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Executive Summary

Environmental processes are complex in nature. Inter-
actions occur both within the biosphere and the abiotic
environment and between them. Conseguently, environ-
mental problems are inextricably linked to, or influ-
enced by, one another and do not recognise political
boundaries. Thisis particularly the case for the problems
of the marine environment. They cannot be remedied with-
out taking into account the ecological interdependence of
the oceans, the coastal areas and the freshwater systems
associated with them.

Environmental processes and ecological systems are
strongly influenced by social and economic systems and,
in turn, influence them. A high proportion of the world’'s
population lives in coastal areas, and many more of its
people derive benefit from the use of marine and coastal
resources, from employment linked with coastal and mari-
time activities, and from coastal recreational opportuni-
ties. However, population pressure, consumption pat-
terns, and increasing demandsfor spaceand resour ces
- combined with poor economic performance and the
impoverishment of a large part of the global popula-
tion - undermine the sustainable use of oceans and
coastal areas, and of their resources.

Globally, both the environmental problems of the oceans
and coastal areas, and their causes, have remained largely
unchanged for severa decades. Although there have been
some notabl e successesin addressing problems caused by
someformsof marine pollution, and inimproving the qual-
ity of certain coastal areas, on a global scale marine en-
vironmental degradation has continued and in many
placeseven intensified.

PERSISTENT PROBLEMS

Marine pollution stemming from land-based sourcesand
activities has previously been of predominant concern.
However, improved appreciation of the scale of other forms
of damage and threats to the marine and coastal environ-
ment has resulted in amore balanced perspective. Today,
asidefrom theimpacts expected in thelong-term from glo-
bal climate change, thefollowing are considered to bethe
most serious problems affecting the quality and uses
of the marine and coastal environment:

« alteration and destruction of habitatsand
ecosystems;

« effects of sewage on human health;

» widespread and increased eutrophication;

« decline of fish stocksand other renewable
resour ces; and

« changesin sediment flows due to hydrological
changes.

Keeping in mind its specific purpose, this report fo-
cuseson issuesdefined as particul arly relevant to the Glo-
bal Programme of Action for the Protection of the Marine
Environment from Land-based Activities (GPA/LBA).
Therefore, certain problems which, on balance, may be
considered equally important (e.g., problems of fisheries)
arenot covered in any great detail init.

Alteration and destruction of habitatsand ecosystems

Increasing habitat destruction and ecosystem alteration
either by physical (e.g., landfills, sedimentation), chemi-
cal (e.g., pollution) or biological means (e.g., the intro-
duction of non-indigenous species) constitutes the most
widespread, frequently irrever sible, human impact on
the coastal zone.

Poorly planned coastal urban and industrial develop-
ment - including theindiscriminate expl oitation of coastal
resources and the development of recreational, harbour
and aquaculture facilities - has considerably changed the
natural coastline and reduced the areas previously cov-
ered by dunes, wetlands and mangroves. These ecosys-
tems, and the wildlife inhabiting them, suffer all over the
world. In many placesfisheries are affected as aresult, as
fish spawning and nursery grounds are degraded.

Sewage and various chemica compoundsreleasedinto
the marine environment may significantly affect members
of ecosystems: in extreme cases, this may lead to the de-
struction of whole ecosystems. The chemical compounds
of pre-eminent contemporary concern are: nutrients; sub-
stances disrupting endocrine functions; a group of sub-
stances classified as persistent organic pollutants (POPs);
petroleum hydrocarbons (largely from major accidental
oil spillsat sea); and, in afew cases, metallic compounds,
such asthose of mercury, cadmium, tin and copper.

The effects of the accidental or deliberate introduction
of non-indigenous organismsinclude thereduction or even
extinction of indigenous species, damageto fisheries, and
wholesale changesto ecosystems. Documented economic
losses caused by such introductions amount to hundreds
of millions of US dollars.

Natural marineand coastal ecosystems represent tangi-
ble economic goods and provide valuable services, such
asthetreatment and assimilation of wastes, protection from
storms, food production, raw materials, recreational ameni-
ties, genetic resources, and employment opportunities. The
global value of the goodsand servicesprovided by ma-
rineand coastal ecosystemsisroughly double of value
of thoseprovided by terrestrial ecosystems, and iscom-
parablewith thelevel of global GDP.
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Effects of sewage on human health

Sewage contamination of the coastal marine environ-
ment leads to significant incidence of human disease - in-
fectious diseases related to bathing and swimming in ma-
rine coastal waters and to the consumption of seafood har-
vested in coastal waters, and diseases associated with the
contamination of shellfish and other seafood. In addition,
human exposures to toxins associated with algae blooms
impose significant risks. Apart from being an aesthetic
nuisance - and from ruining amenity valuesin many coastal
areas- sewageisamajor sourceof nutrientsand patho-
gens, posing consider ableriskstothehealth of bathers
and consumer sof marinefoodstuffs. Outbreaks of chol-
era, typhoid and other illnesses are frequently traced to
pathogen-contaminated seafood and bathing waters. These
health risksare particularly high in areaswhere carriers of
pathogens are common among the local population and
sewage treatment and disposal systems are inadequate.

Contaminated seafood and bathing waters are signifi-
cant contributors to the human “global disease burden”,
measured as losses associated with premature death and
with thelength and severity of disabilities. The associated
economic losses are estimated to be among the major
ones attributableto any specific diseases.

Eutrophication

Theinput of nutrients (particularly nitrogen and phos-
phorous substances) to the seafrom land-based activities
isincreasing globally and has led to eutrophication (i.e.,
increased biological production) of coastal and near-shore
waters. Thisisamong potentially themost damaging of
all human influences on the oceans, in terms both of
scaleand consequences. The predominant anthropogenic
sources of nutrients are agricultural and industrial activi-
ties (fertiliser residues, wastesfrom animal husbandry, sew-
age, industrial effluents and atmospheric emissions).

Eutrophication involves the increased growth of
phytoplankton and can favour the growth of toxic, or oth-
erwise harmful, species. The decay of excessive plankton
biomass increases the consumption of oxygen dissolved
in the sea and occasionally causes periodic or permanent
oxygen depletion, leading to mass mortality of fish and
other organisms. Algal bloomsinvolving toxin-producing
species are frequently the cause of very serious human
health problems, when toxins are ingested through con-
taminated seafood.

Excessive nutrient inputs can turn marine areas into
wastelands, whilelarge reductionsin natural inputs of nu-
trients (e.g., by damming rivers) can also adversely affect
the productivity of coastal waters, including the abundance
of fish.

Changesin sediment flows

Increased and decreased inputs of sediments from riv-
ers, or other runoff into the sea, continue to affect shore-
lines and habitats significantly. Deforestation, soil ero-
sion and the diversion of water coursesincreases sedimen-
tation rates along the coast; in many placesthis adversely
affectswetlands, deltai ¢ habitats and bottom dwelling com-
munities (e.g., cora reefs, seagrass beds). On the other
hand, reduction of the natural supply of sediments (e.g.,
by the reduced flow of rivers) to coastal waters leads to
accelerated coastal erosion.

CHANGING PERSPECTIVES
Scientific per spectives

Changing per spectives on the delivery of contami-
nants to the ocean. Increasing amounts of atmospheri-
cally-derived fixed nitrogen are entering the coastal zone
and may be an important contributing factor to coastal
eutrophication. Changing patternsin the production of re-
active nitrogen from combustion and the generation and
use of fertiliser may also causeincreased nitrogen deposi-
tion to nitrogen-limited regions of the open ocean. Sig-
nificant quantities of natural substancesand contaminants,
especially nutrients, are added to the coastal zoneviasub-
marine groundwater discharge in many regions of the
world. These can bypass the normal estuarine “filtering”
process that takes place for riverine inputs, and mix di-
rectly into coastal and off-shore waters.

Effects of other changes on marine biological sys-
tems. Human impactson coral reefshave beenincreasing
steadily. Concernsare being raised about the apparently in-
creasing incidenceof new coral reef diseases, unprecedented
disease outbreaks, and diseasesin new locations. In addition,
coral bleachingiscausing widespread mortality inreef com-
munitiesand severely compromisestheir ability to recover
from human-derived stress. Concernisalso increasing over
endocrine-disrupting chemicals (EDCs) - including PCBs,
tributyl tin, and alkyl phenols- inthe coastal environment.
Caution is needed because of their chemical stability in
the environment. However, more research is required to
determinethe relationship between these persistent chemi-
calsand their effects on marine organisms.

Climateand global change. Significant changesto the
marine environment are likely to accompany a projected
mean surface temperature increase of 1-3.5 degrees C by
2100. Changesin the frequency of extreme meteorol ogical
events (droughts, floods, hurricanes) could lead to signifi-
cant damageto nearshore ecosystems. Higher temperatures
and humidity may lead to increased incidences of diseases
and food-borneinfections. Sealevel changes may lead to
the loss of low-lying coastal habitats. Changing ocean/at-
mosphere circulation patterns could affect the dynamics
of fish populations. Changesin ice cover and stratospheric
ozone may |lead to increased stress on many polar species.



Regional perspectives

Theregional programmes, including those specifically
developed for theimplementation of the GPA/LBA, areat
different stages of devel opment and areformulated in quite
different terms. Regional priorities, for example, arevari-
ously expressed in terms of contaminant classes, source
categories, or institutional actions. Severa regions iden-
tify aset of priority issuesbut regard it asinappropriate to
prioritise among them. Regions also vary considerably in
theidentification of objectives, strategies, and actions.

As expected, regional priorities are specific to the
conditionsin each region, but thereisgeneral agreement
among regions on the prioritisation of issues. Sewage is
clearly the highest priority in most regions. In terms of
GPA/LBA sources, agricultural runoff and industrial fa-
cilities are aso high priorities. In terms of contaminant
classes and physical alteration, the highest priorities after
sewage aregenerally, in approximate rank order, nutrients,
sediment mobilisation, POPs, heavy metals, and physical
alteration. The regional programmes tend to give higher
priority than GESAMP to POPs and heavy metals, and
lessto physical alteration. Thismay reflect an expectation
of increasing trends in POPs and heavy metal contamina-
tion, arecognition that global transport of these contami-
nants may necessitate action even in the absence of major
impacts within a region, or the widespread international
attention being given to POPs and heavy metals.

Themajority of theregional programmesexamined state
objectives, strategies, and actionsin very broad terms: of -
ten the stated obj ectiveissimply to reduce or prevent deg-
radation. Some regions do identify somewhat more con-
crete objectives (e.g. “complete an assessment based on
existing data’). The generality of objectives in most re-
gional programmes, however, islikely to makeit difficult
to assess their progress.

Commonthemesinregional strategiesare: environmen-
tal planning and management frameworks, awareness and
education; information systems; the development of re-
gional guidelines, criteria, and standards; improved waste
management systems; the adoption and transfer of tech-
nologies; the development of regional and international
agreements; and the implementation of existing agree-
ments, standards, and legidation. GESAMP considersthese
generally appropriate, and suggests that particular em-
phasis should be placed on improved planning and
management framewor ks, on improved awar enessand
education, and, perhaps most importantly, on the en-
hanced implementation of existing mechanisms.

Actionsidentified in the Regional Programmes of Ac-
tion (RPAS) range from the quite specific (e.g., “identify
gapsinexisting legislation”) to thevery genera (e.g., “re-
gional actions to be devised”). The degree to which ac-
tions are logically matched to specific identified strate-
gies and objectives varies, but might be improved in a
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number of regions. Monitoring and assessment are among
the most common actions in the RPAs. This is probably
appropriate, asmany regions have significant information
constraints, but GESAM P suggests placing more empha-
sison assessing environmental impactsin addition to con-
taminant releases or environmental concentrations. It is
also important to note that the information that is al-
ready available often provides a sufficient basis for
action, and that this should not be postponed pending
additional information.

Thetime-framesenvisaged by theregional programmes
developed specifically for the GPA/LBA are, in general,
relatively short when compared with similar programmes
developed inthe framework of somewell established pro-
grammes (e.g., OSPAR). Thisreflectsthe need for ur gent
action, but also undue optimism. The longer and more
realistic time frames adopted by the well established pro-
grammes reflect the need for long-term commitment.

STRATEGIESAND MEASURES

The policies required for effective environmental
management will vary among countries, but there is a
framework of common policy elements, including:

* cross-sector al, holistic management;

e rational, equitable, and sustainable allocation of
r esour ces,

* clear commitment by both government and the
public;

* poverty alleviation; and

* regional and global international cooperation.

Given an appropriate policy framework, there are many
tools and measures that can be applied to address the im-
pacts of LBASs upon the coastal and marine environment.
The sustainable devel opment of coastal and marine areas
requires selecting a suite of these, tailored to local, na-
tional, and regional circumstances within aframework of
cross-sectoral management. The suitability of a given
measureusually dependslessupon itsinherent techni-
cal meritsthan upon its benefits and costs relative to
other measures, upon thepriority of theissuethat the
measure addresses, and most importantly, upon the
prospectsfor effectiveimplementation.

There are three main types of policy instrumentsto in-
duce implementation: regulations; economic instruments;
and instrumentsto induce voluntary action. Regulationis
familiar, has a perceived high degree of certainty, and is
compatible with existing legal frameworks. On the other
hand, it imposes a high enforcement burden, isinflexible
and often economically inefficient, and fails to provide
incentivesfor continuing improvements. Economic instru-
mentsincrease economic efficiency by devolving decision-
making to the target sector, provide incentives for con-
tinuingimprovement, increaseflexibility, and in some cases
reduce the enforcement burden. Their disadvantages in-
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clude political barriers to setting charges and taxes high
enough to ater environmentally damaging behaviour - or
to providing subsidies and other incentives for desirable
behaviour - and perceived uncertainty about their cost-
effectiveness. Voluntary action by industry may also re-
duce the enforcement burden, increase economic effi-
ciency, enhance flexibility, and allow the use of industry
knowledge to devel op industry-specific sol utions consist-
ent with business goals.

Other requirements and incentivesto inducetheimple-
mentation of environmental protection measures include:
cost-effective and appropriate public and private invest-
ment; institutional measures, such as reorganisation, to
promote cross-sectoral approaches; the establishment of
environmental management agencies; the enactment of
environmental legislation, and the reform of property
rights; societal measures such as public education, con-
sultation and participation, and accessto courts to enable
civil suits related to environmental protection; and the
application of various management tools (e.g. cost-ben-
efit analysis, Environmental I mpact Assessment (EIA)).

Theguiding principlesin salecting from theavailable
technical and management measuresto addresseach of
the GPA/L BA contaminant classesshould betoidentify
and prioritise the environmental problemsto be ad-
dressed, and to select measuresthat providethehighest
overall net benefit. The measures must also have a high
probability of successful and sustained implementationin
aparticular socio-economic and cultural setting.

During the last few decades, considerable progress has
been made in understanding the nature, magnitude and
threats stemming from human impacts on the marine and
coastal environment. Although the level of uncertainty
shrouding certain issues remains substantial, today’s
knowledge and availabletechnology generally provide
an adequatebasisfor action toremedy thepresent situ-
ation, while still allowing the ocean to be used for so-
cially beneficial pur poses, including the controlled dis-
posal of certain wastes.

There are some differences of emphasis in this report
from those in the GPA/LBA. One of these is the impor-
tance given by GESAMPto the need for the kinds of insti-
tutional strengthening required by devel oping countriesto
enablethem to take measuresto control land-based activi-
ties. Others concern the emphasis given within the GPA/
LBA to two priority actions: the establishment of a clear-
ing-house mechanism that would identify information
needs and sources of information; and the mobilisation of
funds.

CONCLUSIONSAND PRIORITIESFORACTION

The economic costs of failing to take action to con-
trol land based activities are enormous. The interna-

tional dimensions of the problem are clear. Thereiswide
recognition both of the global implicationsof the economic
and biodiversity losses, and of the fact that financial and
technical cooperation is needed between developed and
developing countries to protect the marine environment.
Moreover, the transboundary effects of land-based activi-
tiesin many regionscall for cooperation among the coun-
tries concerned.

Poverty, poorly managed social and economic devel-
opment, and unsustainable consumption patternsare
the root causes of marine environmental damage re-
sulting from the negative effects of land-based activi-
ties. Ingtitutional failure allowsthese conditionsto havea
powerful effect, most importantly when governments are
unwilling or unableto correct the market failure that occurs
when marketsdo not fully reflect the value of resources. A
major part of the reason why governments fail to act is
their reluctance to adopt the necessary measuresthat yield
long-term benefitswhen pressed to meet short-term needs
or to channel financial and human resources from other
areas of government responsibility, such as defence.

At theglobal level, the most serious problems asso-
ciated with land-based activitiesare: sewage; the physi-
cal alteration and destruction of habitat; excessive nu-
trient inputs; and sediment mobilisation. Litter, heavy
metals, hydrocarbons and radionuclides - although often
meriting ahigh priority at local levels- are not considered
to rank as global priorities. Persistent organic pollutants
are currently and deservedly receiving attention at the in-
ternational level, but are not considered to merit ashigh a
global priority ashabitat destruction, sewage, eutrophication
and changes in sediment mobilisation. The current preoc-
cupationwith POPszét theinternational level should not divert
attention from anthropogenic causes of more immediate,
serious and widespread damage to the marine environment.

At thetechnical, management and policy levelsthe most
urgent actions to control land-based activities to im-
prove the quality of the marine environment are:

* preventing habitat destruction and theloss of
biodiversity through education, combined with
the development or enforcement of legal, institu-
tional and economic measures appropriateto
local circumstances; and establishing protected
areasfor habitats and sites of exceptional scenic
beauty or cultural value;

« devoting primary management attention in the
control of pollution to sewage, nutrients (espe-
cially nitrogen) and sediment mobilisation;

« designing national policiesthat take account of
the economic value of environmental goods and
services and providefor theinternalisation of
environmental costs; and

« integrating the management of coastal areasand
associated water sheds.
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About this Publication

The preparation of the present report has been initiated
by UNEP as a contribution to the first intergovernmental
review meeting on the progress in the implementation of
the Global Programme of Action for the Protection of the
Marine Environment from Land-based Activities (GPA/
LBA?), which is planned for November 2001.

The report has been prepared by the Editorial Board of
the Working Group on Marine Environmental A ssessments,
established within the framework of the Joint Group of
Experts on the Scientific Aspects of Marine Environmen-
tal Protection (GESAMP), with valuable input from all
members of the Working Group, contributions from addi-
tional experts and assistance of a professional editor. The
Working Group was supported and co-sponsored by all
eight bodies sponsoring GESAMP (United Nations—UN;
United Nations Environment Programme — UNEP; Food
and Agriculture Organisation of the United Nations—FAO;
United Nations Educational, Scientific and Cultural Or-
ganisation and its I ntergovernmental Oceanographic Com-
mission - UNESCO/IOC; World Health Organisation —
WHO; World Meteorological Organisation — WMO; In-
ternational Maritime Organisation—IMO; and I nternational
Atomic Energy Agency — |AEA) and the Advisory Com-
mittee on Protection of the Sea (ACOPS). UNEP provided
the technical secretariat of the Working Group.

A series of regional reports about the problems of the
marine environment associated with land-based activities
was prepared in the framework of the GPA/LBA. These
reports, prepared under the aegis of UNEP Regional Seas
Programme, together with reports and other documenta-
tion from regional seas bodies not linked to UNEFP's Pro-
gramme, were analysed and used as the basic source of
information for the preparation of the present report (see
Annex 4).

Thedraft of the report was peer reviewed by numerous
specialists with different scientific backgrounds, manag-
ers and policy-makers. Their comments and suggestions
weretaken into account prior to endorsement of thereport
by the session of GESAMPin May 2000, and their contri-
butions are hereby acknowledged with appreciation.

M ember s of theWorking Group: Lawrence F. Awosika
(Nigeria); J. Michael Bewers (Canada) — member of the
Editorial Board; Richard G V. Boelens (Ireland); Fran-
cisco Brzovic Parilo (Chile); Sabine Charmasson (France);
Raobert A. Duce (USA) —member of the Editorial Board;
Danny Elder (Switzerland); Robert M. Engler (USA);

1 The GPA/LBA was adopted by an intergovernmental conference con-
vened by UNEP in Washington D.C., 23 October - 3 November 1995.
UNEP(OCA)/LBA/IG2/7

Michael E. Huber (Australia) — member of the Editorial
Board; David Insull (United Kingdom) — member of the
Editorial Board; Ljubomir Jeftic (Croatia) — member of
the Editorial Board; Terry Jones (Seychelles); Stjepan
Keckes (Croatia) — Chairman of the Working Group and
member of the Editorial Board; Hillel Shuval (Isragl);
Helen T. Yap (Philippines).

Experts and Technical Secretaries of GESAMP dur-
ing the preparation of the report: Nik M.R. Abdullah
(Malaysia); Lawrence F. Awosika (Nigeria); J. Michael
Bewers (Canada); Richard G V. Boelens (Ireland); Robert
Bowen (USA); Tim Bowmer (The Netherlands); Sabine
Charmasson (France); Robert A. Duce (USA); Danny Elder
(Switzerland); Robert M. Engler (USA); Ong Jin Eong
(Maaysia); Scott Fowler (IAEA); John S. Gray (Norway);
Richard J. Gowen (United Kingdom); Robert Gruszka
(UN); Ramon Guardans (Spain); Paul A. Gurbutt (United
Kingdom); John Hambrey (Thailand); Richard Helmer
(WHO); Michael E. Huber (Australia); David Insull
(United Kingdom); Ljubomir Jeftic (Croatia); Stjepan
Keckes (Croatia); Gwenda Matthews (UN); Piamsak
Menasveta (Thailand); Heiner Naeve (FAO); Manfred
Nauke (IMO); Stephen B. Olsen (USA); Oladele Osibanjo
(Nigeria); Velimir Pravdic (Croatia); Joan-Albert Sanchez-
Cabeza (Spain); Kirdti-Liisa Sjoeblom (IAEA); Alexan-
der Soudine (WMO); Ismat Steiner (UN); Umit Unliata
(UNESCO/I0C); Donad Weston (USA); Omar Vidal
(UNEP); Helen T. Yap (Philippines); Ivan Zrajevskij
(UNEP).

Additional contributorsincluding those who contrib-
uted through the peer review process: Joan Albaiges
(Spain); Jacqueline Aloisi de Larderel (UNEP); Edward
Barbier(USA); Monica Borobia(UNEP); Peter Brid-
gewater (Australia); Anne Christine Brusendorff (HEL-
COM); Robert Buddemeier (USA); Peter Burbridge
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(Canada); William Mansfield (USA); Uri Marinov (Isragl);
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| ntroduction

The preparation of the present report was initiated by
UNEP as a contribution to the first intergovernmental re-
view meeting on the progressin theimplementation of the
Global Programme of Action for the Protection of the
Marine Environment from Land-based Activities (GPA/
LBA)™. Therefore the structure and layout of the report
largely followsthe specific approach and terminol ogy used
by the GPA/LBA in relation to various land-based activi-
ties (LBAS) and waste categories.

Chapter 2 describesthe causes, nature and severity of
problems in the marine environment derived from land-
based human activities, primarily from a scientific per-
spective. It covers all aspects of concern specified within
the GPA/LBA with emphasis on scientific eval uations of
the sources and effects of contaminants and physical al-
teration. It further specifies and delineates areas of con-
cern, both those reflected in the GPA/LBA and othersin-
cluding: the effects of mariculture; expanding human
popul ations and tourism; globalisation of thechemical in-
dustry; transfer of alien species; energy and turbidity
changes in estuaries; trends in marine transport; and the
deliberate and accidental disposal of military and com-
mercial materials at sea.

In large part, this chapter revisits many of the issues
addressed in the previous GESAMP review of the “ State
of the Marine Environment” in the context of more recent
developmentsand new scientificinformation. The distinc-
tion between land-based and maritime activitiesis some-
what blurred because all human activities originate from
terrestrial sites. Accordingly, the chapter covers, to alim-
ited extent, issues such asfisheriesand shipping that would
largely be considered marine activities.

Chapter 2 deal swith issues of along-standing nature. It
providesabasisfor improved perspectives on the damage
and threats arising from physical alteration of the environ-
ment and changesin sediment mobilisation in comparison
to those associated with long-recognised or “classical”
contaminants. The extent of damage caused by such clas-
sical contaminantsisrevisited to provide a contemporary
perspective on priorities among them. This chapter also
lays stress on threats posed by eutrophication, alien spe-
cies transfers, the specia problems of small islands and
concerns about energy changesin estuaries.

1The GPA/LBA was adopted by an intergovernmental conference con-
vened by UNEP in Washington D.C., 23 October — 3 November 1995
(UNEP(OCA)/LBA/IG2/7.) The coordination of the implementation
of the GPA/LBA was assigned to UNEP.

Chapter 3 covers emerging issues and those for which
recent scientific assessments suggests that re-evaluation
is warranted. Accordingly, it includes further analysis of
some issues discussed in Chapter 2, but from differing
perspectives. Together, Chapters 2 and 3 constitute the
scientific component of thisreport and provide abasisfor
the consideration of social, economic and policy aspects
of land-based activities affecting the marine environment,
its resources and amenities.

Chapter 4 presentsregional perspectives about threats
posed by L BAsand attemptsto synthesisethem. It presents
adiagnostic summary and analysisof fifteen regional pro-
grammes. The Chapter isdivided into 3 sections. Section
1 providesbrief background information about the history
of regional effortsto control LBAS. Section 2 analysesthe
regiona programmesand the avail able background docu-
mentation, attempting to compare and synthesise regional
prioritiesand approachesto the control of LBAS. The scope
of the analysisislimited because the variousregions have
proceeded in rather different ways in prioritising issues
and courses of action, making it difficult to compare and
contrast approaches. Section 3 of the chapter derivescom-
mon elements of the regional and global perspectivesasa
basis for discussion, in Chapter 5 and 6, of strategies,
measures and priorities for action.

Chapter 5 describesgenera organisational frameworks
and legidative and policy mettersthat are of potential value
in achieving the goals of the GPA/LBA. It examines, for
each contaminant class and physical ateration, specific
management and technical measuresand the requirements
and incentivesto promote their implementation. The chap-
ter is divided into 6 sections. Sections 1 and 2 describe
genera policy principles that underlie effective environ-
mental management and summarises strategiesfor the con-
trol of the effects of LBAson the marine and coastal envi-
ronment. Section 3 provides an overview of measures to
prevent, reduce or ameliorate degradation of the marine
environment, as well as requirements and incentives for
their implementation. Section 4 briefly examines techni-
cal options available to reduce the impacts of each of the
GPA/LBA contaminant classesand the physical alteration
of habitats, and assessestheir costs and benefits. Section 5
considers needs for additional information and technical
research and devel opment and Section 6 describesinstitu-
tional and policy requirementsto implement the GPA/LBA.

Chapter 6 summarises the overall impact of various
LBA activitiesand waste categories, asdefined by the GPA/
LBA, onthe basis of informed scientific judgement, tak-
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ing into account their geographic scale of impact and im-
pact on food security, public health, coastal and marine
resources and ecosystem health. Using this method and a
set of criteria (adequacy of science, adversity of impact,
ubiquity of source, ability to be managed, benefit/cost ra-
tio), a priority ranking for the same LBA activities and
waste categoriesis presented. Priority actions at the tech-
nical and management levelsare categorised by the sources
of contaminant, physical alteration, sediment mobilisation
and litter. Institutional, legislative and policy priority ac-
tions are described at three levels: national, regional and
international . These actions are drawn primarily from the
considerations in Chapter 5 and the analysis of regional
programmesin Chapter 4.

At the end of the report is: a Glossary of most com-
monly used terms; alist of Abbreviations; an Index: and
four Annexes, one on Economic Valuation of Coastal and
Marine Systems and Net Benefit Analysis, onelisting the
unpublished internal working documents prepared by the
members of the Working Group, and two providing de-
tailsrelevant to regional implementation of the GPA/LBA.



Protecting the Oceans From Land-Based Activities | 9

| dentification and A ssessment
of Problems

2.1. INTRODUCTION

This chapter describes long-standing marine environ-
mental issues as a baseline for the later description of
emerging issues that have cometo the fore during the last
decade. Its structure largely correspondsto that set down
within the GPA/LBA. Inevitably, thisresultsin some rep-
etition because of the need to ensure the comprehensive-
ness of the discussion relating to activities, sources and
contaminants. Attempts to minimize such repetition mean
that the more detailed discussion of topics requiring sci-
entific explanation has been concentrated under the dis-
cussion of contaminants. This chapter embodies the con-
clusionsof previous GESAMPReviews of the State of the
Marine Environment, augmented by material drawn from
awide variety of other sources.

Estimating the costs of environmental damage is ex-
tremely difficult even under well-defined local conditions.
It becomeseven more proneto unreliability on larger scales
because of the difficulties of assigning valuesto environ-
mental resourcesand amenitiesand of estimating the scales
of impact. This process of valuing the environment is ex-
tremely complex, and involves not only economic factors
but also ecological, socia, legal and cultural considera
tions. In the context of estimating detriment caused by
anthropogenic activities, theissueis further compounded
by thelimited understanding of thedirect and indirect link-
ages between human activities and their impacts on the
environment. Accordingly, this chapter provides indica-
tionsof the costs of environmental degradation asillustra-
tions (i.e., as boxes) in instances where such costs have
been evaluated el sawhere.

2.2.NATURE AND SEVERITY OF PROBLEMS

Specifying the nature and, particularly, the severity of
problems (i.e., impacts on the marine coastal and fresh-
water environments resulting from land-based activities)
hasto be done on several scales. Onlocal scales, problems
can be perceived and prioritized differently than at larger
(regional and global) ones. Each regional review has at-
tempted to define the nature and relative importance of
problemsat theregional scaleand, in many cases, specified
the relative importance of specific problems at component
(i.e., national) ones. From a global perspective, contem-
porary problems can be divided into two categories: (i)
actual damage or compromise to marine resources and
amenities; and (ii) potential threats of damage. At local

and regional scales, the nature of problemsis seldom suf-
ficiently specific for it to be possible to make an unam-
biguous assignment to either of these categories.
Eutrophication, for example, isinvariably aconcern within
the regions; but it can seldom be determined reliably
whether eutrophicationisactually occurring on large scales
- and, if so, how much damage has been done- or whether
it merely represents a future threat to the area concerned.
An attempt ismade hereto present viewson the“top-down”
or global problems within these two categories, reaizing
that an unambiguous assignment cannot always be made.

Any list of global concerns regarding the deterioration
of the marine environment would contain the following
entries. They are not presented in any implied order of
severity or importance:

« eutrophication and associated anoxia;

« harmful algal blooms;

« the effects of classical contaminants (sewage,
metals, persistent organic substances, petroleum
hydrocarbons, radionuclides);

* the effects of deforestation;

« the effects of increased or decreased mobilization of
sediments;

* the demise of coral reefs;

* theloss of wetlands;

* declinesin mangroves,

« habitat destruction;

« the transfer of harmful speciesinto coastal areas;

« climate change;

* sea-level risg;

« inundation as a consequence of physical alteration;

« increased risksto human health;

« reduced biodiversity;

« endocrine disrupting chemicals;

« overfishing;

« destructive fishing practices;

« the effects of the exploitation of coastal mineral
resources, particularly sand and gravel; and

* litter.

Some of these can be easily assigned to the “existing
damage” or “threat” categorieswithout much ado. Others
contain elements of both. For example, climate change
represents athreat; thereis, as yet, no evidence of associ-
ated damage having occurred. The related topic of “sea-
level rise”, on the other hand, clearly contains elements
both of existing damage, because sealevel hasrisen, and
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of the threat posed by the expansion of seawater associ-
ated with global climate change. The reason for this dis-
course is to stress the fact that setting priorities requires
not only the measurement of existing observable damage
and therecognition of (potential) threats, but also an equi-
table balancing of the assignment of prioritiesamong them.
Itisfair to say that thisis not ascientific requirement be-
cause, in the main, the judgment of relative priority is a
socio-economic exercise; but science has to do its best to
quantify existing damage, itstrend, and pending threats.

All the concerns listed above - excepting fisheries is-
sues that are mostly beyond the terms of reference of this
study - are discussed in Chapters 2 and 3 of this docu-
ment. Most of these concernsare dealt with aslong-stand-
ing ones in Chapter 2 . Only climate change, associated
sea-level rise, changing nitrogen influxesto the ocean, dis-
eases and bleaching affecting coral reefs and the topic of
endocrine disrupters have been addressed as “emerging
issues’ in Chapter 3.

It isthe setting of priorities for action that will enable
the elements and principles of the GPA/LBA to result in
substantive and cost-effectiveimprovementsin the condi-
tion of the marine environment on national and regional
scales, and thereby attain improvementsat an overall glo-
bal level. Thisiswhat makes the identification of priori-
ties so important. Each of the regional areas has been spe-
cifically tasked with identifying regional prioritiesfor ac-
tion on the basis of acoordinated review of the region and
its national components.

This chapter of the report deals with a brief explana-
tion of predominantly long-standing problems regarding
the condition of the seas. Inevitably, because the actual
date at which specific issues became a matter of concern

is often unclear, it also includes reference to more recent
or “emerging” issues that fall primarily within the scope
of Chapter 3. Thefollowing sections deal with four major
categories of issues - food security, public health, ecosys-
tem health and economic health, with the latter two issues
including elements of biodiversity.

2.2.1 Food Security and Poverty Alleviation

Lack of food security - other than under certain condi-
tions, such as natural disaster, war and civil insecurity - is
driven primarily by poverty. Agriculture and fisherieshave
two distinct roles in the alleviation of poverty; through
their contribution to incomes and through the supply of
food. Some agricultural and fishing practices, however,
can degrade coastal ecosystems and severely damage re-
newabl e resources causing adverse effects, directly or in-
directly, on food security and the extent of poverty.

Agriculture is the backbone of local economiesin the
coastal areas of many countries providing employment,
either directly or indirectly, in providing services to the
industry. It also makes significant contributionsto national
economies. Its role in assuring food security is self-evi-
dent. Like any other industry, agricultural activities can
produce harmful effects on coastal ecosystems. These ac-
tivities include flood control and alterations to the flows
of rivers, the use of pesticides and fertilisers, run-off of
animal wastes, excessive use of water from coastal aqui-
fers, overgrazing in watershed areas, and others. The in-
creasing global use of fertilizers and pesticides during the
latter half of the 20th Century is depicted in Figures 2.1
and 2.2 respectively. In many areas, marginal agriculture,
often but not exclusively practised by landlessfarmers, is
a significant source of damage to marine ecosystems.
Marginal agricultural practices may include, for example,

FIGURE 2.1
Estimated growth in fertilizer use, 1960-2020

2507

200

150 A

100 4

Million nutrient tonnes

2020

1989-1990
1959-1960

i l l \I
o . | 1 |I

World Sub-Saharan Latin West Asia South East Developing  Developed
total Africa America  North Africa Asia Asia countries countries

Source: Bumb, B and C. Baanante. 1996. World trends in fertilizer use and projections to 2020. 2020 Brief No. 38
(International Food Policy Research Institute, Washington, DC, USA), Table 1, World Resources 1998-99.



FIGURE 2.2
World sales pesticides in relation to global population,1970-1990
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the “reclamation” of mangrove for rice paddies and the
ploughing of steep hillsides causing severe soil erosion -
but are not confined to these. Good agriculture extension
work can mitigate much of the potential damage of the
effects of such practices, while moreintensive agriculture
has a number of potentia benefits, including the more ef-
ficient use of water and land and the creation of additional
employment opportunities.

Coastal aguaculture - the farming of finfish, molluscs,
crustaceans and aquatic plants in marine and brackish
waters - contributes to food security through supplying
food, and generating employment , rural development and
increased national incomes. Coastal aguaculture in some
regionsincludesthefarming of relatively high-priced prod-
ucts, such as salmon, oysters and shrimp. Asin agricul-
ture, badly planned and managed mariculture can have
serious adverse effects on marine ecosystems. Badly sited
farms can result in the degradation of such ecosystems as
mangrovesand coral reefs, while effluentsfrom fish farms
can have adverse effects on exposed communities, espe-
cialy benthos. However the adverse effects of mariculture
can belargely avoided when good practice guidelines are
followed in the siting of farms and their management.

The contribution of the fisheries sector to family in-
comes cannot be precisely quantified, but it provides in-
cometo fish workersin production, processing and distri-
bution, aswell asinancillary industries, such asboat build-
ing and fishing gear manufacture, and in fisheries admin-
istration. Accurate employment statisticsfor the sector are
not available but it has been estimated (FAO, 1995) that
about 120 million people are directly employed within it
and are wholly or partly economically dependent upon it.
By far the greatest numbers of these are poor people in
developing countries. If each of those directly employed
in the sector has five dependents, about 700 million peo-
ple depend directly on fisheries. Indirectly, the fisheries
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sector also positively influences food security through its
impact at the macro-economic level.

While fish does not provide an important source of en-
ergy inthediet onaglobal scale, it does have animportant
rolein providing for sound nutrition in the food supply of
many countries, especially in the developing world. Fish
proteinisgenerally recognized as an important ingredient
in a balanced diet. It contains essential amino acids not
normally found in staple foods, and contributes valuable
fatty acids necessary for the proper development of the
brain and body. Fishisaso aconvenient and, for many, a
relatively inexpensive, source of micronutrients such as
calcium, iodine and some vitaminsthat are generally una-
vailable from staples. This is particularly important for
the sound nutrition of children.

Fish makes up about 19% of the total animal protein
consumption of developing countriesasawhole, and just
over 5% of their protein from both animal and plant ori-
gin. In many developing countries, fisheriesareimportant
for the food security of populationsliving in coastal areas
and along major riversand lakes. Fish isalso particularly
important as a source of food for many small island
populations, particularly inthe Pacific and Indian Oceans.

In general, fish appears to be most important for the
poorest people. It appearsto be significantly moreimpor-
tant in the diets of Low Income Food Deficit Countries
(LIFDCs)?! as agroup than in those of non-LIFDCs. Im-
portantly, however, thereislessfish available, per capita,
in the LIFDCsthan in other countries (FAO, 1995).

It is difficult to determine the relative importance of
the different categories and types of land-based activities
that have adverse effects on the productivity of fisheries
and consequently on food security and poverty alevia-
tion. It is, however, possible to define some of the “driv-
ing forces’ for such adverse effects. Take, for example,
deforestation. During the period 1980-1990, substantial
reductions in forested areas took place in developing re-
gionswith rates of deforestation inthe 0.8%to 1.6% range
(see Figure 2.3).

It isdifficult also to assess the impact at aglobal level
onincomes, and the consequent threat to food security, of
other types of land-based activities. These include: poor

1 The list of low-income food-deficit countries (LIFDCs) was devel-
oped by FAO in the late 1970s to assist in analysing and discussing
food security issues. LIFDCs are currently defined as nations that are:
« poor - with anet income per person that falls below the level used by
the World Bank to determine eligibility for IDA assistance. At present,
that means that their net income amounts to less than US$1,505 per
person.

« net importers of food - with imports of basic foodstuffs outweighing
exports over the past three years. In many cases, particularly in Africa,
these countries cannot produce enough food to meet their all their needs
and lack sufficient foreign exchange to fill the gap by purchasing food
on the international market.
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FIGURE 2.3
Loss of tropical forest in developing regions, 1980-1990
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land-use and forestry practicesthat can result inincreased
runoff of sediment, leading in turn to theloss of fish habi-
tat through the smothering of seagrassbedsand the siltation
of coral reefs; the physical destruction of reefsby tourism
or mining; and poor water management practicesthat can
have adverse effects on, for example, certain estuary fish
or impede the spawning of anadromous fish. Neverthe-
less, thereisadequate information at thelocal level to show
that such environmental changes can have severe adverse
effects on fish workers' incomes (Hodgson and Dixon,
1988). Asfishermen and their families are among the poor-
est people in many countries, these land-based activities
may often pose athreat to food security although they may
not be quantified.

Specific coastal and marine ecosystems of concernin
tropical regions include estuaries, cora reefs, mangrove
forests and seagrass beds. As most countries in these re-
gions are still underdeveloped or developing, the liveli-
hood of their coastal populationsis best characterized as
artisanal, with a tight dependence on coastal and marine
resourcesto support ahand-to-mouth existence. Themain
use of such resourcesisto provide anincomefor the fish-
ermen and food for local populations. Degradation of these
habitats by |and-based activities causesareductionin their
productivity and, consequently, diminished harvests of
economically important organisms. This has obviousim-
plications for food security and for the worsening of pov-
erty. Theinfestation of some waterways by floating weed
presents athreat to the food security of local populations,
but thefactors contributing to theinfestations' rapid spread
remain unclear.

In general, the kinds and amounts of pollutants from
land-based sources are related to the levels of industriali-
zation and urbanization, and to the intensity of agricul-
tura activities. The contamination of near-shore waters
from coastal urban communities and industrial develop-

ment has significant impacts onlocal coastal fisheries. The
limited available information on such impacts comes
mostly from the devel oped industrialized countrieswhere
the impact on food security has been negligible. Among
developing regions, the crash of the entire fisheries
economy of the Black Sea at the end of the 1980s as a
result of the combined effects of riverborne contaminants,
mostly nutrients, over-fishing and the more recent intro-
duction of the alien species Mnemiopsis leidyi has been
well documented (GESAMP, 19974).

In many developed countries, levels of air and water
contamination have declined over the last two decades
because of the introduction of strict environmental legis-
lation and the use of cleaner production technologies. By
contrast, levels of air and water contamination appear to
be high in many poor and medium income countries in
East and South-east Asia, the Indian sub-continent and
Latin America, where there is significant industrial
development, particularly of heavy industry. To these ar-
eas may be added eastern Europe and northern Asia in
which the legacy of the previous industrial development
of several countriesin economic transition hasresulted in
pockets of serious contamination. A large part of the nega-
tive impact of such contamination on the productivity of
fisheries goes unnoticed because monitoring facilitiesare
poor or absent and because consumers are inadequately
protected from contaminated seafood. In general itislikely
that effects on the incomes of fish workers are mitigated
by the high demand for fish in urban markets near to in-
dustrial centres.

2.2.2 Public Health

Thetwo primary forms of exposureto the marine envi-
ronment that give rise to human health concerns are: di-
rect contact through bathing and boating activities; and
indirect contact through the consumption of seafoods. The
field of thalassogenic infections of the first two catego-
ries, defined as* human infectionswhose sourceisthe sea”,
has been reviewed by Shuval (1986).

Shuval (1986) in his conclusions stated “after many
years of uncertainty and active debate, it now appears
that there finally is a vast amount of firm data providing
strong evidence that bathing in sewage polluted seawater
(...) can cause a significant excess of credible gastro-
intestinal disease and that the disease rates show a high
degree of correlation with enterococci and E. coli con-
centrations in the seawater.” He discusses the transmis-
sion of typhoid fever, vira diseases and ear, nose, throat
and respiratory infections putatively associated with di-
rect exposure to contamination in bathing water. Only in
the case of ear, nose, throat and respiratory infections does
the evidence for an unambiguous assignment to water con-
tamination appear to be equivocal because the transmis-
sion may be by person-to-person contact, or even organ-
to-organ transfer within anindividual, while bathing. Nev-



ertheless, there is adequate information on the nature of
both real and putative dose-response relationships to de-
rivecriteriafor therelative (conservatively estimated) risks
posed by enteric organism concentrations in bathing wa-
ter, thereby allowing health protection standardsto be de-
rived. It isinteresting to note in this context that 75-90%
of the bathing zones in the North Sea comply with the
European Union standard for faecal coliforms (Jeftic, 1998f
(Annex 2)). Recognizing that thisimpliesthat between 10%
and 25% of the bathing zones do not comply with EU stand-
ards, it suggeststhat conditionsin sewage-receiving areas
of lessdeveloped countriesarelikely to befar below such
standards.

Three main categories of threatsto human health posed
by the consumption of seafood can be identified: micro-
bial, chemical and radiological. Microbiological, natural
poi sonous organic agents and anthropogeni c contami nants
would fall within the chemical category: natural poisons,
such as shellfish poisons, are discussed in Chapter 3.
Threats posed by chemicals and radionuclides of anthro-
pogenic origin are considered in relation to the adverse
effects both on the environment and human health through-
out this chapter. Shuval (1986) deals with typhoid fever,
infectious hepatitistypesA and B, polio virusand cholera
transmission through shelIfish consumption. Results of the
application of more recent approaches to estimating the
public health detriment associated with exposuresto bath-
ing water and the consumption of shellfish are presented
and discussed in Chapter 3.

The Minamataincident, involving the poisoning of both
animals and humans through exposures to seafood con-
taminated by mercury, is one of the most striking demon-
strations of the potential for exposures to anthropogenic
contaminants to affects on human health. Similarly, itai
ital disease was partly a manifestation of high cadmium
consumption through seafood. Increased risks to human
health resulting from the chemical contamination of the
ocean remainsamajor concern. However, apart from these
two extreme cases, it is doubtful that inorganic chemicals
such as the transition metals are the most serious marine
contaminantsfrom public health perspectives. Someknown
casesin thetropics pertain to heavy metal accumulationin
bivalves and even finfish inhabiting the vicinity of ore
extraction installations, such as copper mines. Fortunately,
for most such metals, theallowabledaily intakesare rela-
tively well established and it is possible to provide basic
human health protection through appropriate monitoring
programmes. Various countries have established standards
and tolerances for imported seafood, and this stimulates
increased surveillance of the products of exporting coun-
tries. Nevertheless, the inspection of seafood for human
consumption is neither universal nor always sufficiently
rigorous. Thereisaclear linkage between the risks posed
to human health by chemical contaminants and the land-
based activities from which they are predominantly de-
rived.
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Theimpacts on human health of persistent organic pol-
lutants ( POPs) - the main focus of international negotia
tions leading to a new convention (see Box 2.1)- are of
doubtful significanceat contemporary environmental back-
ground levels. There are, however, areas and media that
reflect accumulation of these compounds. Particular con-
cernshave been expressed about the possibility of immuno-
suppression in mammalsfrom both acute and chronic low-
dose exposures. No consensus has, however, been reached
on the extent to which low-dose exposures might cause
immuno-suppression affecting the health of the public at
large. The possibility of these substances giving rise to
probabilistic (stochastic) effects at low doses has been
widely debated but clearly not ruled out. Experience over the
last decadein theArctic has clearly shown theimportance
of developing fair and respectful communication with the
populationsat risk to implement risk abatement measures.

In 1993, the I nternational Atomic Energy Agency con-
ducted an evaluation of the comparative risks associated
with ingesting chemical carcinogens and radionuclides
through consuming seafood (IAEA, 1993). This was
prompted by adesireto placetherisks posed by the dump-
ing of low-level radioactive waste at seain asuitable con-
text. The presence of naturally occurring radionuclides,
principally 210Po, can pose a greater risk to individuas
within common critical groups of seafood consumersthan
that corresponding to the dose limit for members of the
public set by the International Commission on Radiologi-
cal Protection from practicesinvolving the production, use
and disposal of radioactive materials. The additional can-
cer risks associated with the contamination of seafood from
seadisposal of low-level radioactivewastes are about five
orders of magnitude lower. It appears that the presence of
PCBs could represent a similar risk to that arising from
naturally-occurring radionuclides. The other chemicals
considered (DDT, HCB, chlordane, benzo-a-pyrene and
dieldrin) present risksthat are lower, than that that posed
by PCBs, but still much larger, by more than two orders of
magnitude, than those arising from sea disposal of radio-
active wastes. The average risks among large (i.e., Euro-
pean Community and global) popul ations posed by chemi-
calsthat are now ubiquitously present in seafood are of a
similar magnitude to those associated with the discharge
of low-level liquid radioactive wasteto coastal waters, the
testing of nuclear weapons, and the Chernobyl accident.
By comparison, theincremental risk arising from seadump-
ing of radioactive wastesisthreeto four orders of magni-
tude lower.

There are additional sources of risk to humansthat are
not so ubiquitously distributed. For example, the effects
of increased UV-B radiation resulting from stratospheric
ozonedepletion aremost severe at the poles, with the popu-
lation of the Arctic being of primary concern. Similarly,
because of their habits, especially theuse of local or “ coun-
try” foods, members of indigenous arctic communitiesfre-
quently haveincreased exposuresto persistent lipophyllic
organic substancesin the blubber of higher organismssuch
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Estimates of Detriment Based on Human Health I mpacts

Ininstanceswhere degradation of the marine environment
has a direct bearing on human health, estimates can be
made of the cost in terms of loss of life or the costs asso-
ciated with morbidity using anumber of simpletechniques.
Thishasbeen donein the section on theimpacts of pollu-
tion on tourists and seafood consumers in the following
section.

Thesinglefieldinwhich the costs of detriment have been
routinely quantified in relation to human health has been
that of radiological protection where collective detriment
(i.e., that to apopulation of humans) is estimated in units
that can be directly converted to theincidence of fatality.
It is then a simple matter, given an estimate of the value
of ahuman life lost, to calculate in monetary terms, the
magnitude of the detriment.

