive garbage quantity estimates for these ships while in U.S.
waters.

Garbage Generation

Because of the large crew sizes and extended periods at sea, several
categories of Navy ships are seen in Table 23 to generate extremely large
quantities of wastes. Aircraft carriers with 5,000 men aboard, for example,
could generate as much as 200 MT of garbage over a 20-day cruise. Several
other categories of ships may generate 10 to 20 MT as well. Clearly, the
Navy has particular garbage handling problems.

U.S. Coast Guard

The Coast Guard operates a large fleet of vessels, ranging from small
harbor patrol boats to a pair of 121.9-m (400-ft) icebreakers. Table 24
provides a summary of the Coast Guard's fleet and indicates the number of
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Table 21.--Estimates of annual quantities of additional plastic
wastes generated by oceanographic research vessels (Eastern
Research Group estimates) (GT = gross tons).

Voyage Additional
Number of length Voyages waste per
Vessel category vessels (days) per year® year (m®)
Private vessels
1,000 GT and over 2 25 5 1.17
300-1,000 GT 15 10 13 22.78
Under 300 GT 9 10 13 13.67
National Oceanic and Atmospheric
Administration vessels
Large deepwater vessels 4 25 5 2.34
Small coastal vessels 20 10 13 30.37
Total 50 70.32

®Annual vessel utilization of 35% is assumed.

vessels in each class, the crew complement, and typical voyage durations.
This table is based upon discussions with Coast Guard operations personnel.

Coast Guard vessels are assumed to operate entirely within U.S.
waters. Utilization factors for Coast Guard vessels are similar to those
of Navy ships, and are assumed to average 50%.

Garbage Generation

Several categories of Coast Guard cutters as well as the large polar
icebreakers are estimated to generate substantial quantities of garbage
over representative voyages. The relevant quantities are shown in Table
25.

U.S. Army

The U.S. Army reports a fleet of approximately 580 crafts (G. Danish,
U.S. Army, pers. commun. 1988). Of these, only a small number are "sea
deployable."” As shown in Table 26, these include four logistic support
vessels approximately 91.4 m (300 ft) in length, 35 utility class landing
craft capable of extended trips at sea, and 10 large oceangoing tugs.

The rest of the Army’'s fleet is made up of approximately 490 "ship-to-
beach" craft of various types, used mainly for shuttling troops and
supplies to and from larger vessels anchored offshore. 1In addition, the
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Table 22.--U.S. Navy vessels by type and status (Jane’'s Fighting
Ships 1986; Navy League of the United States 1987).

Building/ Approximate “"Estimated

reactivating onboard manpower
Vessel type Active conversion complement total
Strategic missile submarines 38 5 150 5,700
Attack submarines 101 15 140 14,140
Aircraft carriers 13 3 5,000 65,000
Battleships 2 2 1,500 3,000
Cruisers 31 13 500 15,500
Destroyers 68 1 350 23,800
Frigates 100 4 300 30,000
Light forces 7 0 25 175
Light amphibious warfare ships 57 7 700-2,800 99,750
Mine warfare ships 3 6 70 210
Auxiliary ships 79 3 100-1,000 35,550
Military Sealift Command 72 18 25-120 5,220
Ready reserve force 73 0 40-1,200 45,260
Naval reserve 35 0 NA NA
Total 679 77 343,305

*Where crew complements vary within a class, the arithmetic mean of
the range is used. Total estimated complement is derived by dividing
average complement by the number of active vessels.

Army maintains 15 small harbor tugs and about 25 small outboard motor-
powered J boats.

These craft are used only intermittently during peacetime in logistics
exercises. A utilization rate of 35% is assumed for all vessels.

Garbage Generation

The largest Army ships, the logistic support vessels, carrying 40
persons on board for up to 30 days, may generate close to 2 MT of garbage
and 10 m® of plastics alone. Other vessel classes generate considerably
smaller quantities of garbage.

National Oceanic and Atmospheric Administration
Research Vessels

The NOAA operates a fleet of approximately two dozen vessels which are
engaged in atmospheric and oceanographic research (B. Cunningham, Office of
NOAA Corps, NOAA, pers. commun. 1988). These vessels range in size from
250 to 4,000 GT. Smaller vessels are estimated to carry approximately 10
persons on board, and to remain at sea for periods of approximately 1 week.
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Table 24.--U.S. Coast Guard fleet by type and status (Jane's
Fighting Ships 1986; Navy League of the United States 1987).

Under Approximate

Vessel type Active  Reserve construction complement
Cutters, high endurance 15 -- -- 171
Cutters, medium endurance 34 -- 7 82
Icebreakers 6 -- -- l6l
Icebreaking tugs 8 -- 1 17
Surface effect craft 3 -- -- 18
Large patrol craft 83 -- 8 11
Training cutter 1 .- -- 245
Buoy tenders, seagoing 28 -- -- 53
Buoy tenders, coastal 12 -- -- 20
Buoy tenders, inland 6 -- -- 20
Buoy tenders, river 18 -- -- 20
Construction tenders, inland 17 -- -- 20
Harbor tugs, medium 4 -- -- 10
Harbor tugs, small 14 -- -- 10
Total 249 -- 16 --

Larger vessels make voyages of up to 1 month and typically carry some 20
officers, 55 to 60 crewmen, and up to 30 scientists.

Approximately half of these vessels operate out of the NOAA base in
Seattle, while the other half are stationed in Newport News. Other bases
maintained by NOAA include Woods Hole, Miami, Pascagoula, and San Diego, as
well as one each in Alaska and Hawaii.

Garbage Generation

The largest NOAA ships may generate as much as 4 MT of garbage over a
typical 20-day voyage, and close to 20 m® of plastics from domestic sources
alone, as shown in Table 27.

Wastes associated with the research activities of these ships are
derived along with those of private research vessels in Table 21.

Other Government Vessels

Other Federal Government agencies such as the Customs Bureau and the
U.S. Army Corps of Engineers, as well as numerous state and local govern-
ment departments and agencies, may operate modest fleets of boats. No
large craft, however, are estimated to be operated by agencies other than
those discussed above. Smaller boats are included in the data presented in
the section on recreational boats, but are not separately analyzed here.
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