Intheforegoing discussion, thereisreferenceto an IAEA
study (IAEA, 1993) of the risks posed by low-level ra-
dioactivewaste dumping in the ocean with therisks posed
by human exposures through seafood consumption of a
range of organic marine contaminants. These risks are
those associated with fatal cancer induction by hazard-
ous constituents of seafood based on an assumption of
stochastic effectswithout threshol d* . The established re-
|ationship between risk and exposure for ionizing radia-
tion (ICRP, 1990) and those proposed by the US Envi-
ronmental Protection Agency for the “potency” of some
organic compounds were used for estimating the prob-
ability of fatalities in exposed populations. The collec-
tive detriment from such exposures can be estimated for
both the European (i.e., the European Community) and
global populations. These are given in the following ta-
ble using an arbitrary value of US$20,000 per life lost.

*
Substance/Source Estimated health detriment through fatal cancer induction It should b,e noted that
the assumption of zero
European Community Global Community threshold in the case of
Fatalities  Cost (USD) Fatalities Cost (USD) cancer induction by
chemical exposures and
Civil nuclear discharges 170 3,400,000 3700 74,000,000 extrapol ation of the dose-
$DDT 131 2,600,000 170 3,400,000 response relationship
S from observablerangesto
Dieldrin - - 102 2,040,000 very low dose regimes is
IPCB 17 340,000 38 760,000 controversia.
HCB - - 4.2 84,000
Chlordane - - 3.8 76,000
Peak exposuresfrom past
sea dumping of low level
radioactivewaste 0.0045 90 0.0075 150

aswhales, seals and polar bears (AMAP, 1998). Further-
more, their relatively high consumption of caribou/rein-
deer results in increased radiation exposures to natural
(particularly 210Po), and artificial, (particularly 137Cs)
radionuclides (AMAP, 1998). Only therisks posed by the
consumption of foods derived from the marine environ-
ment are pertinent here.

2.2.3 Ecosystem Health, Including Biodiver sity

Theoveral health or well-being of marine ecosystems,
especially detailed taxonomic knowledge of various com-
munities and the population status of heavily utilized or
otherwise impacted species, is slowly becoming known
for many marineregions. A number of suitable ecosystem
health indicatorsexist, ranging from subcellular measures
of chemical exposure and effects through to indices of
community speciesdiversity. For example, many contami-
nants are assimilated by marine organisms and can affect

their viability and/or reproductive capability. If the afflicted
organismsplay critical rolesin the functioning of ecosys-
tems, reductions in their populations will take a toll on
overall ecosystem health and performance.

Nutrients discharged in large quantities into coastal
waters promote blooms of planktonic and benthic algae.
Phytoplankton blooms contribute to increased water tur-
bidity, reducing light penetration and adversely affecting
pelagic and benthic biological communities. Cora reefs
and seagrass beds can be impacted in this way. Even in
naturally oligotrophic systems, such asthe Mediterranean,
eutrophication isasevere problemin several sub-regional
areas (Jeftic, 1998e (Annex 2)). In the North Sea (Jeftic,
1998f (Annex 2)) both eutrophication per se, and changes
in the ratios among nutrientsin aggregate discharge, have
had pronounced effects - including increased production
in the nearshore and coastal waters of the German Bight
and along the Dutch coast, and increased biomass and



changes in the species composition of zoobenthos in the
Weadden Sea, the German Bight, the northern Dogger Bank,
the Kattegat and eastern Skagerrak. These follow a shift
from apredominance of diatomsto adominance of flagel-
lates in the second seasonal phytoplankton bloom along
the mainland European coast as a result of reductionsin
the silicate supply from impounded watersheds draining
into the North Sea (Wollast, 1983; Lancelot et al., 1987).
Some of the most severe effects of eutrophication have
been evident in the Black Sea (Jeftic, 1998c (Annex 2)).
The reduction in light penetration affects sea grasses and
benthosthat are essential components of the sensitive eco-
system in the sea’ s north-western shelf. The entire ecosys-
tem began to collapse even before the onset of other pres-
sures such astheirrational exploitation of fish stocks and
the invasion of the comb jellyfish (Mnemiopsisleidyi) in
the mid 1980s. From regional perspectives, only in the
Arctic does eutrophication not appear to be a priority is-
sue (Jeftic, 1998a (Annex 2)).

Costs of Eutrophication

Nutrient inputs are associated with a range of condi-
tions, including harmful algal blooms (HABs). For
HABs alone the costs include those of routine toxin
monitoring programmes for shellfish and other poten-
tially affected resources, the lost opportunity costs of
short-term and permanent closure of fishing areas, the
value of damageto wild fish and shellfish stocks, dam-
age to submerged aguatic vegetation and coral reefs,
reductions in tourism and associated industries, and
medical treatment of exposed individuals.

The estimated annual cost to the United Statesin 1987-
93 was over US$ 35 million and, when economic mul-
tipliers are taken into account, over US$ 100 million.
Similar experience has been reported for Japan. Ex-
trapolation of US and Japanese experience to the more
than 50 countries with HAB problems indicates that
global costs are very significant in economic terms.

Habitat lossis of increasing concern in respect to eco-
system health and biodiversity. While it appears that the
geographical extent to which habitat is being lost is not
yet large enough to threaten diversity on a global scale,
there could be a threshold in habitat loss beyond which
diversity would decline exponentially.

In some coral reefs, the proliferation of benthic algae
caused by enhanced nutrient inputs hasled to competition
with thehard corals, which the coralshavelost. Thus, there
can beachangein community structurefrom ahard coral-
dominated to an algal-dominated system.

Overharvesting hasbeen aspecific threat to biodiversity.
In someinstances, it hasled tolocal extinctions of species
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(e.g., marine turtles, giant clams, and certain species of
reef fish collected for the aquarium trade). Such human
activities are not normally regarded asland-based despite
the fact that much of the activity is promulgated on land
and the resources recovered by these means are destined
for use there.

For the sake of clarity and conformity with the GPA/
LBA, this chapter deals with forms, causes and targets of
marine environmental degradation individually. However,
in many locations, especially near to coasts, thereare mul -
tiple sources of degradation. The actual changes in such
areas are therefore the result of various human activities
acting in combination. When aquatic systems are subject
to several stresses at atime (e.g., physical alteration and
depressed dissolved oxygen concentrations), the net im-
pact on communities and their component species may
differ from what is expected when individual stressorsact
alone. Similarly, the net effect of the exposure of organ-
ismsto several chemical contaminantsin combination can
be of concern. Experience suggests that such effects are
seldom greater than additive and that additivity occurs
when theinduction-response mechanismsfor contaminants
are similar. There are known cases of antigonism, (when
one contaminant mitigates the effect of another), but few
instances where synergism, (where the combined effects
of morethan one contaminant exceed that expected on the
basis of additivity) has been inferred.

2.2.4 Economic and Social Benefits and Uses, I nclud-
ing Cultural Values

Many of the environmental changes originating from
land-based activities are associated either with damaging
effects on habitats or with toxicity. Both reduce the abun-
dance of resources, while the latter may also adversely
affect the quality of seafood.

The degradation of habitats adversely affectsfish abun-
dance and often, therefore the contribution that the fisher-
ies sector makesto food security and human welfare. Only
in afew cases hasthere been a cost-benefit analysis of the
impact of aland-based activity on a fishery through the
degradation of habitat: one study - of the impact of log-
ging on afishery in the Philippines - found considerable
economic benefits from alimited logging ban to prevent
siltation of acoral reef (Hodgson and Dixon, 1988).

The economic case for protecting the fisheries sector
against the adverse effects of environmental changes
caused by land-based activities is often accepted by de-
fault - thusintrinsically recognizing that extracting living
resourcesfromthe seais, in someway, aprivileged activ-
ity compared to others. This privileged status may also
cause society to ignore the adverse effects caused by fish-
ing itself, including those on habitats and other marine
species. Surprisingly, society exhibits less concern about
the adverse effects of fishing activitiesthan those of other
practices.
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While the impact of habitat degradation on coastal
marine fisheries can be severe, the adverse effects upon
fish that spend much of their lives offshore but depend on
the nearshore marine environment for at least part of their
life-cycle, remain largely unknown - as does the extent of
the economic benefitsthat are foregone as aconsequence.
The maintenance of resources of cultural significance in
the face of environmental threats also deserves attention.
This has been clearly recognized in the Arctic where rep-
resentatives of the indigenous communities have beenin-
cluded in the conduct of assessments and in the formula-
tion of action plans. Gapsin contemporary knowledge call
for ecological research combined with broader social and
economic evaluation.

Pollutants originating from land-based activities may
also beresponsiblefor fish kills. These occur ubiquitously
and on local scales. They are often associated with low
dissolved oxygen concentrations and algal blooms. The
associated lower levels of commercial and recreational
fishing and, most significantly, the closure of fisheries
because of increased risksto human health from contami-
nated fish, result in economic costs. The latter situationis
particularly prevalent in mollusc fisheries. It is not possi-
ble, without substantial further investigation, to quantify
the economic costs of these effects. They are, however,
considerable, asindicated for the United States in reports
published under the aegis of the U.S. National Estuary
Program.

Environmental changes caused by land-based activities
may also be responsible for the breakdown of traditional
cultures of fishing communities; thisoccasionally leadsto
conflict when traditional measures for fishery resource
allocation have been undermined. In north-west Mexico,
for example, theimpact on oyster fishermen of large-scale
agricultural projects, and the consequent diversion of wa-
ter and migration of agricultural workers into the coastal
zone, hasbeen well documented (McGoodwin, 1994). The
ecological shiftsthat occurred as aresult of the diversion
of water rendered some formerly important fishing sites
unproductive and created new fishing sitesin areaswhere
there were no precedents regarding use rights. New mi-
grants knew nothing of local customs regarding marine
resource conservation and exploitation and conflicts broke
out between the newcomers and the traditional fishing
communities. The impact of industrial pollution on fish-
ing communities is also well documented. For example,
theeffect of industria waste constituents on the oyster fish-
ing communities in Chesapeake Bay and aong the coast
of Alabama (Durrenberger, 1992) has been to erode the
traditional culture of the fishermen who depended on the
resource.

Mineral resources, such as sand and gravel and crude
oil, also arerecovered in economically significant amounts
fromthe coastal zone. Other, lesseasily quantified, values
are of much greater significance asthey include the latent

benefits of marine ecosystem processes that sustain life
and human welfare. An attempt has been made by Costanza
et al. (1997) to estimate the value of ecosystem services
such as atmospheric gas regulation, climate regulation,
water supply and regulation, soil maintenance, nutrient
cycling, wastetrestment, food production, and the provision
of recreational and cultural opportunities. The estimated
value of such ecosystem services for the entire biosphere
isintherange US$16-54 trillion. Implicitly, many of these
services lie outside the conventional market economy.
Thereisgeneral agreement on the desirability of increas-
ing the incorporation of environmental amenities into
mainstream economic and social calculations. The bio-
economic modelling techniquesfor handling these questions
arebeing constantly improved. A practical problemin many
situationsisthat the requirement for supporting scientific
information is considerable and there are limitsto current
institutional capacitiesfor applying these techniques.

2.3. SOURCES OF DEGRADATION
2.3.1 Coastal and Upstream Point Sources

Coastal and upstream point sourcesare usually specific
industrial plants, sewage discharges and development sites
such as land clearance and excavation. Contaminants of
concern from industrial discharges are nutrients, heavy
metals, specific organic compounds, radionuclides and,
sometimes, the physico-chemical properties of the dis-
charge such as pH, salinity and oxygen demand. The con-
stituents of sewage are human pathogens, nutrients, or-
ganic carbon and - if the source of the sewageiscombined
- 0ils, greases and industrially-derived chemicals that en-
ter the sewage stream both from household use and
stormwater runoff. Industrial contributions to sewage in-
clude organic-rich wastes from animal processing plants,
tanneries, canneries and breweries. Other point sources
include devel opment activitiesthat result in discharges of
sediment or the interruption of stream flow, which some-
times results in the trapping of contaminants in a water-
course.

Virtually every marine region identifies industrial dis-
charges to rivers and the marine environment as a source
of identifiable - if frequently local - impact. Thisis espe-
cially true of discharges containing high concentrations of
metals, ail, polycyclic aromatic hydrocarbons (PAHS) and
nutrients. Thus, essentially all regional areashave evidence
of discharges exceeding the capacity of the receiving en-
vironment to accommodate them without adverse effect.
There are many exampl es of extreme contamination of the
marine environment with metals, some of the most nota-
bleareintheArctic, both onland and in freshwater, inthe
vicinity of smelting operationsin the Russian north (e.g.,
Norilsk and Nikel) and in places where the marine envi-
ronment has been used as a repository for mine wastes
such asat Maarmorilik, Greenland.



In devel oped aress, the adverse effects of such practices
on the marine environment and its resources have already
been identified and, in many cases, rectified through the
imposition of source controls. It is, however, unfortunate
that in many instances such controls have been imposed
following the recognition of problems rather than in the
discharge authorization process, or the prior assessment
procedure has not been adequately conservative (i.e., pre-
cautionary). Nevertheless, thefact that most localized prob-
lems rapidly become evident provides some confidence
that the most extreme ones are being addressed. It is the
less obvious subtle and chronic effectsthat require greater
attention by developed states.

All industrial wastes contain natural and artificial
radionuclidesfrom atmospheric fallout. The major author-
ized releases of radionuclides to the sea are those from
nuclear fuel cycleinstallations, particularly spent fuel re-
processing plants. Reprocessing plants are located at
Sdlafield (U.K.), LaHague and Marcoul e (now shut down)
(France), Trombay (India) and Tokai-Mura (Japan). The
areasunder thedirect influence of dischargesfrom Sdllafield
and La Hague, such as the Irish Sea and the North Sea,
have been the subject of comprehensive evaluations for
many years. |n addition, ongoing scientific studiesof larger
“downstream” water bodies, including the Norwegian Cur-
rent, the Baltic, the Barents Seaand theArctic Ocean, have
provided enough basicinformation toidentify and quantify
public health risks. Nuclear power reactorsdischarge small
quantities of radionuclidesand represent point sourcesboth
on coastsand within river catchments, but these are gener-
ally well-regulated and should seldom be of concern, even
locally, under normal operating conditions.

Mariculture facilities, common to both developed and
devel oping countries, comprise other point sourceswithin
the coastal marine environment itself. Wastes entering
coastal waters from certain mariculture facilities include
feacal matter and unconsumed feeds, both containing
residues from pharmaceutical and other treatment agents
(GESAMP, 1997h).

2.3.2 Coastal and Upstream Non-point (Diffuse) Sources

Diffuse sources result from broad-scale activities that
cannot be discriminated as readily as single, site-specific
discharges. The most obvious of these activities is agri-
culture, which results in the runoff of crop treatment
residues and animal wastes. These often result in the con-
tamination of groundwater, with associated diffuse leak-
ageinto riversand coastal waters. Wide-scaleforestry also
contributesto diffuse-sourcetransport of nutrientsand soils
to the marine environment. Major or widespread devel op-
ment activities resulting in the increased mobilization of
soils would also fall into this category. Nutrients and
particul ate material s are the constituents of diffuse sources
contributing to drainage into rivers and the marine envi-
ronment that are of the greatest concern.
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2.3.3Atmospheric Deposition

Atmospheric deposition can be divided into two cat-
egories: substanceswith short atmospheric residencetimes
and those with long ones. Short residence time materials
are likely to be deposited fairly close to such sources as
releases of metals from metalliferous smelting activities.
Long residence time components will be widely distrib-
uted on regional, or even global, scales.

More volatile substances are among those of greatest
concern in relation to the atmospheric pathway to the
aquatic environment. These include mercury and lead,
among the inorganic chemicals, and a range of organic
substances. Of particular concern arethe semi-volatile and
persistent substances such asthe polychl orinated biphenyls
(PCBSs), anumber of pesticides and some inadvertent by-
products of combustion, namely polychlorinated dibenzo-
p-dioxinsand dibenzo furans. These haveall beenincluded
in a group of compounds categorized as “persistent or-
ganic pollutants’ (POPs) and are sometimesreferred to as
the“dirty dozen” (see Box 2.1). These semi-volatile sub-
stances can undergo an iterative process of deposition,
remobilization into the atmosphere and redeposition. This
“globa digtillation” (Mackay and Wania, 1995) has been
given asareason for their prevalencein polar regions and
is a conseguence of the gradient in ambient temperature
between the equator and the poles. Therole of the atmos-
phereinthetransport of nutrients, especially nitrogen, has
also long been of interest. This topic and the most recent
developments within it are discussed in Chapter 3.

Box 2.1. The 12 Persistent Organic Pollutants
(POPs) selected for negotiations under the I nter-
national Negotiating Committee (INC) on POPs

Pesticides
 adrin

« chlordane
* DDT

e dieldrin

e endrin

* heptachlor
* mirex

« toxaphene

Industrial Chemicals
« hexachlrobenzene (also a pesticide)
* polychlorinated biphenyls (PCBs)

Unintended Byproducts
« polychlorinated dibenzo-p-dioxins (PCDDs)
* heptachlor - polychlorinated dibenzo-furans (PCDFs)

There have been anumber of studies of the atmospheric
input to coastal waters, particularly in North Americaand
Europe: in most other regions of the world it has largely
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FIGURE 2.4
Input of heavy metals to Chesapeake Bay (U.S.A))
from the atmosphere
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Source: adapted from Scudlark et al. (1994).

been ignored. Figure 2.4 presents the percentage of the
total input that has come from the atmospherefor anumber
of heavy metals entering Chesapeake Bay in the United
States. The percentages represent deposition directly onto
the Bay surface and range from 1% for manganeseto 30%

for lead.

Toxaphene, a persistent organic pollutant (POP) that
has becomewidely distributed within the marine environ-
ment, can be used as an example. A complex mixture of
polychlorinated terpenes, predominantly chlorobornanes,
it has been used extensively as a pesticide in North and
SouthAmerica, Russiaand Asia(Saleh, 1991), though not
in Europe. With the recognition of significant global trans-
port of volatile contaminants generally, anumber of stud-

Table 2.1. Median concentrations for S3 chloro-
bornanes (toxaphene) in herring from the Northeast
Atlantic (Alder et al., 1995)

Sampling site Number of Concentrations
samples (g/kg lipid)

West of Ireland 3 87-181

Rockall Trough 1 102

West of Norway 2 102 - 170

Central North Sea 11 16 - 613

Skagerrak 3 7-19

Baltic Sea 5 132 - 258

ies have investigated toxaphenein biotafrom marine wa-
ters. Two regiona examplesare summarized in Boxes2.2
and 2.3.

Box 2.2. POPsin the Canadian Arctic

The Canadian Arctic Contaminants Assessment Pro-
gramme (Jensen et al ., 1997) hasinvestigated anumber
of POPs, including toxaphene, in the Arctic regions of
Canada. Particul ate matter under theice, planktonic and
benthic invertebrate tissues, and abyssal and coastal
marinefish wereinvestigated. The main focus hasbeen
on piscivorous fish such as turbot, lake trout, northern
pikeand Arctic char, because of their importancein the
traditional subsistence fishery and because of theinter-
est in possible biomagnification to top predators. While
toxaphene and PCBs had the highest concentrations,
DDT and chlordane-related compounds were also im-
portant. The highest concentrationsin Arctic fish were
found in turbot (Greenland halibut). These predacious,
bottom-feeding fish have relatively fatty muscle com-
pared with whitefish, char or sculpins. Samples from
the eastern Canadian Arctic and the eastern Beaufort
Sea both had mean toxaphene concentrations three to
five times higher than in ocean char muscle and 15 to
20 times higher than in Arctic cod (wholefish). Fishis
the primary food for the indigenous people in the Ca-
nadian Arctic, and high concentrations of toxaphene
have been foundin the breast milk of indigenous moth-
ersinthisregion - significantly higher than that of moth-
ersliving in large Canadian cities.

Data for Arctic marine mammals show a similar pro-
portionality in abundance between these classes of POPs
(Norstrom and Muir, 1994), although toxaphene does
not biomagnify to polar bearsto the same extent asPCBs
or some chlordane components. A study of 586 polar
bearsin 18 Arctic regions (Norstrom and Muir, 1994)
showed arelatively uniform distribution of POP |levels
over much of the study area, clearly indicating exten-
sive transport and deposition of POPs to wide areas of
the Arctic and subarctic. The atmosphere is the domi-
nant transport path for toxaphene and PCBsto theArc-
ticalthough local sourcessuch as dumped electric equip-
ment are the dominant PCB source within radii of a
few tens of km of the dumpsites. An evaluation using
criteria established to protect fish-eating wildlife sug-
geststhat thereisnot alarge margin of safety for arctic
marine or freshwater piscivores. Using these same cri-
teria, carnivores such as polar bears would be at risk
due to the consumption of ringed seal tissues.



Box 2.3. ToxapheneAround Great Britain and Ireland

In astudy conducted between 1990 and 1992, fish sam-
ples were obtained for total toxaphene analysis from
waters adjacent to Ireland and Great Britain (de Boer
and Wester, 1993). As can be seen in Figure 2.5, sig-
nificant concentrations of toxaphene are evident in
mackerel flesh and in whitefish liver. The highest con-
centrations are west of Britain and Ireland, with lower
concentrations in the North Sea. Alder et al. (1995)
analyzed three specific toxaphene congenersin whole
fish samplesfrom widely separated | ocations, predomi-
nantly in the Northeast Atlantic. They found that this
group of toxaphene congeners are most prevalent in
larger, slow growing fish species e.g., halibut and
redfish, and that there is a strong positive correlation
between length and residue concentration in herring
taken from the North Sea. Asthe datafor herring pro-
videsthe best geographic coverage, these are presented
in Table 2.1. However, because these data are not nor-
malized for age and length of fish, they may not be a
truereflection of toxaphenedistributions. Nevertheless,
these data show that toxaphene is a widespread con-
taminant in fish from the Northeast Atlantic and, be-
cause concentrationsare generally higher than PCB lev-
elsin similar species, toxaphene may be the dominant
organochlorine contaminant in fish from theregion. To
date, there are no data on toxaphene levels in the tis-
sues of marine mammals from this area.

In relation to consumer health, it should be noted that
thereis till uncertainty regarding the appropriate lim-
its for toxaphene in fish flesh, partly because existing
toxicological datarelateto different suites of toxaphene
congenors. Neverthel ess, most of the concentrations of
toxaphene are higher than the maximum limit for food
(100 mg/kg lipid) set in Germany in 1994 (Deutscher
Bundesrat, 1994). Moreover, the maximum acceptable
daily intake of 1 mg/kg body weight per day (U.S. De-
partment of Health and Human Services, 1990) would
have been exceeded by light to moderateintakes of fish
from these areas. It islikely that toxaphene, along with
other volatile contaminants such as mercury and PCBs,
istransported from the American continent by acombi-
nation of atmospheric and oceanic processes. Although
the use of toxaphene has been banned in the United
Statessince 1986, its continued usein Central and South
Americamay lead to persistent el evations of this pesti-
cide in fish near Great Britain for the foreseeable fu-
ture. Certainly, further data are required on the status
and transport pathways of this pesticide in the North
Atlantic generally.
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FIGURE 2.5
Total toxaphene concentrations in fish tissues sampled
around Ireland and Britain 1990-1992
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Source: de Boer and Wester (1993).

There has been growing concern about the input of a
wide range of synthetic organic compoundsto the coastal
ocean. The atmospheric input of lindane (HCH) to the
North Seawas compared with that from other sources (see
Figure 2.6), and wasfound to dominateit: thisistypical of
many synthetic organic compounds.

There have also been many investigations of the trace
metal input to the North Sea, the Baltic Seaand the Medi-
terranean Sea. One study of the North Sea considered not
only thedirect input to the surface waters, but also deposi-
tion on thewatershed, with subsequent riverineinput, Baltic
Sea inflow, Atlantic Ocean inflow and outflow, and the
exchange of metals with sediments. Figure 2.6 showsthe
results for lead. Atmospheric input is quite important in
this larger context, being approximately equal to the in-
flow from the Atlantic Ocean, although still |ess than that
entering the North Sea from dumping. It should be noted
that approximately 20% of lead in the Atlantic inflow to
the North Seais also derived from the atmosphere.

For artificial radionuclides, atmospheric deposition
(fallout) is still asignificant pathway of input to land and
the ocean although it is becoming smaller as the
stratospheric reservoir of fission products from atmos-
pheric weapons testing is reduced by radioactive decay.
Atmospheric deposition isimportant to the supply of some
natural radionuclides, such asBeryllium-7 and L ead-210,
to the Earth’s surface.
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FIGURE 2.6
Input of lead and lindane to the North Sea
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Source: after van den Hout (1994).

For many contaminants, a relatively small fraction of
the material delivered to estuaries and the coastal zone by
rivers makes its way through the near shore environment
to open ocean regions. Thus, for the open ocean, atmos-
pheric input for most contaminants is much more impor-
tant than riverine input. For example, Figure 2.7 shows
the proportions of the total input of several heavy metals
and synthetic organic compounds that are derived from
the atmosphere. While the valuesin Figure 2.7 have con-
siderable uncertainty, the apparent dominance of atmos-
pheric over riverine input for most of these substancesis
obvious.

FIGURE 2.7
Percentage input of heavy metals and synthetic organic
compounds to the global ocean from the atmosphere
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Source: after Duce et al., 1991; Hg data from Mason et al., 1994.

2.4. CONTAMINANTS

This section dealswith the classes of contaminantslisted
inthe GPA/LBA. Theseare: sewage; persistent organic pol-
lutants; heavy metals; oils (hydrocarbons); nutrients; sedi-
ment mobilization; and litter. Historically, specific con-
taminants, particularly chemicals, have been of foremost
concernintermsof adverse effects on the marine environ-
ment. Such concerns are also reflected, but in afar more
balanced context, in the GPA/LBA. In the sense that “a
pollutant isaresource out of place” it should be noted that
any substance - even aregular constituent of the environ-
ment - can cause pollutionin abnormal concentrationsaris-
ing from anthropogenic activities. There are some unique
and surprising contaminantsin some areas. Oneissalt (i.e.,
seasalt) which is discharged from seawater desalination
plants at high enough volumes and concentrations in the
Arabian/Persian Gulf and the Red Sea/Gulf of Aden sig-
nificantly to alter the salinity of the nearshore zone, with
attendant changesin community structure (Jeftic, 1998g;
1998h (Annex 2); GIPME, 1996). Similarly, although not
usualy given agreat deal of attention by the public, heat
discharges can a so have significant effects, especially in
small, poorly flushed, water bodies. Dischargesfrom both
power plants and desalination plants can alter tempera-
turesand salinitiesininshore areas of specific regionswith
potentially adverse effects. Mangrove mortality may be
caused by a 3-5°C increase in ambient water temperature
inthetropicsand thediversity and massof associated fauna
may diminish by 90% (Jeftic, 1998g (Annex 2)).



2.4.1 Sewage

Sewage discharges give rise to problems for bathing
water and shellfish marketability, thoughinvariably onlocal
scalesin the vicinity of untreated or incompletely treated
discharges. Such compromises, however, are widespread
and, thereforewhilenot atruly “global” problem, the ubig-
uity of the adverse effects of sewage discharge make it a
problem of global socio-economic dimensions. Net reduc-
tionsin nutrient dischargesto the marine environment de-
pend on higher levels of sewage treatment because pri-
mary treatment alone doeslittleto reduce nutrient rel eases.
Such additional treatment doesnot alwaysrequirereliance
on conventional techniquesthat may be appropriateto ur-
ban sewage streams, but can be achieved through the use
of natural coastal wetlands as treatment systems.

Historically, it was commonly believed that the intro-
duction of organic carbon and nutrients to the marine en-
vironment in sewage was a good thing, resulting in in-
creased biological production. Thefollowing statement was
made by John Isaacs. “The return of organic waste and
plant nutrientsresulting fromthe most natural of acts(i.e.,
human defecation) is most probably beneficial. The ben-
efits of putting the same material on land is clear to any
farmer but the advantages of the sea are not so easly
appreciated. The sea is starved for basic plant nutrients
and it isa mystery to me why anyone should be concerned
with their introduction to coastal seasin any quantity we
can generatein the foreseeable future.” Isaacs clearly did
not foresee the growth and concentration of populationin
coastal areas that occurred in the latter half of the 20th
Century with the resultant overloading of coastal waters-
though his statement is still applicable to the open ocean.
The sheer rate and ubiquity of nutrient discharge has over-
whelmed the capacity of many inshore coastal areas to
assimilate nutrientsand oxygen demand without harm. This
is not a problem for the open ocean because of its enor-
mous capacity to assimilate oxygen demand and its
oligotrophy. The use of long outfalls over narrow shelves,
such as in California and the Pacific Islands, to deliver
sewage to the offshore ocean is therefore still legitimate.
However, the concept of waste disposal into the sea in-
volving discharge and dispersion of the products of human
activities, no matter how “natural” the products concerned,
has come to be viewed as a bad thing. Goldberg has com-
mented on this general topic on a number of occasions
(e.g., Goldberg, 1993): society appearsto be being swayed
by previousevidence of bad management (hospital wastes
on beaches, closed bathing beaches for reasons of micro-
bial contamination) rather than a truly “ethical” debate
about the use of the ocean for waste disposal. If well man-
aged from the perspectives of eutrophication, oxygen de-
mand and the protection of human health, there are no a
priori reasons to regard sewage disposal in the ocean as
invariably “bad practice” especialy if human wastes are
segregated from industrial wastes (cf Chapter 5).
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FIGURE 2.8
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2.4.2 Persistent Toxic Substances and “ Persistent Or-
ganic Pollutants’

Substances in this category are diverse. They include
substances that are persistent in the sense of being long-
lived and relatively slow to breakdown into other less per-
sistent chemicals. They alsoincludeless persistent chemi-
cals that, because of the amountsin widespread and con-
tinuing use, occur in significant equilibrium concentrations
in the environment and are of concern dueto possible ad-
verse effects. There is currently a Global Environment
Facility (GEF) funded eval uation of so-called “ per sistent
toxic substances’ (PTS) whichincludesattention to some
less persistent substancesthat, because of their continuing
use and dissemination, may giveriseto chronic exposures
over large temporal and spatial scales.

The so-called Persistent Organic Pollutants or
“POPSs’ (see Box 2.1) that are the main focus of current
international negotiations leading to a global agreement
alsoresideinthiscategory. They are characterixed by low
solubility in water and high solubility in lipids. They are
stable to photochemical, chemical and biological decom-
position, and therefore accumulate in fatty tissues. Dueto
their volatility, several of these substances can undergo
long-range atmospheric transport and deposition to the
ocean. Most POPs of contemporary concern inthe marine
environment are synthetic compounds produced for the
benefit of society, but their beneficial features must be
welghed against their negative effects on human health and
the environment.

Included inthisgroup of 12 substancesarepolychlorinated
dibenzo-p-dioxins (PCDD) (often simply referred to as
“dioxins”) and polychlorinated dibenzo-furans (PCDF)
(oftensimply referredto as“furans’). Theseare discharged
into water, largely from pulp mills using chlorine as a
bleaching agent and certain types of treated wood feed-
stock, and giveriseto predominantly local effectsthrough,
for example, the contamination of seafood. Larger scale
concerns are associated with PCDD and PCDF releases
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to the atmosphere from waste combustion (Duarte-
Davidson et al., 1997; Kjeller et al., 1991; Kjeller and
Rappe, 1995). These compounds are, however, not purely
artificial and are also produced in natural forest fires.

International controls on the production and use of a
small number of POPswereintroduced morethan 20 years
ago. Indeed the atmospheric concentrations of the con-
trolled substances have decreased in remote aress of the
northern hemisphere, showing that action can be effec-
tive. However, even where the use of some POPs hasbeen
discontinued, many developing countries lack the capac-
ity to dispose of remaining stockpiles. Controls on POPs
currently address only a small fraction of the potentially
dangerous chemicals and there are persuasive arguments
for broader international controls on the production and
release of chemicals with physical-chemical properties
known to be inimical to the environment. The increased
use of these substancesin areas of the world where regu-
lations are not in place, or not enforced, represents a seri-
ous challenge - as do the threats posed by new substances
coming into commercial use. Several major international
efforts have been devoted to the integrated assessment of
the primary inventories and pathways of certain POPs.
These efforts have been useful, but obviously they are only
asmall part of what will be needed in both the near and
the distant future.

2.4.3 Radioactivity and Radionuclides

A variety of practicesand activitiesroutinely introduce
radioactivity into the marine environment. These include
military activities, nuclear fuel cycle operations (mining,
milling, conversion, fuel enrichment and fabrication, fuel
reprocessing, waste storage, decommissioning) and the use
of radioisotopes by research centers, hospitals and indus-
try. Nuclear weapon tests carried out in the atmosphere
(mainly before 1964) and fuel reprocessing plants are the
main contributorsto radioactive contamination of thema-
rine environment by awide range of man-made nuclides.
Atmospheric nuclear weapon tests represent a source of
global contamination, whereasreleasesfrom spent fuel re-
processing plants lead to contamination on local and
regional scales.

Concerns about radionuclides in the marine environ-
ment from authorized releases continue to unduly preoc-
cupy the public, though not scientists familiar with the
topic. Previous and potential accidentsin the nuclear in-
dustry are, however, a matter of universal and justified
concern. Such accidents have resulted in major enhance-
mentsin the radi oactive contamination of the environment,
asdemonstrated by releasesfrom thefire at the fourth unit
of the Chernoby! nuclear power plant in 1986.

Essentially all contemporary practices involving sig-
nificant quantities of radionuclides are authorized in con-

formity with the International Basic Safety Standards for
Protection against lonizing Radiation and the Safety of
Radiation Sources (IAEA, 1996) and - although acciden-
tal releases can occur - the impacts of such activities on
human health and the environment at global and regional
levels are generally of minor significance. Nevertheless,
thisis an emotive issue on which it is extremely difficult
to change public opinion and the topic will continue to
need addressing in environmental reviews at al levels.

Thereremains one outstanding limitation of the current
system of regulation for radioactive substances and nu-
clear activities- itsfoundation on the protection of human
health alone. It haslong been hypothesized that protecting
humanity also serves to protect the environment. How-
ever, a least oneanalysis (IAEA, 1988) hasindicated that
this hypothesis is flawed because situations can be con-
ceived in which the exposure to organismsis short-range
while that to humanity is by remote pathways. Accord-
ingly, there are now pressures to broaden the basis of ra-
diologica protection to include consideration of the ef-
fects on the environment and its flora and fauna. While
the IAEA and certain professional organizations are pur-
suing thissubject, itislikely to be several yearsbeforethe
fruitsof their labours show up in arevised and more com-
prehensiveregulatory system.

2.4.4 Metallic Compounds

Contaminant metallic compounds justify concern pre-
dominantly onthelocal scale, and exceptionally (as noted
in the next paragraph) on theregional one. This, however,
seems yet to be widely appreciated. The preoccupation
with basin-wide scal einvestigations of metalsinthe North
Sea, for example, belies their limited hazards and their
generaly morelocalized threats. Greater tailoring of meas-
urements of specific metalswith those contained in emis-
sions from local sources would appear warranted. Some
reductions in the releases of metals in titanium dioxide
wastes and from the pulp and paper industry - where the
use of mercury cathode cellsin chlor-alkali production has
been substantially reduced - have been achieved, especialy
in Europe and North America.

The oneinstance in which such concerns extend to re-
gional levelsisin the Arctic where mercury and lead ex-
posuresto higher trophic organisms, including people, are
thought to be close to a threshold for adverse effects
(AMAP, 1998). Lead isless of awidespread problem than
in the past because of measuresto phaseit out as an anti-
knock compound in gasoline engine fuels. Cadmium is
often included in the volatile inorganic group , but thisis
without much justification. It isnot asvolatile as mercury
and lead and is more reactive in the atmosphere, as evi-
denced from studies of point source emissions of cadmium
that show that itislargely precipitated over relatively short
distances (10-100 km).



Other classical contaminantsof concern at regional and
local scales are diverse. Tributyl tin and its derivatives,
dibutyl tin and monobuty! tin, gives justifiable reason for
concern because of itslow threshold for effectson bivalves
(particularly oysters) and gastropods, and its widespread
previous use. Again, control measures have been intro-
duced toreplacetributy! tin asan anti-fouling preparation
on small vesselsand mariculture structures. When rel eased
into water, organotins undergo pH-dependent dissociation
(e.g., TBTOH to TBT+ + OH-). The undissociated moeties
have log Kow of the order of 2.3-4.1 and can be
bioaccumul ated and adsorbed onto suspended matter (Fent,
1996). The dissociated form can also be adsorbed onto
particles. Degradation takes place in the dissolved phase
but persistencein sediments can belong (Fent, 1996). Thus
concerns about the use of organotin preparations in the
marine environment are related to its persistence and ob-
served effects on marine organisms. Another organome-
tallic compound of interest is methylcyclopentadienyl-
manganese tricarbonyl (MMT), which can beused asare-
placement for tetraethyllead anti-knock additivein gasoline.

2.4.5 Hydrocarbon Compounds

Releases of hydrocarbon compounds from routine op-
erations, such as shipping and oil exploration and exploi-
tation, are relatively well regulated (e.g., through the
MARPOLS 73/78 Convention). Historically, the release
of hydrocarbons from catastrophic spills or tanker acci-
dents has been of most concern. Most of the environmen-
tal consequences of catastrophic spillsarerelatively short-
lived, athough they can cause disruptions of flora and
fauna, including seabird populations. These populations
may be slow to recover. Weathered oil from spills at sea
can become adsorbed into beach strata for several dec-
ades. The development and installation of contingency
plans and technology to counteract the effects of large oil
spills reflects an awareness of the seriousness of such
threats and has been a positive development, largely in
responseto previoustanker accidents. There are someon-
going concerns about seabird mortalities in coastal and
offshore areas that may be related to illegal discharges of
oil or chronic contamination from maritime sources. Fu-
ture exploitation of marine oil and gas reserves will take
placein many devel oping regions of theworld. Thisraises
concernsabout abilitiesto provide adequate regul ation and/
or enforcement and to respond to oil spillsin such regions.

It isinteresting to note, in this context, that studies of
the Persian/Arabian Gulf suggest that the chronic and acute
releases of oil that have taken place as aresult of leakage
from shipping activity and, most recently, acts of war, have
been accommodated by that system relatively rapidly. The
potential for acute effects of oil spillsis clearly one war-
ranting stringent preventative and contingency measures
to minimize damage, but theinsidiousintroduction of low-
levels of hydrocarbonsfrom shipping, refining and runoff
from parking lots is likely, overal, to be of greater bio-
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logical significance. GESAMP s currently undertaking a
review of the inputs of oil entering the marine environ-
ment from sea-based activities (GESAMP, 1999). The
overall total averageinflux of oil to the seafrom ship traf-
fic and offshore activitiesis of the order of 850,000 tonnes
per year. A further 350,000 tonnes per year is estimated to
be derived from coastal refineries, storage and tranship-
ment facilities, oil seeps and other unknown sources. Ex-
cluded from these estimates are rel eases from military ac-
tivities and leisure craft and emissions to air of volatile
organic carbons (VOCs). VOC emissionsare potentially a
major route of oil input to the oceans as they have been
estimated to be 3,750,000 tonnes per year, principally from
tankers. This latter estimate is, however, being re-evalu-
ated taking account of the high proportion of methane in
such releases.

Anillustrative example of the relative contributions of
oil from avariety of sourcesis provided in the Black Sea
Assessment (Jeftic, 1998c (Annex?2)). Of thetotal input of
111,000 tonnes, 53,000 tonnes (48%) enters viathe Dan-
ube River. A further 30,000 tonnesis derived from domes-
tic sources, 15,400 tonnesfrom industrial sources, and only
136 tonnesfrom accidental oil spills. To thismust be added
the unquantified inputs through the discharge of oily
residues from ships, which is thought to be considerable.
The point is that the land-based sources of oil input are
likely to the most significant even in marine areas having
heavy tanker traffic. This reinforces the view that marine
sources, athough probably significant in the case of this
sea, are probably of negligible importance on oceanic
scales. Itis, of course, recognized that catastrophic spills
such as those from the Amoco Cadiz and Exxon Valdez
will cause severe, if transient, problems within regional
areas, but they are of limited significance on spatial oce-
anic, and long-term time, scales .

2.4.6 Polycyclic Aromatic Hydrocarbons (PAHS)

The sources of PAHs are widespread and both natural
(e.g., forest and bush fires) and anthropogenic. The coastal
sedimentsin most industrialized areas, and al large ports,
frequently contain concentrations well above regional
background levels. Molecular spectracan indicatethe most
likely source(s) in given situations: parent unalkylated
PAHSs indicate combustion sources; alkylated PAHs indi-
catedirect petroleum sources. Thereremain concerns about
the incorporation of PAHs into seafoods. The Arctic, for
example, has elevated levels of PAHs in seawater and
marine sediments, particularly in the Beaufort Sea, rela-
tiveto general background levelselsewhere. The capacity
to exploit oil and gas reserves under the ocean floor at
greater depths and further offshore is rapidly increasing.
Undoubtedly, thiswill result in: increased trans-shipment
of oil at coastal terminals; an increase in coastal refining
capacity that, in turn, will increase the importance of the
petrochemical sector asasource of land-based discharges
of PAHSs; and the construction of additional offshorefield
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servicing facilitiesin diverse coastal areas. Increased ship-
ment increases the risk of accidents at sea. The growth of
the offshore oil exploitation industry will have physical
effects on the coastal environment through construction
work and islikely to increasethe release of contaminants,
especially petroleum derivatives, from land-based activi-
ties in this industrial sector. Concerns about polycyclic
aromatic hydrocarbons (PAHS) stem largely from human
hedlth perspectivesrelated to their occurrencein foodstuffs,
including seafood. In this context, there remains a need
for additional insight into the types of hydrocarbon com-
pounds entering the marine environment from land-based
activities.

2.4.7 Nutrients

Although neither are “classical” contaminants, nutri-
entsand particul ate material are arguably the most impor-
tant classes of contaminants at national and regional lev-
els. Unquantified concerns remain about nutrients, although
there is increasing evidence of changes in inshore
phytoplankton communities, such as shifts from diatoms
to flagellates (North Sea: Wollast, 1983; Lancelot et al.,
1987; Smayda, 1990) that may be attributable to declines
insilicateinputsand concomitant increasesin phosphorus
and especially nitrogen inputs. Steps taken to control the
use of phosphorus compoundsin detergentsfor household
and industrial use has undoubtedly had the effect of re-
ducing phosphorus inputs to the marine environment in
relation to the fluxes pertaining one or two decades ago
(see Jeftic, 1998f (Annex 2)). Yet, thereisevery reason to
believe that the amounts of nitrogenous compounds enter-
ing the marine environment have continued to increase as
a consequence of intensified agriculture and industrial
activities. Nutrient runoff, associated eutrophication and
periodic anoxia are cited as major concerns in the Medi-
terranean LBA assessment (Jeftic, 1998e (Annex 2)). In

other areas, such as the North Sea, there are prima facie
reasonsfor concernsabout departuresfrom natural N:P:Si
ratios in coastal areas and their effects on coastal water
primary production communities (Lancelot et al., 1987;
Smayda, 1990). Clearly, the source of the nutrient imbal-
anceisnot attributabl e to human sewage discharges- which
constitute a minor component of the supply - but to other
practices, especially industry and agriculture, that have had
significant effects on the balance among the nutrient sup-
plies. This is reflected in the trend in the global use of
fertilizers shown in Figure 2.1. This figure needs, how-
ever, to be considered in the context of Figure 2.9, which
shows the relationship between crop yield and fertilizer
usein various regions of the globe.

Experienceinthe Mediterranean, which isbasically an
oligotrophic sea, suggests that moderate levels of enrich-
ment of originaly nutrient-limited marine systems may
favour production, and even suspension culture, of some
bivalve species together with higher production of small
pelagic fish of low economic value (Jeftic, 1998e (Annex
2)). However, they do so at the expense of more valuable
bottom-dwelling fish and crustaceans. Increased nutrient
loadsin fresh water runoff to semi-enclosed seas may also
accelerate phytoplankton growth to the point that it ad-
versely affects aguatic vegetation by reducing light pen-
etration, especialy if it isaccompanied by high suspended
sediment discharges (UNEP, 1996a). |n other oligotrophic
areas, likethe Red Sea, basin-wide effectsare not likely to
be significant, but eutrophication can still occur ininshore
areas subjected to inputs from anthropogenic activities
(Jeftic, 19989 (Annex 2)).

The serious deterioration that has occurred in the north-
ern area of the Adriatic for over twenty years is attribut-
able to nutrient input in amounts that exceed the basin’s
natural assimilation capacity. The River Po, carrying some
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100,000 tonnes/yr of inorganic nitrogen and some 6,000
tonnes/yr of inorganic phosphorus, contributes most of the
total nutrient load to the northern Adriatic basin. Thetotal
nitrogen and phosphorus dischargesinto the northern Adri-
atic from Italy alone amount to some 270,000 and 24,000
tonneslyr, respectively (UNEP, 1996a). Another estimate of
thetotal nitrogen input to the Adriatic Seais 300,000 tonnes/
yr, with half of thistotal being derived from atmospheric
deposition (120,000 tonnes/year over the sea and 30,000
tonnes/yr through the watershed) (UNEP, 1996b; 1997).

Existing and potential trendsin the delivery of nitrogen
to the marine environment that rai se more widespread con-
cerns are discussed as an emerging issuein Chapter 3.

2.4.8 Sediment M obilization

The increasing mobilization of sediments from devel-
opment activitiesisclearly anissue of primary concern at
local and even regional levels (see, for example, Jeftic,
1998g (Annex 2)). In temperate areas, such increased in-
troduction of sediment gives rise to benthic community
blanketing with associated changes in community struc-
ture and an increased need to undertake dredging of navi-
gation channels. Intropical areas, damageto coral reefsis
amajor concern. The rate of deforestation in developing
areas, as depicted in Figure 2.3, is a major cause of in-
creased sediment runoff.

Reduced sediment supply in runoff also posesan exist-
ing or potential problem. It givesriseto reductionsin the
natural inflow of chemicals, including nutrients, and to
under-nourishment of beaches and fine shelf sediments.
There are more than 36,000 large damsin the world, and
countless small ones (McKinney and Schoch, 1998;
Abramovitz, 1996): as a result, very few rivers run en-
tirely free of man-made obstructions. It has been argued
that hydrol ogic modification presentsthe most severethrest
of magjor damage to the ecology of the Arctic. Even ma-
rineimpoundments can present problems, or at least raise
guestions. The construction of astorm-surge barrier in St.
Petersburg, Russia, has created a particularly intense de-
bate about its effects on fisheriesand human health (largely
because of the discharge of untreated sewageinto the har-
bour) (Jeftic, 1998a (Annex 2)). In the Mediterranean,
particulate influxes from the Nile have been essentialy
eliminated by the construction of the Aswan High Dam,
while particle dischargesfrom many other rivershave been
significantly reduced. Particle fluxes from the Ebro and
Rhone, for example, have been reduced by 95% and 80%
respectively (Jeftic, 1998e (Annex 2)). The reduction in
suspended and bed load particle supply from the Nile has
resulted in such demonstrably negative effects as
groundwater salinization and erosion of the Nile delta.
Positive effects of reduced sediment supply include re-
duced suspended sediment damageto cora reefs, although
itiscurrently arguable whether the net effect is positive or
negative in specific regional areas. Nevertheless, the en-
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tire issue of aterations to sediment loadsin local and re-
gional areas and their effects on flora and faunais much
more significant than iscommonly appreciated. The most
important point in this latter context isthe need to under-
stand the consequences of the alterationsto natural or pre-
vailing sediment fluxes, both reductions and augmenta-
tions, thereby providing an ability to assess the net ben-
efits of alterations due to human interventions.

2.4.9 Litter

Litter has become more and more serious problemsin
recent times. It consists mostly of plastic waste discarded
from centers of dense human population and fishing ves-
sels. Another, more localized, source is tourism which is
increasing worldwide particularly in tropical developing
countries. Litter accumulates on beaches and in shallow
water habitats The thousands of tons of plasticsdischarged
into the marine environment constitute a considerable
source of marine contaminantsthat affect marinewildlife,
particularly turtles, mammal sand birds, through entangle-
ment and ingestion. Litter al so hasrepercussionson coastal
economic activities, particularly tourism.

A variety of land-based and marine activitiesresult in
theintroduction of debrisor litter into the marine environ-
ment. Generally speaking, urban debrisis predominant in
the vicinity of large cities while ship-generated litter isa
major contributor on remote strand lines (Haynes, 1997).
Since the 1970s, studies have addressed the problem of
debrisin the marine environment mainly in termsof quan-
titative measurements of abundance and the effects on
marine fauna. Most of the data concern floating debris or
litter long the coast. Plastics, notably polyethylene and
polypropylene, account for the major part because of their
poor degradability. Comparisons of the accumulation of
marine debris among locations is, however, complicated
by differences in the intensities and periods of study and
the methods of classifying debris and beach substrate.
Nevertheless, it is obvious that marine contamination by
buoyant and neutrally-buoyant debrisis ubiquitous. Even
pristine environments|ocated far from man-made sources,
such asthe Southern Ocean, are not free of marine debris.

Theareasof most concerninrelationto litter are shore-
lines where stranded material can pose risks to human
health and cause the aesthetic deterioration of beachesand
coastal waters, thus affecting tourism. Effects on marine
organisms are, however, more widespread and extend to
the pelagic ocean and other remote areas. High litter con-
centrations are found in the vicinity of shipping lanes,
around fishing areas and in oceanic convergence zones
(Pruter, 1987). Denser solid materia can be found litter-
ing the seafloor. Large amounts of debris have been en-
countered on the continental shelf of the Bay of Biscay
and around northwestern Mediterranean towns (Galgani
et al., 1995a,b). The presence of debris has also been re-
corded on the continental slope and the bathyal plain of
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the eastern and western Mediterranean basins (Galil et
al.,1995; Galgani et al., 1996). Thisfurther illustratesthe
ubiquity of litter and the associated risks of damage to
marine ecosystems.

Social conditions have a major influence on the types
of marine debris found on strand lines. Footwear is, for
example, a comparatively large component in Indonesia
(hundreds of thousands of flip-flops have been found on
the shore of idands located more than 1000 km west of
Jakarta; Willoughby et al., 1997), while diverse plastic
kitchen and laundry containers, and metal and aluminium
cans, are increasing constituents of beach macro-litter in
many countries.

Commonly, the issue of litter is considered in the con-
text of problems associated with solid waste management
including the effects of solid waste deposited in the ocean.
Small island states can suffer difficultiesbothin disposing
of solid wastes (because of limited landfill space) and in
recycling (because of their limited scales of economy).
Thusthe discussion above, which focuseson litter derived
from sea-based and coastal activities, does not encompass
all theregional concerns about solid waste contamination
of the marine environment expressed in Chapter 4 of this
document.

25 PHYSICAL ALTERATION

Thisisthe principal topic which, “coming to the fore”
in recent years, has stimulated the adoption of more bal-
anced perspectives of the causes and sources of damage
to the marine environment. Sediment mobilization partly
falsinto this category because it results primarily from
physical aterations of the coastal and hinterland environ-
ments by resource exploitation and socio-economic de-
velopment activities. The nature and effects of physical
alteration can be subdivided into two major categories:
hinterland and coastal foreshore development.

The effects of hinterland development are predomi-
nantly manifest, as far as the marine environment is con-
cerned, in changesto water and particul ate fluxes, bothin
termsof scaleand periodicity. Modification of river drain-
age basins by human activity hasled to dramatic changes
in the flow of the water, the suspended sediments and the
nutrients that they bring to the sea. Most of the world's
major river deltas are suffering receding coastlines as a
result of decreased transport of sediments. There are sec-
ondary effectsonthedelivery of chemica congtituentsfrom
diffuse sources, principally agriculture. Thus, the impor-
tance of hinterland development relates primarily to the
rates of delivery to the marine environment of freshwater,
nutrients, suspended particlesand certain chemicals. Fail-
ure to adequately manage excavation works, forestry and
agriculture, so that soils are retained on site, is responsi-
ble for severe degradation of water courses and some
coastal environments. It should be noted that changes in

thedelivery rates of water and particlesthemselveshavea
direct impact on the delivery of both the conservative and
the particle-reactive chemical constituents of runoff. This
discussion will leave aside the issue of diffuse source de-
livery rates because it has already been addressed in pre-
vious sections of this document.

Physical alterations of the coastal foreshore include
beach development and sustenance, tourist devel opments
(construction of hotels, marinas, etc.), the dredging of
navigational channels and the construction of industria
plants such as power stations, pulp mills, transshipment
facilities, wharvesand jetties, fish processing plants, ship-
building plants, shore reception facilities, sewage treat-
ment plantsand avariety of outfalls. Asthey develop, many
small island states- with limited land suitablefor housing,
industrial development and the installation of infrastruc-
ture- will necessarily haveto resort to reclaming land from
the sea. This necessitates physical ateration of the fore-
shore: the scales of potential effects beyond the altered
area should be considered before devel opment, and steps
should be taken to minimize adverse impacts. All such
developments have an impact on the coastal environment
in terms of flow modification, of turbidity generation, of
effects on biological communities in beach, littoral and
sub-littoral environments - and, sometimes, of changing
(augmenting or reducing) the influxes of other contami-
nants. It isinteresting to note that in at least one regional
area, the Red Sea/Gulf of Aden (Jeftic, 1998g (Annex 2)),
it was concluded that physical alteration and destruction
of habitats as aresult of dredging and infilling operations
associated with urban expansion, tourism and industrial
developments constitute the main source of environmen-
tal degradation and, accordingly, were considered the re-
gion’shighest priority.

Sand and gravel extraction from the seabed is regis-
tered as a specific concern in at least two of the regional
GPA/LBA reviews. In someNortheast Atlantic states (e.g.,
Ireland) |and-based sources of aggregatesfor construction
are dwindling and, consequently, demand for marine-de-
rived aggregates is growing rapidly. Sand and gravel ex-
traction takes place in many different areas of the North
Sea, but most intensively in its southern part. It is noted
(Jeftic, 1998f (Annex 2)) that, during such recovery, four
times as much material is put into suspension, increasing
the area in which benthos are affected by the extraction
process. Recovery of the benthic community can take ten
years or more. In tropical areas, the adverse effects can
extend to coral reefsand may be catastrophic for reef com-
munities (Jeftic, 1998d (Annex 2)).

In certain sub-regions, such as the Irish Sea, concerns
have also been expressed about the effects of physical al-
teration of the seabed by intensivetrawling activities. There
isaneed for the physical effects of fishing activities - es-
pecially bottom disturbances by intensivetrawling - to be
considered more greatly in fisheries management.



Costs of Physical Alteration

The costs of physical ateration — representing the ben-
efits to be obtained from effective control — comprise
the use values provided by aparticular ecosystem, such
as waste assimilation, mitigation of storm surges and
flood control, the loss of tourism, fisheries, fuelwood
and option values. Non-usevaluesmay aso belost such
asexistence and bequest values. The magnitude of these
costs vary greatly from one location to another.

For coral reefsin Indonesia, Cesar (1996) has estimated
that the societa costsof anumber of activitiesthat result
in reef damageto be up to 50 timesthe private benefits
obtained (using 10% discount rate over a25 year term).
Intervention in this case would be reef management in-
cluding, inter alia, restriction on accessto reefsand the
costs would be those of the implementation of the re-
quired management measures and the foregone indi-
vidual benefits.

Countries, asarule, give priority to economic “devel-
opment” over environmental conservation: they pay little
heed to lessons that may be learned from proper environ-
mental impact assessment and cost-benefit analyses, espe-
cially when these incorporate long-term considerations
instead of immediate or short-term gains. It is therefore
foreseeable that increasing construction of urban settle-
ments, industrial facilities, shipping ports, power plants
and aquacultural facilities will lead to severe damage or
total obliteration of natural habitats such as mangrovefor-
ests, coral reefs and seagrass beds - not to mention caus-
ing a general deterioration in water quality. With these
conseguences come losses of natural productivity of valu-
able sources of food and other useful products as well as
suchvital functionsas coastal protection from storm waves.

2.6. AREASOF CONCERN

Each of the following sub-sections discusses specific
environmental resources or issues of concern, with em-
phasis on those relating to the consequences of land-based
activities.

2.6.1 Coral Reefs

Coral reefs are shallow-water tropical and subtropical
communities, with exceedingly complex interrelationships
among species: they have arguably the highest speciesdi-
versity of any marine community. Their productivity is
driven by two main components: symbiotic algae
(zooxanthellae) that live inside reef-building corals, and
some other invertebrates and free-living algae, especialy
benthic seaweeds. The growth of the reef structure itself
depends upon calcification by corals and coralline algae,
and thus upon adequate light for photosynthesis: they are
therefore sensitive to reductionsin light penetration from
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The Economic Value of Coral Reefs

Coral reefshave supported human popul ations on tropi-
cal coasts of the world for hundreds, if not thousands,
of years. At present the “ sustainable” fisheriesyield of
coral reefsisestimated to be about 20-35 million tonnes
per year. Human population growth in recent decades,
however, has aready far outstripped the capacity of
coral reefsto produce harvestable biomass. Thus, aplea
ismadefor coral reef conservation worldwide, bearing
in mind the economic value of these ecosystems, not
justinterms of fisheries production but also in terms of
their various functions and the “services’ they render
to humanity (Birkeland, 1997; Crossland et al., 1991).
Because of their relatively high biological diversity,
coral reef communities harbour organisms that are a
source of chemicals with potentially high commercial
value, such asthose used in drugs. Another less appre-
ciated function of coral reefsistheir action as natural
breakwaters protecting coastlinesfrom erosion and de-
struction by ocean waves and currents. Finally, reefs
have been increasingly valued for their sheer intrinsic
beauty that provides a basis for a booming tourist in-
dustry inmany partsof theworld. Recent estimates(e.g.,
McAllister, 1991; Spurgeon, 1992, 1998), including
those madein court cases, indicate the value of asgquare
metre of coral reef isprobably in therange of hundreds
to thousands of US dollars.

increased turbidity. Reefs typically form in oligotrophic
waterswithin arelatively narrow range of temperature and
salinity, and tend to grow in temperatures near the upper
limits of tolerance for the corals that build them. Thus,
reef communities are sensitiveto relatively small changes
in temperature and salinity. Reef corals are also sensitive
to many pollutants. Unstressed reefs grow fast enough to
withstand erosion by wave action and boring organisms
and keep pace with sea level rise, but relatively small
changesin calcification can shift the balance from growth
to decline.

According to the most recent estimate (Bryant et al.,
1998), reefs have been damaged in 93 of the 110 countries
wherethey occur and some 27% of theworld’ sreefsare at
high risk of degradation. Globally, the greatest threats to
coral reefs from human activities are sediment mobiliza-
tion, eutrophication, over fishing and destructive fishing,
aggregate extraction and direct physical destruction. Mass
coral bleaching and the possibility of increasing frequen-
cies of coral diseases have recently emerged as issues of
concern and are discussed in Chapter 3.

Elevated sediment input damages reefs both by increas-
ing turbidity and by directly smothering corals (Rogers,
1990). Cora recruitment may be reduced on sediment sur-
faces and sedimentation can alter coral community struc-
ture (Hodgson, 1994). Though reefs do sometimes devel op
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in naturally turbid conditions, it is not known whether the
vast majority of reefs, that have not done so, can adapt to
elevated sediment loads (Brown, 1997).

Eutrophication is cited as a contributing factor in reef
degradation in most parts of the world. The negative ef-
fects of eutrophication on coral reefsarise primarily from
light attenuation due to increased phytoplankton biomass
and the stimulation of benthic algal productivity to the
competitive disadvantage of corals. There is no question
that eutrophication hasdamaged reef systemsin many parts
of the world, especialy in enclosed lagoon systems. The
most commonly cited exampleisthe degradation of reefs
in Kaneohe Bay, Hawaii, resulting from sewage discharge
(summarized by Hunter and Evans, 1994). There is evi-
dence that eutrophication contributed to a “phase shift”
from acoral-dominated to an algal -dominated community
on Jamaican reefs (Lapointe et al., 1997) although in this
case hurricane damage and the removal of algal grazers
by overfishing and disease were also major influences
(Hughes, 1994).

Scientific understanding of the effects of anthro-
pogenically elevated nutrient input on coral reef ecosys-
temsisfar from complete. Thereisalack both of reliable
baseline dataand of understanding of coral reef processes.
Even after afour-fold anthropogenic increase in nutrient
input to the Great Barrier Reef - one of the best-studied
reef systemsin the world - the occurrence of ecologically
significant eutrophication there remains amatter of scien-
tific controversy (Brodie, 1995). Similarly, Szmant and
Forrester (1996) were unableto find unequivocal evidence
of elevated nutrient input to the Florida reef tract. EN-
CORE, a major experimental program to determine the
effects of elevated nutrient levels on areef, has produced
equivocal results (e.g., papersin Lessios and Macintyre,
1997). Increased benthic algal biomassisofteninterpreted
as evidence of reef degradation by eutrophication, but al-
ga biomass fluctuates naturally on decadal time scales
(Done, 1997). There are many other uncertainties includ-
ing the relative importance of nitrogen and phosphorusin
nutrient limitation, possible effects of nutrient enrichment
on the coral-zooxanthell ae symbiosis and the possible ef -
fects of elevated phosphorus levels on calcification. De-
spite these uncertainties, thereisageneral consensus that
eutrophication is among the most serious world-wide
threatsto coral reefs.

While not strictly a land-based activity, fishing pres-
sureisone of the primary causes of reef degradation on a
global scale and reduces the resilience of reef systemsto
land-derived stresses. Based on recent global assessments
(papersin Ginsberg, 1994; Jameson et al ., 1995; papersin
Lessios and Macintyre, 1997; Bryant et al. 1998, papers
inWilkinson, 1998) fishing pressureisparticularly severe
in east Africa, mainland India and Sri Lanka, southeast
and east Asia, the south and eastern Pacific, and much of
the Caribbean.

Fishing pressure leads to reef degradation in two main
ways. First, overfishing may remove ecologically impor-
tant components of the reef community, leading to some-
times profound alterations in community structure. The
removal of fishesthat graze on algae, for example, gives
the algae a competitive advantage over corals and, asin
Jamaica, can allow them to take over the reef. This prob-
lem is thought to be widespread in the Caribbean
(CARICOMP, 1997). The removal of predatory fishes,
which are thought to be important determinants of com-
munity structure, may also have effects. Outbreaks of a
coral-eating snail in east Africa, for example, have been
attributed to overfishing of predatory fish (McLanahan,
1997). In general, however, the ecological effects of
overfishing are poorly understood and impossible to pre-
dict in any given situation. The second cause of reef deg-
radation from fishing isthe use of destructivefishing meth-
ods including poisons, explosives, and the physical de-
struction of the reef to extract fish or drivetheminto nets.
Anchors, weights, and trampling also physically damage
corals. These and other destructive fishing practices are
used in most parts of theworld that have reefs (Wilkinson,
1998).

Physical destruction of reefs also occurs by dredging
and blasting for port and navigational improvements and
maintenance, or through mining for construction material
or lime. This large-scale physical destruction of reefsis
thought to be especially serious in southern India, Sri
Lanka, the Maldives, and parts of the south Pacific
(Wilkinson, 1998).

2.6.2 Seagrass Beds

Seagrass beds are known to serve as shelter, nursery
and feeding groundsfor avariety of ecologically and eco-
nomically important invertebrates and finfish. Their high
productivity isdriven by photosynthesis of the seagrasses
themselves, of epiphytes attached to the seagrass blades
and of macroalgaeinhabiting the beds. Dredging to create
or enlarge waterways near ports and harbours is major
threat to the existence of these habitats. It involvesremoval
of the plants and extensive damage to the habitat, and
causes sediment resuspension resulting in increased tur-
bidity in the water column. Increased turbidity can also
result from increased sediment transport from land via
runoff, or from eutrophication. It results in the reduction
of thelight that drivesthe photosynthesis essential for the
mai ntenance of seagrass ecosystems. The presence of sea
grassesin areas being devel oped for tourism and recreation
is frequently regarded as objectionable, and they are de-
liberately removed from such areas by mechanical means.

2.6.3 Coastal Wetlands
Wetlands act as a sink for materials such as sediments,

nutrients and organic carbon, and store other materials,
such as water, on a temporary basis. The value of these



storage functionsisincreasingly recognized as an impor-
tant feature of watersheds: it contributes to flood control
and geomorphological processes - such as the control of
coastal erosion and the accumulation of organic carbon
(Maltby, 1991; Immirizi et al., 1992) - and the mainte-
nance of genetic resources (James, 1991). The biogeo-
chemical dynamics of wetlands also play amajor rolein
filtering and cleansing water, such asthe removal of toxic
material from thewater column (Richardson, 1985). These
functionsare considered of great potential economic value
in providing tertiary treatment of sewage and reducing
pollution from agricultural wastes (Maltby, 1991).

The movement of water, nutrients and organic materi-
als between wetlands and other ecosystemsis essential to
the maintenance of the food chains, migration routes and
environmental linkages that support the productivity and
health of marine ecosystems and renewable resources.
Coastal wetlands provide anumber of buffer functionsthat
help to protect life, property and the economy of local
communities and some countries. Wetlands help to regu-
late the rates of surface water flow and groundwater re-
charge: thisreduces flood peaks and regul ates base water
flowsinrivers. Coastal wetlands also serve as a buffer to
coastal storm surges and winds (Hamilton and Snedaker,
1984).

Wetlands are often used as landfill sites and for the
dumping of domestic and other solid wastes. They have
also suffered from coastal development, though there is
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now some indication that the value of coastal wetlandsis
being appreciated and more protection is being offered to
them, at least in developed countries. When wetlands are
destroyed, risks to the economic welfare of coastal com-
munitiesincrease dramaticaly. In effect, poor planning and
management can turn a natural event, such as a coastal
storm, into a human disaster (Wijkman and Timberlake,
1984).

2.6.4 Mangroves

Mangrove forests function as shelter, feeding and/or
breeding grounds for ecologically and economicaly im-
portant organisms such as various species of crustaceans,
molluscsand finfish. They also serveto protect coastlines
against erosion by the sea. In addition, it is believed that
they act aslarge-scale filters, assimilating sediments, nu-
trientsand other substancesthat would otherwise bewashed
into coastal waters.

In many parts of the tropical belt, huge amounts of
mangrove cover (greater than 50%) have been lost during
the 20th Century, mainly due to conversion to other uses
(aguaculture, human settlements, the use of mangrove
wood chipsfor the production of rayon) (Ong, 1982; 1995).
A significant fraction of the human populationsinhabiting
the vicinity of intact mangrove forests still rely on these
ecosystems for subsistence needs, such asfood, wood for
construction or for household use, plants with medicinal
value, etc.

FIGURE 2.10
Dissolved oxygen in rivers: levels and trends across country income groups, 1980s
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2.6.5 Effects of Intensive Mariculture

Badly planned and managed mariculture can have seri-
ous effects on the marine environment. Intensive
mariculture requires structures for rearing organisms ei-
ther on the coast or in shallow waters, and this often in-
volves converting such habitats asmangrovesand lagoons.
Such alteration of the structure and function of coastal habi-
tats - often accompanied by modificationsto water circu-
lation and sediment movement - has frequently contrib-
uted to theloss or degradation of valuable coastal ecosys-
tems. Mariculture also sometimes involves the propaga-
tion of non-indigenousorganisms. If thesearedeliberately
or accidentally released into surrounding coastal waters,
they can disrupt populations of native speciesthrough com-
petition or predation. Intensive feeding and the use of
chemicals such as herbicides and antibiotics often lead to
local pollution. One example is the accumulation of or-
ganic wastesin sediments, particul arly beneath open-sys-
tem structures such as sea cages and mussel rafts; the de-
composition of these wastes consumes dissolved oxygen
and places stress on sediment-dwelling organisms. How-
ever, when sound guidelines for the siting and manage-
ment of farmsare properly followed, the potential adverse
effects of mariculture can largely be avoided.

2.6.6 Anoxiain Shallow Coastal Waters

Asdischarges of organic wasteinto enclosed and semi-
enclosed shallow bodies of water increase, reducing condi-
tions tend to develop in the sediments and water column,
leading to oxygen deficiency. A dramatic result of thisis
the extensive mortality of organisms, especially when the
anoxic sediment is resuspended due to disturbance by
storms or by human activities such as dredging. Although

not of direct relevance to marine waters, a harbinger of
oxygen declinesin coastal areasisindicated by trendsin
dissolved oxygenintheriversof different country income
groups shown in Figure 2.10 (World Bank, 1992).

The prevention of reduced oxygen levels in coasta
waters can be achieved by ensuring that therate of overall
oxygen demand resulting from enhanced biological pro-
duction and theintroduction of oxygen-demanding wastes
islessthan the rate of supply of oxygen by advective and
diffusive processes, taking account of seasonal variations.
It has to be recognized, however, that there are areas -
such as in fjords and the deep waters of certain regiona
basins like the Baltic and Black Seas - that are normally
hypoxic (either seasonally or for longer periods) as are-
sult of natural processes. It is common to have concerns
about the Biological Oxygen Demand (BOD) and Chemi-
cal Oxygen Demand (COD) of wastes in environmental
management, but these are seldom accompanied by an un-
derstanding of the temporal periodicities of the demand
and of the oxygen supply to the receiving area. Further-
more, the peculiarities of different methods of measuring
oxygen demand introduce complicationsin the use of such
routine measurementsfor oxygen balance calculations. The
inadequacies of contemporary waste management are
clearly illustrated by Figure 2.11 which shows the global
distribution of seasonally oxygen-depleted areas world-
wide.

2.6.7 Small Islands

Global warming resulting from emissionsof greenhouse
gases in industrialized countries may result in sea-level
rise. The highest points on some low islands, such asthe
Maldives and the Marshall Islands, are only 2-3 metres

FIGURE 2.11
Areas with seasonal depletion of dissolved oxygen (e)

Source: Dian and Rosenberg. 1995. Oceanography and marine biology. An annual review 33, 245.



above sealevel: even small increases of afew centimeters
in sealevel will have an effect on them. Changesin storm
and wave patterns resulting from climate change could
result in increased frequency of flooding on someislands.
They could aso upset the dynamic equilibrium of sandy
shorelines, cora reefs and mangroves upon which many
islands depend for their protection from waves and for
their livelihood from marine resources and tourism. Even
in the absence of climate change and sealevel rise, small
idandsarehighly vulnerableto such natural eventsastropi-
cal storms. In some cases, the crops and/or marine ecosys-
temsof entireislands have been destroyed by single storm
events. Recovery can take years and substantially impede
economic and social development.

Many islands are experiencing rapidly expanding
populations and the establishment of industry and associ-
ated infrastructure. At the same time, many lack facilities
for adequate sewage treatment or management and waste
disposal, because of the comparatively high cost of build-
ing and maintaining such them. This resultsin increased
pollution of the limited coastal areas upon which these
small islands depend for their livelihood.

The Exclusive Economic Zones of small island states
includes about 30 million km? of ocean space - about one-
sixth of the Earth’s surface. Given their limited national
budgets and small populations, it is difficult for them to
providethefinancial and human resourcesto managethese
extensive marine jurisdictions. This often results in
overexploitation of fisheries by foreign fleets, in many
casesthroughillegal practices.

Freshwater resourcesarelimited in many small islands.
Increasesin population, industrial development and tour-
ism can cause changes in use patterns resulting in the de-
pletion of freshwater supplies. When the freshwater lenses
of small islandsare drawn down, thereisan increased like-
lihood of saltwater intrusion into aquifers. Equally, in-
creased infrastructural development can result in acceler-
ated contamination of freshwater supplieswith associated
increased dangers to human health.

By definition, small island states have relatively lim-
ited land resources. Increases in urbanization and indus-
trialization lead to deforestation and land erosion. This, in
turn, can affect coastal ecosystems through the increased
mobilization of soils and soil-associated contaminants.

Many small island statesrely heavily onfossil fuelsfor
energy production. In most cases, these have to be im-
ported at considerable expense. In many cases, alternative
energy sources (e.g., solar, wind, wave) require capital in-
vestments that are prohibitive for them Furthermore, the
special energy needs of small island states do not easily
attract industrial attention and investment because they
represent amarket of limited potential compared with those
of larger countries.

Protecting the Oceans From Land-Based Activities | 31

Marine tourism is a major source of income for many
small islands. However, increasing the numbers of tour-
ists places greater demands on energy and water supplies,
increases sewage and other waste disposal demands, com-
petes for land and perturbs coastal ecosystems. Tourism
can also have substantial deleterious effectsonlocal com-
munities and their culture.

Many small island states are the guardians of marine
flora and fauna of global conservation value. It isin the
interests of the global community that they are not threat-
ened. However, the national budgets of many small island
statesaretoo limited to fund the biodiversity conservation
programmes needed to manage and preserve these spe-
cies.

2.7.ADDITIONAL ISSUES OF CONCERN
2.7.1 Expanding Coastal Populationsand Tourism

Nearly two-thirds of theworld’spopulation livesalong
acoastline and thereis atrend towards the increasing mi-
gration of peopleto the coasts. The popul ation growth rates
of the urban communities of Mombasaand Dar Es Salaam
onthecoast of east Africa, for example, are5.7% and 7.8%
respectively (Jeftic, 1998d (Annex 2)), much greater than
the average rates of growth in their countries. Concerns
have particularly been expressed about the growth of such
coastal cities as Bangkok, Bombay, BuenosAires, Cairo,
Jakarta, Lagos, Los Angeles, New York, Shanghai, Ma-
nila and Tokyo into so-called “Megacities’. Thisisare-
flection of the respective trends in urban and rural
populationsin various regions of the world shown in Fig-
ure 2.12. Even less popul ated areas are seeing agrowth in
tourism with all the associated demand for infrastructure
devel opment. Theseincreasing human pressureshavetrig-
gered widespread resource degradation, and represent one
of the greatest threats for marine coastal ecosystems. De-
ficiencies in infrastructure and waste treatment facilities
have significant consequences, including the potential deg-
radation of water supplies. Critical coastal resources, such
asmangroves and coral reefs- among the most productive
and biologically diverse ecosystems - are being plundered
in the name of development. Fragile dune systems that
provide stabilization of beach areas from erosion are also
at risk from such activities. Half of the world’s mangrove
stands have already been destroyed by human devel op-
ment. Furthermore, human activities have damaged or
destroyed coral reefsin at least 93 of the 110 countriesin
which they occur, primarily through increased sedimenta-
tion, eutrophication, overfishing and destructive fishing,
mining, and tourism and recreational activities (Bryant et
al., 1998). Considering that almost 90% of global marine
fisheries are located in the coastal zone, the gradual re-
moval of coastal habitats isjeopardizing food security.

Tourism is popularly considered an “ environmental ly-
friendly” aternative to more exploitive forms of liveli-
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FIGURE 2.12
Rural and urban population in developing regions and high-income countries, 1960-2025
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hood dependent on coastal and marine resources. It has
the advantage of providing abasisfor countriesto gain an
increased appreciation of the perceived value of natura
resources and, accordingly, the benefits of increased envi-
ronmental protection. Unfortunately, the expansion of tour-
ism also entails the construction of additional infrastruc-
ture along coastlines, with scant attention to increased re-
quirements for waste treatment and disposal. The envi-
ronmental impact of such construction is seldom consid-
ered. In addition, tourism resultsin changesin traditional
values and ways of life: this needsto be considered in de-
cisions regarding tourism potential and development.

2.7.2 Globalization of the Chemical Industry

The chemical industry isbecomingincreasingly global-
ized. Thereis asteady trend towards increasing chemical
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production capacity in developing countries and transi-
tion economies. Large quantities of chemicals are trans-
ferred at maritime, freshwater, road and rail transport nodes,
with inherently increased risks of accidental spillsandin-
creasing diversification of operational discharges.

2.7.3 Toxic Algal Blooms

The existence of paralytic and diarrhetic shellfish poi-
sons (PSP and DSP respectively) in shellfishiswell estab-
lished. In 1987, an amnesic shellfish poison (ASP) came
towidespread attention asaresult of adverse human health
effects on consumers of cultured mussels from Prince
Edward Idand, Canada. The culprit in thiscasewasdomoic
acid produced by marine algae. Thisincreased the aware-
ness of the possibility of natural neurological poisons oc-
curring in seafood products, and of thelikelihood that there



may be other naturally-produced organic compounds
posing risks to the health of seafood consumers. In the
last decade, much greater attention has been given to
harmful algal blooms (a more all-encompassing term
commonly used to describe blooms having arange of ad-
verse effects from purely aesthetic to the production of
toxins), partly because of dangers to human health, but
more directly because of effects on valued marine species
such as cultured finfish. While the topic of such natural
poisons is not of prima facie relevance to marine pollu-
tion from land-based sources, the contention that the fre-
guency and ubiquity of unusual algal bloomsisincreasing
has given riseto suspicionsthat there may be aconnection
with eutrophication. These suspicions relate to the in-
creased influx of nitrogen compoundsto the ocean result-
ing from anthropogenic activities, although a direct link
with the frequency of unusual algal blooms has not been
established.

The transfer of the cysts of potentially toxic
dinoflagellates in ballast water from one marine coastal
area to another is also of concern: it is discussed below
under the topic of invasive species.

2.7.4 Relationship to Eutrophication

Ubiquitousor large-scale eutrophication remainsan is-
sue of concern particularly in the context of increased nui-
sance algal blooms in the coastal zone. The debate about
whether there has been a global increase in the frequency
and location of nuisance algal blooms continues (e.g.,
Smayda, 1990). Increasing agricultural production based
on the enhanced use of fertilizers could reasonably have
been expected to provide increased fluxes of nitrogen and
phosphorus into coastal areas through runoff (Smayda,
1990). However, the declining use of phosphorus com-
pounds in detergents would be expected to result in some
decline in phosphorus inputs to the ocean. Some of the
critical questionsin this debate are; “Hasthere been are-
cent increase of the nitrogen-phosphorusratio in runoff?’
“Is phosphoruslimitation of algal growth becoming more
common than hitherto?’ and “ Does phosphoruslimitation
of growth, as opposed to the more common nitrogen limi-
tation, give rise to metabolic responsesin primary organ-
ismsthat result in the production of toxins?’

2.7.5 Transfer of Non-Indigenous (Alien) Species

When an organism or plant that has its originsin one
region becomes established in another - and significantly
displacesaspecies or significantly changesthe ecological
balance of the region into which it was introduced - it is
known as an invasive species. Invasive species can origi-
nate from domesticated or wild stock. The transfer from
one area to another can be through normal physical and
biological processes, through accidental introduction or
by a deliberate act. The geographical range of some spe-
ciesintheBay of Biscay, for example, isextending north-
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wards: it isbelieved that thisisaresponseto increased sea
temperatures (i.e., amanifestation of climate change).

Accidental and ddliberateintroductionsof variousspecies
have accompani ed the movement of peoplefromtheir early
history. Many species have been deliberately transported
fromtheir region of origin to become componentsof crops,
domesticated livestock, horticulture and recreation in the
regionsto which they have beenintroduced. Most modern
crops and livestock originated from fairly localized areas
but are now spread throughout much of the globe.

Marine species have been transferred intentionally and
unintentionally through many transportation vectors, in-
cluding ships' hullsand anchors, to new areas. They have
also been transported with commercial products (e.g., as
predators or disease agents), released from aquaculture,
or sold for ornamental purposes. Continued concerns are
being expressed about the effect of escapee fish from
aguaculture facilities on wild stocks. The International
Council for Exploration of the Seahasperiodically exam-
ined this topic, most recently in 1997. It is clear that in
recent years (mid 1980s to mid 1990s) significant num-
bers of mariculture salmon escapees have been caught in
Norwegian fjords (10-21% of the catch), in coastal (34-
54%) fisheries, and in certain areas of Scottish fisheries
(upto 38%). The numbers of mariculture escapeesin North
America are also substantial: 17% of the rod catch of
salmon in the East Machias River, Maine, was of farmed
origin in 1990. The degree to which escaped salmon can
significantly affect the composition, diseaseincidenceand
genetic character of wild stocksisof greatest concern. For
these and other reasons | CES devel oped a Code of Prac-
tice on the Introductions and Transfers of Marine Organ-
isms (ICES, 1984a,b; 1988).

Concerns about the introduction of alien species have
focused primary attention on shipping asthe most signifi-
cant transport vector because of the volumes of ballast
water transported and the intensity of shipping traffic.
Ballast is placed in a ship to increase its draught, to alter
itstrim, or to otherwise regulate its stability, usually as a
means of maintaining stressloadswithin acceptablelevels.

The potentially adverse effects of introductions of spe-
ciestransported with ships' ballast water to new |locations
have been demonstrated by the discovery in the 1980s of
Ponto-Caspian zebra mussels in the Great Lakes and the
North Pacific seastar AsteriasamurensisinAustralia. In-
troduced zebra mussels severely fouled water intakes in
the Great Lakes, resulting in expensive measuresto clear
them and effortsto find methods of reducing such fouling.
Therange of zebramusselsin Europe continuesto expand.
One of the most damaging such transfers, of the cteno-
phore Mnemiopsisleidyi into the Black Sea, has been ex-
amined in detail by GESAMP (GESAMP, 19973). Exam-
plesof harmful introductionsthat have cost many millions
of USdollarsin remedial action are set out in Table 2.2.
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Table 2.2. Examples of introductions of alien species since the 1980s

Comb jellyfish (Ctenophora)
Mnemiopsis leidyi North America
American comb jellyfish

Polychaetewor ms (Annelida)
Marenzlleria viridis North America
Spionid tubeworm

Musselsand clams (Bivalvia)

Ensis americanus North America
American razor clam

Musculista senhousia Japan
Japanese mussel

Dreissena polymorpha Black Sea
Zebramussel

Crabs(Decapoda)

Charyhdis helleri Mediterranean
Indo-Pacific swimming crab
Seastar s (Asteroidea)

Asterias amurensis Japan

North Pacific seastar

Species Origin L ocation
Dinoflagellates
Gymnodinium catenatum Japan Australia

Black and Azov Seas

Western and Northern Europe

Western and Northern Europe
New Zealand

Eastern North America— Great L akes

Colombia, Venezuela, Cuba,
and United States

Australia

Sources: Carlton and Geller, 1993; Carlton et al., 1995; Le Maitre, 1995

Shipping moves 80% of global commodities. Ships
carry ballast water in avariety of tanks and holds. Ballast
capacities range from afew tonnesin sailing and fishing
boats to tens of thousands of tonnesin commercial cargo
carriers, e.g., up to 140,000 tonnes in a very large crude
carrier (VLCC). In general, ballast capacities are about
30% of the deadweight tonnage of aship. Each year, about
10 billion tonnes of ballast water are transported by ships.
Suspended materia is also taken onboard within ballast
water. It accumulates as sedimentsin tanks and holds and
may contain biological material such as the cysts of
dinoflagellates. It has been estimated that about 3,000 spe-
ciesof animalsand plantsaretransported daily around the
world. Although many non-indigenous speciesare benign
after settling in new areas, others have threatened the ex-
istence of native species, overwhelmed commercial and
recreational fish stocks, disturbed nutrient balances, and
established new pathwaysfor the spreading of pathogens.

Control technology is currently insufficient and hap-
hazard. Increasing trade and development in the coastal
zone, and enhanced commercein marineliving resources,
will increase the possible pathways for introductions. In
most casesthere significant time el apses - sometimes dec-
ades - between the arrival of an invasive speciesin anew
region, recognition of its presence and the determination
of itseffects. Typically, therefore, control programmesare
formulated only after aninvasive organismisalready well
established and has caused significant damage. In some
cases the economic losses can run into billions of dollars
before any attempt at control.

At the international level a number of agreements or
guidelines can be used to address the management or con-
trol of introduced species. These include:

 The United Nations Convention on the Law of the
Sea;

« The Global Convention on Biological Diversity;

« Globa Programme of Action for the Protection of
the Marine Environment from Land-based Activi-
ties;

» FAO Code of Conduct for Responsible Fisheries
and related FAO Technical Guidelinesfor Responsi-
ble Fisheries, in particular on the Precautionary
Approach to Capture Fisheries and Species Intro-
ductions, and on Aquaculture Devel opment;

* ICES Code of Practice on the Introductions and
Transfers of Marine Organisms; and

« IMO Guidelinesfor Preventing the Introduction of
Unwanted Organisms and Pathogens from Ship's
Ballast waters and Sediment Discharges

Commitments to address the issue of introduced spe-
cies also exist in many other regional and global agree-
ments on protected areas and species; but few specific
measures have been articulated. The control and manage-
ment of introductions has a number of institutional and
regulatory pitfalls. Some deliberate introductions (e.g., in
mariculture) can be beneficial, while some deliberate or
accidental introductions can lead to fundamental changes
in local ecology and degradation of the marine environ-
ment. Thiscallsfor aclear understanding of the pathways
that introductions are likely to take and for the capability
to recognize and assess the risk of ecological changesand



the potential for subsequent, harmful impacts. The uncer-
tainty associated with assessing these risks must be mini-
mized; otherwise large sums of money could be allocated
to control programmesthat provide little return on thein-
vestment.

Sincethe early 1990s, anumber of countries, including
Australia, Canada, Chile, Israel, New Zealand and the
United States, have recognised the threat of alien species
transfer by ballast water and have adopted control meas-
ures. One option was a proposal for ships to exchange
ballast water in the open ocean close to the port of desti-
nation. However, there appear to be significant engineer-
ing impedimentstothis: it can asoincreasethelikelihood
of accidents and loss of life at sea. Realising that unilat-
eral action taken by individual countriesin thisfield may
disturb the global pattern of shipping, the International
Maritime Organization in 1993 and 1997 adopted guide-
lines on ballast water control and management measures.
In adopting these guidelines, IMO member Statesrequested
the Organization to develop legally binding provisionson
ballast water control and management. These are being
prepared in the form of a new free standing legal instru-
ment to be adopted by a Diplomatic Conference in the
biennium 2002-2003.

2.7.6 Energy and Turbidity Changesin Estuaries

Greater emphasis needs to be given to changesin en-
ergy budgets of coastal systemsresulting from changesin
watersheds (forest clearance, accel erated run-off, reduced
base water flows in dry seasons, dam construction and
water abstraction), changes in coastal systems (dredging
and spoil disposal, removal of corals, etc.) and sea level
rise. One role of coasts is to absorb energy. Alteration of
estuaries and other natural energy management systems
imposes social and economic costs and increases natural
hazards. There is accordingly a need to obtain a rational
bal ance between considerations of biological-chemica and
geomorphological changes in land-ocean systems
(Burbridge, 1997). Morphological changes may be far
more significant to the maintenance of the functional in-
tegrity of coastal and marine ecosystems - and to the sus-
tainable use of coastal and nearshore environments and
resources - than is currently recognized.

2.7.7 Trendsin Marine Transport

Waterborne commerce will continue to offer the least
costly and most efficient mode of transport of large quan-
tities of goods and bulk materials in international trade
competitive shipping. Global trade and the economies of
coastal nations are directly related to waterborne com-
merce, and to each nation’s capability to maintain anavi-
gation infrastructure to receive transport carriers. Many
developing nations aspire to achieve this enhanced level
of marine transport infrastructure in order to compete in
global commerce, and countries striving to maintain acom-
petitiveimport/export posturewill increasingly rely onthis
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mode of transport. Unfortunately from an environmental
standpoint, most ports are not located in areas of natural
deepwater, but are found in estuaries, river mouths and
deltas, naturally shallow coastal areas, and areas of high
siltation. Collectively, they represent some of the most
environmentally diverse and productive estuarine, marine
and wetland systems.

Navigation channels are the aquatic highways for
waterborne commerce. Their mai ntenance by dredging can
profoundly modify the coastal ecology including habitats,
circulation patterns, organism migration patterns, sediment
transport, pollutant distribution and loading, oxygen dis-
tribution, sediment erosion and accretion, suspended sedi-
ment profiles, salinity distributions and the distributions
of sensitive biota. These modifications will, in turn, im-
pact recreational and commercial fisheries, pleasure boat-
ing, aesthetics, cultural resources and subsurface aggre-
gate recovery. The 21st century will see new classes of
vessels with drafts far in excess of most of today’s ships,
reflecting the developing nature of shipping. They will
require substantially deeper and wider navigation chan-
nels, anchorage sites, turning basins, and docking facili-
tiesthan now exist. However, relatively few portsarelikely
to be chosen to handle these new vessels, and this will
limit the scale of port and navigational channel modifica-
tions required.

Thefollowing general impact areas should be anintegral
part of an overall assessment of major port restructuring:

Water-related impacts, including a) dredging; b)
dredged material disposal; ¢) construction of piers, break-
waters and other waterside structures; d) ateration of har-
bour/port ship traffic patterns; €) ship discharges, e.g., oily
ballast, bilge water, sewage; f) spills; g) contamination by
anti-fouling agents; and h) waterfront industry discharges,
e.g., industrial, sewage, runoff.

Land-related impacts, including a) excavation for fill;
b) wetland damage and filling; c) loss of uplands to ex-
panding waterfront/industrial areas; d) noise from ports
and harbour-sideindustry; €) dust and other airborneemis-
sions; f) traffic burden projections; g) handling and dis-
posal of shore generated solid wastes; h) runoff from raw
material storage; i) waterfront drainage; and j) industrial
liquid wastes not discharged to the harbour.

Air-related impacts, including @) ambient conditions;
b) fugitive emissions; and c) gases, smoke, and fumes.

Hazardous materials/cargo impacts, including a)
gases; b) liquids; and c) solids management.

Socio-cultural impacts: The coastal ecological impacts
above must be balanced against short-term and long-term
economic gains. The economic gains must then be con-
trasted with the loss of economic attributes, direct and in-
direct, and unacceptabl e stress on the broader coastal ecol-
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ogy. Environmental assessments prior to construction or
further alteration of the coastal zone for navigation pur-
poses must evaluate all of the short-term and long-term
risks associated with navigation infrastructure develop-
ments and enhancement. The ultimate goal should be a
globally competitive navigational infrastructurethat in turn
maintains a sustainabl e coastal ecology.

2.7.8 Ddliberate and Accidental Disposals of Military
and Commercial Materialsat Sea

The dumping of material, including wastes, at sea is
covered by the provisions of the London Convention 1972.
The vast magjority of such dumping occursin coastal wa-
tersandthis, inturn, isdominated by the disposal of dredge
spoils. Only occasionally hasthere been deliberate dump-
ing at sea of solid wastes such as oil exploitation plat-
forms and low-level radioactive wastes, and these have
been largely carried out pursuant to the provisions of the
London Convention. There exists, however, an exception
- the dumping at sea of low-level liquid and solid wastes
and obsolete nuclear vessels by the previous Soviet Un-
ion. Such dumping activities- especially of reactor assem-
blies containing spent fuel and of entire submarines some
containing fuelled reactors - have been of considerable
concern. and led to an assessment by the International
Atomic Energy Agency of thelikely threatsto human health
and marine organisms (IAEA, 1998). Fortunately, thisas-
sessment indicatesthat such threatsarenot asgreat asmight
have been previously perceived. Nevertheless, although
the Russian Federation has ceased the dumping at sea of
such wastes, the difficulties being encountered in the
decommissioning of military vessels, particularly nuclear
submarines from the Russian Northern Fleet, suggest that
such activitiescould till pose athreat to the marine environ-
ment. The difficulties of nuclear vessel decommissioning
and nuclear waste management generally within the Rus-
sian Federation are, however, receiving priority attention
through anumber of bilateral, multilateral and international
programmes.

The seas have long been an arena for warfare, espe-
cially for naval engagements. Morerecently, they been used
for the deployment of ballistic missile submarines and
various devices, such as acoustic arrays, to detect them.
There has, however, long been a reticence to using the
seasin amore aggressive way asindicated by the “ Treaty
on the Prohibition of Nuclear Weapons and other Weap-
ons of Mass Destruction on the Seabed and Ocean Floor
and in the Subsoil Thereof (1971)".

Aside from the debris from past conflicts, especially
ships, that litters the ocean floor, the seas have long been
used as dumping grounds for waste munitions. marine
charts show commonly-used ammunition dumpsites. The
seahas also been used asadisposal sitefor chemical weap-
ons. Of the order of a million tonnes of munitions were
dumped in the Irish Seain post war years- including high
explosives, incendiary devices, weapons containing arsenic

(used in Lewisite), phosgene, mustard gas and uncertain
amounts of nerve gases (Tabun/Sarin) recovered from
Germany at the end of the Second World War. Some of
these materials, most notably phosphorus flares, are now
being washed up on coastlineswherethey clearly represent
ahazard to the public. In addition, arecently constructed
pipeline for natural gas passes through the perimeter of a
previousmunitionsdumpsitein thenorthern Irish Sea. Under-
water photography reveals munitions closeto, or touching
the pipe. Incidents involving fishermen in the Baltic en-
countering mustard gas residues in fishing nets are not
uncommon (Wulf et al., 1985; Pereraand Thomas, 1987).

In more recent times, there have been anumber of acci-
dentsinvolving nuclear-powered and nuclear-armed ves-
sels. Five nuclear-propelled submarines have been lost
since 1963 at various sitesin theAtlantic Ocean. The depths
of the sites of these accidents (>1500m) have not permit-
ted the recovery of the reactors and the number of nu-
clear-armed weapons associ ated with these submarine hulls
is not known accurately. A number of nuclear weapons,
and materials used in the construction of nuclear weap-
ons, have been lost at sea following the loss of military
aircraft and rockets (see Table 2.3). Significant local plu-
tonium contamination occurred Palomares, Spain, follow-
ing the jettisoning of nuclear weapons from an aircraft in
1966 and at Thule, Greenland, when a B-52 bomber car-
rying 4 nuclear weapons crashed on searice in 1968. A
merchant vessel, the Mont-Louis, sank in coastal waters
20 km off Zeebrugge in 1984, but its load of uranium
hexafluoride was recovered before any |eakage to the en-
vironment occurred. More recently, in 1997, a container
ship, the Carla, sank 70 nautical miles off the Azoreswith
three sealed 137Cs sources on board; this material has not
been recovered.

In addition to these marine accidents, five nuclear-pow-
ered spacecraft have been lost abovethe sea. Four of these
contained radi oi sotope thermoel ectric generators (RTGS)
powered by 238Pu. One RTG (Transit 5BN-3) was
vapourized during re-entry to the atmosphere causing
worldwidelow-level contamination and threeimpacted on
the sea surface. Of theselatter cases, one RTG was recov-
ered (Nimbus B-1) without any releaseto the environment
and two others (Apollo-13 and Mars-96) are still at the
bottom of the sea. The fifth satellite (Cosmos 1402) con-
taining an enriched uranium reactor re-entered the atmos-
pheredueto amalfunction. Itislikely that the reactor dis-
integrated into small fragments before falling to the bot-
tom of the South Atlantic Ocean. It should, however, be
noted that much radioactive debriswas found after asimilar
Russian satellite, Cosmos 954, re-entered over northern
Canada in 1978. A lighthouse RTG unit containing 90Sr
was lost near the Sakhalin peninsula during shipment by
helicopter. Finally, some hundreds of sealed radiation
sources used in oil and gas prospecting have been lost when
drill strings have become stuck in the borehole: usualy in
such cases the equipment is left in place and the hole ce-
mented.
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Table 2.3. Major accidents and losses at sea of nuclear materials

Date L ocation Incident Con- Releases
firmed? detected/
Material
recovered?
Feb 1950 | Pacific Ocean off Puget Sound B-36 aircraft with nuclear material No* 2?
Nov 1950 | Over water outside the USA Aircraft with nuclear material No* A?
Mar 1953 | Atlantic Ocean off Newfoundland B-36 aircraft with nuclear material No* A?
Mar 1956 | Red Sea B-47 aircraft with nuclear material No* A?
Mar 1958 | Atlantic Ocean off Georgia B-47 aircraft with nuclear material No* 2?
Jun 1962 Pacific Ocean, Johnston Island ICBM Thor with nuclear test device Yes ?INo
Apr 1963 | Atlantic Ocean 100 nm East of US SSN-593 (Thresher) nuclear submarine
Cape Cod with reactor Yes Yes/No
Apr 1964 | West Indian Ocean North of Vapourization of a satellite SNAP-9A
Madagascar Pu-238 RTG Yes Yes/No
Dec 1965 | Pacific Ocean 250 nm south of USA4E Skyhawk with B43 fusion weapon
Kyushu, 70 nm east of Okinawa rolls off USS Ticonderoga Yes ?2INo
Jan 1966 Mediterranean Sea 5 nm off US B-52 bomber jettisoned 4 nuclear
Palomares, Spain weapons (2 recovered) Yes* Yes
1967 KolaBay off Severomorsk Submarine reactor lost No ?Yes
Jan 1968 Baffin Bay, Thule Harbour, US B-52 bomber crashed on sea-ice with 4
Greenland nuclear weapons aboard Yes Yes/Partial
Apr 1968 Pacific Ocean, 750 nm northwest Soviet Golf class diesdl submarine K-129
of Oahu, Hawaii sinks with two nuclear warheads Yes ?Yes
May 1968 | Atlantic Ocean 400 nm southwest USS SNN-583 (Scorpion) sinks with one
of the Azores nuclear reactor and two nuclear armed Astor
torpedoes Yes* Yes/No
May 1968 | Pecific Ocean, Santa Barbara Spacecraft Nimbus B-1 with 2 SNAP-19
Channel RTGs Yes No/Yes
Apr 1970 | Bay of Biscay Submarine K-8 with 2 reactors and nuclear
warheads Yes ?2INo
Apr 1970 | Atlantic Ocean, Tonga Trench USApollo-13 SNAP-27 RTG lost Yes ?2INo
Aug 1970 | Atlantic Ocean, Bay of Biscay USSR Submarine K-8 lost containing a
nuclear reactor and nuclear weapon(s) No Not known
Sep 1974 | Black Sea Kashin-Class destroyer with nuclear war-
heads Yes ?2INo
1978 Off Kolguyev Island SE Barents Lighter Nikel containing unenclosed solid
Sea low and interm level radwaste Yes ?INo
Feb 1983 | Atlantic Ocean, 1600 nm east of USSR Cosmos 1402 re-entered containing
Brazil enriched 25U reactor No ?INo
Jun 1983 NW Pecific off Kamchatka Penin. Submarine with reactor core and 8 nuclear
warheads Yes ?INo
Aug1984 | North Sea 20 km off Zeebruges Containers of uranium hexafluoride lost from
vessel Mont Louis Yes Yes/Yes
Aug 1985 | ChazmaBay, Russian Pacific Coast | Submarine K-431 — criticality accident Yes Yes/Yes
Oct 1986 600 miles north east of Bermuda Soviet Yankee class submarine K-219 sinks
with two reactors and 16 SSN6 MIRV (Not #
missiles plus probably two nuclear torpedoes | warheads) ?2INo
Oct 1987 Sea of Okhotsk near Sakhalin Is. RTG with ®Sr source lost Yes ?2INo
Apr 1989 | Atlantic Ocean, 100 nm southwest USSR submarine Komsomol ets K-278
of Bear Island containing nuclear reactor and 2 nuclear-
tipped torpedoes sunk Yes Yes/No
Nov 1996 | Pecific Ocean, west of Chile Mars-96 interplanetary station containing 18
Pu-238 RTGs re-enters ocean Yes ?INo

Source: IAEA (1999). This Table contains no entries for the loss of sealed sources at sea. For additional details see IAEA (1999).

* |ndicates that confirmation is partial and may not apply to the number of nuclear devices involved.
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Emerging Problems and Perspectives

3.1. INTRODUCTION

Chapter 2 hasidentified and assessed problems affect-
ing the marine environment related to land-based activi-
ties and sources of pollution. In most cases these prob-
lems have been identified for some time, and there has
been significant research and/or activities devoted to un-
derstanding and reducing the impacts on the marine envi-
ronment from these sources and activities. Chapter 3 ad-
dresses some of the most important issues which are ex-
pected to emerge, or are foreseen to be increasing prob-
lemsin the marine and associated freshwater environments,
related to land-based sources. In adiscussion of emerging
environmental issuesin general, Munn et al. (1999) have
defined an emerging issue as "an issue (positive or nega-
tive) which isnot yet generally recognized, but which may
have significant impact on human and/or ecosystem health
inthe 21st century.” For thisreport on the marine environ-
ment, these issues have been identified from reports is-
sued by nationa and international bodies, through the cur-
rent scientific literature, and in extensive discussions by
this working group. In some cases the issues are exten-
sionsof thoseidentified in Chapter 2. Oneexampleiscora
reefs: threatsto them have been outlined in Chapter 2, but
the emerging concerns about coral reef diseases and coral
bleaching are discussed in this chapter. A number of is-
sues are identified that have not been considered previ-
oudly in this document, some of which are already grow-
ing in importance and scientific concern. In other aress,
particularly thoserelated to theimpacts of climateand glo-
bal change, the greatest impacts are yet to be felt. Indeed
additional research to identify the detailed nature and ex-
tent of the potential impacts are required now so that ad-
equate planning, mitigation activities and early warning,
if necessary, can take place.

It is becoming increasingly apparent that atmosphere/
ocean linkages areavery important part of theissue of the
effects of land-based activities on the marine environment
and associated freshwater systems. The atmosphere plays
avital rolefor lifein the ocean, including: the winds that
drivethe major surface current systems and upwelling re-
gions; the exchange of carbon dioxide which fuels pri-
mary production in the sea; and the transport of nutrients
and harmful substances on a hemispheric to global scale
before their delivery to the ocean. In a sense, the atmos-
phere can be considered asafast response, short residence
time component of the marine system. Historically we have
seen that changes in the global atmosphere as a result of
human activities have often been detected long before
changes are observed in the ocean. Thus atmospheric

change can often serve as an early warning system for the
marine environment, particularly in open ocean regions.
In this chapter we examine two such important areas, the
impacts of climate change on the ocean and theincreasing
flux of nutrients from the atmosphere to the sea.

Asindicated in the introduction to Chapter 2, estimat-
ing the economic costs of environmental damage asare-
sult of the various environmental problems is extremely
difficult. Thisis particularly true for these emerging is-
sues, for their full impact on the environment is often far
from clear, and the detailed ecological, social, legal and
cultural considerations necessary to make realistic eco-
nomic impact assessments have generally not yet been
made. For thisreason thereislittleinformation that can be
presented on the economic impact of these emerging is-
sues. Two exceptions, presented in this chapter, are the
potential economic impact of coral bleaching and of dis-
eases rel ated to marine contamination

3.2. THE IMPACT OF MARINE ENVIRONMENTAL
POLLUTION ON HUMAN HEALTH

Society generally views recreation at the seashore and
ocean bathing as a positive experience for health. How-
ever, there has been some degree of historical awareness
of the potential human health problems associated with
bathing and harvesting shellfish - which are often eaten
raw - in marine coastal waters contaminated by urban
wastewater discharges. In the past these health risks have
been perceived primarily asisolated local problems. The
issue of marine biotoxin poisonings associated primarily
with toxic algae blooms has a so been of concern. How-
ever, the dramatic globa impact of these human health
problems has recently been underscored by a new study
aimed at developing a preliminary quantitative estimate
of the impact of these pathways of disease transmission
(Shuval, 1999, see Annex 2). This has been underscored
by other recent studies (e.g., Harvell et al., 1999).

Any comparison of health impactsfrom various sources
must start with a sense of scale of the health problems.
Which health impact is more important in human disease
and social terms or in financial terms, and by how much?
In Shuval'spreliminary study, each of these negative health
impacts has been eval uated in terms of the concept of Glo-
bal Disease Burden - GDB. The GDB ismeasured in units
of Disability-Adjusted Life Years - DALYs, a new con-
cept recently developed by the World Health Organisa-
tion (WHO) and theWorld Bank (Murray and Lopez, 1996;
World Development Report, 1993). This new approach
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calculates i) losses from premature death, defined as the
difference between the actual age of death and life expect-
ancy at that agein alow-mortality population, andii) years
of loss of healthy life resulting from disability. It is diffi-
cult to estimate the social and economic loss of one year
of productive life resulting from premature death or dis-
ability (or one"DALY"). There are numerous approaches
for making such economic estimates. For the purposes of
this study, Shuval (1999), in consultation with the WHO,
has estimated the money value of the economic loss of
one productive year of life, or one DALY, as being
US$4,000. This figure approximates the global mean an-
nual GDP per capita, but it isnot necessarily based on that
figure (Costanza et al., 1998).

3.2.1 Infectious Diseases Related to Bathing/
Swimming in Marine Coastal Water s Contaminated
by Wastewater Discharge

Thereismassive epidemiological evidencethat enteric
and respiratory diseases can be caused by bathing/swim-
ming at marine coastal beaches contaminated with patho-
genic micro-organisms, i.e., exposure to pollution from
domestic wastewater sources (WHO, 1998; Kay et al.,
1994; Pruss, 1998). The evidence from 22 highly credible
epidemiological studiesclearly supportsthe conclusionthat
therate of infections and disease anong bathersincreases
steadily with increasing concentrations of indicator micro-
organisms of fecal pollution in a dose-response relation-
ship (Pruss, 1998). These studies al so support the conclu-
sion that bathers face the risk of enteric and respiratory
infection and disease even in lightly polluted coastal wa-
ters meeting current microbial standards of the EEC/Eu-
ropean Union (EEC, 1976) and USEPA (1986). Based
on an extensive and careful eval uation of theavailable cred-
ible epidemiological evidence, WHO (1998) estimated that
bathing in what had previously been considered "accept-
able" marine waters with amean concentration of 50 fae-
cal streptococci/100 ml will result ininfection and illness
in 5% of the adult bathers after a single marine bathing
exposure. In Shuval's (1999) study slightly higher risk-of-
disease rates were used for children (who are more sus-
ceptible than adults), for adults visiting beach resorts in
countries with high endemic disease rates, and for a cer-
tain percentage of highly contaminated beaches.

Working from official reports from the World Tourism
Organisation (WTO, 1999) and estimates from other
sources, Shuval (1999) calculated that some 1-2 hillion
marine-exposure-days are spent at beach resorts each year
by local residents and foreign tourists. From these global
figures - and the WHO risk estimates for gastroenteritis
and respiratory infectionsat various|evels of beach pollu-
tion - ahighly tentative estimate has been made that some
250 million clinical cases of mild gastroenteritis and up-
per respiratory disease are caused every year by bathing
in contaminated seawater. Why has this situation gone
unnoticed and unreported for so long? Epidemiological
studies have revealed that minor cases of gastroenteritis

arerarely seen by medical care professionalsand evenless
frequently reported to health authorities. Theratio of actua
clinical casesto reported cases of mild gastroenteritis can
be 1000:1. Calculated in terms of DALY s the number of
cases resultsin some 400 thousand DALY units. The eco-
nomic impact or financial lossresulting from this amount
of disease hasbeen estimated at some US$1.6 billion/year.

3.2.2 Infectious Diseases Related to the Consumption
of Seafood Harvested in Marine Coastal Waters
Contaminated by Wastewater Discharge

Seafood - and particularly molluscs normally eaten un-
cooked - is acommonly implicated vehicle for the trans-
mission of infectious diseases caused by enteric micro-
organisms (including bacteria and viruses) that enter the
marine environment through the disposal of urban/domestic
wastewater. Pathogenic bacteria can remain viable in the
seafor days to weeks, and viruses can survive in the ma-
rine environment or in the tissues of fish and seafood for
months (Gerba, 1988). Filter-feeding shellfish - whose
breeding areas are often placed near sources of nutrients,
such aswastewater outfallsor polluted estuaries- arehighly
proneto concentrating high levels of pathogens.

A series of studiesinvolving testing for and detecting
viruses in shellfish in the United States found enteric vi-
ruses in 19% of 58 pooled samples taken from waters
meeting current US bacteriol ogical standardsfor shellfish
growing and harvesting. A mean virus concentrationin the
shellfish meat of 10 PFU (plaque forming units) per 100
grams of shellfish meat was observed (Rose and Sobsey,
1993). One unpublished survey of enteric virusesin shell-
fish in a Paris market in 1978 indicated that 25% were
contaminated with pathogenic enteroviruses. Infectious
hepatitisA (HAV), amost serious and debilitating disease
of the liver, is the gravest virus disease very frequently
transmitted by shellfish.

Conventional depuration techniques are used to help
clean shellfish harvested in contaminated waters. Shell-
fish are held in clean, disinfected water tanks for 36-48
hours of self cleansing. This is partially effective in re-
moving bacterial contamination, but lesseffectivefor virus-
es, which aretightly adsorbed to theinternal tissues of the
molluscs(Cliver, 1997). Thus, eating raw or lightly steamed
shellfish harvested from such contaminated - but considered
acceptable - marine waters can cause infection and disease
in asignificant percent of the exposed population.

Thereis firm epidemiological evidence for numerous
sporadic cases - not reported as part of epidemics - of the
transmission of infectious hepatitis (IH) by eating raw or
lightly steamed shellfish. Inthe study by Koff et al. (1967)
it was reported that some 25% of all the cases of IH during
anon-epidemic period in Boston were apparently associ-
ated with theingestion of raw or lightly steamed shellfish.
Similar figureswere found in England (Scoging,1991).



Rose and Sobsey (1993) have written the seminal work
on the development of the methodology for quantitative
risk assessment associ ated with exposureto virus contami-
nation in shellfish. They have estimated that the risk of
infection for infectious hepatitis virus A for individuals
who consume one raw shellfish serving of 60 grams har-
vested from approved watersin the United Statesis about
1 per 100, or 1%. Therisk from highly polluted watersis
gresater.

Based on reports from the FAQ, it has been estimated
that some 8 million tons of molluscs, including clams,
oysters, mussels and cockles, are harvested and marketed
globally each year. Assuming that one kilogram of gross
shellfish, including shells, is required for each shellfish
meal or serving, Shuval (1999) has estimated that some 8
billion shellfish meals are consumed globally per year.
Working with the assumption that some 88-90% comefrom
clean safe waters and/or are not eaten raw, and using the
risk of infection and disease drawn from the risk estimate
study of Rose and Sobsey (1993), Shuval (1999) has esti-
mated that each year there are about 2.5 million clinical
cases of infectious hepatitus globally, with some 25,000
fatalities and 25,000 cases of long term disabilities from
liver damage caused by esting contaminated shellfish. This
level of disease results in some 1.8 million DALY s with
an estimated economic impact of US$7.2 billion per year.

3.2.3 Diseases Associated with Contamination of
Shellfish and other Seafood with Toxinsfrom Toxic
Algae Blooms

Marine biotoxins cause a large number of poisonings
in humansannually, many with serious sequel ae and caus-
ing frequent fatalities. Most of these poisoningsarein the
subtropical/tropical circumglobal belt region bounded by
Florida, the Mediterranean and Japan in the north and the
northern edge of Australia, the southern tip of Africaand
Chile in the South. The human diseases most frequently
associated with marine biotoxins are amnesic shellfish
poisoning (ASP), paralytic shellfish poisoning (PSP),
ciguatera poisoning, and the more recently identified neu-
rotoxic shellfish poisoning (NSP) and diarrhoeic shellfish
poisoning (DSP) (WHO, 1984). Most of these diseases
are apparently associated with fish and seafood that feed
on toxic marine algae and toxic algae blooms such asred
tides. PSP in particular can lead to severe neurotoxic ef-
fects, paralysisand death. The death rate for PSP and some
of the other marine biotoxin diseases appears to bein the
range of 10%-20% or higher: seriouslong-term sequel ae,
such as neurotoxic effects and paralysis, are common.

There have been numerous local reports of outbreaks,
and of high endemic incidence, of ciguatera poisoning in
small communities and islands in the Pacific, such as Ta-
hiti, Hawaii, Samoaand New Guinea, wheretheincidence
has been estimated to be about 500 per 100,000 popul a-
tion. A similar incidence was reported in Dade County,
Florida (Tu,1988). Higerd (1983) estimated that 10,000-
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50,000 individuals are afflicted worldwide each year by
ciguatera poisoning alone. Tu (1988) estimates that the
true rate of ciguatera poisonings for the South Pacific is
likely to be 2,500 per 100,000. The case fatality rate is
low (about 0.1%). It is estimated that the total population
in the circumglobal belt where the disease is endemic is
about 400 million people, 10% of whom live near sea-
coasts and freguently eat locally caught fish and seafood.
If theincidencerate of ciguaterapoisoningsis500/100,000,
then the global incidence might be 200,000 cases a year.
If the rate is 2500/100,000 as estimated by Tu, then the
global incidence might be 1,000,000 a year. In the latter
situation, acasefatality rate of 0.1% would resultin 1,000
fatalities per year.

In Canada, which has one of the best marine biotoxin
monitoring and control programs, there are an estimated
1000 cases per year of illness caused by seafood toxins,
with 150 cases per year of PSP and 350 cases of ciguatera
poisoning (Ewen Todd, Canada, personal communication,
27 July, 1999). If the incidence for Canada - of about 3.3
cases/100,000 for all marine biotoxin poisonings per year
- isrepresentative of the temperate zones globally, then it
might be possible to extrapolate a minimum global inci-
dence for the world population of some 6 hillion persons
at about 200,000 cases per year, with some tens of thou-
sand fatalities and tens of thousand cases with seriouslife
long sequelae. Thiswould beaminimum sincetheratefor
thetropical belt, where these diseases are highly endemic,
would be expected to be much higher.

Inlight of theabove very scanty dataon global incidence
of disease from marine biotoxins, Shuval (1999) wasonly
ableto make avery rough first approximation of the GDB.
He estimated that marine biotoxins associated primarily
with toxic algae blooms cause some 100,000 to 200,000
serious cases of poisoning ayear globally, some 10,000 to
20,000 deaths and a similar number of cases with very
serious neurological sequelae, such as paralysis. More
accurate or reliable global information is not available at
thistime. Shuval's crudefirst estimate of the GDB and the
DALY shbased on the above wasthat it might be ashigh as
onemillion DALY sper year, with an estimated global eco-
nomic impact of some four billion US dollars.

3.2.4 Global Impact of these Human Health Effects

The total estimated impact of the illnesses associated
with land based marine pollution may be about 3.2 mil-
lion DALY slyear, with an estimated economic lossof some
13 billion dollars per year. The box presents these esti-
mates, along with estimates for other known diseases of
global public health importance for which DALY s have
been calculated (Murray and Lopez, 1996). Note that the
lossof lifeyearsand their associated economiclossisvery
significant, with theimpact being similar to that from up-
per respiratory tract infections and intestinal nematodes.
Shuval (1999) has pointed out that the estimates above
are at best only rough first approximations which must be
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M arine Contamination-Related Diseases

Comparison of estimated Disability-Adjusted Life Years
-DALY s- per year and their economicimpact for marine
contamination-related diseases and a number of other
diseases on a global scale. A mean value to US$4000
per DALY isused worldwide for the economic impact
estimates. The potential impact of marine pollution-re-
lated diseasesis quite apparent.

Estimated  Estimated
DALYs Economic
per year Impact
Disease (millions)  (billion US$)
Diphtheria 0.36 14
Japanese Encephalitis 0.74 3.0
Dengue Fever 0.75 3.0
Trachoma 1.0 4.0
Upper Respiratory Tract Infections 1.3 52
Marine Contamination-
Related Diseases 32 13

Bathing/Swimming-

Wastewater Related 0.4 1.6

Seafood Consumption-

Wastewater Related 1.8 7.2

Seafood Consumption-

Toxic Algae Blooms 1.0 4.0
Intestinal Nematodes (ascaris, etc.) 5 20
Stomach Cancer 7.7 31
Trachea, Brachiaand Lung Cancer 8.8 35
Diabetes 11 44
Maaria 31 124

taken with reservations and used with caution. They may
serve as abasis for determining a rough order of magni-
tude of the global scope of the problem, which appearsto
be very much larger than previoudly estimated. The very
provisional economic evaluation of thisimpact of marine
pollution must be viewed with caution, sinceitisbased on
avery preliminary and unconventional economic approach.
However, it might suggest that we are dealing with aglo-
bal problemwith major economicimplicationsinthemulti-
billion dollar range every year.

3.3. THE EFFECTSOF CLIMATE AND RELATED
GLOBAL CHANGE

The global mean surface temperature of the earth is
projected to increase by about 2°C (between 1 and 3.5°C)
by the year 2100 (IPCC, 1996). (Note that these are glo-
bal averages, and considerableregional differenceswould
be expected.) That average rate of warming would be
greater than any seen in the last 10,000 years - but the
actual annual to decadal changeswould include consider-
able natural variability. In most regions and most seasons,
night-time temperatureswill rise morethan day-time ones.
Warming is projected to be greater over land than over the
oceans, and the maximum warming is expected to occur at
high northern latitudes, particularly in winter. Minimum
warming is estimated to occur over the central North At-
lantic and over the Southern Ocean near Antarctica Re-
gional windsmay increaseinintensity. Sealevel risewould

occur primarily as a result of thermal expansion of the
ocean, aswell asfrom the melting of glaciersandice caps.
Increased melting of seaiceisalso possible. IPCC (1996)
predictsasealevel rise of between 13 and 94 cm by 2100.

Climate change is an atmospheric phenomenon which
affects land-based communities through changes in tem-
perature, rainfall patterns, etc., thusleading to alterations
in ecosystem structures. Thiscould lead to theloss of more
sensitive species and gains by organisms better suited to
the new conditions. Though numerical models of climate
and climate change clearly incorporate oceanic phenom-
ena - particularly heat fluxes - and have been concerned
with sea-level rise and winds over the ocean, relatively
little attention hasbeen paid to theimpact of climatechange
on marine environmental quality. However, there are a
number of potential environmental changesinvolving the
health of the marine environment that will or may occur as
aresult of global warming. Several of thesewarrant future
attention and are outlined bel ow.

3.3.1 Frequency of Extreme M eteorological Events

One potential conseguence of the response of climate
to anthropogenic forcing is projected to be a global in-
crease in the number and magnitude of extreme events
(droughts, floods, hurricanes, etc.). For example, the
number of extreme precipitation events (heavy rainstorms
and blizzards) has increased by 20% since 1990 (NOAA,
1997). Theeffectsof thevery strong El Nifio eventin 1997-
1998 had a significant impact on both sides of the Pacific
and elsewhere, including many deaths and much home-
lessness (see box). These events also have many conse-
guencesfor marinecommunities. In particular, damageto
nearshore coral reef and intertidal ecosystems may be dev-
astating, with potentially significant secondary effects.
Severe storms can destroy structures and contami nate water
systems, and simultaneously create breeding sites for or-
ganisms carrying infectious diseases (see 3.3.3 below).

1997-1998 El Nifio

The 1997-1998 El Nifio resulted in the death of more
than 21,000 people in 27 countries around the world,
according to the World Meteorological Organization;
inal, 117 million people were affected. Morbidity af-
fected some 540,000 people, while 4.9 million were
displaced and made homeless. Several economic esti-
mates of the global loss during this El Nifio have been
made: these range from 14 billion USS$ for structura
losses, to more than 34 billion US$, which included
socio-economic impacts. The form of the impact varied
indifferent communities, with highmaterial and structural
lossesincurred by devel oped economies, while loss of
life dominated in less developed communities.
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FIGURE 3.1

Areas and people at risk from a 44cm sea-level rise by the 2080s,
assuming 1990s level of flood protection

Vi

Areas most vulnerable to wetlands loss
People at risk per region

10 to 50 million
= Over 50 million

Source: Nicholls, 1977.

3.3.2Changesin Sea Level

Changesin sealevel have clearly had amajor influence
on terrestrial and coastal systems over geological time
scales. Predicted future sealevel riseswould bemuch more
rapid than those observed previously (IPCC, 1996). Fig-
ure 3.1 showsthe number and location of peopleat risk if
there were a 44cm sea-level rise by the 2080s, assuming
that thelevel of flood protection wasthe sameasitisnow.

Low lying coastal habitats, particularly thosein densely
settled deltasand small idands, are particularly vulnerable.
They are of magjor significance to coastal marine ecosys-
tems since they are frequently key places for the repro-
duction of marine organisms. Estuaries, mud flats, man-
groves, coral reefs, and coastal wetlandsin general - and
densely settled deltasand small islands - besides being the
most at risk from sea-level rise, are particularly important
inthisway and provide essential food suppliesfor terrestrial
birds, reptiles, amphibiansand mammals. Increased coastal
erosion and changesin currents and waves will also have
adverse effects on coastal ecosystems.

Since alarge proportion of theworld's population lives
closeto the coast, thereiscertainly risk of direct contami-
nation (e.g., by sewage, toxic metals and toxic organic
compounds) resulting from the inundation of portions of
coastal towns, cities and associated industrial and power-
generating plants. Many of the major cities of the world
are coastal, and significant fractions of the area of some
(e.g., citiesin the Netherlands, Bangkok) are below cur-
rent sealevel. Many major industries- including oil refin-
eries, power stations, chlor-alkali plants, sewagetreatment
plants, chemical manufacturing plants, and metal refiner-
ies - are sited along the coast because of their require-
ments for both cooling waters and access to shipping.

3.3.3 Other Risksto Human Health

In addition to the health effects related to marine envi-
ronmental pollution discussed in section 3.2, many organ-
isms and processes linked to the spread of infectious dis-
eases are influenced by temperature, precipitation and
humidity and thus would be affected by climate change
(McMichael et al., 1996; Harvell et al., 1999). Over the
past century, average sea surfacetemperature hasincreased
approximately 0.7°C, and water temperature is an impor-
tant factor in the growth of many marine algae. Red tides,
which can cause paralytic shellfish and diarrhoeic shell-
fish poisoning, are blooms of toxic dinoflagellates, whose
growthisfavoured by warm water. Global warmingisalso
expected to cause widespread shiftsin the pattern of fae-
cal-oral infections and foodborne diseases. It is expected
that the wider geographic distribution (both by atitude and
by latitude) of organismsthat transmit diseases (i.e., vec-
tor organisms) would increase not only the potential for
disease transmission, but also change the life-cycle dy-
namics (e.g., reproduction, survival and infectiousness) of
vector organisms and infectious parasites (see Table 3.1).

Disturbances of ecological relationshipsdueto climate
change may disrupt the natural control mechanisms of
vector organismsand their host organisms, aswell as para-
site populations. This could lead to changesin popul ation
dynamics and may result in an acceleration of pesticide
resistance in vector organisms and drug resistancein in-
fectious bacteria. Additionally, morefrequent droughtsand
rising sealevel might force human populationsinto areas
whereinfectious organismsare located but currently have
little impact on people.
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Table 3.1. Vector-bor ne diseases and their possible distribution change with war ming

Disease Vector Population Present Likelihood of altered
at risk (millions) distribution digtribution with warming

Malaria mosquito 2,100 (sub)tropics highly likely

Shistosomiasis water snail 600 (sub)tropics very likely

Filariasis mosquito 900 Africa/lLatinAmerica likely

Onchocerciasis

(river blindness) black fly 90 tropical Africa likely

African trypanosomiasis

(sleeping sickness) tsetsefly 50 tropics likely

Dengue fever mosquito unavailable tropical South very likely

Yellow fever mosquito unavailable America& Africa likely

From Watson et al. (1998)

Epstein et al. (1993) and Patz et al. (1996) have argued
that the relationship between global warming, the occur-
rence of marine algal blooms and outbreaks of cholera
warrants attention. However, Gray et al. (1996) have ar-
gued that at present the contention that global warming
will increase the risks to human health as a result of in-
creased incidence of Vibrio cholerae is speculative.
Whether the frequency of marine algal bloomson aglobal
scaleisincreasing still remains a matter of scientific de-
bate. Furthermore, the causal association between global
climate change, bloom frequency and associated risks to
human health has not yet been firmly established. With
regard to the ability of Vibrio choleraeto survivein water,
long term survival has been showninlaboratory studiesat
salinities ranging from 1 to 30 parts per thousand, repre-
senting the spectrum from freshwater through estuariesto
coastal seawater (Miller et al., 1984). Further, survival in
fresh waters occurs in association with avariety of fresh-
water algae. Vibrio cholerae can attach to seaweed in labo-
ratory studies. However, athough it is accepted that Mi-
brio cholerae is a member of fresh water and estuarine
microbiota, it remains uncertain whether coastal marine
reservoirsof Vibrio cholerae play amajor rolein outbresks
of disease globally.

3.3.4 Impactson MarineLife

There is considerable uncertainty about the specific
impacts of climate change on marinelife. Asan example,
the potential impact on the dynamics of marine fish
populations or projections of the effects of such change
on fisheriesare discussed bel ow. Sufficient warming could
lead to disruption in the population of many fish species
because:

» Fish tend to have complex life cyclesin which the
success of survival at certain stagesin the devel op-
ment often appears to be dependent on specific
environmental conditions, and

« In some cases, fish may be able to devel op effective
adaptive responses to changed environmental
conditions, but in others they may not (Bakun, 1996).

As pointed out by Bakun, global warming islikely to
have arelatively greater effect along the eastern bounda
ries of oceans, which tend to be drier than the western
zones. In the Pacific Ocean, for example, a warming of
the eastern equatorial zonerelativeto thewest would tend
to shift the tropical system to the "elevated El Nifio" state
experienced in the mid-1970s to mid-1980s. Such condi-
tions would be disadvantageous, for example, to the Pa-
cific albacore. On the other hand, they might be advanta-
geous to northern ground fish stocks, as they werein the
mid-1970s to mid-1980s. If warming has greater impacts
on the less humid eastern sides of oceans, it islikely that
the great upwelling systems in these regions will tend to
intensify significantly. These conditions could exist at the
same time as the speed of the circulation in both the at-
mosphere and the ocean in these regions is reduced. This
reduction results from increased warming in the polar re-
gions, leading to aslowing down of the global atmosphere/
ocean "heat engine", which would change the flow of ma-
jor oceanic current systems. However, increasesin regional
wind speeds might be expected to increase the prevalence
of nutrient-rich ecosystemsby increasing, for example, the
rates of coastal upwelling and open ocean mixing. Thus,
the dynamic effects of global climate change on various
marine ecosystemswill be quite complex and arelikely to
depend on therel ativeimportance of these possible changes
to ocean and atmospheric processesin each region.

Bakun (1996) indicates that another consequence of
global warming that may affect fish productivity would be
a seasonally earlier run-off of snow-melt in areas where
much of the winter precipitation, in the form of snow in
the mountains, currently contributes to river flow in the
dry spring and summer months. Such changesin flow may
make rivers unavailableto fish such as salmon, leading to



a decline in population. Salmon may aso be exposed to
another threat through increased ultraviolet radiation:
salmon fry nursery areastend to bein very shallow, trans-
parent waters, often at higher altitudes where less of the
ultraviolet portion of the solar radiation is removed.

There are many other aspects of climate change with
potential for major effects on marine ecosystems and fish
resources. Interactions among species, notably within
predator-prey systems, makeit extremely difficult to model
the likely consequences of any change in global climate.
For example, the northern California Current anchovy
spawnsin afinely balanced habitat that is apparently sub-
ject to disruptions by such changes as run-off patterns,
water temperature, etc. Major fish predators on the an-
chovy are salmon and abacore tuna. The reproductive
success of the albacore depends on conditions existing
many thousands of kilometers away, while those of the
salmon are dependent primarily on continental conditions
in the Rocky Mountains.

3.3.5 Rates of Production and/or Exchange of
Climate-Influencing Gases

The oceans play amajor role in the atmospheric budg-
ets of carbon dioxide and dimethyl sulfide, the latter in
part influenced by eutrophication processes. A key ques-
tioniswhether thereisany feedback processinwhich oce-
anic gas exchange alters climate, and whether the altered
climate then in turn alters oceanic gas exchange or other
oceanic processes. For example, it hasbeen suggested that
primary producers might bloom earlier in a warmer cli-
mate, because awarmer ocean would provide ashallower,
more stable, stratified surface water layer. Organismsthat
graze on these phytoplankton, on the other hand, might
develop at the 'normal’ time of year because their natural
cycles are determined by the length of the day. Thismis-
match of the timing of predator and food devel opment
might significantly disrupt marine ecosystemsand change
the pattern, timing, and amount of the exchange of such
climatically important gases as carbon dioxide and dime-
thyl sulfide. This could, furthermore, result in a greater
proportion of organic carbon being recycled by bacteria
and photo-oxidation, leading to agreater proportion of the
photosynthetically fixed carbon being returned to the at-
mosphere as carbon dioxide.

The calcification of coral reefs is another potentially
important marine issue related to increasing atmospheric
carbon dioxide and its exchange with the ocean (Kleypas
et al., 1999). Increased sequestering of atmospheric CO,
inthe ocean would result in alowering of the oceanic car-
bonate (CO,=) concentration. The calcification of coral
reefs depends on the saturation of the carbonate mineral
aragonite. Kleypas et al. (1999) suggest that by the mid-
dle of the 21st century increasing atmospheric CO, could
result in adecrease in the aragonite saturation statein the
surface ocean by 30% and biogenic aragonite precipita-
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tion by 14-30%. This could result in asignificant decrease
in the reef-building process. The authors point out that
other cal cifying marine ecosystems could also be affected
by decreasing carbonate concentrations in the ocean.

3.3.6 Sratospheric Ozone and | ce Cover in Polar
Regions

Changes in stratospheric ozone can lead to significant
aterationsin the wavelength and intensity of light reach-
ing the earth's surface. High latitude ecosystems will be
the most exposed to increased ultra-violet irradiation be-
cause of thelower concentration and greater variability of
stratospheric ozonein polar regions. It is, however, possi-
blethat the effects of enhanced ultraviolet light on aguatic
organisms has been overstated because of itsvery limited
penetration into water. For example, in the clearest open
ocean water, UV-B radiation is reduced to 86% of its sur-
face level intensity at a depth of 1 meter and 22% at a
depth of 10 meters. In moderately productive water, the
respective percentages are 40% and 0.01%.

Animals which spend time out of the water and onice
(seals, penguins, polar bears, etc.) will be more vulnerable,
both because of theincreased UV-B radiation and because
of the possibly of reduced ice cover as aresult of climate
change. Polar bearsthat hunt sealson theicefor their main
source of food may be driven back onto land for longer peri-
ods, where their ability to find nourishment may be se-
verely reduced. Moreimportant will be changesinthetim-
ing and possi bly abundance of primary production through
possible earlier removal of ice cover. It isalso worth not-
ing that the reduction inice cover might have the effect of
encouraging increased fishing activity in these waters.

34. THE EFFECTSOF OTHER CHANGESON
MARINE BIOLOGICAL SYSTEMS

3.4.1 Coral Diseases and Bleaching

While other threatsto coral reefs have been known for
some time (and are discussed in Chapter 2, increased
incidences of coral reef diseases! and coral bleaching have
been a more recent concern. Although diseases of reef-
building corals have been known since the early 1970's,
there are emerging concernsthat their impactson reef com-
munitiesareincreasing. New diseases, apparently unprec-
edented disease outbreaks which sometimes lead to mass
mortalities, and the occurrence of coral diseasesin loca-
tionswherethey were previously unknown all continueto
bereported (e.g., Bruckner and Bruckner, 1997; Korrubel
and Riegl, 1998; Littler and Littler, 1995, 1996;
Richardson, 1992; Richardson et al., 1998; Kuta and

1“Disease” isdefined as“ Any impairment (interruption, cessation, pro-
liferation, or other disorder) of vita body functions, systems, or or-
gans.” Thus, abnormal conditions caused by physiological stress, poor
nutrition, genetic mutation, or other factors are considered diseases as
well as those conditions caused by pathogens.
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Richardson, 1996). A key questioniswhether diseasesare
actually having increased impacts on reef systems, or
whether the apparent increaseis an artifact of more inten-
sive observation and reporting. As scientific observation
of cora reefs has unquestionably increased in the past
decade, an increased number of observations of coral dis-
ease would be expected even if the actual frequency of
occurrence of disease were constant.

Thereare, however, reasonsto believethat thefrequency
and severity of coral diseasesareincreasing, and that they
are having significant negative impacts on reefs (ISRS,
1999). New observationsof coral disease have been made
even in areas with relatively good scientific baselines. A
new disease variant dubbed "White Plague Type I1", for
example, was first observed in the Florida Keys in 1995
and has subsequently caused substantial coral mortality
(Richardson et al., 1998). While it is unlikely that coral
pathogens have arisen de novo (such asthrough mutations),
itisquite possiblethat they have been transported beyond
their natural ranges (Peters, 1997). For example, afungus,
Aspergillus sydowii, - which is believed to originate on
land - has significantly infected sea fans throughout the
Caribbean: it may have entered the marine environment
through sedimentsfrom land runoff. Many reefsare being
placed under increasing anthropogenic stress, which may
both render corals more susceptible to pathogens and it-
self be a cause of some diseases. It has been speculated
that there has been a global increase in the occurrence of
coral diseases in response to increasing anthropogenic
stressfrom sedimentation, eutrophication, and other forms
of pollution (ISRS, 1999): evaluation of this impression
reguires better understanding of the causes of cora dis-
eases. Thiswould include determining whether al of the
conditions described as "disease" actually represent ab-
normal physiological responses against the background of
natural variability.

Coral bleaching is a generalized reaction to environ-
mental perturbationsof many kinds (Kushmaroet al., 1996,
1997) . Like coral disease, it is a natural disturbance to
reef communities. If thereis no extensive mortality, natu-
ral recovery can take place in a matter of months. How-
ever, if thereis mass mortality, natural recovery may only
occur on decadal time scales (Brown et al., 1996, 19973,
1997b; Connell, 1997). As with cora disease, concerns
have emerged about increases in cora bleaching due to
land-based activities.

The possible effect of global warming on coral bleach-
ing isanother scientific concern. Coralson most reefslive
near their upper limits of thermal tolerance, making them
potentialy vulnerable to sea-surface warming (Brown,
1997a). Significant increases in sea surface temperature
over thelast 50 years have been observed in sometropical
areas. Corals have considerable ahility to acclimatise to
elevated water temperatures (Brown, 1997c), but it is not
known whether they will be able to adapt to the projected

rate of temperature increase. It isworth noting, therefore,
that any anthropogenic component of global warming could
negatively affect reefs by increasing the rate, as well as
the magnitude, of ocean warming.

Until recently, the scientific consensuswasthat, although
mass bleaching occursin responseto local episodesof high
water temperature, avail able evidence did not support the
occurrence of widespread coral bleaching in response to
global warming (Wilkinson and Buddemeier, 1994). A new
consensusisemerging, however, that global climate change
may indeed threaten the long-term viability of coral reefs
onaglobd basis. The most geographically widespread, and
probably most severe, bleaching ever recorded occurred
during the 1997-98 El Nifio Southern Oscillation (ENSO)
event, although not all of the bleaching can be attributed to
ENSO-induced elevation of water temperatures (see| SRS,
1998; Anon., 1999; Wilkinson, 1998). Wilkinson et al.
(1999) have recently reported the extensive coral bleaching
and mortality that took placein 1998 in the Indian Ocean,
where water temperatures were often 3to 5 °C above nor-
mal inthisENSO year. Mortalities of up to 90% were ob-
served in many shallow areas of Sri Lanka, Maldives, In-
dia, Kenya, Tanzania, and Seychelles, while mortalities of
50% were common in other parts of the Indian Ocean and
in waters below 20 meters. Asthese authors point out, the
socio-economic impacts of such losses are very signifi-
cant, with potential reductionsin fish stocks, negativeim-
pacts on tourism and future problems with coastal erosion.

While the economic loss resulting from reef damageis
quite difficult to determine worldwide, Cesar (1996) has
estimated that the societal costs of a number of activities
which result in reef damage are up to 50 times the private
benefits obtained from them (using a 10% discount rate
over a 25 year term). Intervention in this case would be
reef management - including, inter alia, restriction on ac-
cessto reefs - and the costs would be those of implement-
ing the required management measures and the lost indi-
vidual benefits.

The 1997-98 ENSO event may fall within the bounds
of natural variability rather than be an indication of
anthropogenically induced climate change. The extremity
of the associated bleaching event, however, is indicated
by the bleaching-induced death of some coral colonieson
the order of 1000 years old (Anon., 1999; Wilkinson,
1998). Since apossible consequence of global warmingis
anincreased frequency of extreme climatic eventssuch as
the 1997-98 ENSO, this would presumably cause more
frequent coral bleaching, altering the balance between dis-
turbance and recovery. The problem will be exacerbated
to the extent that anthropogenic stresses compromise the
ability of reefsto recover from bleaching events. Contami-
nation and other stresses interfere with natural recovery
from bleaching and other natural disturbances, and could
lead to reef degradation even in the absence of anincrease
in such disturbances.



3.4.2 Endocrine Disruption in the Ocean

There have long been concerns over sublethal effects
of long-term, low level chemical exposurein the sea- par-
ticularly on critical biological processes such asreproduc-
tion, development and growth. These processes are all
hormonally driven; for somemarineanimals(e.g., decapod
crustaceans such aslobstersand crabs), they are quite well
understood. Therecent concerns about endocrine-disrupt-
ing chemicals, stimulated in large part by Colborn's book
Our Stolen Future (1995), has led to significant new re-
search on the hormonal effectsof persistent (and somenon-
persistent) chemicals. Examples include chemicals ex-
pected to interfere with reproductive and growth hormones
and/or awiderange of other hormones. Asaconsequence,
many, if not most, persistent chemicals - from PCBs to
certain metal compounds (e.g., TBT) - arenow labelled as
endocrine-disrupting chemicals (EDCs). Thisconcernwas
mentioned in thereport of arecent Marine Mammal Com-
mission workshop, which discussed the effects of
organochlorines on marine mammal's, which stated: "The
potential effectsof contaminants may include(...) disruption
of endocrine cyclesand devel opmental processes causing
reproductivefailuresor birth defects' (O'Sheaet al., 1999).

It isnot often acknowledged, however, that the evidence
for most chemicalsbeing EDCsisweak, and the evidence
for other chemical effects occurring through hormonal
modul ation/interference (e.g., by DDT and its residues)
has been present since World War 11, especially through
observations of wildlife such as birds. In fact, effects on
reproduction and development in wildlife, known to in-
volve the endocrine system, were the basis for Carson's
concern about sublethal effects of trace chemicalsin eco-
systems, expressed in Silent Spring (1962).

In marine ecotoxicology, it has been known for many
yearsthat reproductive, devel opmenta and growth processes
- initiated and modulated by hormones - are also often
susceptibleto change at low concentrations of certain per-
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sistent chemicals. Laboratory studies have identified a
number of comparatively common environmental contami-
nants as having disruptive properties (see Table 3.2).

Cause and effect relationships between environmental
chemicals and specific diseases/abnormalities are very
difficult to establish in the 'real world', where many other
variablesmay comeinto play. Thereismuch research cur-
rently in progress concerned both with the problem of iden-
tifying chemicals present in the environment that mimic
or antagonize the actions of steroid hormones, and with
establishing dose response relationships and Qualitative
Structure-Activity Relationships (QSARS) inthisfield. At
present, the clearest example of an endocrine-modulated
sublethal effect occurring in the sea is the imposex phe-
nomenon in marine snails (gastropods) caused by tributyl
tin. It isahighly selective toxic response: no other known
compound or class of compounds causes imposex. The
cause-effect relationship has been demonstrated anumber
of timesin thelaboratory, aswell asfound very widely in
organotin-contaminated sitesin coastal waters.

Some exampl es of apparent effects of EDCsinthe ma
rine environment are given in Table 3.3 - but it must be
noted that the evidence from the field of such effects, at-
tributed or known to be reflective of effects on hormones
or hormonal systems, islimited to estuarinewaters (Lye et
al., 1999). Thus, while we clearly need to have a major
research effort underway on the chemicals most suspected
of being EDCs, it hasnot yet been shown that many chemi-
calsact in thismanner under natural exposure conditions,
and the "issue" itself is not new. One often cited example
isthat of increasesin the abundance of hermaphroditefish
inwaters downstream of effluent dischargesfrom sewage
treatment plants (Jobling et al., 1999; MAFF, 1994; Har-
rieset al., 1995) and paper mills(Davisand Bortone, 1992).
Increased vitellogenin production was detected at distances
up to 15km downstream. Itisnot clear what specific chemi-
cal compounds are causing these changes and whether the
changes are of significance at the population level.

Table 3.2. Chemicalswith widespread distribution in the environment reported to have
reproductive and endocrine-disrupting effects (from Colborn et al. (1993)

Herbicides Fungicides Insecticides Nematocides Metals Industrial chemicals
2,4-D Benomyl aHCH Aldicarb Mercury Dioxin (2,3,7,8-TCDD)
245T HCB b-HCH DBCP Cadmium PBBs
Alachlor Mancozeb Carbaryl Lead PCBs
Amitrole Maneb Chlordanes PCP
Atrazine Metiram-complex Dicofol Alkylphenols
Metribuzin TBT Dieldrin Phthalates
Nitrofen Zineb DDT+metabolites Styrenes
Trifluralin Ziram Endosulfan

Heptachlor

Methomyl

Methoxychlor

Mirex

Parathion

Synthetic pyrethroids

Toxaphene
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Table 3.3. Examples of adver se effectsin the aquatic
environment suggested asdueto environmental EDCs
(adapted from IEH, 1995 and Fairchild et al.,1999)

Animal Change Chemical/Effluent

(and sex) | recorded of concern

Marine Masculinization Tributyl tin

gastropods | (imposex)

Alligators, | Disruption of embryonic | DDE, dicofol

Fish development

Fish Induction of vitellogenin | Sewage effluent,

oil

Fish (F) Masculinization Pulp mill effluent

Gulls Feminization (super- Organochlorines
normal clutches)

Salmon Reduced returnto rivers | 4-nonylphenol
for spawning

The ecological implications of exposure to endocrine-
disrupting compounds has not been adequately investi-
gated. For example, though mal e fish exposed to estrogenic
compounds show induced production of vitellogenin, the
biological significance of elevated vitellogenin levels is
speculative. The development of techniquesto predict and
more accurately assess the ecological relevance of expo-
sure to endocrine-disrupting compounds is needed
(Arcand-Hoy and Benson, 1998). The OECD has em-
barked on an activity to evaluate test methods for endo-
crine-disrupting chemicals and to assess the significance
of observed effects (such as vitellogenin production).

At present, theissueisthe "hypothesis/unproved” state
of knowledge, and it is by no means clear whether or not
there are seriousissuesthat might impact marine systems.
Knowledge of sources and processes responsible for the
occurrence of endocrine-disrupting compounds in the
marine environment isfar from complete. WHO, through
the International Programme on Chemical Safety (1PCS)
is currently addressing scientific issues related to endo-
crine-disrupting chemicals. A globa " State-of -the-Science"
report, which summarizes current knowledge about hu-
man health and ecological effects of endocrine-disrupting
chemicals, will be released in 2000-2001. In addition, a
Global Endocrine Disruptors Research Inventory
(GEDRI), which provides information on ongoing re-
search, isavailable electronically.

A recent study in New Brunswick, Canada has strongly
suggested that the spraying of a carbamate insecticide
(aminocarb), in aformulation that included 4-nonyl pheno,
onthestreamsand riversof many watershedsintheprovince
may have contributed to low numbers of salmon returning
to their spawning grounds in those waters in later years
(Fairchild et al., 1999). Nonylphenol is known to affect
the endocrinefunctions of animals: the young salmon were
exposed during devel opment in the stream beds and, pos-

sibly, while they made their way to the sea. It isvery pos-
sible that other environmental chemicals could 'sneak up
on us, causing unexpected population collapses of vul-
nerable species, as they have in the past. In this respect,
particular attention should be given to sewage and sewage
treatment processesthat could by themselvesbe aprimary
source of natural or synthetic estrogenic compounds.

3.5.CHANGING PERSPECTIVESON THE
DELIVERY OF CONTAMINANTSTO THE OCEAN

3.5.1 Fixed Nitrogen Fluxesto Marine Systems
Coastal Waters

The atmospheric deposition of fixed nitrogen (e.g., as
nitrate, ammonium, and some forms of organic nitrogen)
hasbeen receiving increasing attentionin relation to coastal
eutrophication. While significant attention has been paid
to reducing and improving treatment of agricultural wastes
and municipal and industrial wastesin relation to nitrogen
input to coastal waters, there has been |ess concern about
the emission of nitrogen speciesto the atmosphere. These
types of emission haveincreased in alargely uncontrolled
manner over the past several decades. At present, between
10% and over 70% of the fixed nitrogen input to many
coastal regionsisdelivered by rain and fallout of nitrogen
compounds, as shown in Figure 3.2, although regionally
this has been evaluated primarily only in North America
and Europe. It is now recognized that if the atmospheric
input is to be ovulated accurately, not only the nitrogen
falling directly on the water surface, but also that falling
on watersheds and subsequently entering coastal waters
viarivers and streams, must be considered.

Evidence in Europe and North America indicates that
total atmospheric input of fixed nitrogen hasincreased by
50% to 200% during the past 50 years (Paerl, 1995). The
burning of fuels by industry and vehicles is the primary
source of thisnitrogen. For example, there are huge emis-
sions of nitrogen oxides from industrial fuel combustion
in eastern and western Europe, while large European ur-
ban areas are major emitters of nitrogen oxidesfrom burn-
ing gasoline and diesel fuel. Dairy and livestock farming
in much of western Europe generates large quantities of
ammonia. Similar sourcesexistin North Americaand other
highly populated and heavily industrialised or agricultur-
ally managed regions of the world. Nitrogen associated
with organic matter has also recently been found to be a
major component of rain in both the coastal zone and the
open ocean, ranging from ~20% to 80% of thetotal nitro-
gen in rain (Cornell et al., 1995). Most of this organic
nitrogen isapparently from human sources. Detailed stud-
ies of the importance of this nitrogen to marine biological
production are just beginning (e.g., Seitzinger and Sand-
ers, 1999).

One of the problems related to the ultimate control of



FIGURE 3.2

Fraction of the total input to a body of water
that comes from the atmosphere

80 - West

Mediterranean
c Sea(1)
> Mediterranean
g Sea
‘€ 604 — Chesapeake
5 B2y }
= .
2 North Baltic
£ l Sea(1) Sea
Q
E 40
S Long North
8 island Sea(1) Baltic
E Snd. Sea(1)
®©
€ 20
@
<
o)
o

0
Source: Fisher et al. (1988); North Sea Conference (1987); Asman and
Berkowicz (1994); Baart et al. (1995); Guardans and Soudine (1997); Martin
et al. (1989); Erdman et al. (1994); HELCOM (1991 and 1993); Enell and
Fejes (1995).

(1) indicates that the atmospheric fraction is from direct deposition to the
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atmospheric fixed nitrogen depositing on the ocean isthat
it often originates from diverse and distant sources. Much
of the atmospheric nitrogen entering the coastal waters
along the east coast of the United States, for example,
comes from power plants and cities in the mid-western
U.S., more than 1000 km from the coast. A similar situa-
tion occurs in the Baltic Sea, where much of the atmos-
pheric nitrogen originates from Great Britain and from
other areas of western and southern Europe. Management
and political factors are obviously of considerable impor-
tance in this situation, because the primary causes of at-
mospheric anthropogenic nitrogen are centra to energy
generation, transportation, etc., and thus to society's eco-
nomic and socia activities. Transboundary issues can there-
forebecome quite complex (see, for example, the UN/ECE
1979 convention on long-range transboundary air pollu-
tion, that addresses the control of emissions of nitrogen
oxides and their transboundary fluxes.)

There is now widespread evidence that atmospheric
fixed nitrogen compounds contribute to enrichment: in
some areas they probably also contribute to coastal and
estuarine eutrophication (Jaworski et al., 1997; Howarth
et al., 1996). New scientific approaches are required to
address this issue, including the use of stable isotopes of
nitrogen to trace these processes, and the use of new satel-
lite remote sensing capabilities such as SeaWiFsS, which
can "measure” biological productivity inthe ocean (Zhang,
1994). Paerl (1995) and Paerl and Whitall (1999) point
out that this increase in atmospheric fixed nitrogen input
to coastal waters may also play a role in harmful
phytoplankton blooms and in the increasing frequencies
and persistence of anoxialhypoxiain water - and in asso-
ciated declinesin, and losses of , fisheriesand recreational
resources. Atmospheric nitrogen input must be included
among the nutrient sourcesthat are assessed aspart of better
management of coastal waters quality.
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Open Ocean

Thereis also growing concern about the increasing in-
put of human-derived nitrogen speciesto the global open
ocean. Thisissueis particularly important in parts of the
open ocean where nitrogen is the nutrient that limits bio-
logical growth, such asin the nutrient-poor waters of the
great central oceanic gyres in the Atlantic and the North
and South Pacific Oceans and in the Southern Indian
Ocean. Current estimates suggest that, at present, atmos-
pheric nitrogen accounts for only afew percent of the to-
tal new nitrogen delivered to surface waters in these re-
gions, with upwelling from deep waters being the primary
source. It isrecognized, however, that the atmosphericin-
put to the ocean is highly episodic, often coming in large
pulses extending over a few days: at such times atmos-
pheric input playsamuch more important role asasource
for nitrogen in surface waters. A recent estimate of the
current input of fixed nitrogen to the global ocean from
rivers, from the atmosphere and from nitrogen fixation
indicates that al three sources are important (Cornell et
al., 1995). About half of the nitrogen input from riversis
derived from human activities, and the ratio may be even
greater for atmospheric input. Paerl and Whitall (1999)
estimate that 46-57% of the total man-mobilized nitrogen
entering the North Atlantic Ocean is coming via the at-
mosphere. As mentioned above, the atmospheric organic
nitrogen flux may be equal to - or perhaps significantly
greater than - the inorganic (i.e., ammonium and nitrate)
nitrogen flux in open ocean regions. The source of the or-
ganic nitrogen is not known, but a large fraction of it is
likely to be anthropogenic as well. This form of atmos-
pheric nitrogen input to the open ocean had not been con-
sidered in detail until very recently.

Particularly important i s evidence suggesting both that
theinput of atmospheric fixed nitrogen to the open ocean
will risesignificantly in thefuture asaresult of increasing
human activities, and that the geographical locations of
much of thisinput will probably change too. Galloway et
al. (1994, 1995) have evaluated pre-industrial nitrogen
fixation (formation of the so-called reactive nitrogen) on
the continents; the near-current (1990) reactive nitrogen
generated from human activities such as energy produc-
tion (primarily as nitrogen oxides), fertilizer use and leg-
ume growth; the estimated reactive nitrogen that will be
produced in 2020 as a result of human activities; and the
current, and predicted future, geographic distribution of
the deposition of reactive nitrogen to the continents and
oceans. Figure 3.3 shows the estimated percentage in-
creases in global fertilizer nitrogen production and the
formation of reactive nitrogen as nitrogen oxides (NOx)
from energy use between 1990 and 2020 in different re-
gions (Galloway et al. (1995).

The most highly developed regions in the world are
predicted to show relatively little increase in the forma-
tion of reactive nitrogen, with none contributing more than
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a few per cent to the overall global increase. However,
other areas will contribute very significantly to increased
human-derived reactive nitrogen formation in 2020. For
example, itispredicted that Asiawill account for ~40% of
the global increase in energy-derived reactive nitrogen,
whileAfricawill have asixfold increase and will account
for 15% of thetotal global growth. Itisalso predicted that
production of reactive nitrogen from the use of fertilizers
inAsiawill account for ~87% of the global increase from
thissource! Both energy sources (nitrogen oxides, and ul-
timately nitrate) and fertilizer (ammonia, urea) result in
the extensive release of reactive nitrogen to the atmos-
phere. Thus, these predictions indicate very significant
potential increasesin the atmospheric deposition of nutri-
ent nitrogen species to the ocean downwind of such re-
gionsasAsia, Central and South America, Africa, and the
former Soviet Union (see below). However, it should be
pointed out that most of these regions have much lower
per capita atmospheric emissions than the highly devel-
oped regions. Efforts must continue in the more devel-
oped nations to reduce their per capita emissions, and all
parts of global society must develop effective industrial,
vehicle combustion, and agricultural processes and prac-
ticesthat result in lower fixed nitrogen emissions.

The potential problem outlined above was highlighted
by acomputer modeling study undertaken by Galloway et
al. (1994), who generated maps of the recent (1980) and
expected (2020) annual deposition of reactive nitrogen
compounds from the atmosphere to the global ocean. Fig-
ure 3.4 is a map of the projected ratio of the estimated
deposition of oxidized forms of nitrogen in 2020 to the
valuesfor 1980. It appearsthat from 1.5to 3times, and in
some limited areas up to 4 times, the present rate will oc-
cur over large areas to the east of Asiaand across most of
the North Pacific, to the east of most of South America
and all across the South Atlantic, to the east of southern
Africaamost toAustralia, and to most of the Indian Ocean
inthe northern hemisphere. Thisincreased nitrogen depo-
sitionwill provide new sourcesof nutrient nitrogen to some
regions of the ocean where biological production is cur-
rently limited by nitrogen, particularly the central gyresof
the North Pacific and the South Atlantic and parts of the
southern Indian Oceans. There is thus the possibility of
important impacts on regional biological production and
on the marine carbon cycle in these regions of the open
ocean. Theincreased atmospheric reactive nitrogen trans-
port would also belikely to result in enhanced ozone pro-
duction in the troposphere over these regions, since NO
(nitric oxide) isacritical speciesin the photochemical for-
mation of tropospheric ozone.

3.5.2 Submarine Groundwater Dischargeto Coastal
Waters

Direct discharge of groundwater into the coastal ocean
has been known for many years, but there hasbeen agrow-
ing realization recently of the addition of significant quan-

FIGURE 3.3
Percentage of increased reactive nitrogen
by fertilizer production and energy generation
of NOx represented by different regions
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tities of both natural substances and contaminants to the
coastal zoneviathisprocess. Groundwater entersthe ocean
through springs and seeps in many regions of the world.
Submarine springs have been identified around the Pacific
rim (e.g., Chile, Australia, Japan), at Pacific islands (Ha-
waii, Guam, Samoa), in Florida, in Yucatan, Mexico, in
the Persian Gulf, and in many other areas. Slow but per-
sistent seepage of groundwater takes place along most of
theworld's coastlinesand may result inan equal, or greater
input of material, asfrom springs (LOICZ, 1999). Voronov
et al. (1996) point out that thisis also an important issue
for inland seas, such as the Gulf of Finland in the Baltic,
and in the Mediterranean, where direct groundwater input
has been observed off Spain, France, Italy, Greece, Syria,
Lebanon, Israel, and Libya. Moore (1999) showed that
this subterranean input not only occurs in the near-shore
zone, but can take place in the inner, middle, and outer
continental shelf, and even to some deep troughs. Moore
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FIGURE 3.4
Increase in reactive nitrogen deposition, 1980-2020
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(1999) also stated that in many coastal regions(e.g., areas
along some of the southeastern coast of the United States,
the Bay of Bengal, and Sagami Bay, Japan) the input of
freshwater from groundwater sources can be of the same
magnitude as that from rivers. (It should also be recog-
nized, however, that the reverse may be asignificant prob-
lem in some regions - i.e., the intrusion of seawater into
coastal aquifers as aresult of the extraction of too much
fresh water.)

Buddemeier (1996) hasreviewed this entire issue, and
indicates that there is growing evidence that the
groundwater flux to the coastal ocean of many chemicals-
both natural and anthropogenic - and, especially, nutrients
may be much greater than is generally believed. The risk
to coastal watersisal soincreasing because of theincreas-
ing contamination of groundwater. For example, Kalngjais
et al. (1999) found that groundwater was one of the most
significant sources of nitrogen found in the Swan Canning
Estuary of Western Australia, and LaRoche et al. (1997)
suggested a linkage between groundwater nitrate inputs
and theinitiation of browntideson Long Island, New York,
USA. Moore (1996) pointed out that estuarine processes
can sequester many trace elements and nutrients entering
coastal watersthrough such processes asflocculation, ad-
sorption and intense biological activity; but groundwater
inputs can short-circuit this estuarine "filter" and mix
chemicals, including contaminants, directly into coastal
and off-shore waters.

Whiletheinput flux of metals, nutrients and other con-
taminantsinto the coastal zone viagroundwater islargely
unknown in most regions, there is a growing realisation

that the groundwater flux to the coastal oceanisanimpor-
tant biogeochemical and environmental factor. The physi-
cal and chemical processesinvolved in groundwater fluxes
to the coastal marine environment are complex and highly
variable in space and time (Buddemeier, 1996), and new
methods are required to assess accurately this input. In
areaswhere geological structuresare particularly proneto
seaward fluxes of groundwater, and where coastal waters
are vulnerable to eutrophication, it would be prudent to
apply high standards of nutrient management within the
associated catchments.
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Regional” Perspectives

Chapters 2 and 3 have described the environmental im-
pacts of LBAS upon marine and coastal areas from aglo-
bal perspective. The purpose of thisoneisto present - and
attempt to synthesise - regional perspectiveson thethreats
LBASs pose. It is primarily intended to present a purely
diagnostic summary and analysis of regional programmes,
rather than to prescriberegional prioritiesand actions, al-
though afew issuesfor possible regional consideration are
pointed out. A detailed review of al regional programmes
and conventions is beyond the scope of this report, and
would be inappropriate to it. Regional efforts to protect
themarine environment from sea-based activities have not
been included. The discussion is based mainly on a sum-
mary of the Regional Programmes of Action (RPAS) pre-
pared by UNEP's Coordination Office for the GPA/LBA
(Annex 3), supplemented by examination of background
documents (listed in Table 4.2). Additional background
material was also examined in some casesin the prepara-
tion of aseries of internal working documents (Annex 2).
The comments of someregional secretariats on an earlier
draft of the chapter have a so been taken into account. No
evaluation or endorsement of these documentsisimplied
by their inclusion in the analysis presented in this chapter.

The chapter is divided into three sections. Section 4.1
provides brief background information about the history
of regional effortsto control LBAsand of the preparation
of the RPASs. Section 4.2 analysesthe RPAs and available
background documentation, and attempts to compare and
synthesize regiona priorities and approaches to the con-
trol of LBAs. Asdescribed in the section, the scope of the
analysisis limited because the various regions have pro-
ceeded in somewhat different ways in prioritising issues
and courses of action, and this makes it difficult to com-
pareand contrast their approaches. Section 4.3 harmonises
theregional and global perspectivesasabasisfor thedis-
cussion of strategies measures, and prioritiesfor actionin
Chapters 5 and 6.

4.1. BACKGROUND

Existing regional efforts to protect the marine and
coastal environment began around a quarter century ago.
UNEPinitiated itsRegional SeasProgrammein 1974. The
Mediterranean Action Plan, thefirst of the UNEP Regional
Seasaction plans, wasadoptedin 1975, and itslegal frame-
work (Barcelona Convention) in 1976. At about the same

time, regional seasagreementsfor marineenvironmental pro-
tection were adopted, independently of the UNEP Regional
SeasProgramme, for the Baltic Sea (Helsinki Convention,
1974) and North-East Atlantic (Oslo Convention, 1972 and
ParisConvention, 1974. Most of theworld’s coastal regions
now have regional sea programmes for the protection of
the marine and coastal environment (see Annex 4).

The experience gained through regional seas pro-
grammes provided an indispensable basis for the devel-
opment and adoption of the GPA/LBA. Since LBAs rep-
resent the major threat to most regional sea aress, the ef-
forts of the programmes have often focussed on prevent-
ing, reducing, or ameliorating their negativeimpacts. Thus,
regional effortsto control LBAS pre-date the GPA/LBA,
and regions that have the most developed, and in most
cases the longest-standing, programmes have developed
them outside its framework. In the context of this chapter
thisapplies specifically to the M editerranean (MED), Black
Sea, Arctic, Baltic (HELCOM), and North-East Atlantic
(OSPAR) regional seas programmes.

Ten other regions have developed RPAS, with UNEP's
assistance, specifically within the context of the GPA/LBA
although their programmes to protect the marine environ-
ment pre-date it. These regions - Eastern Africa (EAF),
West and Central Africa (WACAF), the East Asian Seas
(EAYS), the ROPME SeaArea(which encompassesthe Per-
sian Gulf, Gulf of Oman, and the southeast coast of Oman
intheArabian Sea), the Upper South-West Atlantic region
(SWAT), the South-East Pecific region (SE/PCF), the South
Asian Seas (SAS), the Red Sea and Gulf of Aden
(PERSGA), the wider Caribbean region (WCR)?, and the
Pacific Islands (SPREP) - arereferred to in thischapter as
the“ GPA programmes’.

The distinction made here between those programmes
that were devel oped specifically within the context of the
GPA/LBA, and those that were not, should not be taken as
implying anything about the relative merits of the pro-
grammes, or about the broader role of the GPA/LBA. Itis
used simply for convenience, asin explaining some of the
variation in approach and presentation among regions (see
4.2.1 below). Therearevaluablelessonsto belearned from
all the regional seas programmes in developing RPAS to
prevent or reduce degradation of the marine and coastal
environment dueto LBAS.

1Theterm “regional” is used throughout this chapter to refer to regions
as defined for the purposes of cooperative international programmes,
e.g., UNEP's Regional Seas Programme.

2The WCR has not yet developed an RPA, but it will be developed. The
region has completed a regional assessment (UNEP, 1999a) and LBA
Protocol (UNEP, 1999b)
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Case Sudy: Actionsto Control the Impact of Land-Based Activitesin the South Pacific Before the GPA/LBA

As explained in the text, five regional programmes con-
sidered in this chapter have devel oped independently of
the GPA/LBA, although they are of great relevanceto it.
Another ten regions considered here have devel oped Re-
gional Programmes of Action specifically within the con-
text of the GPA/LBA process, but their efforts to reduce
theimpactsof LBAson the marine environment also pre-
ceded the Washington agreement.

The South Pecific Regional Environment Programme
(SPREP) providesagood example. With afew exceptions,
SPREP'ssmall island statesare virtually entirely coastal.
Their peoplesare highly dependent upon marineand coastal
resources, and in many SPREP countriesthesearetheonly
natural resourcesavailable. Thus, essentially all activities
intheregion aretightly linked to the sea, and the environ-
mental management of land-based activities has been a
high priority for SPREP since its inception in 1982. Its
past activitiesand accomplishmentsrelating to land-based
activitiesaretoo numerousto list infull here, but include:

* regiona State of the Marine Environment assessments
(1983, 1990);

* regional assessments/reviews of coastal protection
(1984), pesticide use (1988), oil pollution threats and
responses (1989, 1990), land-based pollutant sources
(1993), and sediment transport (1994);

* State of the Environment assessments for 8 member
countries and National Environmental Management
Strategies for 12 member countries (1992-94);

» manuals, guidelines, and regional training program-
mesin: environmental impact assessment; protected
area management; surveys and monitoring; and
biodiversity conservation; and

« practical technical assistance and case studies at the
national level in: watershed management; solid waste

4.2. ANALY SISOF REGIONAL PROGRAMMES
OFACTION

Theregiona programmesfor the 15 regionslisted above
were compiled and summarised by UNEP's Coordination
Officefor the GPA/LBA (Annex 3). The priorities, objec-
tives, strategies, measures, and time frames specified in
the documents are summarised in Table 4.1. Each region
has expressed its priorities in somewhat different terms:
only for Eastern Africa, the Mediterranean, and theArctic
are they expressed in terms that can be transparently re-
lated to the GPA/LBA contaminant classes and physical
alteration. The Mediterranean Action Plan (MAP) lists
physical alteration and all contaminant classes® except sedi-
ment mobilisation as priorities, but does not attempt to
prioritise among them: instead, it identifies priority actions

management; shoreline protection and erosion
control; remote sensing; land-based pollution
inventories; lagoon water quality; protected area
management; resource surveys; and institutional
strengthening and capacity building.

Thus, although the South Pacific isin arelatively early
stage of developing its Regional Programme of Actionin
the context of the GPA/LBA, the region builds upon a
body of past efforts. Thisis especially impressive consid-
ering the vast area occupied by the region and the severe
resource constraints upon SPREP and its membership.
From the region’s point of view, the projects and activi-
ties that launched the region’s participation in the GPA/
LBA per seinclude:

» the Strategic Action Programme for International
Waters of the Pacific Region;

« the Pecific Pollution Prevention Programme (PACPOL);

» the Nation Profiles to Assess the National Infra-
structure for the Management of Chemicals project;

» the Management of Persistent Organic Pollutantsin the
Pacific project (regiona assessment phase completed);

» the Hazardous Waste Management Strategiesin
Pacific Island Countries project; and

» the Pacific Regional Waste Awareness and Education
Programme.

SPREP has been active and productive in its efforts to
prevent the degradation of the marine and coastal envi-
ronment, but is by no means unique. All of the regional
programmes can point to arecord of val uableaccomplish-
ments and contributions. From a regional perspective,
therefore, the GPA/LBA marks not a new beginning but
an important milestone in an ongoing journey.

within each issue. OSPAR identifiesfour priority issues’,
three of which encompass more than one GPA/LBA con-
taminant class or physical ateration: like the Mediterra-
nean, it does not rank the priority issuesin order of impor-
tance (seeTable4.4). Sevenregions (EAF, WACAF, EAS,
SWAT, SE/PCF, WCR, SPREP) expresstheir prioritiesfor
actionintermsof source categories. Threeregions(ROPME,
SAS, PERSGA) express prioritiesin terms of institutional
actions (e.g. surveys and assessments, formulation of re-
gional plans and agreements) rather than sources of deg-
redation. Priorities for the Arctic are stated both for insti-
tutional actions (e.g., regional identification and assess-
ment of problems), and for contaminant classesand physi-
cal alteration. The Black Seaprogrammeidentifiespriori-
tiesin terms of the physical nature of sources(e.g., rivers,
point sources).

3 The term “contaminant classes’ refers herein to the 8 contaminant
categories listed in the GPA/LBA (paragraph 21). The term “ source cat-
egories’ is used to refer to sources of contaminants or physical altera-
tion, e.g. agriculture and industrial facilities.

4 A fifth priority issue concerns offshore activities and is not considered
herein.

5 WACAF identifies a mixture of sources and contaminants/alteration
as priorities.
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Tenregions (EAF, WACAF, EAS, ROPME, SWAT, SE/
PCF, SPREP, Black Sea, OSPAR, and HELCOM) explic-
itly identify objectives, strategies, and specific actionsto
addresstheir identified priorities. The Mediterranean and
Arctic regions do not explicitly state strategies as such,
but theseareimplicit intheir stated objectivesand actions.
Thelack of identified objectives, strategies, and actionsin
the South Asian Seas and Red Sea/Gulf of Aden RPAS, as
presentedin Annex 3, reflect their relatively early stage of

development ; indeed, theidentification of objectives, strat-
egies, and measures is an explicit current priority of both
regions. Similarly, although Annex 3 does not list objec-
tives, strategies, and actions for the Wider Caribbean in
such terms, the regional LBA Protocol (UNEP, 1999b)
embodies arange of objectives and strategies, and speci-
fies a number of specific actions and targets for sewage
and non-point agricultural sources.

Table4.1. I dentification of priorities, objectives, strategies, measures, and timeframesrelated to the
control of land-based activitiesin theregional programmes summarised in Annex 3

Priority issues Objectives | Srategies | Specific Timeframe
actions (yr)
Eastern Domestic sewage Y Y Y 2-3
Africa
(EAF) Solid domestic waste Y Y Y 3
Agricultural run-off Y Y Y 3
Industrial waste Y Y Y 2-3
Habitat degradation/Ecosystems degradation Y Y Y 1-15
West and Sewage Y Y Y 3
Central
Africa Agriculture Y Y Y 2-5
(WACAF)
Industry and mining Y Y Y 2-3
Qil and hydrocarbons Y Y Y 2-3
Solid waste Y Y Y 3
Sediments Y Y Y 3
POPs Y Y Y 3
Physical modification of coasts/ degradation of critical Y Y Y 5-10
habitats
Heavy metals Y Y Y 35
East Asian Sewage Y Y Y 1-2
Seas
(EAS) Agricultural run-off Y Y Y 2-5
Industrial waste Y Y Y 2-5
Habitat modification Y Y Y 1-3
ROPME Sea | Update surveys of land-based activities Y Y Y 1999
Area
(ROPME) Conduct a pilot study on POPs Y Y Y 1999
Preparation of amanual on the implementation of the Y Y Y 2000
LBA Protocol
Develop a River Basin Management Programme Y Y Y 2000
Upper Urban waste water Y Y Y Short term
South-West
Atlantic Industrial waste Y Y Y Short/med. term
(SWAT)
Pollution and degradation from agriculture and forestry Y Y Y Short/med. term
Degradation of marine and coastal ecosystem from Y Y Y Short/med. term
urban and tourism devel opment
Solid waste Y Y Y Short term
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Priority issues Objectives | Srategies | Specific Timeframe
actions (yr)
South-East Wastewater from urban origin Y Y Y Short/med. term
Pacific
(SE/PCF) Industrial and mining operations Y Y Y Short/med. term
Ports, dredging and land-fills Y Y Y Short/med. term
Aquaculture Y Y Y Short/med. term
Recreational and tourism operations Y Y Y Short/med. term
Agricultural run-off Y Y Y Short/med. term
Critically degraded habitats and physical alterations Y Y Y Short/med. term
M edi- Municipa sewage Y N2 Y Up to 2025
terraneant
(MED) POPs and PAHs Y N2 Y N
Heavy metals and organometallic compounds Y N2 Y Up to 2025
Organohalogen compounds and used lubricating oils Y N2 Y Up to 2010
Nutrients and suspended solids — Industrial waste water Y N2 Y Up to 2025
and agriculture
Urban solid waste Y N2 Y Up to 2025
Physical alterations and destruction of habitats N2 N
South Asian | Development of strategy for the protection of the N N
Seas marine environment from LBA
(SA9)
Development of aregiona programme for monitoring N N N N
of marine pollution
Development of pilot activities to control degradation N N N N
of marine environment from LBA
Training of personnel involved in pilot activities N N N N
Development of aregional programme to identify specia N N N N
problems of the largest coastal cities and of island States
in areas of domestic sewage and solid waste
Red Seaand | Development of aregional programme of action for N N N N
Gulf of Aden | LBAs
(PERSGA)
Wider Domestic sewage Y4 Y24 Y4 0-20
Caribbean*
(WCR) Agricultural non-point sources Y4 Y24 Y4 5
Chemical industries N* N* N N
Extractive industries and mining N* N* N N
Food processing operations N* N* N N
Manufacture of liquor and soft drinks N* N* N N
Oil refineries N* N* N N
Pulp and paper factories N* N* N N
Sugar factories and distilleries N* N* N N
Intensive animal rearing operations N* N* N N
South Sewage Y Y Y 1-3years
Pacific
(SPREP) Solid Waste Y Y Y 1-3years
Agriculture runoff Y Y Y 1-3years
Industrial Activities Y Y Y 1-2 years
Habitat modification Y Y Y 1-5years
Cross-source Y Y Y 1-5years
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Priority issues Objectives | Srategies | Specific Timeframe
actions (yr)

Black Sea Rivers Y N3 Y N

High priority point sources Y Y Y Up to 2006

Regulation of point sources Y Y Y Up to 2006
Arctic Prevention, reduction, control and elimination of Y N?2 Y N

pollution in the marine environment

Regional identification and assessment of problems Y N2 Y N

Regional establishment of priorities for action Y N2 N

Strengthening of regional and national capacity Y N2 N

building

Harmonization of measures Y N2 N
North-East Protection and conservation of ecosystems and Y Y Y 2003
Atlantic biological diversity
(OSPAR)?

Hazardous substances Y Y Y 2003

Radioactive substances Y Y Y 2003

Eutrophication Y Y Y up to 2010
Baltic Eutrophication (especialy the contribution of agriculture) Y Y Y up to 2002
(HELCOM)®

Hazardous substances Y Y Y up to 2020

Relevant issues from the land transport sector Y Y Y up to 2002

Protection and conservation of marine and coastal Y Y Y up to 2002

biodiversity

Harmonization of HELCOM recommendations with Y Y Y up to 2002

EU directives

Implementation of the Action Programme Y Y Y ongoing

1The Mediterranean and Northeast Atlantic regions do not assign relative priorities among their priority issues (see text).

2 Although strategies are not explicitly stated, they are inherent in the formulation of objectives and actions.

3The Black Sea RPA explicitly cals for the identification of strategies to address thisissue.

4Although objectives, strategies, actions, and time frames are not listed in Annex B, the regional Protocol does specify general objectives and strategies,
and some specific actions. For domestic sewage the Protocol specifies quantitative discharge standards and an agreed timetable. For non-point agricul-

tural sources the Protocol specifies concrete actions and timetable.

SAll entries were provided by the HEL COM secretariat; supporting documentation was not available. Unlike other regions the priority issueslisted here
are not related to Annex 3 (for which the information was also provided directly by the HELCOM secretariat).

Some regions (SWAT, ROPME, and SE/PCF) identify
ageneral set of objectives - basically to prevent, reduce,
or ameliorate degradation - and a strategy - to develop an
RPA and identify programmatic areas. Other regions (EAF,
WACAF, EAS, MED, SPREP, Black Sea, OSPAR, HEL -
COM) define objectives and strategies for each regional
priority. All of the regions that identify specific actions,
except the Arctic, link them with individual priorities.

4.2.1 Analysis of Regional Programmes of Action:
M ethodology

Asnoted above, the regions have adopted widely vary-
ing approachesin presenting priorities, objectives, strate-
gies, and measures. In determining priorities, therearealso
many differences in ways the regions interpret the con-
taminant classes, physical alteration, and source categories.
For example, different regions appear to use the term

“POPs’ to refer to the “ dirty dozen “ classes of chemicals
listed in Box 2.1 (Chapter 2), to all persistent synthetic
organic substances, to all pesticides, or to “hazardous’
chemicalsingenera: SPREP a soincludesoil, some heavy
metals, and medical wastes (UNEP, 2000a). Similarly, sev-
eral regionsquitelogically treat sediment mobilisation and
downstream sedimentation asaform of physical ateration.
Such ambiguities exist not only in the RPAs, but in the
language of the GPA/LBA itself. Sewage, for example, is
considered as a contaminant in the GPA/LBA, but it can
also be considered, asindeed happensin many regions, as
asource (of pathogens, nutrients, etc.).

Thereissimilar variation intheway that regionsdefine
their programmes. When identifying strategies, for example,
some regions have defined specific onesfor each objective
and/or identified priority issue, while others have defined
general strategies that apply to several, or al, objectives



or issues. Other regions have defined astrategy inrelation
to the development of the RPA, rather than to the control
of the effectsof LBAS (i.e., the strategy isto identify pro-
grammatic areasfor the RPA). Still other regionshaveiden-
tified strategies at a combination of these levels.

While no particular regional approach is necessarily
better than another, thisdivergence makesit very difficult to
compare the programmes of the different regionsdirectly,
or to arrive at ageneral synthesisof regional perspectives.
Asaresult, the present attempt is not as detailed or com-
plete as might be desired. The analysisis based primarily
upon Annex 3 - but background documents related to the
preparation of the regional action plans, shown in Table
4.2, were examined so as to understand the background
and context of the RPAs and enhance their comparison.
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As noted above, only a few regions prioritised on the
basis of contaminant classes and physical ateration. This
is useful, however, in identifying specific measures and
priorities for action. For agricultural runoff, for example,
measures to address pesticide contamination will be quite
different from thoseto address sediment mobilisation. There-
fore, an attempt was made to rank the severity of environ-
mental threat associated with the GPA/LBA contaminant
classesinthevariousregions. Where astated priority could
be directly associated with a contaminant or physical al-
teration, that issue was given arank equal to its regional
priority. For example, the second priority in the RPA for
Eastern Africa was solid domestic waste, for which the
background documentation clearly identified physical al-
teration as the primary concern; physical alteration was
therefore assigned rank 2 for Eastern Africa. Identified pri-

Table 4.2. Background documentsused in addition to Annex 3 in theanalysis of the
Regional Programmes of Action (RPAS)

Mediterranean (MED)

South Asian Seas (SAS)

Red Sea & Gulf of Aden (PERSGA)

Wider Caribbean (WCR)

Pacific 1dlands (SPREP)

Black Sea

Arctic

North-East Atlantic (OSPAR)

Baltic Sea (HELCOM)

Assessment of ICM initiatives
Strategic action programme
10" meeting report

Analysis based solely on Annex 3 -
no background documents available

Regional assessment

Regional assessment
Protocol
Comments from Regional Coordinating Unit (31/1/00)

Overview
Comments from SPREP (21/1/00)

Transboundary diagnostic

Regional assessment
State of the Environment

North Sea QSR

Strategy for hazardous substances

Strategy for radioactive substances

Strategy to combat eutrophication

Strategy for ecosystems and biodiversity

Action Plan 1998-2003 (Update 1999)

Comments from OSPAR secretariat (14/1/00 & 25/1/00)

Comments from HELCOM secretariat (14/1/00)
No background documents available

Region Document Reference
Eastern Africa (EAF) Workshop report UNEP, 1997a
Overview UNEP, 1998a
West and Central Africa (WACAF) Workshop report UNEP, 1998b
Overview UNEP, 1999c
East Asian Seas (EAS) Technical report Koe & Aziz, 1995
Workshop report UNEP, 1997b
Overview UNEP, 2000b
Proposed RPA UNER, 1999e
S. China Sea Trans-boundary diagnostic analysis UNEP, 1999f
Comments from regional coordination unit 17/1/00
ROPME SeaArea (ROPME) Workshop report ROPME, 1997
Overview UNEP, 1999d
Upper South-West Atlantic (SWAT) Workshop Report UNEP, 1998c
South-East Pacific (SE/PCF) Overview UNEP, 19999

Hatziolos et al., 1996

UNEP, 1998d
UNEP, 1997c

UNEP, 1997d
UNEP, 1999a
UNEPR, 1999b
UNEP, 2000a

UNDP, 1997

ACOPS, 1996
AMAP, 1997

North Sea Task Force, 1993

OSPAR, 1998a
OSPAR, 1998b
OSPAR, 1998c
OSPAR, 1998d
OSPAR, 1999
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orities often corresponded to more than one contaminant
class, where the relative priority of these were not identi-
fied in the documents examined, the rel evant contaminants
were al assigned equal rank. Thus, more than one con-
taminant classwas sometimes given the samerank. Again
using the East African region asan example, thethird iden-
tified priority isagricultural runoff, for which the contami-
nants of concern are identified as nutrients, POPs, and
sediments. Therelativeimportance of these three contami-
nants could not be determined from the availableinforma-
tion, so they areall assigned rank 3. Sincethese three con-
taminants, if they could be prioritised, would account for
ranks 3, 4 and 5, the contaminants associated with the next
lower priority, industrial runoff, are assigned rank 6.

An important shortcoming of the analytical approach
used in this chapter should be recognised. Although they
very a great deal, the RPAs and supporting documents
developed specifically within the context of the GPA/LBA
have generally adopted itslogical framework and organi-
sational structure. The admittedly arbitrary analytical ap-
proach taken in this chapter also follows that of the GPA/
LBA, and is therefore inherently more compatible with
the approach of these regions than with the different ap-
proaches taken by the five regions that developed their
programmesindependently of it. Asaresult, many aspects
of the latter regional seas programmes are “square pegs’
in the “round holes’ of the analysis, and thus tend to fall
out of it. Thischapter istherefore apoor reflection of many
aspects of the generally more advanced programmes
developed outside the GPA/LBA. Indeed, the necessary
adoptioninthisreport of auniform approachto synthesis-
ing the regional programmes tends to obscure the unique

Table4.3. Summary of prioritiesfor the seven regionsthat
identified their priorities on the basis of source categories

aspects of al of the regions. More effective transfer of
“lessons learned” from regional seas programmes would
greatly benefit the implementation of the GPA/LBA (see
Chapter 6)

4.2.2 Regional Priorities: Sources and Contaminants

Thetop priority source categoriesfor the seven regions
that prioritised on this basis are shown in Table 4.3. Al-
though there are some differences, the regions’ priorities
are generally consistent. Domestic sewage is the top pri-
ority for al 7 regions. Agricultural runoff and industria
facilities are each assigned either second or third priority
by 5 of the 7 regions. The remaining two regions, Eastern
Africa and the South Pacific consider solid waste as the
2nd highest priority. In East Africathisisbecause of con-
cerns about physical habitat alteration due to landfills. In
the South Pacific it achieves this ranking because of con-
cerns about physical alteration, therelease of nutrientsand
toxic substancesfrom waste dumps, thelimited space avail-
able on small islands for solid waste disposal, and the ef-
fects of litter on tourism and the environment. Habitat
maodification - or directly related sources such as urban
and port devel opment, reclamation and landfill, and dredg-
ing - areranked 3-5 by al sevenregions. Theprioritisation
of sourcesin the RPAsisgenerally consistent with thein-
formation in the background documents.

Annotated results of the interpretation of regional pri-
orities for the eight GPA/LBA contaminant classes and
physical alteration, according to the methodology de-
scribed in 4.2.1 above, are shown in Table 4.4. Table 4.5
presentsamore concise summary of theregional rankings.
Again, thereisgenera concordanceamong regions
on the relative priorities of the issues, with sew-
age clearly taking the highest priority. Nutrients,
sediment mobilisation, POPs, and to a lesser ex-
tent physical ateration and heavy metalsare also

EAF | WACAF® | EAS| SNVAT | SE/PCF | WCR' | SPREP widely perceived as high priorities
Sewage 1 1 1 1 1 1 1
- While there is general concordance on the
Agricultural Ll fi h al |
runoff 3 > o | = 6 2 3 prioritisation of issues, there are also clear
specificities both regionally (e.g. the relatively
Industrial i ioritv qi il withi i i
focilitie 4 3 3 9 5 39 4 h|gh priority givento oil within the oil prqdua ng
regions ROPME and WACAF) and nationally
Aquaculture 4 within regions (e.g., Mauritius, with its dominant
Solidwaste | 2 4 5 5 sugar cane industry, places higher importance on
contaminantsfrom intensive agriculture than other
;fggritci%ln/ countries in Eastern Africa). There are also
habitat regionally-specific concerns that the GPA/LBA
degradation | 5 5 4 7 5 does not encompass. The most widespread exam-
Urban and
tourism
development 4 S §In addition to listing source priorities West and Central Africa
Port (WACAF) lists ails, sediments, POPs, and heavy metalsas priorities.
drerds’i n "Theorder of listing of source categories for the Wider Caribbean
Iandf%llsg’ 3 (WCR) in Annex 3 istaken hereto reflect priority order, although
this may not be the case. WCR lists different industrial sectorsin
Animal order 3-9.
husbandry 10 8The Upper South-West Atlantic (SWAT) region combines for-
estry with agriculture asits 3¢ priority.
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ple concernsthe discharge of organic wastes- specifically
biological oxygen demand (BOD) and suspended solids
(SS) - from sources other than sewage. Many regionsiden-
tify thisasasignificant problem, but BOD and SS are not
explicitly listed in the GPA/LBA. Another exampleisthe

power and desalination plantsin the Red Seal/ Gulf of Aden
region. Thus, while common priorities at global and re-
gional levelsform abasisfor common action and resource
sharing, regionsand countries should not be obstructed in
obtaining resources where their specific priorities differ

importance of thermal and hypersaline effluents from

from those at higher levels.

Table 4.4. Regional priority rankings of the GPA/L BA contaminant classes (including physical alteration), as
interpreted from available background documentation. The M editerranean Action Plan does not assign priorities
on the basis of contaminants or activitiesand the South Asian Seas RPA specifiesinstitutional prioritiesthat
cannot be associated with specific contaminant classes or physical alteration. Theseregions aretherefore not
listed in thetable. See Table 4.2 for background documents examined and text section 2.1 for methodology

Region Priority in Action Plan Comments Interpreted rank
East Domestic sewage Overview indicates that primary concern isgroundwater | 1. Sewage (Nutrients)
Africa contamination; nutrient input from sewage may be a
(EAF) problem, and assessment of eutrophication is one of the
RPA objectives for sewage, but nutrients are not explicitly
listed as a priority and are not included as 1% priority in
Table 4.5
Solid domestic waste Although the RPA assigns thisto the GPA/LBA category | 2. Physical alteration
“litter”, the primary concern expressed in background
documentation is physical damage to habitats from waste
dumping
Agricultural runoff RPA lists concerns as nutrients and POPs; overview 3. Nutrients, POPs,
indicates that sediments are the most serious problem, sediments,
nutrients may be a problem, and thereis little evidence of
widespread POPs pollution
Industrial waste RPA lists concerns as heavy metals, POPs, Nutrients, and | 6. Nutrients, POPs,
BOD/COD; overview indicates that at present metalsand | heavy metals (BOD)
POPs are not widespread concern,and industrial pollution
generally is not serious but that management action should
betaken to prevent future problems
Habitat degradation Most causes listed in RPA relate to either Physical 9. Physical alteration,
Alteration or Sediments Sediments
West and | Domestic sewage Pathogens, BOD, SS, and nutrients mentioned in back- 1. Sewage
Central ground but relative priority is unclear
Africa
(WACAF) | Agriculture Nutrients and pesticides mentioned in background; only | 2. POPs
POPs specifically addressed in RPA
Industry and mining Contaminants of concern not clear; overview states that 3. Heavy metals,
BOD/COD and suspended solids are primary industrial POPs (BOD,
contaminants at present but heavy metals and POPs are suspended solids)
expected to increase though present levels are low
Oil and hydrocarbons 5. Qils
Solid waste Background refers specifically only to impacts of litter per se | 6. Litter
Sediments 7. Sediments
POPs 8. POPs
Physical modification 9. Physical dteration
East Asian | Sewage Urban runoff islisted as a separate priority (4th) in 1. Sewage ( sediment,
Seas background documents but in the RPA is combined with | litter, oils, heavy
(EAS) sewage for definition of objectives, strategies, and actions; | metal's, POPs, and
the identified contaminants of concern for urban run-off nutrients)
are shown in parentheses but are not included in Table 4.5
Agricultural runoff Order of contaminant listing varies, thisisfrom RPA 2. Nutrients,
section 6.2 sediments, POPs
Industrial wastes Contaminants listed are identified as “ main pollutants’ in | 5. Nutrients (organic
RPA section 6.3, which also lists POPs, oils, heavy metals, | matter, suspended
and “hazardous wastes’ solids)
Habitat modification 6. Physical ateration
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Region Priority in Action Plan Comments Interpreted rank
ROPME | Qil and combustion products The ROPME RPA lists priorities in programmatic terms 1. Qils (hydrocar-
SeaArea (e.g., “Update surveys’), but provides a priority list of bons)
contaminants and physical ateration in its preface. These
priorities are what is shown in the column to the left
Physical ateration, sediment 2. Physical alteration,
mobilisation, and destruction of sediment mobilisation
habitats
Sewage and nutrients 4. Sewage, nutrients
Litter Background documentation identifies landfills as a source | 6. oils, physical
of oily sludges and physical ateration; litter per sedoes | dteration, litter
not appear to be the top priority
Atmospheric deposition Background documentation indicates that emissions of 9. Oils (hydrocar-
hydrocarbons and combustion products are the primary bons)
concern relating to atmospheric deposition
POPs 10. POPs
Heavy metals 11. Heavy metals
Radioactive substances 12. Radioactive
substances
Upper SW | Urban effluents, solid domestic | Workshop report identifies contaminants of concern; 1. sewage, POPs,
Atlantic | waste pathogens, suspended solids, and BOD are here grouped | litter, heavy metals
(SWAT) under the GPA/LBA contaminant category “ sewage”
Industrial waste 5. POPs, qils, heavy
metals, nutrients
Agriculture and forestry 9. Nutrients, POPs,
sediment mobilisation
Urban and tourism devel opment 12. Sediment mobili-
sation, physical altera-
tion, sewage, litter
South- Wastewater from urban origin 1. Sewage, nutrients
East
Pacific Industrial and mining operations | Organic pollution appears to be the primary concern, in 3. Nutrients, heavy
(SE/PCF) some |locations heavy metal contamination from mining metals (BOD, SS)
operationsis a problem
Ports, dredging, & landfills ??7? (physical dtera-
tion, sedimentation
assumed, not ranked)
Aquaculture ”?
Recreational and tourism ”?
operations
Agricultural runoff POPs
Degraded habitats and physical physical alteration
alterations
Red Sea | Physical ateration The column to the |eft reflects the order in which issues 1. Physical alteration,
and Gulf are listed in the assessment document, but sedimentation | sediment
of Aden islisted as a consequence of physical ateration, and
(PERSGA) | Sediments sediments as a consequence of sewage discharge. The 3. Sewage, nutrients
primary industrial effluents of concern are warm water and
Sewage brines from power and desalination plants 5. warm water, brines
Nutrients
Industrial effluents
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Region Priority in Action Plan Comments Interpreted rank
Wider Domestic sewage Contaminant classes and physical ateration could not be | 1. Sewage
Caribbean associated with the specific industrial sectorslisted at |eft,
(WCR) Agricultural non-point sources | or prioritised. Not included in the analysis 2. Sediments,
nutrients, POPs
Chemical industries
Extractive industries and mining
Food processing
Manufacture of liquor and soft
drinks
Oil refineries
Pulp and paper factories
Sugar factories and distilleries
Intensive animal rearing
operations
South Sewage Related contaminantslisted in overview are sewage, nutrients, | 1. Sewage, nutrients
Pacific and sediments. In the present report suspended solids are
(SPREP) not considered under the GPA/LBA heading “sediment
mobilisation”, so sediments are not included here
Solid waste In addition to litter per se, the Overview explicitly links | 3. Litter, POPs,
solid waste with the GPA/LBA classes POPs, nutrients and | nutrients, physical
to alesser extent heavy metals, and also clearly indicates | alteration, oils (heavy
that physical alteration (smothering) is associated with metals)
solid waste. SPREP uses the term “POPS” to refer to “all
hazardous and potentially hazardous chemicals’, including
oils and some heavy metals. Qils and related substances
account for the largest quantity of existing waste and the
greatest number of contaminanted sites requiring
remediation, followed by pesticides (Overview Table 10),
but the relative contribution of different sources (domes-
tic, agriculture, industrial) is not specified. Qils are
included here with solid waste, but could be listed under
agricultural and/or industrial activities
Agricultural activities Overview lists associated GPA/LBA contaminants as 8. Sediments,
sediments, nutrients, and “POPs’; the RPA (Table 3)v also | nutrients, POPs, solid
links agricultural activities with solid waste and physical | waste, physical
ateration ateration
Industrial activities Overview lists associated GPA/LBA contaminants as 13. sediments, heavy
sediments, heavy metals, and “ POPS’ metals, POPs
Physical ateration The “Priorities for Action” section of the Overview 16. physica atera-
explicitly links “physical aterations’ only with the effects | tion, sediment
of sedimentation Examples of physical alteration else- mobilisation
where in the Overview, however, include mangrove
clearing, coastal (including reef and beach) mining for
sand and aggregate, hydrological alteration, destructive
fishing practices, coastal development and erosion,
smothering by solid waste, and filling of wetlands
Black Sea | Not stated in Annex 3 Priorities at right reflect background documentation 1. Nutrients
2. Sewage, oils
Arctic POPs, heavy metals Both assigned high priority in RPA 1. POPs, heavy
metals

Physical degradation

Radionuclides, petroleum
hydrocarbons

Assigned medium high priority in RPA
Both assigned medium priority in RPA

3. Physical ateration
4. Radionuclides, oils
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Hazardous substances

Relevant issues from the land
transport sector

Protection and conservation of
marine and coastal biodiversity

Harmonization of HELCOM
recommendations with EU
directives

Implementation of the Action
Programme

Region Priority in Action Plan Comments Interpreted rank
North- Protection and conservation of | May include physical alteration or degradation from
East ecosystems and biological pollution and other sources; not included in analysis
Atlantic | diversity
(OSPAR)?
Hazardous substances POPs, heavy metals, and to some extent oil, but relative
priorities of substances within the list are not assigned;
Not included in analysis
Radioactive substances Radionuclides
Eutrophication Nutrients, sewage
Baltic Sea | Eutrophication (especialy the Contaminants/alterations of concern, or their relative 1. Nutrients
(HELCOM) | contribution of agriculture) priorities not identified; not used in analysis

Unrelated to specific contaminant classes or physical
dlteration

Unrelated to specific contaminant classes or physical
dlteration

1 OSPAR does not rank its four priority issues, or the individual contaminants and physical alteration encompassed by the issues. Therefore, no
interpreted rank priorities for the GRPA/LBA contaminant classes and physical alteration could be assigned and OSPAR is not included in subsequent
analyses based on priority rankings.

Table4.5. Summary of regional rankings of GPA/L BA contaminant classes and physical alteration of Rank 5
and Above. The Mediterranean and North-East Atlantic regions are not included because they do rank their
priority issued in order of importance; the South Asian Seasregion isnot included becauseitslisted prioritiesare
institutional actionsthat cannot be directly associated with contaminants or physical alteration

Rank Sewage POPs Radio- Heavy Oils Nutrients | Sediment | Litter Physical
nuclides | metals (Solid waste) | alteration
1 EAF SWAT SWAT ROPME | SE/PCF PERSGA | SWAT PERSGA
WACAF | ARCTIC ARCTIC BLACK
EAS SPREP
SWAT BALTIC
SE/PCF
WCR
SPREP
2 PERSGA | WACAF BLACK | PERSGA | ROPME EAF
BLACK EAS EAS EAS ROPME
WCR WCR WCR
3 EAF WACAF | SPREP EAF EAF SPREP ARCTIC
WACAF SE/PCF SE/PCF SPREP
SPREP SPREP
4 ROPME ARCTIC ARCTIC | ROPME
5 SWAT SWAT WACAF | SWAT
SWAT




4.2.3 Regional Programmes of Action: Objectives,
Srategies, and Actions

Objectives. The majority of regional objectives are
stated in very general terms (e.g., “reduce impact”, “im-
prove knowledge”).Often the objectiveissimply to reduce
or prevent degradation, either generally or from a given
source. Someregionsdo identify somewhat more concrete
objectives (e.g., “ complete an assessment based on exist-
ing data”, “ develop guidelines’), but these are still rather
general. While such objectivesare certainly desirable, their
generality limits their utility in shaping the development
of plans of action or in evaluating progress. For example,
does astated objectiveto reduce the effects of, say, sewage
on the environment refer to areduction from present levels
or from what would occur in the absence of a RPA - and
how will progressin meeting the objective be measured?
Unlesssuchissuesareclarified, it will be difficult to assess
the effectiveness of RPASs. For only two regions, the Medi-
terranean and Wider Caribbean, do the documents exam-
ined contain concrete, measurable targets or standards®.
The Mediterranean region’s detailed, often quantitative,
targetsreflect therelatively long history of the Mediterra-
nean Action Plan compared to most other regional efforts.

Srategies. Asnoted above, thereis considerable vari-
ation among regionsin the manner in which strategies are
defined intheregional programmes. Thisprecludesasyn-
thesis of regional strategies; but the common themes can
beidentified ; improved environmental planning and man-
agement frameworks, improved awareness and education;
improved information systems; development of regional
guiddines, criteria, and standards, improved waste manage-
ment systems; adoption and transfer of technol ogies; develop-
ment of regional and international agreements; and the
implementation of existing agreements, standards, and legis-
lation. GESAMP considersthese strategiesto be generally
appropriate, and would suggest particular emphasisonim-
proved planning and management frameworks, improved
awareness and education, and, perhaps most importantly,
the enhanced implementation of existing mechanisms.

Actions. Given the variation in the way objectives and
strategies are defined in the RPAs noted above, it isim-
possible to formulate a regional synthesis of specific ac-
tions. Actionsidentified in the RPAs range from the quite
specific (e.g., “identify gapsin existing legidation”) to the
very general (e.g., “regional actionsto be devised”). The
degree to which actions are logically matched to specific
identified strategies and objectives also varies, but might
be improved in a number of regions.

Initiating monitoring and assessment activitiesisamong
the most common actions in the RPAs. This is probably

¢ Annex 3 does not show targets or standards for the WCR, but these are
specified for sewage and non-point agricultural sources in the regional
Protocol. Other regions, especialy the established programmes, have
also set concrete targets but these were not stated in the documents used
in the present analysis.
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appropriate, given that many regions identify as a con-
straint alack of reliableinformation about the sourcesand
levels of contamination, about the extent and causes of
habitat |oss and, even moreimportantly, about the effects
of these stresses on the environment and the relative im-
portance of various sources of degradation. In at least one
region (ROPME), the problem may not be so much alack
of raw data as one of data management (e.g., poor
intercomparability, lack of analysis and interpretive data
products, difficulty of access).

There is an impression that in many regions informa-
tion availability is relatively higher for some trace con-
taminants (e.g., POPs, heavy metals) than for bulk con-
taminants that may have greater large-scale impacts (e.g.
nutrients, sediments). This may reflect the high level of
public concern about the trace contaminants and the re-
sults of various global and regional monitoring and as-
sessment programmes. Many regions also have relatively
good databases for discharge loading of BOD and SS,
which are not explicitly addressed by the GPA/LBA, per-
haps becauserelatively simple, standardised methodol ogy
(i.e., the WHO Rapid Assessment method, WHO, 1989)
for estimating these loadings has been available for some
time. Given this and the broad concern about organic
loadingsin coastal areas, it may be worth considering the
explicit inclusion of BOD and SS in the GPA/LBA and
regional programmes.

With regard to assessment, however, a problem inher-
ent in most RPAs is that while the objectives, quite prop-
erly, are stated in termsof reducing environmental impacts,
thereisvery littleinformation about actual impactsin the
background documents. The most common information
presented in the background documents is loading data
(i.e., discharges) on a gross weight basis (mt/yr), usually
not scaled to length of coastline, volume of receiving wa-
ters, etc., or to potential effects in the environment (e.g.,
discharging 1 mt of toxapheneis likely to be worse than
discharging 1 mt of BOD). Sources and contaminants are
al so sometimes assessed on the basis of consumption (e.g.,
pesticide sales), scale of activity (e.g., number and size of
cities or industrial facilities), or, in relatively few cases,
levels of contamination. Unfortunately, it appearsthat the
assessment and monitoring initiativesin the RPAs of most
regions, at least asthey are presented in Annex 3, will do
little to address this deficiency. The monitoring and as-
sessment initiatives appear to be directed amost entirely
at inputs (i.e., consumption, scale, discharge, and level s of
environmental contamination), with little attention to the
resultant environmental impacts. Thisis probably appro-
priate to a certain extent, given that thereis considerable
uncertainty about the environmental impacts of LBAs.
Regions may, however, wish to consider placing more
emphasison determining the actual environmental impacts
of contaminants and activities, for example through bio-
logical effects monitoring, in order to set priorities and
eval uate whether source control isindeed appropriate and
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cost-effective in specific situations. Effects monitoring is
also likely to improve understanding of the relationships
between LBAsand their environmental impact, making it
more possible to predict them.

It isimportant to note, however, that all theinformation
desired by managersand policy-makerswill probably never
be available, and that it will be some years before assess-
ment and monitoring programmes yield meaningful data,
even if they are initiated immediately. In many cases, the
information that is already available provides a sufficient
basis for action. Thus, while effective monitoring and
assessment can certainly improve decision making in
environmental management, action should not be post-
poned pending theresults. Thisis explicitly recognised
in Principle 15 of the Rio Declaration.

Time Frames. Most regions that identify specific ac-
tions include time frames, either in absolute (number of
years or dates) or relative (short, medium, long) terms.
For the two regions that express time frames in relative
terms (SWAT, SE/PCF) thereisno indication of the number
of yearsenvisioned asrepresenting the short, medium, and
long terms.

The time frames adopted by the RPAs devel oped spe-
cifically within the context of the GPA/LBA, where they
are specified, are, in general, relatively short compared to
those adopted by the more advanced and long-standing
regional programmes. Two important messages emerge
from this discrepancy. Thefirst is urgency. The need for
urgent action was commonly expressed in the regional
workshops, and the short time frames in the RPAs devel-
oped under the GPA/LBA reflect this. The second mes-
sageistheneed for long-term commitment. Theregions
with more experience presumably have a more redlistic
grasp of theinherent technical, financial, and political com-
plexities of reducing the impacts of LBAs on the marine
and coastal environment. The fact that regional pro-
grammes with as much as three decades’ experience are
framing their action plans on decadal time scales demon-
stratesthat the GRPA/LBA cannot expect quick fixes. Thus,
the short time frames in the RPAs developed under the
GPA/LBA areprobably not realistic. It may beinstructive
inthisregard to evaluate progressfor activitieswhosetime
frame has already passed.

Cogt of Regional Programmes. None of the RPAs dev-
eloped specificaly in the context of the GPA/LBA have
developed costings for the recommended actions. Thisis
to be expected given their early stage of devel opment, but
the development of cost estimates is obviously an early
next step in developing, and implementing, the RPAS.
Regions devel oping RPAs may findthe large scale of re-
quired investment identified by the more established pro-
grammes (see box) instructive in this regard. While it is
argued elsewherein this report (Chapter 5, section 5.3.7)
that there are often opportunities for effective action that

do not require large investments, it is aso clear (and ex-
plicitly recognised by the GPA/LBA) that funds must be
mobilized to implement the GPA/LBA.. In many regions
thiswill requireinternational cooperation.

Thehigh proportion of environmental expenditure that
must be devoted to cleaning up hot spotsin the Mediterra-
nean (see box) isacharacteristic shared by most, if not all,
of the other established programmes. This provides an-
other lesson to other regions: expenditure on planning and
management measuresto avoid creating hot spotswill save
money in the long term. The adage “an ounce of preven-
tion is worth a pound of cure” certainly holds true, but
again international cooperation will often be required to
give devel oping countriesthe luxury of making long-term
investments.

The Cost of a Regional Sea Programme: the M edi-
terranean Strategic Action Programme

The parties to the Convention for the Protection of the
Mediterranean Sea Against Pollution (the Barcelona
Convention) have estimated that planned activities to
address environmental degradation of the Mediterra-
nean Sea will require some US$9.973 hillion during
the period 1998 - 2008 (UNEP, 1998f). Thelargest com-
ponent of this, US$6.453 billion, will address high-pri-
ority pollution sources, or “hot spots’. A further US$2.8
billionisestimated for solid waste management and re-
duction of atmospheric emissionsin coastal citieswith
populations over 100,000 (34 cities with atotal popu-
lation exceeding 18 million). Also required are US$461
million for the implementation of best available tech-
nology and best environmental practice, US$195 mil-
lion for the protection of 54 sensitive areas, US$37 mil -
lion for monitoring and enforcement, US$13 million
for capacity building, US$11 million for the develop-
ment of national plans, programmes and regulations,
and US$3 million for information and public participa
tion.

Even this level of investment represents a careful tar-
geting of priorities. A first estimate by the World Bank
of total investment requirements to promote environ-
mentally sustainable development intheregionina“do
everything” scenario is US$58-78 billion over the ten
year period (UNEPR, 1998f). This represents 1.3-1.8%
of regional GDP, which is comparable to current ex-
penditure on environmental protection in most OECD
countries. The World Bank al so estimatesthat environ-
mental neglect in the region costs some US$11.5-14
billion annually - or US$115-140 billion over the ten
years - in health impacts, lost productivity and tourism
revenuesalone (UNDP, 1998f). The cost of “doing noth-
ing”, then, far outweighs that of the Action Plan.



Prioritisation. The GPA/LBA recognises the impor-
tance of establishing priorities for action. As described
above, regions have already identified their prioritiesin a
variety of ways, (i.e., on the basis of source categories,
contaminant classes, or ingtitutional actions). No particu-
lar way isinherently superior. Indeed, effective, integrated
management probably requires the assessment of priori-
tiesin each of these ways as a matrix of the most impor-
tant contaminants, the most important sources of contami-
nants, and the actions to deal with priority sources and
contaminantsthat yield the highest net benefit. It is prob-
ably no coincidence that the MAP, arguably the most ad-
vanced of the regional programmes described in Annex 3,
does not prioritise on the basis of contaminant categories
and physical alteration. Given the realistically long time
framesfor action identified inthe MAP, it is probably not
justifiableto focus only on afew issuesto the exclusion of
others. Even if sewage is recognised as the highest prior-
ity, for example, it would be amistake to take no action to
address|ower-priority contaminants (say, heavy metalsor
POPs), during the several decades, at |east, that it will take
to adequately control the negativeimpacts of sewage. Other
regionsalso recognisethis; one exampleisOSPAR which,
like the Mediterranean, identifies a set of priority issues
but does not rank them. The SPREP Overview (UNEP,
2000a) states that the relative prioritisation of pollution
and the physical ateration of habitatsis regarded asinap-
propriate because of the interlinkages of threats and the
need for an integrated approach to their management. The
present report stressesthat the guiding principle should be
to assign the highest priority to those actionsthat produce
thegreatest overall net benefit. Prioritisation at levelsabove
that of specific actions should be used asatool to thisend,
rather than as an end in itself.

4.2.4 Analysis of Regional Programmes of Action for
Individual GPA/LBA Contaminantsand Physical
Alteration

Sewage

Sewage, as noted above, isthe highest-priority issuein
most regions. Generally, theresponseinthe RPASis(i) to
assess and monitor the problem; and (ii) to invest in sew-
age treatment infrastructure. The Mediterranean Action
Plan is the only programme that explicitly addresses the
need to construct sewerage infrastructure (i.e., piped col-
| ection systems) beforetreatment can be provided, although
the household connection rate to sewerageislow in most
regions. The generally short time frames for action pro-
posed for addressing sewage are probably not realistic
given the need to finance, design, and construct first sew-
erage systems and then sewage treatment infrastructure.
Only EAF, EAS, and SE/PCF specificaly point in their
RPAs to “intermediate”, “appropriate”, or “aternative’
disposal/treatment solutions - and in the case of SE/PCF
thisisnot necessarily specifically with respect to sewage.
Regions may wish to consider further alternative, low-cost
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solutions to the control of sewage pollution that both can
be implemented in the short term and are appropriate for
their particular situations.

Human health risks associated with sewage pollution
were identified as a significant concern in seven regions
(EAF, WACAF, EAS, SWAT, SE/PCF, MED, SPREP), but
RPA responses were largely limited to assessing of the
problem and to sewage treatment. A few regions identify
the need for improved water quality standards either ex-
plicitly in the RPA or in background documents. No RPA
specifies public health responses such as public educa-
tion™®, drinking water treatment, or immunisation. Although
the human health risks of sewage pollution arewidely rec-
ognised, the actionsidentified in RPAs generally concen-
trate on environmental rather than human health impacts.

The discussion of sewageis complicated by an impre-
cise definition and overlaps with other contaminants in-
herent in the GPA/LBA. The GPA/LBA (paragraphs 94
and 95) clearly uses“sewage” to refer specifically to do-
mestic wastewater, and this is the approach followed by
GESAMPIinthe present report. At theregional level, how-
ever thereisincons stency, both within and among regions,
in whether or nor urban stormwater and industrial wastes
are included under “sewage”. Stormwater seems often to
be included when sewage is listed as a priority, although
most RPAs do not specify objectives or actionsto address
this source of contamination. Related to this problem is
the fact that several regions (EAF, WACAF, EAS, WCR,
SPREP) identify organic wastes- i.e., BOD, nutrients, and
suspended solids - as the contaminants presently of chief
concerninindustrial waste; the only category inthe GPA/
LBA which would embrace these is “sewage”. Many re-
gions apparently use BOD and suspended solids as key
indicators of coastal pollution load and, as noted above,
have relatively good databasesfor these contaminants. The
explicitinclusion of BOD and suspended solidsinthe GPA/
LBA may be worth considering.

Sewage is clearly recognised by many regions as an
important source of nutrients, but the relative importance
of domestic sewage, agricultural runoff, urban runoff, in-
dustrial wastes, and atmospheric inputs has not been as-
sessed in many regions. Regions that have identified
eutrophication as a problem may wish to consider an as-
sessment of the relative importance of sewage, agricul-
tural runoff, and other activities as sources of nutrients.

POPs
POPsarelisted asarelatively high priority in anumber

of regions but the documents examined do not indicate
that they are a serious, widespread problem at present. It

10The SPREP RPA doesrefer to “improved national environmental edu-
cation/community awareness’ in relation to human health effects of
sewage.
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isinteresting that, although anumber of regionsreport that
their environmental levels of POPs contamination arelow
“relative to other regions’, only one , the Arctic, reports
levelsthat are high regionaly (i.e., rather than at localised
sites). Where environmental effects of POPs contamina-
tion are discussed, it isin general terms based on known
effectsin published literature: there are few specific indi-
cations of adverse effects of POPs contamination from
within the regions. The major exception to thisis again
the Arctic, where the human health impacts of elevated
levels of some POPs have been assessed; though worri-
some, these are thought to be less than the probable im-
pacts of achangein diet away from traditional foods or of
reduced breast feeding (AMAP, 1998).

The high priority given to POPs in the RPAs may re-
flect the widespread international attention they have re-
ceived, concern over anincreasing trend in POPs contami-
nation asaresult of intensification of agriculture, industri-
alisation, and urbanisation, or a recognition that the glo-
bal nature of POPs contamination may require action by
regions even if they are themselves relatively unaffected.
There are also scientific uncertainties about the environ-
mental concentrations, fates, and effects of many POPs.

Asinthe case of sewage, some confusionisintroduced
by varying usage of the term “POPSs’. It does not appear
that any region hasused “ POPs’ only in therestricted sense
thatitisusedinthe GPA/LBA (i.e., the“dirty dozen” listed
inBox 2.1). Asnoted in Chapter 2, itiseminently sensible
to consider a broader range of persistent toxic substances
(PTSs). Someregions(e.g., SWAT, SPREP), however, have
used the term “POPS’ in amuch broader sense to include
arangeof “hazardous’ substancesthat may be neither or-
ganic nor persistent. Indeed, the SPREP regional overview
(UNEP, 2000) states that the SPREP region has:

“utilised thetermmorebroadly to include all hazard-
ousand potentially hazardous chemicalssuch as pesti-
cides, polychlorinated biphenyls (PCBs), industrial
chemicals, medical wastes, laboratory chemicals,
oil, bitumen, timber treatment chemicals, and ferti-
lisers. Thisisappropriate asthe use of many of these
hazardous substances, while growing, is relatively
small compared to other regions of the world. The
limited resources of region require that the manage-
ment of these substances be integrated and co-
ordinated with other waste management activities.
Thus, other categories of contaminants identified
under the GPA are discussed in the context of POPs.
For examplethe GPA category of dils (hydrocarbons
and polyaromatic hydrocarbons) isincluded in the
discussion of POPs, as are metals commonly found
in pesticides such as arsenic.”

It is not clear, however, in what way using theterm in
such ageneral sense contributesto integrated, coordinated
waste management.

Radioactive Substances

Only theArctic, Baltic, and North-East Atlantic regions
identify radioactive substances as a high priority In the
Arctic and Baltic they rank asthefourth highest: the North-
East Atlantic, as noted above, does not rank its priority
issuesin order of importance. Concern about radioactive
substances arisesin theArctic largely from the ocean dis-
posa of radioactive wastes by the former Soviet Union,
and in the Baltic from the consequences of the Chernobyl
accident. The most important inputs of radioactive sub-
stancesto the North-East Atlantic are from nuclear reproc-
ng plants and the Chernoby! accident, with the latter
being mostly secondary inputs from the Baltic; scientific
evidenceisthat, at present, these pose low risksto human
health and the environment.

Heavy Metals

Theonly regionsfor which heavy metalsare unequivo-
caly high priorities are the Arctic and North-East Atlan-
tic. For theArctic, thisislargely because of intensive and
poorly regulated mining and smelting activities. Inputs of
metals to the North-East Atlantic warrant particular con-
cern in poorly flushed inshore regions, but the justifica-
tion for serious larger-scal e effects has not been convinc-
ingly demonstrated.

The no. 1 priority rank shown for heavy metalsin the
Upper South-West Atlantic region in Table 4.5 is prob-
ably misleading. The stated top priority for the South-East
Atlantic is“urban liquid effluents’, and heavy metals are
oneentry on alist of contaminantsin such effluents. There
is evidence of at least localised heavy meta (primarily
mercury and cadmium) contamination in Southeastern Pa-
cific, but the documents examined do not include a re-
gional synthesis adequate to determine whether heavy
metals are a problem on aregional aswell aslocal scae.
The background documents indicate that levels of heavy
metal contamination in West and Central Africaare pres-
ently low, but the region has identified heavy metalsas a
priority because atrend of increasing industrialisation is
expected to increasethethreatsthey poseintheregion. As
is the case for POPs, many of the regiona background
documents discuss the effects of heavy metal contamina-
tionin general terms, describing known effectsfrom labo-
ratory studiesor other regions, with little specific evidence
of known adverse effects within the region itself.

Qils

The high priorities given to oil in ROPME, the Black
Sea, Arctic, West and Central Africa, and the Upper South-
West Atlantic are probably appropriate given theimportance
of oil production and transport in theseregions. Itisworth
noting that in the ROPME SeaAreathe effects of oil con-
tamination are almost entirely on beaches, and that the ef -
fects in offshore waters are minor because this region’'s
ecosystems have a high assimilative capacity for ail.



Nutrients

The background documents for most regions identify
elevated nutrient inputs as a problem and many regions
(EAF, WACAF, EAS, ROPME, SE/PCF, WCR, SPREP,
Black Seq) giveindicationsthat eutrophicationisincreasing.
The background documents examined for the Baltic, Medi-
terranean, and North-East Atlantic were programmeatic in
nature and did not discuss the basis for action; but
eutrophication is known to be a problem in these areas.
Relatively few of the programmes developed under the
auspices of the GPA/LBA, however, go on to explicitly
assign ahigh priority to nutrientsin their RPAs™. Most do
include nutrients (sometimesimplicitly, as* organic pollu-
tion™) asamong the contaminants of most concernin both
sewage and industrial discharges. Nutrient inputsfrom ag-
riculture are also often identified as a problem in the
background documents, although the obj ectives, strategies,
and actions in RPAs themselves tend to focus on pesti-
cides, rather than nutrients, in agricultural runoff. The RPAs
for many regions, therefore, do not appear to place alevel
of emphasison nutrientsthat iswarranted by theinforma-
tion in background documents.

Atmospheric inputs of nitrogen, which can be signifi-
cant (see Fig. 3.2) are not explicitly considered in any of
theregional plans. Thebackground documentation for West
and Central Africa, the East Asian Seas, and ROPME does
indicate that atmospheric pollution is an increasing con-
cern in these regions, but does not indicate the contami-
nants of concern. The emphasiswith regard to atmospheric
emissions appears to be on air pollution rather than on
inputs to the marine environment.

Sediment M obilisation

The background documentation generally justifies a
higher priority for sediment mobilisation that isexplicitly
identifiedinthe RPAs. Asisthe casefor nutrients, sediment
mobilisation is often recognised in overviews and work-
shop reports as a problem associated with agricultural run-
off, but the RPAs generally focus on POPs. Sediment mo-
bilisation is discussed in some regions as an important
source of nutrient input. Other regionsconsider it asacause
or consequence of physical alteration. Thisisentirely cor-
rect, but tendsto reduce the priority explicitly assigned to
altered sediment fluxes in the RPASs. In other words, a-
tered sediment fluxes are likely to be of greater relative
importancein many regionsthanisindicatedin Tables4.4
and 4.5 (e.g., in the South Pacific, see section 4.3 below).

Some regions consider the release of suspended solids
inindustrial waste and sewagein terms of sediment mobi-
lisation.

2 |t should be noted, however, that both the Mediterranean and North-
East Atlantic regions, which are not included in Table 6.5, identify nu-
trients/eutrophication as a priority issue.
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Table 4.6. Environmental issues other than litter per
se associated with solid waste

Region | ssues

Eastern Africa Physical ateration of habitats from
waste dumps

East Asian Seas Leaching of contaminants

ROPME Groundwater contamination, oil

sludges, physical alteration

Upper South-West | Pathogens and vectors, SS, nutrients
Atlantic

South Pecific Physical ateration (“smothering of
wetlands and reef flats”), leaching of
nutrients and toxic substances, human
health (pathogens, physical injury).

Litter

There is an apparent disparity between the relatively
high priority assigned to solid waste/litter in many regions,
as shown in Table 4.3 and the generaly low priority as-
signed to litter in Table 4.5 (and by GESAMP). In many
cases, however, regional concerns about solid waste arise
wholly or in part not from litter per se(i.e., floating solids
in the marine environment) but from other sources of deg-
radation arising from theimproper disposal of solid waste
(Table4.6). Indeed, the high ranking of litter in the Upper
South-West Atlantic region (Table 4.5) arisesfrom thein-
clusion of litter on the list of contaminantsin “liquid ur-
ban effluents’: it was not explicitly identified as a high
regional priority. Though some regions (WACAF, EAS,
SPREP) do identify litter per se as a problem associated
with inadeguate solid waste management, only West and
Central Africalist it asthe only problem.

Physical Alteration

The physical alteration of habitats appearsin Table 4.5
to have relatively low priority at regiona level, but this
probably does not reflect the true situation. To some ex-
tent, it is an artifact of the method used to interpret re-
gional prioritiesintermsof GPA/LBA contaminant classes
and physical alteration. For example, the South-East Pa-
cificregionidentified ports, dredging, and landfills- where
physical alteration is presumably a major concern - asits
third highest priority in terms of source categories (Table
4.3); but because thiswas not explicitly stated in the back-
ground documentation, physica ateration wasnot assigned
arank in Tables4.4 or 4.5. There are also inconsistencies
in some cases between the background documents and the
resultant RPAs with regard to the relative importance of
physical alteration. Asone, but by no meansthe only, ex-
ample, physical ateration, particularly shorelinealteration,
was the third highest priority in the West and Central Af-
ricaregional overview - and was a prominent concern in
most individual country reports (UNEP, 1999c) - but it is
considered only asthe eighth priority in the RPA. Finaly,
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the importance of physical ateration may have been ob-
scured in some regions becauseit isnot explicitly consid-
ered under other categories such as solid waste, urban and
coastal development, and agriculture, althoughitisinher-
ent in them.

Related to physical alterationisthe overexploitation of
resources, which is not explicitly considered by the GPA/
LBA. Examplesinclude; the overextraction of groundwater
and resultant saline intrusion (EAF, WACAF, SPREP);
overharvesting of mangroves and other coastal forests
(WACAF); and erosion and loss of agricultural soils
(WACAF).

4.3. SYNTHESISOF GLOBAL AND REGIONAL
PERSPECTIVES

Asnotedin 4.2.2, thereisgeneral concordance among
regions on the relative prioritisation of source categories
and contaminant classes/physical alteration. Sewage is
clearly the highest overall priority. Also noted above (sec-
tion 4.2.4) isthe fact that Table 4.5 probably does not ac-
curately reflect the real priorities of some regions be-
cause of methodologica artifacts. Table 4.4 indicates a
number of instances where contaminant categories or
physical ateration were not assigned arank because this
could not be determined on the basis of the background
documents examined. This does not mean, of course, that
such issues are not important. Table 4.5 also represents a

purely mechanistic analysis of the available information.
This mechanistic approach has the advantage of being
based entirely on information provided by the regionsthem-
selves, but it introduces artifacts. The South Pacific re-
gion, for example, clearly regards sediment mobilisation
as a serious concern, stating “ Sedimentation of reefs and
coastal areasis considered [a] very serious problem for
Pacific Island countries.” (UNEP, 2000) and identifying
a variety of sediment-related problems in its overview
document. A variety of issues, however, are associated with
the South Pecific’stwo highest priorities, sswageand solid
waste, and these issues all receive an equal rank: because
of the method used, this results in amuch lower rank as-
signed to sedimentation and other issues associated with
agriculturethanisjustified (see Table 4.4). Similar distor-
tions occur for other regions.

Table 4.7 presents an interpretive synthesis of regional
priorities that attempts to avoid these artifacts. It reflects
scientific judgements and interpretations of the informa-
tion in the background documentswith regard to therela-
tive importance of contaminant classes and physical al-
teration, where these are not clearly identified by the re-
gions. Table 4.7 - being more subjective than Tables 4.4
and 4.5 - may not accurately reflect regional prioritiesei-
ther. Every attempt has been made, however, to base Ta-
ble 4.7 as objectively as possible upon information pre-
sented in the regional documents and to avoid imposing
external bias.

Table4.7. An interpretation of regional priorities. Interpreted prioritiesarenot listed
for the Mediterranean, South Asian Seas, Wider Caribbean, North-East Atlantic, or
Baltic Sea regions because they do not prioritise contaminant classesor physical
alteration, or becausethe priorities could not beinterpreted (seetext and Table 4.4)

Region Priority 1 Priority 2 Priority 3 Priority 4 Priority 5
Eastern Africa Sewage Physical Nutrients POPs Sediments

alteration
West and Central Sewage Physical Nutrients POPs Qil
Africa ateration
East Asia Sewage Nutrients Sediments Physical POPs

alteration

ROPME SeaArea | Qil Physical Sediments Sewage Nutrients

ateration
Upper SW Atlantic | Sewage POPs Heavy Nutrients Sediments

metals
Sewage Nutrients Heavy POPs Physical
SE Pacific metals ateration
Red Sea/Gulf of Physical Sewage Nutrients Sediments
Aden alteration
South Pacific Sewage Sediments Physical Nutrients Qil/POPs
ateration
Black Sea Nutrients Sewage Radionudides | Oil Sediments
Arctic Heavy POPs Physical Redionudides | Oil
metals alteration




Itisuseful to compareregional viewsabout the priority
of issues with the global perspective developed by
GESAMP. On the basis of an analysis of the relative pri-
orities of contaminant classes and physical ateration, pre-
sented in Chapter 6, GESAMP has concluded that the is-
sues associated with land-based activitieswhich have the
highest priority on aglobal scale, in order (with the first
two sharing joint priority) are asfollows.

« effects of sewage on human health;

« dteration and destruction of habitats and ecosystems;
« widespread and increased eutrophication;

« changesin sediment flows due to hydrological changes.

The interpreted regional priorities shown in Table 4.7
aregeneraly consistent with GESAMP s prioritisation, but
the regions tend to place relatively higher emphasis than
GESAMP on heavy metals and POPs, and relatively less
on physical alteration. For the Arctic, this emphasis is
clearly justified by availableinformation. For other regions,
the information examined does not support the relatively
high priority given to POPs and heavy metals. Most re-
gionsreport low level sof contamination, although for some
regionsthereis evidence of localised problems. Somere-
gions have given these contaminants a high priority be-
cause of expected increasesin industrialisation, urbanisa-
tion, and use of agrochemicals; Eastern Africa and West
and Central Africaexplicitly identify these expected trends.
Regions may also recognise a responsibility to address
contaminantsthat undergo long-range transport even if the
contaminant does not have serious local effects, although
none of the RPAs or background documents states this.
Thereisapossibility, however, that thereisaso abiasto
elevate their priority because of their high public and in-
ternational profile. As noted previoudly, the regional re-
ports generally discuss the negative impacts of POPs and
heavy metalsin general terms, with referenceto the broader
literature, rather than on the basis of actual observations
of problems within a region. There also appears to be a
trend that these contaminants are given somewhat higher
priority in the final RPAsthan in the regional background
overviews/assessments. Determination of therelativeim-
portance of trace contaminants as opposed to the major
ecosystem changes such as physical alteration, anthropo-
genic eutrophication, and altered sediment fluxes may re-
quire further consideration at the regional level. The re-
gional assessmentsand RPAsexamined in thischapter have
understandably concentrated on the identification of pri-
orities. Accordingly, attention to strategies and measures
has not been as detailed as might have been expected for
more mature regional organisations (although it isto be
noted that some of these latter regionshave similar limita-
tionswith respect to thelogical development of strategies
and measures). The following chapters of this report, on
strategies and measures (Chapter 5) and conclusions and
prioritiesfor action (Chapter 6) therefore provide a some-
what more detail ed discussion of these elementsthan might
otherwise have been appropriate. While they deal with all
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the activities, sources, contaminants and physical altera-
tion specified in the GPA/LBA, the issues identified by
GESAMPasof highest global priority (i.e., sewage, physi-
cal alteration, nutrients, and altered sediment flux) war-
rant the most detailed attention if the most expeditious
action to protect the marine environment isto be achieved
through the implementation of the GPA/LBA.
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Strategies and Measures

The preceding chapters have described the nature,
causes, and consequences of degradation of the marine
and coastal environment resulting from land-based human
activities, from both a global (Chapters 2 and 3) and re-
gional (Chapter 4) perspective. The GPA/LBA explicitly
assignsprimary responsibility for dealing with these prob-
lems to governments, especialy those of coastal states,
but also stresses the paralel role of internationa co-op-
eration at both theregiona and global levels. Itisdesigned
toassist statesin identifying and taking actionsto prevent,
reduce, control and/or eliminate such degradation, and to
promote environmental recovery where degradation has
already occurred. It outlines the concepts, and the institu-
tional and co-operative arrangements, that underlie effec-
tive strategies - and surveystechnical measuresto address
particul ar sources of degradation and to eval uate progress.

The GPA/LBA recommends priority identification as
an essential first stepinahierarchy of actionsto developa
programme tailored to national and/or regional require-
ments. It clearly impliesthat - unless an assessment of pri-
oritiesshows otherwise- initial actions should befocused
on the protection of human health, the conservation of habi-
tats, and the alleviation of poverty. It recommends a se-
guence of actionsfor each major source of degradation, to
initiate measures and build capacities, and assignsrespon-
sibility for them.

This chapter describes general organisational frame-
works and legisative policy measures of potential value
in achieving the goals of the GPA/LBA. It also examines
specific management and technical measures- and require-
ments and incentivesto induce their implementation - for
each contaminant class and for the physical alteration of
habitats. The chapter isdivided into six sections. Sections
5.1 and 5.2 describe the general policy principlesthat un-
derlie effective environmental management, and summea-
rise strategiesfor the control of the effectsof LBAsonthe
marine and coastal environment. Section 5.3 provides an
overview of measures to prevent, reduce, or ameliorate
degradation of the marine environment - and of require-
mentsand incentivesfor their implementation. Section 5.4
briefly examines specific technical measures available to
reduce the impacts of each of the GPA/LBA contaminant
classesand physical alteration, and assesses the costs and
benefits of their implementation. Section 5.5 considers
needs for additional information and technical research
and development, while Section 5.6 describestheingtitutional
and policy requirementsfor implementing the GPA/LBA.

5.1.APOLICY FRAMEWORK FOR MANAGE-
MENT

The policy setting for the GPA/LBA varies from one
country to another, but there are certain principles and
conditions that are common to all. Among the most im-
portant of these are:

 management should be cross-sectoral;

« policies should be directed to the rational and
equitable use of natural resources,

« policieswill not succeed without clear and manifest
government commitment accompanied by public
commitment;

« policies should be based on adequate information
and analysis, and on effective communication
among policy makers, experts, and the public;

« the amelioration of poverty isa precondition to
sound resource use in many countries; and

* in many countries, international cooperationis
critical to the adoption of sound environmental
management policies.

5.1.1 Holistic Management

In seeking the marine and coastal environment’s opti-
mum long-term contribution to social welfare, societies
must ultimately depend on trade-offs between different
activities and uses of resources, some of which occur far
fromthe coast. Itisnot possibleto arrive at the optimal set
of trade-offs within an institutional framework where de-
cisions are made at the sectoral level. A more holistic ap-
proach isrequired. A consensus has therefore devel oped -
particularly in tandem with the emphasis on sustainable
development during the 1990s - that “a narrow sectoral
approachislikely to beinadequate” (FAO, 1996) and that
“careful planning and management of all sectoral activi-
ties simultaneously will result in greater overall benefits
than pursuing sectoral development plans independently
of oneanother” (Pernettaand Elder, 1993). Thisfocus has
been reflected in many initiatives in both developed and
developing countries to initiate holistic approaches to
management.
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TheFrench Approach to Managing Water Resour ces

The integrated management of water resources in
France, which is organised on the basis of major river
basins, has been evolving for more than three decades.
Althoughitistailored to French conditions, the“ French
Water School” (“école francgaise [de gestion] de |’ eau)
- asthe model has come to be known - has anumber of
features that are generally applicable.

The French approach recognises that water has no politi-
cal or administrative boundaries. M anagement isor gan-
ised on thebasisof natural physiographic units: river
basins. It also cutsacrosssector al considerationsand
involvesstakeholders. Local communities, largeregional
developers, industrialists, farmers, water suppliers, fisher-
men, fish farmers, and conservation organisations act
as partners with the government in setting policy that
seeks to optimise benefits from the resources while
maintai ning ecosystem integrity.

Critical to implementing the approach isthat national
legidation providesasound institutional, regulatory,
financial, and technical framewor k for multi-sectoral
management at the scale of catchments. Master plans
consistent with national legislation are formulated at
theriver basinlevel and implemented at thelocal level.
Thus, planning and implementation are devolved to
thelowest appropriatelevel. Atal threelevels(nationa,
river basin, local) thereareinstitutionalised arrange-
ments for stakeholder dialogue that involve repre-
sentativesfrom other management levels, providing ver-
tical integration betweenlevels. All planning processes
are supported by a national technical information sys-
tem that provides for effective data access and ex-
change.

Critical tothelong-term effectivenessof any management
system arearrangementsfor sustainablefinancing. In
the French system, the Water Agencies are funded on
the basis of the user -pays/polluter-paysprincipleand
arefinancially autonomous.

5.1.2 Rational, Equitable, and Sustainable Use of
Natural Resources

Many international legal texts incorporate the princi-
ple that the use and management of resources should be
rational and equitable. The “rational” use of resources
means that they are managed to generate optimum ben-
efits: “equitable” is generally taken to mean that those
benefits are allocated fairly. The concept is generally ac-
cepted that human activities should not damage the envi-
ronment in away that seriously threatens the viability of
ecosystems or renewable resources (i.e., so that the envi-
ronment cannot sustain the activities).

Under norma market conditions, resource use is nei-
ther rational - viewed from the perspective of overall ben-
efit to society - nor equitable, because the market does not
reflect the costs of private actionsthat are borne elsewhere
either publicly or privately, such asthe environmental costs
of wetland drainage or of environmentally harmful efflu-
ent discharged into ariver. Thismarket failure arisesfrom
adiscrepancy between private and societal interests. This
discrepancy can be corrected through a range of meas-
ures, including regulatory and economic instruments and
the creation of private or public property rights (see sec-
tion 5.5.3).

5.1.3 Government and Community Commitment

The rational and equitable allocation of natural re-
sources requires a high measure of commitment by gov-
ernments, the private sector, and communities. Govern-
ments may need to modify institutional frameworks, es-
tablish new institutions, and reduce the authority of oth-
ers. Difficult decisions may have to be made on the alo-
cation of resources. These concern not only natural re-
sources - wherethere arelikely to be private intereststhat
will lose benefitsthey previously derived - but also public
human and financial resources that may have to be
channeled away from some areas and redirected into oth-
ers. Atthelocal level, communities may haveto agree, for
example, that established uses of natural resources are
unsustainable, and that resources should be reallocated,
or that publicinvestment should be financed to the benefit
of the community as a whole (perhaps through realistic
levels of charges).

The absence of firm commitment isthe underlying rea-
son for policy failurein therational and equitable alloca-
tion of natural resources. | nadeguaciesin addressing mar-
ket failure dueto externalities (see5.1.2), policy paralysis
resulting from inadeguate information, and policy incon-
sistency - where sectoral decisions conflict with the envi-
ronmental goals of government - may all be attributed, to
agreater or lesser extent, to alack of commitment at cen-
tral or local levels. Where there is commitment, financial
resources are sometimes a constraint. More fregquently,
perhaps, a low level of economic development prevents
effectiveintervention.

5.1.4 Poverty Alleviation

Poverty isaroot cause of environmental degradationin
much of theworld. The poorest people, and poorest coun-
tries, do not have the luxury of taking a long-term view
and are forced to take whatever actions are necessary to
meet immediate needs, even when they know these to be
detrimental in the long-term. In addition, poor people of-
ten inflict disproportionately high damage because, with
limited alternatives, they are often forced to place pres-
sure on the environment. Thisincludes, for example, gar-



dening on marginal land, fishing depleted stocks, cutting
mangroves and other coastal forests for fuel and building
materials, and living in unplanned peri-urban settlements
without water and sanitary services. Preventing resource
degradation from such pressures - driven by increasing
population and poverty - isthus part and parcel of sustain-
able development. Asincomes rise, the incidence of pol-
luted drinking water falls and the rate of population in-
crease declines. Thereisastrong argument, therefore, that
improving the long-term welfare of the poor should be a
priority for government actions. Moreover, levelsof aware-
ness of environmental threats, and of willingness to par-
ticipate in mitigation, also increase asincomesrise.

Pressure on natural resources can often only beresolved
by creating alternative employment opportunities. This
sometimesrequireslargeinvestmentsin physical infrastruc-
ture and education; but much may also be achieved through
reform of agricultural policiesin many situations.

5.1.5 Regional and International Cooperation

Countries that reduce local environmental impacts by
using air or water to carry contaminants away - by build-
ing tall stacks, for example, or discharging contaminants
into ariver - may simply transfer impacts to neighboring
countries. States may al so tol erate practicesthat are detri-
mental in another jurisdiction: one state, for example, may
tolerate LBAsthat accel erate coastal erosion without con-
sidering possible effects - such asthose of siltation on coral
reefs - in aneighbouring country.

Such situations are likely to create conflict. Regional
cooperation, though not a panacea, can not only reduce
conflict but also enhance the efficient use of human and
financial resourcesthrough such means as:

* agreements to reduce the export of environmental
impacts and to tackle problemsin shared seas
collectively;

« the exchange of information and experience both
about transboundary environmental impactsand at a
more general level, for example on changesin the
status of coastal ecosystems;

* cooperative programmes for research, environmen-
tal monitoring, assessment, training, information
management, and technical assistance;

« coordination of the management of coastal areas and
associated catchments; and

« cooperation and networking to address common needs.

Such cooperation allows countriesto pool resourcesto
undertake complex activities that would otherwise be be-
yond the capability of any one of them, and recognises
their inter-dependence with regard to environmental
threats. Examples include regional programmes in the
Mediterranean, North, Black, Baltic, and South China Seas.
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A lesssophisticated level of technical cooperation between
developing countries, both within and between regions,
can also work relatively well.

To support suchinternational cooperation - and, indeed,
unilateral efforts by developing countries - donors may
need to reconsider their priorities and policies. Many do-
nors are reluctant to provide assistance that they perceive
as supporting the recurrent budgets of recipients. Instead
they usually confine it to projects that emphasise short-
term capital investment and narrowly targeted training. The
critical need in many countries, however, islong-term sup-
port in building the administrative and technical capacity
to formulate and, in particular, to implement sound and
coordinated environmental policies.

Case History: International Cooperation in the
South China Sea

The South China Sea is an interesting example of the
benefits of international cooperation, because of the
looming threat of military confrontation over the Spratly
Islands, which several countries- including China, Viet-
nam, Malaysiaand the Philippines- claimtolieintheir
territorial waters. Scientistsin these countrieshavetaken
strong initiativesto promote the peaceful use of the Sea
and itsresources so asto shift the trend towards mutual
benefit in the region, rather than towards potentially
destructive competition for resources. Theseinitiatives
areexemplified by joint scientific cruises organised by
the Philippines and Vietnam. There has also been an
increasing exchange of scientists and students among
these countries, taking advantage of the relative
strengthsin marine science and environmental manage-
ment training of the different institutions around the
Sed's basin. Negotiations are currently under way at
senior government levels - such as the respective de-
partments or ministries of foreign affairs - to institu-
tionalise such forms of collaboration in order to make
them a permanent feature of regional cooperation.

The capacity to manage natural resourcesrationally and
equitably depends upon adequate GNP and institutional
capacity - barriersfor many devel oping countries. Global
environmental concernsand internationd tradeareincreas-
ingly being governed by international conventions, whose
application may be counter to the short-term interests of
many smaller countries. Similarly, internationd institutions
often call for economic policy reformsthat are not always
appropriatefor the countries concerned, and constrain their
ability to formulate and implement effective natural re-
sources management policies. Thereisaneed for the con-
cernsof these countriesto betaken into account to agreater
extent.
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5.2. STRATEGIESTO CONTROL DEGRADATION
OF THE MARINE ENVIRONMENT FROM
LAND-BASED ACTIVITIES

5.2.1 Common Srategic Elements

The optimum strategy for reducing theimpactsof LBAS
onthemarine and coastal environment will be differentin
each country; but there are certain common elements. The
“umbrellas’ within which key elements may be grouped
are;

* incorporation of environmental considerationsinto
all projects, policies, and programmes;

* promotion of efficient resource use;

» avoidance of policy failure; and

* maintenance of future options.

Incor poration of Environmental Considerationsinto
all Projects, Policies, and Programmes

Elements falling into this group include:

» carefully evaluating the likely environmental
conseguences of al projects, policies and pro-
grammes,

» adjusting programmes to ensure that the overall net
damageis minimised; and

* giving priority to programmes and policies that
generate long-term net economic benefits.

Promotion of Efficient Resource Use

Policies that promote technical economic efficiency
without infringing equity (fairness) or environmental con-
siderationswill promote the welfare of present and future
generations. Elementswould include:

» dlocating property or userights;

» avoiding subsidiesthat encourage environmentally
damaging practices,

» adopting measuresto internalise environmental
costs, including the broad interpretation of the
polluter pays principle where appropriate ;

* promoting technical efficiency, which reduces
industrial costs and pollution; and

* giving due consideration to the degree to which
activitiesor interventions areirreversible.

Avoidance of Palicy Failure

The role of government, in the context of the mitiga-
tion of the effects of land-based activities on the marine
environment, is (i) to provide the legal, institutional and
policy framework conducive to sustainable devel opment
and resource use and (ii) to correct market failure. Various
elements might be included here but among the more im-
portant are:

« enhancing theinstitutional capacity to manage
natural resources, with particular attention to
capacities for information development and eco-
nomic analysis;

« taking a holistic approach to the management of the
uses of natural resources,

« adopting devolved management, with atwin-track
policy processthat involves all stakeholders;

* providing education on environmental matters;

« ensuring better communication between experts,
policy makers, and the public;

* selecting policy instruments according to the policy
problem being approached, giving particular
attention to measures that use market mechanisms;
and

« adopting policies that ameliorate poverty.

Maintenance of Future Options

This“umbrella’ element is concerned with preventing
irreversible actions that might diminish the options of fu-
ture generations. It would include:

« adopting a precautionary approach when the
ecological impact of a proposed action is uncertain;
and

« ensuring that unavoidable environmental damageis
offset by compensatory action el sewhere.

5.2.2 Factorsthat Influence the Setting of Priorities
at the Regional and National L evels

Each region - and each country within aregion - hasa
unique set of prevailing circumstances which will deter-
mine its priorities. As noted in Chapter 4, differencesin
theindustrial base and popul ation characteristicsinfluence
regional priorities for contaminant categories. Priorities
for action depend in part upon the status of regional agree-
ments and institutions, shared social and cultural charac-
teristics, and other regional characteristics.

Similar factorsinfluence priorities at the national level:
one example would be whether the land-based activities
that are causing adverse environmental effects are prima-
rily rural or urban in origin. In heavily urbanised coun-
tries, industrial pollution of rivers and the sea will often
have ahigh priority. In morerural economies|and, water,
and forest management may well be among the priorities.
Most developing countries, however, lie between these
poles. Typically, these countries combine largely rural
economies with relatively large urban areas - frequently
on or near coasts - and, often, with areas used for coastal
tourism. Small island devel oping statesa most alwayshave
to contend with rural and urban environmental issueswithin
asmall area; among other things, this places physical con-
straints on key environmental services, such assolid waste
disposal. As at the regional level, the nature of existing
institutions and legislation must be taken into account in



setting priorities, aswell as social and cultural character-
istics.

5.2.3 Setting Priorities, Objectives, and Tar gets

The following considerations should underlie the se-
lection of priorities:

* priority issues are those at the source of the problem
to be addressed, (e.g., poverty, wasteful technolo-
gies, human behaviour, etc.);

« short-term priorities should be identified as those
where:

- analysis of existing information indicates that
significant improvements can be achieved in the
short term by applying or redirecting existing
human and financial resources; and/or

- where action has a high chance of success;

« longer-term priorities should be those that:

- require additional financial and human re-
sources not available in the short term; or

- address problems likely to beintractable in the
short term.

At the national and sub-national levels, the objectives
of strategiesand policies should be clearly written, unambi-
guous, specific to the issue being addressed, and realistic
in terms of the time allowed to achieve the objective and
the technical, human and financial resources available.

Objectives and targets are the keystones of programme
monitoring and should be determined in such a way that
they are susceptible to it. They should, therefore, be spe-
cific and well defined, and, where possible, quantified as
targets, (e.g., standards for water, sediment, seafood, and
protection of habitat, to facilitate the programme monitor-
ing process (see 5.6.9)).

5.2.4 Criteriafor the Selection of M easures

The selection of measures, and of the policy instruments
to induce their implementation, obviously depends upon
the environmental and socioeconomic conditions, goals,
and priorities at national and regional levels. There are
some fairly straightforward criteriato guide the selection
of measures, including:

« environmental objectives, which should clearly
dictate, in large parts which measures are appropri-
ate;

* cost effectiveness, which for a given measure
should not be evaluated in isolation but with respect
to overall objectives and priorities. A relatively
cheap and effective treatment technol ogy to remove
a contaminant, for example, may not be cost-
effective in the broader context if the contaminant is
not of significant concern, especialy if using the
technology diverts resources from higher priorities;
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* legal implications of a measure with respect to
national law and binding international agreements,

« flexibility to respond to changes in technol ogy,
resource base, or markets quickly and simply;

* predictability;

e reversbility;

* equity, especially with regard to any distributive
aspects of ameasure intra- and inter-generationally;

* capacity toimplement and sustain the measure;

» acceptability to those affected, which can best be
achieved through consultation and participation; and

» the fiscal and economic impacts of the measure.

5.3. OVERVIEW OF MEASURES, AND OF
REQUIREMENTSAND INCENTIVESTO IN-
DUCE THEIR IMPLEMENTATION

The sustainable development of coastal and marine ar-
easrequiresthe application of asuite of measurestailored
to local, national, and regional circumstances. The suit-
ability of a given measure usually depends less upon its
inherent technical meritsthan upon benefitsand costsrela-
tive to other measures, the priority of the issue that it ad-
dresses, and - perhaps most importantly - the prospects
for implementing it effectively. Implementation, in turn,
depends upon applying a range of appropriate policy in-
struments, including regulatory and economic instruments,
the promotion of voluntary action by industry, and public
and private investment.

Many specific tools and measures are available to ad-
dressindividual contaminants, activitiesand sources, these
are summarised in Section 5.4 and Table 5.4 below. This
section - much of which is summarised in Tables 5.1 and
5.2 - provides an overview of four categories of technical
measure (source reduction, stressreduction, impact reduc-
tion, and mitigation), three types of policy instruments
(regulatory instruments, economic instruments, and the pro-
motion of voluntary initiatives), and appropriate condi-
tionsand toolsfor their implementation. Discussion of the
organisational arrangements and broader policy and legal
frameworks for implementation is deferred until Section
5.6.
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Table 5.4. Available measuresfor prevention of degradation of the marine environment by land-based activities by
contaminant and source. The gray columns correspond to the “intervention points’ in Figure 5.1

MEASURES TO:
Contaminant | Major General Prevent or Modify contami- | Prevent or Mitigate or re- | Suitable
or alteration |anthropogenic | planningand [reduce contami- | nantsor practicesor |reduce verse degrada- | require-
sources management | nant production | reduce contaminant | degradation of |tion thatisun- | mentsand
approaches/ |or a harmful discharge or extent | affected areas |avoidable or has | incentives
frameworks |practice (Source | of the practice (Impact already occurred
reduction) (Stressreduction) |reduction) (Mitigation)
Sewage Diffuse Social policy; | Water conserva- | Improved design | Good public Natural regen- Public
sour ces urban tion, construct and construction health/ eration after investment;
(latrines, planning; sewerage (e.g. of septics); environmental | earlier measures | public
septic tanks, |waste infrastructure innovative engineering have reduced education;
etc.) management | (convertsdiffuse |technologies(e.g. |practice; use of | contaminant subsidies for
sewage sources to | composting toilets) | natural or loads appropriate
point sources) constructed technologies
interceptors/
assimilators
(e.g. wetlands,
mangroves)
Sewage Point sources |Socia Water conserva- | Treatment; waste | Appropriate Natural regen- | Regulation;
Sewage policy, urban |tion extraction and construction eration after effluent
Outfals planning; reuse; effluent/ and siting of earlier measures | taxes/
waste sludgerecycling; | outfalls; have reduced charges; user
management land disposal; appropriate contaminant charges;
waste stream timing of loads subsidies for
Animal De-intensifi- | Best practice separation discharge (e.g. infrastruc-
husbandry cation; land- tidal phases); ture;
use planning use of natural
or constructed
Industry (food | Not applice- interceptors/
processing, ble (?) assimilators
pharmaceuti- (e.g. wetlands,
cas) mangroves)
POPs Industries: Bans; Product Treatment, Discharge, Removal of Regulation;
(PCBs, substitution incineration, environmental | contaminanted user charges,
hexachloro- | PCBs: recycling; ban quality, and sediments; deposit-
benzene) electrical, landfill disposal; product residue | bioremediation; | refund
hydraulics, containment standards; natural attenua- | systems;
printing technologies (e.g. |Appropriate tion sub-sidies
geotextiles) siting; for clean
Hexacholor- technology;
benzene: subsidies for
widespread BEP/BAT;
use removal of
subsidies for
outdated
technology;
liability
insurance
POPs Agriculture Integrated Bans; product Reduced useg; Bioremidiation | Residue
(Pesticides) pest manage- | substitution targeted applica- (may be possible | standardsin
ment, BEP, Ban landfill tion in near future) agricultural
BAT disposal and aqua-
cultura
products
POPs Incinerators, | Improved High tempera- Stack scrubbers Discharge, Removal of Regulation;
(Chlorinated | industrial waste tures during environmental | contaminanted | subsidies for
dioxins, facilities (pulp | management; |incineration; pulp quality, and sediments; clean techno-
furans) mills) Best manage- | mill feedstock product residue | bioremediation; | logy, BEP,
ment practice | segregation; standards; natural attenua- | and BAT;
substitutes for Appropriate tion removal of
chlorine in pulp siting; subsidies for
bleaching outdated

technology
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MEASURES TO:
Contaminant | Major General Prevent or Modify contami- | Prevent or Mitigate or re- | Suitable
or alteration |anthropogenic | planningand | reduce contami- | nantsor practicesor | reduce verse degrada- | require-
sour ces management |nant production | reduce contaminant | degradation of |tion thatisun- | mentsand
approaches/ |or a harmful discharge or extent | affected areas |avoidable or has | incentives
frameworks | practice (Source | of the practice (Impact already occurred
reduction) (Stressreduction) |reduction) (Mitigation)
Artificial Nuclear cycle |Radiological |Ban nuclear Reduce medical Release limits; | Sediment Regulation;
radionuclides | installations protection, power generation, | and research use of |land storage; removal, subsidies for
(especidly regulation spent fuel radionuclides, deep-sea capping, natural | clean
spent fuel reprocessing, waste treatment, disposal of burial technology
reprocessing medical and stack scrubbers solid radioac-
plants), research use of tive wastes;
hospitals, radionuclides; restricted
research cleaner technolo- access
facilities gies
Accidents Risk manage- | Ban nuclear Restricted
ment power generation, access
nuclear weapons
Natural Mining Risk manage- | Ban mining,
radionuclides | activities, ment fossil fuel
fossil fuel combustion
combustion
Heavy Industrial Health Collection and Weaste separation | Appropriate Sediment Regulation,
metals facilities: protection recycling or and treatment; siting of removal, effluent
smelting, Seafood proper disposal | stack scrubbers; discharges; capping, natural | charges/taxes,
mining, metal | safety of relevant con- | product substitu- | Restrictions on | burial, landfill subsidies for
plating, Clean sumer products | tion; landfill fisheries or fish | remediation clean techno-
shipyards, technology (e.g., batteries) containment consumption; logy; removal
solid munici- assimilation by of subsidies
pal waste wetlands & for outdated
mangroves; technology;
product
charges,
deposit-
refund
schemes,
ligbility
insurance
Oils Industrial Best practice, | Ban relevant Product subdtitution | Dischargeand | Bioremediation; | Regulation,
facilities implement industries; (gas, nuclear power); | environmental | physical effluent
(refineries, MARPOL cleaner technolo- | mandatory booming | quality removal; chargesitaxes,
production, (portwaste | gies; of shipsin harbour; | standards; subsidies for
storage and reception) oil waste intercep- | appropriate clean techno-
distribution tion and treatment; | Siting logy; removal
facilities, port fuel bunds; improved of subsidies
facilities) operational practice for outdated
technology
Urban runoff | Urban Ban terrestrial oil | Stormwater inter- | Not applicable | Physical removal | Deposit re-
planning dumping ception and treat- fund schemes
ment; used oil dis- (for used
posal facilities; oil lubrication
recycling; reduced ail); user/
use for dust control product
charges,
public edu-
cation; public
investment
Accidents Risk manage- | Not applicable Safety measures; | Not applicable | Bioremediation; | Regulation;
ment; maintenance physical removdl;
regulation dispersants; nat-

ural attenuation
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MEASURES TO:
Contaminant | Major General Prevent or Modify contami- | Prevent or Mitigateor re- | Suitable
or alteration |anthropogenic | planningand | reduce contami- | nantsor practicesor | reduce verse degrada- | require-
sour ces management |nant production | reduce contaminant | degradation of |tion thatisun- | mentsand
approaches/ |or a harmful discharge or extent | affected areas |avoidable or has | incentives
frameworks |practice (Source | of the practice (Impact already occurred
reduction) (Stressreduction) |reduction) (Mitigation)
Nutrients Sewage Socia policy, |Water conserva- | Asfor sewage Asfor sewage |Asforsewage |Asfor
urban plan-  |tion above above above sewage
ning; waste above
management
Runoff from | Best practice |Improved land Interceptors; buffer | Appropriate Capping Regulation;
agriculture, managementto | zones; closed- siting and sediments; alum | taxes/charges
cities, agua- reduce run-off system agquaculture; | timing of addition on fertiliser;
culture, forestry, reduced fertiliser activities subsidies for
construction use; improved road BEP/BAT,;
Sites, recrea- design and removal of
tional/tourist construction subsidies on
facilities fertiliser
Atmospheric | Best practice; | Cleaner technolo- | Catalytic convert- | Not applicable | Not applicable | Regulation;
emissions - urban gies; reduced ers; stack scrub- TDPs,
transportation, | planning vehicleuss; energy | bers; improved
power plants, conservation transport systems
industrial
facilities;
incinerators;
agriculture
Altered Channelisation; | Place water- | Reject project Designimprove- | Natural or con- | Habitat creation | Regulation;
sediment flood control | shed manage- | proposal ments (e.g., catch- | structed inter- |and restoration | subsidies for
flux - large | (levees), ment within ments, salinity con- | ceptors/assimi- BEP/BAT;
engineering | coastal anICM trals, non-reflective | lators (e.g. vege- soft loans for
works protection (sea | regime; EIA; seawalls); bank tation buffers erosion
(Sediment walls); good engine- stabilization; post- |and wetlands); control
mobilisation) |diversions ering practice congruction engine- | constructed off- investments
ering modifications | shore berms;
(e.g., open/modify | dredging (sedi-
closures) ment removal)
(Sediment Dams; chan- sediment bypasses; | sediment re-
impoverish- | nelisation; flood diversions; plenishment;
ment) control (levees); enhanced flow enhanced ero-
coastal protect- through; deliberate |sion; artificial
ion (groynes); flooding sediment
coastal sources; dredge
enclosures and reinject;
Altered Agriculture; Place land Ban destabilising | Modify tillage, road | Natural or Regulation;
sediment forestry; use and activitiesin building, other constructed subsidies for
flux (general |construction | watershed sensitive areas practicesin agricul- | interceptors/ BEP/BAT;
land use) management | (e.g. steep slopes) | ture and forestry; | assimilators soft loans for
(Sediment within an construction (e.g. vegetation erosion
mobilisation) ICM regime; methods that reduce | buffers and control
BEP erosion; timing of | wetlands) investments
activities (e.g. earth-
works, ploughing)
to avoid heavy
rainfall
Litter Domesticand | Solid waste | Ban harmful Reduce packaging; | Regular clean | Wildlife Regulation;
industrial management | products, ban reduce use of dis- | up; degradable |rehabilitation public
waste dumping/ littering | posable products; re- | materials; education;
cydling; incineration; | “wildlife- deposit-
collection and proper | friendly” refund
landfill disposal packaging systems;
Physical Construction, |ICM National legisla= | Compensation or | Habitat Regulation;
alteration landfill, de- tion; permitting; | mitigation of restoration and public
forestation, enforcement; habitat |0sses creation education;
agriculture, protected aress; soft loans for
mariculture, regional agree- erason control
recreation, port ments investments;
development, compensatory
navigation, non- incentives
aguatic trans-
portation, dis-
charges(eg. tal-

ings), dumping




5.3.1 General Overview

Measures to reduce the anthropogenic degradation of
coastal and marine environments can address environmen-
tal problems at different stages in the sequence that |eads
up to it (Figure 5.1). Conceptually, it is preferable to ad-
dress environmental risks earlier rather than later in this
seguence: prevention isbetter than cure. In practice, how-
ever, thisisnot necessarily the case, either because of tech-
nical constraints(e.g., it may not be possibleto avoid pro-
ducing a harmful by-product) or cost-benefit considera-
tions (e.g., it may be cheaper to remove a contaminant by
treatment than to avoid producing it), or because degrada-
tion has already occurred. The discussion in this chapter,
building upon the logic of the GPA/LBA, classifies envi-
ronmental management measures into four groups.

Figure5.1. Points of intervention in the sequence
that leadsto environmental degradation
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M easuresto prevent or reduce contaminant genera-
tion or harmful practices (Source reduction). Some
sources of degradation can simply be banned. Bans on at-
mospheric nuclear weaponstests, on lead in vehicle fuel,
and on the production and use of DDT, PCB’s, and some
other POPs, have led to measurable improvementsin en-
vironmental conditions. Bans may be justified for ex-
tremely harmful contaminants or activities and, when ef-
fectively implemented, have the advantage of entirely
eliminating the environmental risk associated with them.
In most situations, however, total bans are either techni-
cally unfeasible or unacceptableto society. Banscreate an
enforcement burden, which can sometimes be reduced by
education and training or by the development of lessharm-
ful dternatives. They may a so have counterproductive con-
seguences - such as the creation of black markets or forc-
ing the adoption of more harmful aternatives- and do lit-
tleto addresslegacies of the past, such asthe stockpiles of
banned pesticides that exist in many countries.

A moregenerally applicable approach isto apply meas-
ures to reduce, rather than eliminate, sources of degrada-
tion - for example by employing cleaner technol ogies and/
or better production practices. The terms “Best Environ-
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mental Practice (BEP)” and “Best Available Technology
(BAT)” embody this concept. The prospects for imple-
menting BEPand BAT are best wherethere aredirect eco-
nomic benefits. In agriculture, for example, BEP can sig-
nificantly reduce inputs of pesticides, fertiliser, and water,
and reduce soil loss. Similarly, cleanindustrial production
technol ogies are often the most modern and economically
efficient ones. In someindustries, market demand for en-
vironmentally friendly products also creates economicin-
centives. The primary barriers to implementing BEP and
BAT inthesesituationsarelack of investment capital, sub-
sidies and other policies that favour the retention of old
plant and practices (e.g., HELCOM, 1996), and the fail-
ure to disseminate information about them.

It must be noted that these terms are sometimes taken
to imply that state-of-the art practices and technologies
are universally desirable. In many situations such solu-
tions are, in fact, not appropriate because, for example,
they depend upon implementation capacity that does not
exist, requireinvestment out of proportion to the problem
being addressed, or are socially unacceptable. They may
also offer relatively little incremental improvement over
less advanced, but more appropriate ,technologies and
practices. Any evaluation of what constitutes “best” tech-
nology or practice for a given situation should include
careful consideration of local needs and capacities over
thelong term.

Acknowledging that the most technically advanced so-
Iutions may not be appropriateto al situations, some coun-
tries have adopted the concept of requiring the best “prac-
ticable” technology or practice to reduce the environmen-
tal impactsof LBAs. Unfortunately, “ practicability” isof-
ten interpreted largely in terms of the effects of imple-
menting environmental protection measures upon an en-
terprise’sprofitability. Measuresare not required when they
have large negative impacts upon profitability, regardless
of theenvironmental costsimposed by theenterprise. Thus,
environmental costs are not internalised. Where practica-
bility is determined relative to the profitability of enter-
prises, economically marginal activities may be exempted
even from relatively low-cost requirements.

M easuresto modify or reduce contaminantsor other
forms of degradation after generation (ress reduc-
tion). Once a contaminant has been generated, there are
often alternativesto discharging it to the environment - or
measures to render it less harmful. Treatment technolo-
giesexist for many contaminants; others can be destroyed
by incineration or other means. Waste streamsvary mark-
edly between domestic and industrial wastes, and among
industries. In general, separating waste streams and treat-
ing waste on-site, wherever possible, will improve treat-
ment efficiency, reduce overall costs, and foster the inter-
nalisation of environmental costs and the application of
the “polluter pays’ principle. With or without treatment,
wastes can often berecovered and re-used. Again, the pros-
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Industrial Ecology

A relatively new discipline, “industrial ecology” involves

the analysis of interactions of industrial production and
consumption systems with each other and the environ-
ment. Although the term is sometimes used very broadly
to encompass all aspects of sustainable development, in-
dustrial ecology more commonly focuses on flows of ma-
terials and energy, seeking to increase the efficiency of

these flows and reduce their environmental impact. The

concept ismost powerful whenit resultsinindustrial prac-
ticesthat generate direct commercial aswell as environ-
mental benefits.

A central concept inindustrial ecology isthat of “closing
the loop”, that is, making a transformation from a linear
production system where products are used onceand dis-
carded to a closed-loop system where products, materi-
als, and even energy are used repeatedly, evenindefinitely.

Although the idea of recycling certainly isn’'t new, there

isagrowing corporate awareness of opportunitiesto profit

from using materials rather than wasting them. A Texas

steel company, for example, has adopted the philosophy
that “wasteisasacrificed financial opportunity” and gen-
erated nearly US$10 millionin cost savingsand additional
revenue from improvements in the recovery, reuse, and
sale of materials from the waste stream (Quinn, 1995).

Itismuch easier to reuse and recyclewhen products, proc-
esses, and practicesare explicitly designed with eventual
recycling in mind. Spurred by legidation that requiresthem

pects for this are best where there are direct economic
benefits, such as reducing raw materials costs. An impor-
tant caveat is that stress reduction measures should not
simply transfer environmental risks from the seato land.

In some cases the discharge of contaminants has been
prohibited, forcing their containment and storage. Thisis
expensive and unsustainable, but may be a necessary in-
terim measure while a sustainable solution is sought. Dis-
charge prohibitions may have other negative consequences;
banning ocean disposal of some substances, for example,
might actually increase environmental and human health
risks by forcing their disposal on land.

Measures to prevent or reduce the degradation of
affected areas (Impact reduction). Human use of the ma-
rineenvironment - including for the disposal of wastes- is
legitimate (GESAMP, 1991), and will continuein any case.
There are, however, measures that can be employed to re-
duce itsimpacts. Locating LBASs and waste discharges at
sitesthat minimise environmental impact isextremely ef-
fective. Thisappliesto hinterland watershedsaswell asto
coastal areas. Unfortunately, poor siting of LBAsisacom-
mon cause of environmental degradation and resultant use

to take back their products when their life cycle is com-
plete, for example, German auto builders use materials
and construction methods, that make it easier to eventu-
ally recycle the cars. Xerox Corporation has achieved a
competitive aswell as environmental advantage from its
“Asset Recycle Management (ARM)” program to
optimisetherecovery of used businessmachinesand parts
for remanufacture and resale, againin part by design fea-
tures, for example the types of plastic used, that make
reconditioning and remanufacturing easier and cheaper.

In what is often called “industrial symbiosis’, industries
use the waste products of other industries as raw mate-
rial. The waste recipients can reduce raw material costs,
whilethewaste generators reduce disposal costsand even
generate revenue by selling the waste. A well-known ex-
ample is an industrial symbiosis project at Kalundborg,
Denmark.

Onetool of industrial ecology is Life Cycle Assessment
(LCA), which evaluates the environmental impacts of
productsor activitiesat every stageincluding the extraction
of raw materials, production, distribution, use, re-use, and
final disposal. LCA hasbeen criticised for its compl exity
and, often, lack of clearly defined boundaries (Johnston,
1997). Properly applied, however, it haspromisefor identi-
fying opportunities to reduce environmental impact, and
often improve profitability, by more efficient practices,
product and process substitution, and other means.

conflicts. EIAisuseful in assessing sitesuitability for large-
scaledevel opment projects. Broader-scale, integrated land-
use and coastal management planning is generally more
useful in managing the siting of dispersed small-scale ac-
tivities. One prominent exampleiszoning schemeswhich,
by identifying the suitability of sites for particular uses
protect critical areas, and designate buffer zones (e.g.,
wetlands and forest) to control the spread of impacts.

Good environmental design can further reduce envi-
ronmental impacts. Examples include: setback limits for
construction; diffusers and other outfall design elements
to maximise diffusion and dispersion; the use of trailsand
boardwalks to control visitor impacts; and containment
technologies (e.g. to prevent sediment flowsfrom construc-
tion sitesor leaching from landfills). Operational practices
- such aslimitson visitor numbersor the timing of activi-
tiesto avoid sensitive periods (e.g. wet seasons, spawning
or migration events) - may al so be effective.

M easuresto mitigatethe degradation of affected ar-
eas (Mitigation). Sometimes environmental degradation
has already occurred, cannot be prevented (e.g. because of
accidents), or is deemed acceptable in view of overriding
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Figure5.2. Theindustrial symbiosisat Kalundborg, Denmark. Arrowsindicate flows
of material and ener gy between industries (re-drawn from Grann, 1997)
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economic or other benefits of development. In such cases
it may be possible to reverse or otherwise ameliorate the
degradation. Natural systems can often regenerate, given
nothing more than the termination of the source of degra-
dation, but regenerative capacity varies among biological
communities. The recovery times of bottom communities
disturbed by dredging, for example, can differ from months
to a decade (Newell et al., 1998). Regeneration also de-
pends upon the environmental health of the broader eco-
system and the nature, severity, and spatial scale of the
degradation.

Where natural regeneration isinadequate, active inter-
ventions - such as hydrological modification, the provi-
sion of artificial substrate, or transplantation - may bere-
quired. Attempts at rehabilitating habitat have met with
varying success. Replanting mangroves and reconstruct-
ing coastal wetlands have been reasonably successful in
some instances, for example, while efforts to restore
seagrass beds have only met with very limited success.

Furthermore, while rehabilitating habitat rehabilitation
can achieve specific environmental goals - such as con-
trolling erosion - itisunlikely to restore al ecosystem func-
tion and diversity. Rehabilitation is also expensive - often
much more so than preventative measures - and techni-
caly difficult. Remedial action may itself have adverse
consequences:. theremoval of contaminated sedimentsand
certain oil spill cleanup measures, are prime examples of
this. Measures to prevent degradation, therefore are gen-
erally preferable to habitat rehabilitation, and the alterna-
tive of taking no action (i.e., of relying upon natural re-
covery) should always be evaluated before undertaking
them.

Thelmpact and Cost of an Accident

Eleven million gallons of oil werespilledin March 1989
when the Exxon Val dez,alarge supertanker, ran aground
off Alaska's coast. Although only the 53rd largest oil
spill at the time, it spread out to cover 1,300 miles of
shoreline, killed about 250,000 birds and 2,800 sea ot-
ters, reduced fish and shellfish stocks, and wiped out a
considerable part of theintertidal and subtidal floraand
fauna. Elevenyearslater, the spill’secol ogical and eco-
nomic effectsaretill very muchinsight, although someof
the effected species and habitats have partialy recovered.
Exxon spent morethan US$2.1 billionin cleanup costs,
but only 14 per cent of the spilled oil wasrecovered. Itis
paying US$1 billionin civil and criminal fines, and has
been ordered to pay a further US$5 billion in punitive
damagesto local fishermen, native hunters and others.

Remedial action may be required to support other com-
ponents of an overall strategy. International banson some
persistent organics, for example, have failed to produce
the desired reductionsin the levels of these substancesin
the North Sea (North Sea Task Force, 1993), principally
due to continuing inputs of these substances from such
secondary sources as land disposal sites and the atmos-
phere. Remediation at these sites may therefore be neces-
sary to achieve the bans' objectives.

Management measures sometimes aim to reduce the
negative consequences of degradation rather than to pre-
vent or reduce the degradation per se. Water quality stand-
ards for bathing or seafood harvesting, and safety stand-
ardsfor seafood contamination, for example, are designed
primarily to reduce the risks of pollution to human health
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rather than to prevent it from occurring, although the ef-
fects of enforcing the standards (e.g. by closing bathing
beaches) may provide an impetusfor pollution reduction.

The measures available to protect the marine environ-
ment from degradation due to LBAS have some technical
shortcomings. The primary reason that they are not effec-
tively implemented, however, isthat markets fail to send
price signalsthat reflect the real economic costs of down-
stream degradation. | ntervention, primarily by governments,
isthereforerequired toinduceimplementation. Three broad
categories of intervention are most important:

e regulatory instrumentsinvolving the direct
limitation or control of activitiesto coerce enter-
prises and the public into implementing environ-
mental protection measures.

* economic instrumentsthat correct the failure of
markets to send adequate price signals by creating
financial incentivesto implement protective meas-
ures. Economic instruments are intended to use
market forces to bring private costs moreinto line
with the costs of environmental degradation borne
by society.

e instrumentsto foster voluntary action by enter-
prises and the public can be highly effective and
reduce the burden of environmental management on
governments.

These and other measures are discussed in more detail
below. Regulatory instruments have been the traditional
approachto environmental protectioninal countries; most,
if not al, countries have promulgated environmental regu-
lations. The problems described in Chapters 2 and 3 indi-
catethat regulatory approaches have not been entirely suc-
cessful in protecting the marine environment from LBAS.
Only in the case of bans and prohibitions are regulatory
instruments the sole option (Table 5.1). Given the need to
use scarce human and financial resources to the greatest
advantage, especially in devel oping countries, innovative
and lessregul atory approachesto environmental manage-
ment must be developed and, more importantly, imple-
mented.

Table 5.1 Applicability of Instrumentsfor
Implementation to Different Classes of Environmental
Protection Measures (Y = yes)

Class of Regulatory | Economic | Voluntary
measure instruments | instruments |  action
Bans and prohibitions Y

Source reduction
Stress reduction

Impact reduction

< < < <
< < < <
< < =< <

Ameélioration

5.3.2 Regulatory Palicy I nstruments
The Range of Regulatory Policy Instruments

The range of regulatory instruments available to ad-
dress the causes of marine degradation includes:

* restrictions on inputs (e.g., maximum allowable
levels of lead or sulphur in fuels);

« planning regulations (e.g., EI A requirements);

« zoning by use, including the establishment of
protected areas,

* emission or effluent standards;

« environmental quality standards, such aswater
quality standards;

« licensing requirements for waste discharge;

* restrictions on the extent or timing of certain
activities (e.g., harvest limits, closed seasons);

* design, construction, and operational standards (e.g.,
set-back limits., requirementsfor pollution abate-
ment equipment or spill response capability); and

« risk-based regulatory approaches.

Many of these are so-called “Command-and-Control
(CAC)” regulations, setting rigid standards or specifying the
environmental management procedures and equipment to
be used, and compelling compliance by threatening sanctions.
In other cases (e.g. for radiological protection) regulations
are risk-based and probabilistic in nature - requiring esti-
mation of hazards and exposures, and documenting un-
certainties - and can be used for comparative assessments
of management alternatives.

Srengthsand Weaknesses of Regulatory I nstruments

Regulatory instruments have been widely preferred by
environmental management agencies, by the enterprises
they manage, and by interested third parties, because of their
familiarity and perceived certainty compared to economic
instruments and voluntary action (Barbier, 1992)%. They
are also conceptually compatiblewith the prevailing legal
frameworksin most countries. Sometypes of well-drafted
regulations(e.g., Ssmplezoning regulations, closed seasons)
arerelatively easy to disseminate to the target sector.

Regulatory controls, however, have several weaknesses,
including:

« enforcement costs for inspections, administration,
technical support, and legal action are often high;

« they are difficult to implement and enforce where
there are many resource users or polluters and/or
where these are dispersed. Thisistypical of, though
not confined to, rural economies of countries with
scarce financial and administrative resources;

1Barbier (1992) referring to Bohm and Russell (1985), Opschoor and
Voss (1989) and Pearce (1990), provides a brief summary of the prefer-
ences of policy makers and polluters and resource users for regulatory
controls over economic instruments.



« conversely, governments may find it difficult to
enforce environmental regulationsif they rely upon
afew industries or even individual projectsfor
revenue, foreign exchange, and other economic
activity: this, too, is not uncommon in developing
countries,

« they areinflexible; and

« they are often economically inefficient.

Activities perceived to present low environmental risk
due to their nature (e.g., agriculture, food processing) or
scal e(e.g. cottageindustries) are often exempted fromregula-
tions so as to reduce the administrative and enforcement
burden, and for political and other reasons. Such exemptions
generally mean that significant pollution sources go un-
recognised and unregul ated; they are seldom justified from
an environmental management perspective. Regulatory leg-
islation should beinclusive, albeit with appropriate flexi-

bility.

Theinflexibility of regulations, particularly CAC regu-
lations relating to emission or effluent standards in the
manufacturing and extractive industries, often resultsin
economic inefficiency. A study at an oil refinery in the
United Statesrevealed, for example, that compliancewith
regulations cost US$51 million while alternative ap-
proaches could achieve a similar reduction in pollution
for only US$11 million (after Richardsand Frosch, 1997).

Compliance with uniform standards may entail higher
costs at older plantsthan at newer ones, thus reducing the
overall net environmenta benefit per unit of investment
and creating pressure for less stringent standards. Newer
plants may be ableimprove on the standards at relatively
low cost, but have no incentiveto do so. One solutionisto
introduce variable standards that are more restrictive for
new plants; but this can create a disincentive to modernise.
Firmsmay actually haveincentivesnot toimprove on stand-
ardsin order to dissuadetheregul ator from tightening them.

5.3.3 Economic Policy Instruments

Economic policy instruments aim to modify private
costs and benefits so that unaccounted socia costs (and
benefits) of environmental degradation are internalised
(i.e., borne by those responsible (Barbier, 1992)). The
common characteristic is that, unlike regulatory controls,
they do not directly control or restrict activities. Instead,
they create financial incentives to modify or reduce ac-
tivitiesthat result in environmental degradation. Their ef-
fectiveness thus depends on incentives that are sufficient
to modify behaviour - or to generate revenue, whenthat is
the prime policy objective.

A number of factors have beenimportant driving forces
for the adoption of economic, instead of regulatory, policy
instrumentsin different countries. They include:
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« the high administrative - and especially enforcement
- costs of regulatory controls;

* poor ongoing compliance with regulatory measures;

* the disincentives to do better than standards or to
introduce new control technologies that are associ-
ated with regulatory instruments;

* opportunities to raise revenue via charges, taxation,
etc. - sometimes but not alwaysin order to subsidise
the costs of environmental management.

The Range of Economic Policy I nstruments

Table5.2 showsarange of economic policy instruments,
their potential benefits and disadvantages, and brief les-
sons from experience. Only a few comments are offered
here to supplement the information presented there.

Direct instruments, such as effluent charges and trade-
able discharge permits (TDPs), aretargeted at specificin-
dividuals and groups. They can be economically advanta-
geous but, like regulatory instruments, impose a high
monitoring and enforcement burden and often require con-
siderableinstitutional capacity to design and apply them.
Effluent charges have three main effects:

» by increasing the private cost of stressing the
environment, they create an incentive to continually
reduce such stress - unlike fixed regulatory standards.
Thisincentive, of course, depends on the level of
the charge relative to the cost of improved environ-
mental protection;

* they may internalise the environmental costs of
environmental degradation, again depending on the
scale of the charges; and

* they raise revenue.

Effluent charges are often set too low to alter behav-
iour dramatically. They have been most useful in raising
revenue, which can beinvested in environmental manage-
ment. In some countries, however, charges have been high
enough to provide incentives for pollution abatement and
for innovation in control technology (Smith, 1994).

Creating marketsin TDPsisthe most sophisticated use
of economic instruments. In theory, TDPs focus invest-
ment on pollution control where it will achieve the great-
est unit discharge reduction, while still meeting atargeted
level of discharge. The concept of TDPshas captured much
attention, notably because of its large economic advan-
tage compared to standard-setting instruments: permit trad-
ing under the US Clean Air Acts saved industry over US$4
billion up to 1985 (Hester and Hahn, 1987). Experience
withthem, however, islimited to very few developed coun-
tries, primarily in controlling sulphur dioxide emissions.
There areimpedimentsto establishing effective TDPmar-
ketsfor water quality management (see box).
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TDPsand Water Pallution: Barriersto Creating
Effective Markets

Reasons for the difficulty of establishing a well-func-
tioning TDP in water pollution rights have been re-
viewed by Smith (1994), quoting Tietenberg (1990) and
Klaasen (1994). The primary obstaclesrevolve around
thefact that the pollution isnot well mixed in most water
quality problems. As a result, different polluters have
different impacts on individual receptors. Thisleadsto
three significant differences, which haveto beovercome
prior to the establishment of a successful market:

« differential impacts are a major hindrance to
making trades, because it can be difficult to
determine whether or not any individual trade will
comply with ambient water standards;

* because of this, the regulator must approve each
trade, to satisfy itself that this complieswith its
standards, thus increasing transaction costs: and

« differential impacts necessitate the grouping of
polluters that have similar impacts on receptors
into sub-markets; thisincreasesthe likelihood that
there will be too few potential traders and tradesin
any sub-market to make it competitive.

Indirect economic instruments - commencing in Table
5.2 with taxes- do not target specificindividualsor groups,
and can generally be implemented through existing ad-
ministrative mechanisms. They are therefore particularly
useful when research, monitoring, analysis, and/or enforce-
ment capabilitiesareweak and/or there are alarge number
of polluters or resource users (e.g., agricultural run-off,
wastes from small industrial enterprises, and solid waste
from househol ds). Theinstrumentsthat can be most effec-
tive in such situations include taxes and, particularly, de-
posit refund systems.

Chargesarea“stick” to penalise environmentally harm-
ful activities, whereas subsidies offer a“carrot”, afinan-
cial inducement toimprove. Subsidiesusually taketheform
of financial assistance for investment in environmental
protection. Smith (1994) suggests, however, that enforced
deadlines are more effective than subsidies in achieving
rapid compliance, and that subsidies may encourage ex-
cessive capital investment, for example in sewage treat-
ment. |n general, experience indicates that any short term
benefits achieved by subsidies are more than offset by the
disadvantages - especialy the difficulty, common to all
subsidies, of bringing them to an end. Where they may,
however, be effective is in reducing sources of degrada-
tion where it is difficult to enforce regulatory controls:
subsidising BEP to encourage farmers to reduce nutrient
loadings provides one example of this (Smith, 1994).

Other policy tools, in addition to those shown in Table
5.2, can be broadly considered to be economicinstruments.
Oneexampleisremoving subsidiesthat distort the private
costs of resource use and pollution, as opposed to giving
subsidies for desirable behaviour (Panayotou, 1990;
Pearce, 1990). Institutional reforms such asthe improve-
ment or establishment of property right regimes, legal
titling, and contract enforcement al so assist or even estab-
lish markets for environmental goods and services
(Panayotou, 1990, quoted in Barbier, 1992).

There are usually also economic aspects to regulatory
enforcement, such as, most commonly , finesfor non-com-
pliance. Performance bonds or liability systems are an-
other example, but are used in only afew countries. Aus-
tralia, Finland, Norway, Sweden, the UK and the US all
have variations of these two instruments.

Table 5.2. Summary of economic policy instrumentsto induce implementation of measuresto prevent or reduce
the adver se effects of LBAS on the marine environment

Effluent charges

quality over an allowable
maximum for each
enterprise.

and individualsto find
improved ways of
reducing pollution

* Provide revenuefor (i)
environmental protec-
tion or (ii) general
public expenditure

« Shift burden of
financing water quality
programmes from the
taxpayer to the polluter

chargerates

* Require research and a
high level of palitical
will

* Require close monitor-
ing and high adminis-
trative competence

« Effectiveness may be
limited by ability of
polluters to pay,
especially in countries
with critical need for
economic development

Category/type Description Potential benefits Potential L essonsfrom
disadvantages experience

DIRECT Charges on discharges « Create incentives for « Effectivenessdepends |  Often set too low (often

INSTRUMENTS | based on quantity and/or | municipalities, firms on sufficiently high cheaper for pollutersto

pay the charge than
invest in controls)

* Administrative systems
may fail to collect the
charges

* Where administrated
effectively, chargescan
(i) raise revenue; (ii)
result in improved
water quality; (iii)
provide some incentive
for innovation in
control methodology
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Category/type Description Potential benefits Potential L essonsfrom
disadvantages experience

DIRECT * When the number of « Political acceptability

INSTRUMENTS dischargesincreases can be promoted by

Effluent charges

because of industrial or
population growth, the

transparently recycling
revenue into projects

(continued) alowable discharge that clearly improve
and/or charge must be water quality
made more stringent to | « In developed countries,
maintain a given total may encourage over
pollution load. This investment in water
createsregulatory treatment plants
uncertainty
« Often economically
inefficient: do not allow
for variation in costs/
benefits of controls
among polluters
« Provide no incentives to
exceed standards, there-
fore impede technical
development of controls
Compensatory Financial inducements * May increase access Limited applicability So far, used little if at all
incentives for individuals or firms and adoption of in mitigating the effects
who disproportionately pollution control of LBAs
bear the risks or costs of technology in some
environmental improve- developing countries
ment or who possess * May result in conserva-
valuable environmental tion of critical marine
assets, e.q., compensatory | habitat that might
financing of “environ- otherwise be lost
mentally friendly”
technology transfer to
developing countries,
debt-for-nature swaps
Emissions and Theregulator setsatotal | » Theoretically relatively |« Significant technical, * Developed for atmos-
effluent trading alowable pollution load, | simple. Once permits financial and legal issues| pheric sulphur dioxide
(Tradeable or and alotsashare of this | have been issued, must be resolved before | emissions; very limited
Transferable to firms (or municipali- interactions are between | trades can occur application to water

Discharge Permits,
or TDPs)

ties), and/or sources
within firms, in the form
of permits. Firms able to
reduce discharges below
thislevel can sdll or trade
their unused allowance to
other firms, which can
then exceed their initial
limit by that amount.
Alternatively, the unused
allowance can be applied
to other sources within
the firm. New entrants
must purchase discharge
rights on the open market

individual firms
« Flexibility enhances
economic efficiency,

eg.
- Firmswill invest the
least expensive of TDPs

or environmental con-
trols; overall goals set
by management will
thus be met at |east
overall cost

- TDPs allow the develop-
ment of leasing markets
in which firms can
acquire permitsin the
short term until, for
example, investment in
pollution control can be
coordinated with plant
investment

« Total load remains
fixed, so thereis no
need to revise discharge
standards in response to
economic growth:
reduces regulatory
uncertainty

« Therefore, high adminis-
trative costs for regula-
tors and operators

e Wheninitial TDPs are
free (the usual system)
the cost of subsequently
buying TDPs may render
investment in otherwise
more efficient new
production capacity
uneconomical

« Firms may not wish to
sell TDPs, preferring to
retain the flexibility of
being able to use them
at alater date

quality management.
Confined almost
entirely to the USA

* Most programmes target
only one pollutant; the
Tar-Pamlico Program
targets two (phospho-
rus and nitrogen)

* Very few programmes
have resulted in
significant trading
between firms; they
have primarily been
used to trade off
sources within firms
(see boxed text); the
low level of market
activity prevents
realisation of much
potential economic
benefit; but

« Evidence indicates that
operators achieve lower
unit costs than under a
regulatory system

« Evidence suggests that
TDPs have not
achieved significantly
greater reductions than
regulatory systems

* Evidence for wide-
spread applicability to
water quality manage-
ment is unconvincing
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functionality that results
from their activities by
protecting, restoring, or
constructing similar
habitat.

« Allowsflexibility in
allocating sites for
development or
conservation

« Helps create markets for
ecosystem services

graphic and ecological
patterns are altered

* Created or restored
habitat rarely duplicates
values of natural habitat

* May bedifficult to
maintain compensatory
habitat in undevel oped
state over the long term

Category/type Description Potential benefits Potential L essonsfrom
disadvantages experience
Compensatory Requires developersto * Reduces net |oss of * Mitigated and damaged | So far used mainly for
mitigation compensate for any loss habitat or habitat habitats usualy at dif- | USA’s“no net loss of
of habitat or habitat function ferent locations, so geo- | wetlands’ policy; has

slowed wetland loss but
not achieved the policy
goal.

Liability insurance

Legd liability for environ-
mental damage or clean-
up istransferred from
potential polluterstoin-
surers. Lower premiums
provide incentive for im-
proved industrial practice.

* Administratively smple.
Interactions are between
firms and insurance
companies

« VVery economically
efficient: directly
associates costs with
environmental risk (as
perceived by insurers

Requires active monitor-
ing and the imposition of
significant financial
penalties on polluters.

residual product.

costs for unsound
behaviour

* Adminigratively efficient:
once the deposit is paid
further involvement by
authoritiesislimited
mostly to providing the
refund mechanism

INDIRECT Indirect taxation (e.g., on | « Simple to apply through | May have unintended or | Often alimited range of
INSTRUMENTS | fuel products, energy, existing tax collection | counterproductive effects | products is suitable.
pesticides, fertilisers). system if demand isrelatively
Taxes * May quickly influence |price-inelastic.
consumer choicein
favour of “environmen-
tally friendly” products
Product charges Charges on products that | « Createincentivesfor con- « Experience in many
generate pollution during | tinuing improvement; countriesisthat charges
manufacture or consump- | « Raise revenues for (i) on intermediate or
tion or for which adis- environmental expendi- finished goods are harder
posal system has been ture or (ii) genera to use than charges on
established. Canbebased | public expenditure; production processes
on some product « Shift burden of financ- or post-consumption
characteristic (OECD, ing water quality wastes, although severd
1989), (e.g. Dutch programmes from the countries do apply
Manure Surplus Charge taxpayer to the polluter. charges to some finished
based on phosphate « Relatively low adminis- goods such as batteries,
content above what trative and enforcement fertilisers, pesticides,
farmers are allowed to costs, except in certain and plastic bags
put on their land) or on applications * However, an input tax
the product or process islikely to achieve
itself (e.g., an Australian greater improvement
charge on new tyres that than a production levy
funds used tyre disposal). that has little relation-
ship to the environ-
mental problem
Tax differentiation | A variation of product » Simple to apply through Often alimited range of
charges. Theimposition existing tax collection productsis suitable.
of positive or negative system
chargesto create price  Can quickly influence
advantages for “environ- | consumer choicein
mentally friendly” favour of “environmen-
products. Usually, the tally friendly” products
sole purpose is this
incentiveimpact and it is
aimed to be budget-
neutral, unlike product
charges which often have
arevenue-raising goal
Deposit refund A refundable surcharge | « Economically highly None Widely effectivein
systems on apotentialy polluting | efficient, rewarding encouraging improved
product creates a market environmentally sound waste disposal (e.g.,
for return of the used or behaviour and imposing reduced littering, safe

disposal of batteries).




Protecting the Oceans From Land-Based Activities | 91

agement practicesto
reduce nutrient loadings

soft loans (e.g., for con-
struction of treatment
plants), tax allowances
(e.g., for energy conser-

Category/type Description Potential benefits Potential L essonsfrom
disadvantages experience
User charges Chargesfor use of natural | » Relatively simpleand | « Effectivenessdepends | ¢ Often set too low to
resources (e.g., water quick to apply on sufficiently high modify behaviour
extraction, beach access), | » Raise revenuefor (i) chargerates * Can be significant
waste treatment or dis- environmental expendi- |+ Require administrative revenue raisers
posal (e.g. incineration or | tureor (ii) genera and judicia systemsfor
landfill), etc. Tariffsmay | public expenditure revenue collection and
be uniform or vary with enforcement
level of use. « Usudly arefixed charges,
which do not provide an
incentive for continual
improvement
Subsidies Grants (e.g., subsidisation | May hasten investment in | » Often politically un- Can promote “environ-

of best agricultural man- | environmental protection
because: (a) subsidies
lower compliance cost.
from non-point sources), | (b) those eligible may
accelerateinvestment if it | « May promote economi- | countriesin particular
is uncertain how long the
subsidy programme will
bein place; or (c) the
vetion), and price supports | desired investments or
(e.g., for recycled paper) | actionswill not take
place without the subsidy.

popular to pay polluters | mentdly friendly” invest-
not to pollute (contrary | ment or management

to the polluter pays practices. Experiencein
principle) anumber of developing

caly inefficient and
environmentally un-
sound devel opment

points to the need for
good judgement regarding
the level of technology
to be subsidised.

Srengthsand Weaknesses of Economic I nstruments

Thereisaconsensusin theliterature that well designed
and effectively implemented economic instruments are
often more cost-effective in meeting environmental goals
than regulatory aternatives. First, they devolve decision-
making to entities that typically have much better infor-
mation for determining the appropriate individual response
to achange in economic conditions. For example, studies
have shown that the costs of direct regulatory control of
air pollution are two to 20 times higher than economic
instruments (Barbier, 1992, quoting Tietenberg, 1990).
Secondly, economic instruments can reduce administra-
tive costs, though they vary greatly inthisrespect. Asnoted
above, indirect instruments that can be implemented
through existing mechanisms gresatly reduce the adminis-
trative burden. Economic instruments also allow greater
flexibility than regul ation.

Economicinstrumentsdo, however, have shortcomings,
many of which have been noted above or in Table 5.2.
Pervasive problems are that there is often inadequate po-
litical will to set punitive instruments (charges and taxes)
high enough to dramatically influence behaviour, while
subsidies and other incentives may encourage inappropri-
ate investment unless carefully designed. Governments
often perceive economic instruments as inflationary or
detrimental to economic devel opment. The extent towhich
thisistrue depends very largely ontheir design and, nota-
bly, on the extent to which they are successful in modify-
ing behaviour. Governments should also recognise that
wheninstrumentsrel ate charges or taxesto environmental
damage, they are simply internalising costs aready im-
posed upon the economy. Admittedly, there may be ashort-
term, visible impact of someinflation or job losses.

Case Sudy: Experiencewith Economic I nstruments
in Latin America and the Caribbean

The use of economic instruments is increasingly high
on the environmental agendas of devel oping countries.
They are widely regarded as having lower compliance
costs than direct regulatory approaches, and can raise
much-needed revenue for government coffers.

A recent review of their usein eleven countriesin Latin
America and the Caribbean (Motta et al, 1997) found
that:

» they areused in all eleven countries, and awide
range of mechanisms have been developed for
applying them;

« historically, their role has primarily been to raise
revenue. Other benefits, such as reduced environ-
mental impact or improved cost-effectiveness,
have generally not been attained;

* there isaneed to channel the revenues into institu-
tional capacity building; and

* alow level of stakeholder awareness and participation
isareal constraint to implementation.

Thus, theexperienceintheregionisthat theclear potential
of market-based schemesfor environmental protection
has not been recognised. The primary constraint is a
lack of the institutional capacity to design and imple-
ment effective economicinstruments. Theseinstruments,
therefore, are no substitute for capable institutions.
Gradual and flexible reforms are the ones most likely
to be consistent with ongoing institutional development.
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Itisdifficult to apply effluent charges and other direct
instrumentsin hot spots where thereisamix of contami-
nants, or in places where there are geographical or sea-
sonal variations, or other factors affecting the critical 1oad-
ing (Barbier, 1992). While it is theoretically possible to
apply different charge schemes for each particular envi-
ronment and/or contaminant, the administrative costs are
usualy very high. In these conditions, the cost advantages
of economic over regulatory instruments may be minimal,
or even negative.

With both economic and regulatory instruments there
isuncertainty about the cost of achieving aspecified level
of protection, and about whether it exceeds the cost of
degradation. Economic instruments have additional uncer-
tainty about the response of individuals and enterprisesto
specific incentives, and therefore about the level of envi-
ronmental protection that will be achieved. This is one
reason for management agencies general preference for
regulatory controls.

5.3.4 Compliance and Enforcement

Complianceand enforcement aretheweakest linksinthe
environmental protection chain. Most countries have en-
acted environmental legidation, but it isoften inadequately
implemented and enforced. In both devel oped and devel op-
ing countries, enforcement is hampered by tight budgets,
violationsthat aredifficult to detect, cumbersomeinspection
procedures, poorly written regul ations, complex mechanisms
for punishing violations, high staff turnover amonginspectors,
and political influence. In many devel oping countries, the
additional problemsof underpaid and inadequately trained
inspectors, remote or widely dispersed polluters and re-
source users, and/or weak government authority, further
weaken enforcement and create fertile grounds for cor-
ruption (whichis, of course, by no meansrestricted to dev-
eloping countries). Moreover compliance often declines,
evenwhenitisinitially high, because ongoing monitoring
and enforcement are ineffective and control equipment or
environmental practices are not maintained (Goodstein,
1995). Inall countries, then, increasing the cost-effective-
nessof enforcement, and reducing reliance uponit asmuch
aspossible, arecritical considerationsin designing strate-
giesfor environmental protection.

The more sophisticated and targeted both regulatory
and economic instruments are, the greater isthe burden of
enforcement. Regulations based on environmental effects
(e.g., standards for the quality of receiving waters or bio-
logical effects) may address management objectivesmore
directly; but standards for control equipment, or effluent
quality, facilitate monitoring, the identification of viola-
tors, and successful prosecution. Indirect instruments are
easier to enforce than direct ones, which specifically tar-
get individuals or groupswho act in waysthat threaten the
environment. Fines or charges for excessive contaminant
discharge, for example, require specialised monitoring and

prosecution capacity, while taxes on potentially harmful
products (e.g., pesticides) are compatible with the routine
work of most tax departments. The down side of indirect
instruments, of course, isthat all parties are affected, not
just those who contribute to degradation.

Compliance with environmental protection require-
ments depends upon three factors:

« realistic requirements: inevitably, compliance with
onerous or senseless requirementsislow. A high
level of stakeholder participation in the design of
standards - and in operational, reporting, and other
requirements - will enhance compliance. Thetimeto
be niceiswhen setting standards;

effective monitoring: there must be a high prob-
ability that violationswill be detected. Frequent
inspections, for example, increased compliance with
health and safety regulationsin the pulp and paper
industry (Magat and Viscusi, 1990). Management
agencies must thus have adequate capacity for
research, monitoring, and administration - including
the capacity to modify instrumentsin response to
changing conditions; and

effective enforcement: there must be ahigh
probability of meaningful punishment for violations.
Thisrequiresastrong legal framework?, including
specification of the chain of authority, jurisdictions,
and the legal standing of affected parties. There will
also be arange of requirements specific to the
instrument and issue being addressed. In addition,
enforcement agencies must have adequate capacity
for successful prosecution, including the ability to
collect environmental data of sufficient quality to
hold up in court. Fines, charges, and other punish-
ments must have enough sting - relative to the
incentivesto violate - to be an effective deterrent.
Thisis commonly not the case.

These factors suggest that enforcement that is wholly
dependent on policing is unlikely to be effective in many
countries. A number of options are available to manage-
ment authorities:

« for industrial polluters, require firmsto install
specific abatement technology. As noted above, this
has the disadvantages of uncertain continuing
compliance and of providing no incentive for
innovation;

* self-reporting can be effective in certain situations.
Inthe USA, self-reporting by private firms subject
to the Clean Water Act has achieved reported
compliance rates of 75%-82%; and

« enhance voluntary action and cooperation, as
described in the following section.

2 An advantage of indirect economic instruments is that these are often
aready in place, although supplementary legislation or adjustments to
existing institutional arrangements may be needed.



Governments may a so introduce measures designed to
increase public commitment to environmental matters: this
enhances compliance in appropriate circumstances. Ex-
amples of such measuresinclude: requirements upon gov-
ernment agencies for public participation in environmen-
tal matters; promotion and support for environmental
groupsin participating in environmental monitoring; and
increased accessto the courts - which in many countriesis
poor - to enablecitizensto bring civil suitsrelated to envi-
ronmental protection. Sofar, thislatter approach has been
largely limited to the USA.

5.3.5Appropriate Conditions for the Adoption of
Regulatory and Economic

An overriding condition for any intervention isthat its
benefits should outweigh the costs, not just in direct finan-
cial terms but in ethical, social, and other less tangible
ones too. Cost-benefit analysis is the appropriate tool for
making this assessment, but experience has shown that
difficulty in valuing the environmental benefits of inter-
vention isacritical limitation (World Bank, 1992; Hahn,
1995). Other tools for assessing environmental benefits -
environmental impact assessment (EIA), for example- are
needed to support cost-benefit analysis.
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Appropriate Conditions

Regulatory and direct economic instruments both have
certain prerequisitesif they areto be effective, including:

* the existence of appropriate institutional and legal
arrangements;

* the availability to management agencies of adequate
information for the formulation of instruments and
standards;

» the availability of financing for investment in
improved environmental management;

» the ability of management agenciesto modify
instruments appropriately in response to changing
conditions; and

* the ability of violatorsto pay charges or finesthat are
set at high enough levels to influence behaviour - or
raise revenue where that isthe management objective.

Case Sudy: Cost-Benefit Analysis of Reducing the Nutrient L oad to the Baltic Sea

Turner et al. (1999) estimated the national costs of meas-
ures to reduce inputs to the Baltic Sea by 50%, including
changes in agricultural practice, improved sewage treat-
ment, and wetland creation. Benefits were estimated by
thevaluation of asingle environmental service, beach rec-
reation and amenity, because data on other environmental
costs of nutrient input are inadequate. Estimates based on
dlightly different assumptions indicate total net benefits
ranging from 457 million SEK/yr (Markowskaand Zylicz,
1999; Stderqvist, 2000) to 38,240 million SEK/yr (Turner
et al., 1995) , but there islittle doubt that a cost-effective

Cost and benefits of economically optimal nutrient
load reductions (millions of SEK/yr)

Country |Reduction |Costs Benefits | Net benefits
Sweden 42% 5,300| 11,591 6,291
Finland 52% 2,838 6,046 3,208
Denmark 51% 2,962 6,929 3,967
Germany 39% 4,010 4,687 677
Poland 63% 9,600 5,899 -3,701
Russia 44% 586 1,769 1,183
Estonia 55% 1,529 212 -1,317
Latvia 56% 1,799 291 -1,508
Lithuania 55% 2,446 468 -1,978
Total 50% | 31,070| 37,892 6,822

nutrient abatement programme would generate significant
positive net economic benefits overall.

Importantly, the analyses agree that astrategy of uniform
reduction for all countrieswould be neither environmen-
tally nor economically optimal. The most effective ap-
proach would be to concentrate abatement measures on
the southern sub-drainage basins, because the northern
basins already possess quite effective nutrient traps.

Countrieswould not benefit equally from such astrategy.
Specifically, the market economies generally benefit the
most, while most transitional economieswould suffer net
economic losses. This suggests that side payments may
be necessary in order to achieve overall cost
effectiveness. The study also found that the economically
best strategy isthe simultaneous reduction of nitrogen and
phosphorous, rather than applying measures to reduce
these nutrients individually. Because the marginal costs
of sewagetreatment increase markedly with higher levels
of treatment, the most cost-effective strategy to reduce
nutrient inputs from sewage wasto target areasthat pres-
ently lack treatment facilities of adegquate standard, rather
than making further improvementsto facilitiesthat already
provide arelatively high level of treatment.
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Particularly favourable conditions for the use of regu-
latory approachesinclude:

» when used in conjunction with participatory meas-
uresto control land and water use, through zoning
regulations. This consideration is particularly
relevant in coastal areas where demand for land for
competing usesis often very high;

» when complemented by educational and participa-
tory approaches, to mitigate non-point sources of
pollution and resource degradation; and

» where there arerelatively few entities- which are
highly visible and located in arelatively small area-
to be managed, and where the management meas-
ures are relatively uniform, thus facilitating monitor-
ing and enforcement (World Bank, 1992).

The above conditions enhance the prospects that regu-
latory approaches will be effective, but they do not rule
out the use of economic instruments. There are, however,
conditions that specifically militate for the use of regula-
tory rather than economic instruments, including:

» where there are unknown “threshold” effects of
increased environmental impact;

» where thereis an unacceptable level of uncertainty
about the likely influence of economic incentives
upon behaviour;

» where economic incentives give entitieslittle cost
advantage either because existing environmental
regulationisrelatively lax or, conversely, whereitis
very stringent;

» where there are pollution “mixes’;

» where bans are required; and

» where economic instruments i ncrease management
costs.

A precondition for the effectiveness of all economic
instrumentsisthat polluters and resource users should be
sensitive to price changes. This in turn requires that (i)
those targeted have competitive or other pressures to re-
duce costs (e.g., regulatory oversight of monopoliesor an
informed electoratein municipalities) and (ii) that the eco-
nomic instruments produce a state of affairs where acting
in an environmentally appropriate manner costs less that
acting otherwise. Further conditions favouring the use of
economic instrumentsinclude:

» manageable levels of resistanceto their use within
government and the managed sector and within the
management agency itself;

* significant cost savings over regulatory instruments,
and

» the opportunity to reduce the complexity of the
management regime.

Selection of Regulatory and Economic I nstruments

Although there is broad recognition that economic in-
strumentsare more effectivein certain situationsthan regu-
latory ones, most countries continueto rely on regulation.
Many, if not most, of these countries recognise that their
capacity for effective regulation is weak. Even so, they
prefer to retain significant elements of their current insti-
tutional framework, whatever its failings, rather than un-
dertakerevol utionary changein their environmental man-
agement approach. The task in these countries, therefore,
is to identify incremental steps to enable them to move
from their existing frameworks - which typicaly rely ex-
cessively upon ineffective and/or expensive regulatory
instruments - to more effective systems, with a better bal-
ance between regulatory and economic instruments.

Because of this - and because different environmental
policy instruments are likely to be most appropriate under
conditions of uncertainty - the best policy “mix” of regula-
tory and economic instruments will vary from country to
country (Barbier, 1992). These“mixes’, for example, might
involveusing indirect economic and regul atory instruments
or, at a more sophisticated level, using an economic in-
strument to improve economic effectivenesswhileusinga
standard to ensurethat the desired environmental outcome
isachieved. Countriesintheearly stagesof introducing eco-
nomic instrumentsare probably well advised in most cases
to focusinitially on indirect ones, which have lower hu-
man and financial resource requirementsthan direct ones.

5.3.6 Voluntary Action by Industry

Thereisan increasing acknowledgment that traditional
regulatory instruments, even when supplemented with eco-
nomic ones, sometimesfail to provide the most economi-
cally efficient management regime. In response, industries
areincreasingly developing their own environmental man-
agement initiatives, primarily but not exclusively in the
industrialised countries. Theseinclude: industry-wide pro-
grammes, programmes developed on anindividual project
basis; and programmes that seek to improve the design of
products or production processes (for recent reviews see
Richards, 1997; NRC, 1997; World Bank, 1999).

At least inthe United States, such initiatives are gener-
ally not aimed directly at environmental protection or even
technical compliancewith regulations, but at cost savings
(NRC, 1977). Having intimate knowledge of their own
particular facilitiesand industrial processes, companiescan
often design measures that are more efficient and cost-
effective than those mandated by regulators, thereby re-
ducing compliance costs. Furthermore, somemeasuresfor
environmental protection - such as more efficient use of
energy and raw materials - also reduce production and
waste disposal costs, and the public image of industriesis
often enhanced by voluntary environmental initiatives.



Thelnternational Organization for Standardisation (1SO)
certification, 1SO14001, sets a standard for environmen-
tal management that can be applied by most organizations
worldwide. Adoption of the standard almost always re-
quiresafirm or other organization to implement additional
comprehensive environmental management measures, even
if they already have many in place. In addition to giving
firmsrelief from regulation, this enables customersto as-
sess better whether aproduct or service has been produced
inan environmentally friendly way (Kuhre, 1995). Desir-
able aspects of voluntary action by industry include:

* the potential to address some environmenta problems
more efficiently;

« the ability to use industry knowledge to develop
industry-specific, cost-effective solutions;

« greater flexibility in meeting environmental objectives,

« the ability to establish environmental approaches
that are consistent with companies' business goals
(NRC, 1997); and

« direct economic benefits to industry, for example
through reduced energy, materias, and waste
disposal costs.

Actions by regulators (other than those referred to
above) to encourage environmentally responsible action -
which may exceed compliance requirements - can include
thefollowing:

« establishment of an information clearing house, e.g.,
the US Pollution Prevention Act, 1990, and the US
Green Lights program (through which the US
Environment Protection Agency provides technical
assistance concerning energy efficient lighting) and
Toxics Release Inventories;

« demonstration projectsto stimulate innovative
technologies; and

« the use of standards as a reference point to induce
voluntary action. For example, awater supplier in
the UK, who must meet standards for herbicides and
pesticides in drinking water, pays farmersto switch
to organic agriculture in order to reduce water
contamination (The Times, 1999).

Another way to achieve environmentally responsible
action, which may exceed compliance requirements, is
through demand pressure for environmental responsibil-
ity by manufacturersand suppliers(e.g., the German “Blue
Angel” eco-label for goods meeting the strictest environ-
mental criteria).

Despitethe potential advantagesof voluntary initiatives
by industry, it has been often been difficult to measure
their environmental benefits rigorously (NRC, 1997).
Where there has been rigorous assessment, the record of
environmental benefits has been uneven. Thereis aneed
to improve the independent and objective assessment of
industry-initiated environmental action (NRC, 1997).
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5.3.7 Public and Private Sector | nvestment

Public investment covers a wide spectrum of possible
activities, from environmental monitoring and research,
through public awareness building and participation, to
“hard” investment in, for example, sewage treatment and
solid waste disposal . With governments everywhere seek-
ing balanced budgets - and many poorer countries bur-
dened withinternational debt - environmental investmentis
usually lessthan isrequired for sustainable devel opment.

For many devel oping countriesand countriesin transi-
tion, the scale of degradation - or high costs in financial
and human resources - are likely to cause many effortsto
move directly to developed-country standards to fail. In
these countries, the most practical approach might be to
adopt somewhat less stringent — but still environmentally
meaningful standardsthat arerealistically achievableand
enforceable, with theintention of tightening them, as nec-
essary, as management capacity grows.

Priority areasfor large-scale publicinvestment in many
partsof theworld include: sewage disposal facilities (piped
sewerage, sewage treatment plants, and outfalls); and fa-
cilitiesand management systemsfor municipal and indus-
trial solid waste. In many instances, however, high levels
of investment - particularly in relatively sophisticated tech-
nology that requires expert and costly maintenance - is
neither desirable nor necessary. More appropriateissmall-
to medium-scale investment in such areas as:

* national pollution control programmes;

* promotion of improved pesticides and fertilisers;

* restoration and protection of critical habitats, and

» adoption of intermediate technological approaches,
where appropriate, to water supply, sewage, and
solid waste (World Bank, 1992).

Experience showsthereisaneed to improve the quaity
of publicinvestment. Such improvementsinclude: project
preparation that takes into account all the investment
options available within the context of achieving a sus-
tainable project; the adoption of thorough environmental
impact analysisfor all capital investment projects; and, at
theinstitutional level, the adoption by governments of the
principlethat theresponsibility for any environmental dam-
age resulting from public investment lies with the spon-

S0ring agency.

Publicinvestment need not necessarily be borne entirely
by central or local government. There is an abundance of
evidence available (World Bank, 1992) that peoplein dev-
eloping countries are willing to pay for household water
and sewage systems. Moreover, privateinvestment in water
supply, sewage and solid waste disposal companies may
often be a way to accelerate investment in these public
servicesand to improve performance (World Bank, 1992).
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While the private sector can play a significant role in
the financing and operation of “hard” facilities - such as
those for waste trestment and disposal - public investment
isvital in administrative areas such as the coordination of
sectoral agencies, environmental monitoring and assess-
ment, research, natural resources management, public
awareness and participation, and compliance and enforce-
ment. Public-sector investment isalso necessary to ensure
that government agencies have natura scientists, social
scientists, and economistswith the skillsneeded to alocate
resourcesfor optimal benefit to society. Unfortunately, the
budgeting processes of most countries treat this capacity
building as recurrent expenditure rather than investment,
whichtypically resultsinit being drastically under-funded.

5.4.SPECIFIC TECHNICAL AND MANAGEMENT
MEASURES

Thereisan immense array of specific measures - tech-
nologies, engineering sol utions, practices, and so on - that
can be applied to environmental protection issues. No
measureisappropriatein every circumstance, or even most
of them, and few if any issuesrequire morethan afraction
of those available. The preceding two sections of this chap-
ter outline some general considerations for devising poli-
cies and strategies for the control of LBAS. In the end,
however, the effectiveness of any environmental protec-
tion effort, whether at the global level or the level of a
single process within an industrial plant, depends upon
the selection - and most importantly, theimplementation -
of asubset of measuresthat are not only technically effec-
tive and economical but can be readily implemented and
sustained in the prevailing economic, institutional, social,
and cultural conditions. A number of generd toolsareavail-
ableto guide decisions about the need for intervention and
the selection of measures. The most important of these are
briefly described in Table 5.3.

Unfortunately, selecting measures based on both tech-
nical merit and prospects for successful implementation
in a given socioeconomic setting is not a well-devel oped
science. While there certainly have been success stories,
more progressisneeded in distilling thelessonsfrom these
successes so as to transplant them el sewhere.

Table 5.4 shows a range of measures available to pre-
vent, reduce, or ameliorate the impacts of the GPA/LBA

contaminant classes. The table is intended to summarise
thosethat are available, and not to prescribe those that are
appropriate. Few, if any, of the alternativesare universally
appropriate; indeed, some alternatives, such as bans, may
be unacceptable in most cases. Thus, for example, pre-
venting oil pollution by banning petroleum production,
processing, and/or distribution will be feasible only in a
few instances, such asthe prohibition of petroleum explo-
ration and development within the Great Barrier Reef
Marine Park in Australia.

Thefollowing sections are not intended to reiterate in-
formation presented in Table 5.4, or to provide detailed
analysis of the technical, social, and economic merits of
alternative measures, but to provide an overview of some
key considerationswith regard to each contaminant class.
The emphasisis on sewage, nutrients, sediment mobilisa-
tion, and physical ateration - which have already been
identified as having the greatest impact on the marine en-
vironment on aglobal scale.

5.4.1 Sewage

Sewage is not a single contaminant but, as noted in
Chapter 2, a complex mixture containing pathogens, nu-
trients, suspended solids (SS), oxygen demanding sub-
stances, and many other contaminants - each with differ-
ent environmental effects, and different responses to dis-
posal and treatment. It istherefore essential, in devising a
sewage management strategy, to begin by identifying the
environmental problemsto be addressed and the contami-
nants that cause them. Expensive nutrient removal tech-
nology, for example, isirrelevant if the problemismicro-
biological contamination.

Treatment plants are the most commonly propounded
measure to address environmental degradation from sew-
age. Such treatment can indeed be highly effective, but
should not be seen asauniversal solution. In many situa-
tions, particularly in the developing world, there are sim-
pler, less capital-intensive, and morefinancially and tech-
nically sustainable alternatives that may provide better
environmental outcomes, both with respect to sewage pol-
lution and by allowing investment to be diverted to ad-
dress other environmental problems. Thereis till aneed,
however, for continuing development of innovative and
appropriate solutions.

Table 5.3. Relevant Management Tools

Management |Summary Selected

tool description references
Cost-benefit CBA hasarolein providing an input into the decision making process relating to proposed Pearceet al.,
analysis (CBA) | changes, such as drainage of wetland, ateration of freshwater flows, etc. It can also bea 1988; Sassone &

useful tool in the appraisal of policy instruments. A prime requirement is the incorporation of | Schaffer, 1978;
environmental values (see below). The use of the discount principleis a potential weakness of | Sugden &

the tool that can be met to a certain extent by the incorporation of environmental considera-
tions into the planning process. Although CBA has weaknesses, it remains the key tool to
measure societal net benefits between uses of natural resources or between policy instruments
and help in the prioritisation of management options

Williams, 1978;
Turner, 1988
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Management |Summary Selected
tool description references
Economic There are anumber of CBA techniques available to establish the trade-offs and measure societal | Barbier, 1994;
valuation of net benefits. However, the overriding consideration in al of them isthat of placing valueson | Barbier &
natural the benefits to society which normally do not carry amarket price or are under priced. Inmany | Strand, 1998;
resources instances, the most important of these non-market values are those of the ecological functions | Heal, 2000;

of an ecosystem. Experience around the world has shown that very often the direct use values | Ludwig, 2000;

of an ecosystem, e.g., market values of fish, forest products or tourism, together with the eco- | Norse & Saigal,

logical function values of the threatened system, greatly outweigh the economic benefits of 1993; Pearce &

development. However, the use of valuation techniques is constrained by the relatively large | Turner, 1990;

financial and human resources required for the collection and analysis of the ecological, eco- | Tietenberg, 1994;

nomic and sociological information needed for valuation. These resources are often beyond | Winpenny, 1991

the capability of many developing countriesto marshal on aregular or continuing basis. There

are anumber of valuation techniques, each of which has been developed to meet certain

reguirements
Multi-criteria | In MCA criteria considered to be important in the appraisal of selected options are compared | Resource
analysis and may be weighted. MCA does not consider efficiency and does not require the monetarisation | Assessment
(MCA) of values or effects. It is therefore significantly less demanding of information than CBA and | Commission,

thus may be a more attractive tool than CBA in many developing countries. MCA also may be| 1992; Petry,

argued to perform better than CBA in accounting satisfactorily for sustainability objectives. 1990; Van Pelt,

However, MCA suffers methodologically from the subjectivity implied in the selection of 1993

criteria and the weightings that are attached to them
Institutional IA provides a systematic way of obtaining an understanding of the nature, strengths and De Graaf, 1997
analysis(IA) | wesaknesses of ingtitutions within the context in which they are operating or which it is pro-

posed they may operatein the future. It is, therefore, akey element in moving away from

sectoral-based management of natural resources to an holistic approach that islikely to

require modificationsin the roles of different institutions
Rapid ap- Rapid Rural Appraisal (RRA) and Participatory Rapid Rural Appraisal (PRRA) arewaysof | Pretty, 1997;
praisa gathering local knowledge, identifying and assessing local attitudes and preferences. Identifying | Townsley, 1993

problems and using the people concerned to identify possible solutions. In PRRA advantage

istaken of the process to exchange knowledge and develop and interaction with local people.

The process requires ateam, some members of which at least, have previous experience of

using the technique and a good theoretical background to it. RRA and PRRA are essentia

prerequisites to developing a coastal management strategy and plans in the preparation of a

coastal profile for the areato be managed
Remote Remote sensing covers all techniques related to the analysis of and use of data from satellites. | Lantieri, 1998;
sensing and These data integrate surface and earth observations over time and can provide good informa- | Populus &
geographic tion on awide range of characteristics. When used effectively the system enablesdatato be | Lantieri, 1991
information converted quickly into information for use in decision-making. GIS are computer-assisted
systems(GIS) | systemsthat can input, retrieve, analyse and display geographically referenced information

for decision making. Remote sensing and GIS can have an important role in planning.

However, they require considerable skillsif they are to be used effectively
Environmental | EIA may be described as a process for the assessment of how a project or plan may affect, UNEP, 1990;
impact assess- | negatively or positively, various indicators that provide a measure of environmental impact. | GESAMP, 1986;
ment (EIA) The responsibility for carrying out ElIAs depends on the national legidative requirementsof | Sorensen &
and cumulative | countries and varies considerably from country to country. The value of EIA iscritically West, 1992;
environmental | dependent on the level of professional skill and objectivity with which it is carried out. EIA | Vestal et al. 1995
impact assess- | may be meaninglessif the regulator does not have the legal power or there is the political will
ment (CEIA) |to reject development consent or impose enforceable conditions, the processisinherently

flawed. Another weakness of EIA isthat is confined to large project or plans while the effect

of numerous small actions that may have a cumulatively larger impact than many large

projects are not assessed

CEIA isaprocessthat takes account of individual small impacts that have an incremental

impact. It aimsto allow regulators to decide whether an incremental change is acceptable and,

through this facility, to increase their capability to control or influence small scale activities

that would not be considered under the conventional EIA process. A weakness of CEIA isthat

it does not yet have a generally accepted methodology. Other reasons for its so far relatively

slow adoption are the costs and, frequently the reluctance of managers to give a high priority

to cumulative impacts. It isimportant to note that by its very nature CEIA cannot be applied

at the level of individual projects
Risk assess- Risk assessment is a probability-based process whose integral components are ahazard evauation | CLS, 1993;
ment coupled with an exposure evaluation. It results in a characterization of the risk posed to an Stern, 1996;

environmental target by a chemical, biological, or physical stressor. Simply stated, hazard Suter, 1993

without exposure or vice versa resultsin no risk. Risk assessments may be conducted as
generic or site-specific. A generic risk assessment may be based on alaboratory hazard
evaluation of the stressor coupled with predicted exposures. A site-specific risk assessment
relies on field observations of an existing situation. In both cases, the exposure evaluation
must identify the environmental compartments at risk (e.g. sediment, water column, habitat).
Risk assessment may include arange of exposure scenarios, especially for comparative risk
assessments. In many circumstances, a site-specific risk assessment may be more appropriate,
based on knowledge of likely exposure. However, where exposures may be variable, it may
be simpler to conduct a generic risk assessment. Risk assessments can range from avery
conservative“ back-of-the —envelope”’ exercise to very complex, highly documented effort
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Management |Summary Selected

tool description references
Dispute The limited availability of water and coastal resources meansthat thereis always arisk of Acland, 1995;
resolution conflict over their use. Disputes can be resolved through litigation or through aternative Ahmed, 1996;

dispute resolution (ADR) techniques. These are: direct negotiation, conciliation, facilitation, | Bacow & Wheder,
arbitration and negotiated rule making. The selection of the most appropriate is dependent on | 1984; Rolley &
local conditions. ADR techniques are especially appropriate in coastal and catchment areas
where issues are complex with usually considerable scope for compromise

Brown, 1996

Diffuse Sources

Sewage treatment is an option only if thereisareticu-
lated sewerage system to collect the sewage and deliver it
to thetreatment facility. In fact, thisis more the exception
than the rule. In many developing countries - and indeed
some devel oped ones - only a minority of the population
is served by reticul ated sewerage systems, even in urban
areas (Fig. 5.2): the number of people without adequate
sanitation is not expected to decrease before 2030 even
with accelerated investment (World Bank, 1992). Con-
structing municipal sewerage requires substantial capital
investment, which is often not available. Even when capi-
tal isavailable, it may not make economic senseto invest
in treatment facilities prior to completion of the reticula-
tion network (e.g., inthe Philippines, Koeand Aziz 1995).
Rapid urbanisation in many coastal areas, oftenintheform
of unplanned sguatter settlements, addsto the difficulty of
providing sewerage and treatment infrastructure. In such
circumstances, providing water supply usually hasahigher
priority than sewage collection and treatment. Neighbor-
hoods are often provided with a municipal water supply
before they receive sewerage to dispose of the increased
volume of wastewater that results (Fig. 5.2).

Figure5.2. Connection ratesto water and sewer
servicesin citiesfor which information islisted in
WRI/UNEP/UNDP/WB (1998)

Mo. of Cities
i

% of Households Connected

Asaresult, non-point sourcessuch as septic fields, and
pit or overwater latrines, are a significant source of sew-
age contamination in many areas. In many countries sig-
nificant reductions in sewage contamination could be
achieved by converting pit or overwater latrinesto septic
tanks, by better design and construction of existing septic
tanks, or by better provisions for septic sludge disposal.
The failure of on-site systems because of poor ongoing
operation and maintenance (e.g., hot emptying tanks or
pits) is a common reason given for needing sewerage
(Reed, 1996). Septic tanks can also be linked to stepped

digestion tanks that produce effluent suitable for irrigat-
ing home gardens. Thereare also ssimpletechnologies, such
as composting toilets and biogas generation, that are suit-
able for application in individual households or to small
groups of them.

Depending on circumstances, measures concerning such
on-site systems can have significant advantages over cen-
tralised reticulation and treatment systems. They are less
expensivethan conventional sewerage systems, especially
at relatively low population density (Fig. 5.3) and can be
implemented in smaller increments and with shorter lead
times. They can also beimplemented at the community or
evenindividual level, while ongoing operation and mainte-
nance are oftenlessfinancially and technically demanding.
Furthermore, equipment can often be manufactured locally.

Even when reticul ated sewerage and sewage treatment
isthe best long-term approach to sewage management, on-
site systems may be useful interim measures, and may en-
hance the system in the long term. In “settled sewerage”,
for example, septic tanks are used to pre-treat wastewater
before it is discharged to a central system, reducing the
load on it.

On-site systemsdo have disadvantages, however. Soils
have afinite capacity to absorb septic effluents. Thisvar-
ies widely with soil characteristics, and in some places
soils are unsuitable for septic tanks. Septic tanks are also
relatively poor at disinfection. They can lead to microbial
contamination of ground water - a negative impact, espe-
cialy where wells are an important source of drinking
water. Sewage contamination of wells, for example, has
been identified as the highest regional priority in Eastern
Africa (UNEP, 1998; see Chapter 4).

Another useful measurein managing theimpactsof dif-
fuse sources of sewage is to take advantage of the capac-
ity of artificial or natural wetlandsto assimilate and retain
wastes and remove pathogens. Again, however, the it is
not unlimited; when it is exceeded, the wetland can be
degraded. Such assimilative capacities are poorly known,
particularly in the context of long-term variability.

For this reason, and because natural coastal wetlands
are both ecologically very important and widely threatened,
using existing wetlands for sewage treatment should be
approached with considerable caution. The construction of
artificial wetlands, on the other hand, increases the extent
of coastal wetland habitat, often generating cross-benefits,



but requires considerable areas of land. The use of wetlands
for sewagetreatment may al so beincompatiblewith other
uses, such as food production and recreation.

Point Sour ces: Wastewater Outfalls, Animal Husbandry,
and Industry

The costs and technical capacity required to construct,
operate, and maintain sewage treatment systemsincrease
with progressively higher levels of treatment: but contami-
nant removal efficiency doesnot, except for nutrients (Fig.
5.4). Theincreased cost of tertiary treatment is therefore
justified only when nutrient input isasignificant environ-
mental concern and sewage isimportant relative to other
nutrient sources. Tertiary treatment is particularly likely
to be required when a series of cities discharge effluents
down the course of a river, producing a cumulative in-
creasein nutrient levels. Where, however, effluent isdis-
charged into particularly sensitive areas such as tropical
lagoons, even relatively advanced tertiary treatment may
not reduce nitrogen concentrationsto alevel that removes
thethreat of eutrophication.

Where waters are used for bathing or producing sea-
food, protecting human health is often a primary objec-
tive. Disinfection can reduce the numbers of bacterial in-
dicator organisms by morethan 99%, depending upon the
nature of the effluent (Tchobanoglous and Burton, 1991).
There are so many microbes in untreated sewage, how-
ever, that large numbers may remain even after very high
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Figure5.3. Costs of conventional sewerage, shallow
sewer age (i.e., low cost systems dependent upon
gravity flow), and on-site systems (septic tanks) at
different
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percentage reductions. Furthermore, standard indicator
organisms such as coliform bacteria are not necessarily
reliable indices of pathogen levels (Ashbolt, 1995; NRC,
1993). It istherefore good practiceto locate sewage outfalls
well away from bathing beaches, shellfish beds, and simi-
larly sensitive areas, even if the sewage is disinfected be-
fore discharge. It is also important to consider the possi-
ble harmful effects of disinfection methods, such as chlo-
rination, that can leave harmful residues.

Placing effluent discharges appropriately is often ef-
fective in reducing the environmental impacts of agiven
level of treatment - or in reducing the cost of treatment
necessary to achieve acceptably low impacts. Deep ocean
outfalls are a viable option for many, if not most, coastal
cities. Offshore outfalls often distance the discharge from
bathing and recreational waters and fishing grounds and,
depending upon local water circulation, maximise disper-
sion and dilution. They require much less ongoing techni-
cal support and expense than advanced treatment plants,
and have a lower frequency of failure. Thisis a particu-
larly important consideration for developing countrieswith
low capacities to maintain treatment plant performance.
Convard (1993), for example, reported treatment facili-
tiesin Pacific Island nations that discharge effluent of no
better quality than raw sewage. Given that tertiary treat-
ment may not adequately safeguard against eutrophication,
even when plants are performing to specifications, plant
failure can be expected to have severe negative effects. In
such cases, an ocean outfall islikely to provide a better,
more certain, and more cost-effective environmental out-
come than the construction of atreatment plant.

Figure 5.4 ispurely indicative, and the performance of
any particular sewage treatment system will depend upon
anumber of factors. One is the characteristics of the raw
waste stream, and, in particular, whether or not it includes
industrial waste. Figure 5.4 is based on domestic waste
streams with no industrial component. Domestic sewage
treatment systems typically fail adequately to remove
POPs, radionuclides, and some other trace contaminants,
but the levels of these are usually low if thereis no indus-
trial component in the waste stream. Some industrial
wastes, such as some POPs, may actually interfere with
domestic waste treatment, for example by poisoning bio-
logical digestion. When raw sewage is discharged with
industrial waste, lipophilic chemicalsin the latter adsorb
to the organic matter: thetwo are subsequently transported
together and inextricably linked. It is therefore usualy
preferable to treat industrial and domestic liquid waste
streams separately.

In practice, the effective level of sewage treatment is
usually determined on the basis of socioeconomic condi-
tions rather than through objective analysis of environ-
mental protection needs. As noted above, high costs pre-
vent much of the world's popul ation from being serviced
by any form of sewerage system. Sometimesthereareaso
distortionsin the alocation of investment in sewage treat-

ment. Some small island developing states, for example,
aredenied accessto concessionary financing for treatment
facilities because of relatively high per capitaincomes.

Costs and Benefits of Sewage Management: Case
Histories

A case study of the island of Rhodes (Constantinides,
1993) estimated that the cost of planned projects for
protecting the marine environment - primarily for sew-
agetreatment and disposal - amounted to US$61 million.
The benefits were estimated to be US$152 million, al-
most two and ahalf times greater than the cost. Similarly,
astudy of 1zmir Bay, Turkey (Balkas and Juhasz 1993)
- which was concerned primarily with sewage, but also,
to someextent, with industrial pollution - estimated the
discounted cost of controls between 1988 and 2025 to
be US$1.3 hillion, whilethe discounted benefitswerein
therange of US$4.77 - 10.2 billion (not including multi-
plier effects). Thus, benefitsin this case would exceed
costsby afactor of 3.6 - 7.8. (Therangereflectsdifferent
assumptions about the future of the tourism industry.)

Investment in sewage treatment and disposal clearly
shows considerable benefits. Itsfeasibility depends on
avariety of factors; among the most critical of them, in
many situations, is the willingness of responsible au-
thorities to adopt appropriate technical and financing
solutions - coupled with external techical and financial
assistance in the poorest countries.

Conversely, there may be excessiveinvestment intreat-
ment infrastructure. A simple offshore outfall may be per-
ceived locally as* second-class’ technology. Engineering
and construction firms aggressively market advanced treat-
ment systems. International donors often have a pre-dis-
position for capital-intensive infrastructure projects and
devel oped-world solutions, but have budgetary constraints
that prevent long-term investment to build the capacity
needed to sustain treatment plant performance. Some do-
nors require that treatment plants be constructed for all
development projects, usually with alevel of technology
appropriate for the donor - but not necessarily the recipi-
ent - country. These pressures should beresisted in favour
of arealistic assessment of environmental risksand of the
sustainability of treatment performance. Where large in-
frastructure projects are undertaken, there should be ad-
equate provisions for capacity building and sustainable
financing to support long-term performance.

There are opportunitiesfor financing sewage treatment
systems sustainably. The most common approach is to
charge residents a fee for sewerage. The World Bank
(1994) concluded that “there is substantial evidence that
urban families are willing to pay substantial amounts for
the removal of excreta and wastewater from their
neighborhoods’. It must be remembered, however, that



the urban poor are often simply unable to pay for sewer-
age services. Reed (1996) points out that willingness to
pay (usually determined by questionnaire) tendsto reflect
theimportance that people attach to having such services,
rather than their realistic assessment of cost or of their
ability to pay. He advisesthat decisions about cost recov-
ery be made on the basis of ability, rather than willing-
ness, to pay, with amaximum fee of 2% of family income
as an accepted standard.

Another option for sustainable financing is to market
the water, nutrients, and organic matter contained in sew-
age, which are valuable resourcesin most countries. They
can be recovered and used for irrigation, industrial proc-
ess water, fertiliser, and soil conditioner, while organic
matter can be processed into methane to generate el ectric-
ity. Where markets exist for these products, they may cre-
ate an economic incentivetoinvest in treatment. Concerns
about public acceptance and health, however, sometimes
restrict this option.

Although the GPA/LBA includes only domestic
wastewater under the category of “sewage’, severa re-
gionsidentify asapriority organic wastes (i.e., BOD, SS,
and nutrients) from such activities as animal husbandry
and food processing and manufacture, as described in
Chapter 4. Such wastes, though generally more concen-
trated than domestic sewage, require similar management
approachesto it, and are therefore considered here.

It may befeasibleto dischargeindustrial organic wastes
into domestic treatment systems, if these have adequate
capacity for the load. It will generally be appropriate in
such casesto levy user charges, sufficient to cover the cost
of treatment, on the enterprises generating the waste and/
or require on-site pre-treatment of the wastes prior to dis-
chargeinto the municipal system. Wherever possible, com-
plete on-site treatment should be encouraged. Thisforces
the internalisation of environmental protection costs, and
may have technical advantages. The high concentration,
for example, may facilitate waste recovery and re-use,
whilethe often lesscomplex mix of substancesinthewaste
stream - and relatively constant (or at least predictable)
volume of flow- may lead to savings in unit costs. The
latter advantage, however, may be offset by the declining
unit cost of treatment with increasing flow volume.

In the case of feed lots and other intensive animal hus-
bandry operations, it isoften necessary toinstall facilities,
such as drains and pits, to intercept wastes in runoff and
deliver them to treatment facilities. Retaining or construct-
ing wetlands may al so be effective, particularly wherethe
husbandry enterprises are small and lack the resourcesto
invest in interceptors. Carpenter et al. (1998) note that
discharge standards for animal wastes are generally less
stringent than those for human sewage.

International industry haslong possessed the capacity to
operate and maintai n sophisticated systemsto treat organic
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waste. In developing countries the construction of indus-
trial facilities may create opportunities to harness this
capacity for the benefit of local communities, for exampleby
discharging domesticwasteinto industria treatment systems.

Industrial waste streamsthat areincompatible with do-
mestic sewage treatment plants, are inadequately treated
by them, or exceed their capacity, require specialised treat-
ment tail ored to the nature of the waste stream, the receiv-
ing environment, and the environmental objectives. “End-
of-pipe” solutions may be effectivein reducing the quan-
tity and/or harmfulness of industrial waste discharge, but
havelimitations. Satisfactory treatment aternativesare not
availablefor dl contaminantsand sources. Treatment proc-
esses usually involve significant capital, operation, and
maintenance costswith little direct economic return to the
industry. For thisreason they may not be implemented or,
if they are, they may not be properly operated and main-
tained in the absence of effective regulatory and enforce-
ment regimes. Reduced industrial competitiveness, or the
perception of it, may render industrial waste treatment
measures socio-economically unacceptable, particularly in
devel oping countries. Sometreatment technol ogiesrequire
technical capacity that isnot availablein many countries.
“End-of-pipe”’ solutionsare also usually thelast stage prior
to discharge to the environment, creating a risk of acci-
dental discharge of partialy treated or untreated waste in
the event of equipment or process failure. For these rea-
sons, final treatment of industrial wastesis often most ef-
fective in preventing environmental degradation when it
constitutes just one component of a broader approach to
BER, rather than the primary or only measure employed.
In some casesthis principle has been formalised. The Bal-
tic JCP, for exampl e, stipul atesthat the upgrading or com-
pletion of industrial wastewater treatment plants should
only be supported if there are complementary pre-treat-
ment programmes (HELCOM, 1996).

5.4.2 Persistent Organic Pollutants

General approachesto controlling environmental deg-
radation from POPs are bans on production or on certain
uses, substitution with less harmful products, the imple-
mentation of BEP and BAT, and various forms of treat-
ment and safe disposal. Rehabilitation may be called for
where severe contamination has already occurred, but it
should be approached with caution because of the risk of
net environmental harm as a result, for example, of
remobilisation of the contaminants or of collateral dam-
agefrom physical disruption or sedimentation. Technolo-
giesto accel erate the degradation of contaminantsthrough
the use of microorganismshave promise, but arenot yet in
widespread use.

In 1998 thirty six countries of the Northern Hemisphere
adopted an agreement aimed at reducing atmospheric emis-
sionsof some POPs, under the convention on Long Range
Transboundary Air Pollution: they also adopted criteria
for the later inclusion of other substances in the agree-
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ment. In 1997 the UNEP Governing Council established
an intergovernmental negotiating committee to develop a
binding global agreement with regard to the initial list of
twelve POPs (see Box 2.1 (Chapter 2)), and criteria for
thefutureinclusion of other substances: it isexpected that
an agreement will be reached by late 2000 or early 2001.

Asnoted in Chapter 2, many chemicalsnot on the POPs
list are at least potentially of environmental and human
health concern. Theseinclude not only PTSsbut also less
persistent chemicals that occur in significant concentra-
tionsin theenvironment asaresult of chronicinputs. PAHs
are one notable example. For the most part, these chemi-
cals can be categorised in the sameway as POPs(i.e., into
industrial chemicals, pesticides, and unintended by-prod-
ucts), but the measures appropriate for managing them will
vary with their nature and their sources. PAHS, for exam-
ple, are primarily unintended by-products but require dif-
ferent control measures than dioxins and furans because
their sources are much more ubiquitous.

Costs and Benefits of Reducing POPs Emissions

The World Bank (1992) has estimated that industrial
pollution, and therefore presumably industrial POPs
emissions, would be significantly reduced if spending
on pollution control were to approach two to three per
cent of investment costs. Although the development
costs of, for exampl e, integrated pest management, can
be substantial, agricultural measures to reduce POPs
can have high ratios of benefits to costs. The World
Bank (1992) has reported aratio of nearly 150to 1 in
cassava production in Africa, for example.

At thetechnical level thereislittle difficulty in achiev-
ing asignificant reduction in the quantity of POPs en-
tering marine waters. The costs of doing so, however,
can berelatively large at the level of individual enter-
prises, making effective government policy and com-
pliance the determining factor.

It should also be noted that, in the relatively near fu-
ture, improved information on chronic sublethal effects -
such asendocrine disruption - may necessitate are-evalu-
ation of requirements for managing POPs and other toxic
organic chemicals.

PCB'’s, Hexachlorobenzene

Acceptable dternativesare generally availablefor these
chemicals, and bans and restrictions on their manufacture
and use have been adopted in most developed countries.
This has resulted in reduced disposal rates: but it has not
necessarily reduced environmental contaminant levels
because of the persistence of these chemicals and due to
continuing inputs from such secondary sources aslandfills
(e.g., inthe North Sea, see 3.1 above). The chemicals are

still in widespread use in much of the developing world,
where post-production measures such asdisposal through
incineration or containment in safe disposal sites are not
widely available.

Pesticides

The eight pesticides on theinitial list of 12 POPs (see
Box 2.1) are, unlike the other POPs on the list, deliber-
ately released to the environment, largely in agriculture
and forestry. The acceptability of substitutes varies with
industry, region, and the ability to pay for more expensive
aternatives. Banshave been variously applied, with vary-
ing effectiveness. substantial illicit trade in certain pesti-
cides, for example, occursin many regions. Bansand sub-
stitution must be considered against the benefits derived
from pesticides, for example in food production and dis-
ease control, especially in developing countries. In some
countries, pesticide bans have created problemsregarding
the safe storage and disposal of existing stockpiles, point-
ing to the need for careful planning. The development of
more environmentally benign alternative pesticides, stimu-
lated largely by regulation, promises to reduce depend-
ence on the most harmful ones and has already delivered
significant benefits. Standards for pesticide residues in
agricultural products serve to protect human health, and
provide an economic incentive to reduce pesticide use.
This can apply across agricultural sectors. In Australia,
for example, the rejection of export lots of wool and beef
because of high pesticide residues has stimul ated dialogue
between graziers and the cotton industry, and improved
practices by the latter. The best approach to reducing pes-
ticide contamination of the marine environment liesnot in
any particular measure but in integrated BEP that reduces
the use of dangerous pesticides, targetstheir use more ef-
ficiently, and reduces dangerous practices. These consid-
erations apply broadly to all pesticides, aswell asto those
included on the POPs list.

Chlorinated Dioxinsand Furans

These are unintended by-productsrather than commer-
cially produced chemicals, and so production and use con-
trols are not appropriate. Control measures focus on im-
proved practice, and on post-production interception and
treatment measures. Both these approaches need substantial
technical and financia inputs, which will in turn require
international assistancein devel oping countries. Subsidies
and other distortions that favour the continued operation
of “dirty”, outdated industrial facilities should be phased
out. This may aso require international assistance, for
exampl e to reduce the economic impact of plant closures.

5.4.3 Radionuclides

Artificial radionuclides are derived from a relatively
few sources (Table 5.4). The regulatory framework ap-
plied to these sourcesis based on protecting human health
and minimising releasesto the extent achievable and con-



sistent with economic and social constraints (theALARA
or “aslow asreasonably achievable” concept). The regu-
latory framework does not consider environmental effects,
but, based on current knowledge, environmental consid-
erations impose more stringent requirements in the vast
majority of authorisations.

Other sourcesof artificial radionuclideshave either been
considered in the authorisation process for existing and
previous activities, or result from unregulated ones, such
as nuclear weapons explosions and nuclear accidents. In
these cases, the international system of radiological pro-
tection requiresthat measures to reduce human exposures
be considered when they exceed certain limits.

There are also secondary sources in the environment -
either intrinsically considered in the regul atory procedure
for existing sources or asthe result of previously unregu-
lated practices - such as nuclear weapons explosions in
the atmosphere. Again there is a requirement to consider
intervention when human exposures from these sources
exceed certain limits.

5.4.4 Heavy metals

Most heavy metals have effects only on local scales -
or at most on sub-regional ones, so control measures are
required only where needed to achievelocal environmen-
tal goals. For lead and mercury, which have long-range
effects, emission reduction is probably warranted evenin
the absence of local impacts. The banning of source in-
dustriesis generally inappropriate.

In 1998 thirty-six countriesof the Northern Hemisphere
adopted under the convention on Long Range Trans-
boundary Air Pollution an agreement aimed at reducing
atmospheric emissions of heavy metals: thiscovered lead,
cadmium and mercury initsfirst phase.

The use of tributyl tin (TBT) in antifouling paints for
aquaculture facilities, oil platforms, wharves, and small
vessels, has been phased out in many countries. It remains
in use for large vessels, but the release rates to the envi-
ronment have been substantially reduced by improvements
in the paints. Despite considerable effort to find replace-
ments for TBT preparations, the existing alternatives are
either much more expensive or less effective, imposing
high vessel maintenance costs. It is debatable whether fur-
ther reductionsin TBT use on large vessels are called for,
at least until more suitable alternatives are avail able. Phas-
ing out TBT use on small vessels, however, is warranted
in countries that have not already done this.

5.4.5 Qils

The most appropriate control measures are collecting
waste oil to reduce deliberate dumping, and intercepting
waste oil that has been released before it reachesthemarine
environment. Both ultimately requiredternativewaysof dis-
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posing of it, suchasrecycling or incineration, which may them-
selveshave environmental implications. Marketsfor waste
oil and other economic incentives could reduce dumping.

Point Sources: Industrial and Port Facilities

Qil contamination of the marine environment from port
and industrial facilities could be greatly reduced by ap-
plying existing best practice and technology, from effec-
tive EIA and by enforcing environmental management pro-
visions. More widespread implementation of MARPOL
measures to improve port waste reception facilities, prob-
ably requiring regional and international cooperation and
assistance, would reduce not only oil dischargesfrom ports
but probably also illegal operational discharges from
ships.One problem, however, isthe provision of appropri-
ate disposal optionsfor oil received at port facilities.

Non-point Sources. Urban Runoff, Land Transport

Leaks and dumping of used lubricating oil from vehi-
clesand other machinery are major sources of oil inurban
runoff. Other sourcesinclude rupturesof storagetanks(e.g.,
at petrol stations), and, in some places, the use of used
lubricating oil for dust control. Removing oil from storm
drainage is not technically difficult where there is storm
sawerage. Constructing storm sewerage, however, requires
large capital investment, and may not be feasiblein low-
lying areasthat experienceregular flooding, such asBang-
kok and Bangladesh. In some places, it may be possibleto
construct interceptors in strategic locations, such as natu-
ral drainage channels, without needing to invest in storm
sewerage.

Providing readily available waste oil reception facili-
ties in urban areas can greatly reduce dumping of used
motor oil, especially when combined with effectively en-
forced prohibitions on it, as already exist in some coun-
tries. Public education and economicincentives, such asa
market for used oil, reduce the reliance on enforcement.
Other measuresto reduceoil in urban runoff include main-
tenance standardsfor vehiclesand petroleum facilities, and
discontinuing the practice of applying used oil to roads
for dust control. Deposit-refund schemes for used motor
oil, or surcharges on the purchase of new oil (with the pro-
ceeds used to fund disposal facilities), may have poten-
tial; but they do not appear to have been widely tried.

Accidents

Tanker and offshore wellhead accidents are the largest
sourceof oil spills, but thesea so occur from ports, pipelines,
refineries, and other land-based facilities. Two paralel
control approaches are required: risk reduction and spill
response. Considerabletechnical improvements have been
made in both areas. Continued improvement in the state
of theart iscertainly desirable, but greater gains can prob-
ably be made fromimplementing existing technologiesand
practicesmorewidely, especially in devel oping countries.
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5.4.6 Nutrients

Although point sources are of great concern in some
localities, anthropogenic flows of nutrients to the marine
environment are dominated by non-point sources on glo-
bal and regional scales (see Chapter 2). These cannot be
addressed by simple end-of-pipe technological solutions
and urgently require broad-scale changesinindustrial prac-
tice, andinland and energy use. While continuing improve-
ments in BEP would be welcomed, great gains could be
achieved by applying existing BEPand BAT morewidley,
and especidly by thetransferring them effectively and rap-
idly transfer developing countries - a measure that will
require international technical and financial assistance.

Costsand Benefits of Reducing Nutrient Emissions

The costs and benefits of measures to address nutrient
runoff from agriculture have not been adequately as-
sessed, but it isreasonable to assumethat their benefits
would be substantially higher than their costs. Regarding
atmospheric emissions, there are three broad, mutually
reinforcing policies available: improving fuel pricing to
reflect the environmental costsof itsuse; reducing urban
congestion (e.g., through better urban planning and mass
transport); and promoting clean fuel and enginetechnolo-
gies. The costs of the first two policies are relatively
low. The global phasing-in of cleaner fuels and engine
technol ogieswhich reduce - but do not eliminate - nitro-
gen oxide emissions from vehicles, as well as further
technological improvements, has been estimated by the
World Bank (1992) to cost 0.5% of global GDP by 2010.
The World Bank (1992) has also calculated that phas-
ing in reforms to rectify price inefficiencies and prob-
lems of accountability up to 2030 would make electric-
ity production more efficient and reduce pollution, while
raising incomes and human welfare. Introducing more
environmentally friendly technologies and practices
would produce additional pollution reductions. The
Bank argues that the resultant savings in investment
(e.g., innew power plants) - not to mention the benefits
of pollution reduction itself - would far exceed the costs.

The two technical approaches to reducing industrial
emissions, other than from power plants, are end-of-pipe
controls and improvements in the industrial process.
End-of-pi pe control s can be expensive, but theindustrial
sectors of developing countries are advancing rapidly
and each new investment offers the opportunity to in-
corporate cost-effective pollution abatement. The World
Bank (1992) has noted that devel oping countries should
therefore be ableto reduce emissionsfrom large indus-
trial plants at a lower cost than industrial countries,
which are more dependent on fitting end-of-pipe con-
trols to old plants. This will require devel oping coun-
tries to adopt appropriate policies to induce a proper
combination of waste reduction and end-of -pipe controls.

Point Sources. Sewage and Industrial Waste

Control measures for nutrients entering the marine en-
vironment from sewage and organic industrial wastes are
discussed in 5.3.1 above. Except on loca scales, point
sources of nutrients are of secondary importance relative
to non-point sources, and it can be argued that investment
in control measures would in general be better directed
toward the more difficult problem of non-point nutrient
releases. Treatment and outfall construction will , how-
ever, often be necessary to reduce local problems result-
ing from excessive nutrient discharge. Furthermore, there
is a case that the “polluter-pays’ principle requires that
point sourcesinternalisethe costs of their nutrient rel eases
by paying for control measures even if they are not the
most importance source of nutrients.

Non-Point Sources: Runoff and Groundwater

Altered patterns of fertiliser use and application, crop-
ping, tillage, and other agricultural practices would sig-
nificantly reduce nutrient contamination of coastal areas.
Vitousek et al. (1997) describe an example from a sugar
cane plantation where the subterranean delivery of ferti-
liser in dissolved form, together with timing applicationto
coincide with crop growth, cut nitrogen fertiliser use by a
third (improving profitability) and reduced runoff of ni-
trogen nutrients by afactor of ten. Applying existing best
practice - and continued improvementsin it - would have
similar benefitsin other industries; the specific measures
that are appropriate vary widely among industriesand from
place to place.

Urban runoff isanother significant non-point source of
nutrientsto coastal waters. The measures most likely to be
effective include regular street sweeping, and others that
reduce the concentration of nutrientsin runoff, and storm-
water management to slow theflow of runoff and promote
ground penetration. Given reticulated storm sewerage, it
istheoretically feasible to provide tertiary treatment, but
not only would the costs be unacceptably high even in
developed countries, but the large variationsin flow rates
would create considerabletechnical difficulties. Re-use of
stormwater, for example for municipal irrigation, might
reduce nutrient inputs, but would require both storm sew-
erage and infrastructure for water storage and delivery.

Improved environmental practice in agriculture and
other industries can greatly reduce human-induced nutri-
ent flow into marine areas, but probably never eliminate
it. Wetlands, including mangroves, play akey natural role
in intercepting and immobilising dissolved nutrients in
runoff and groundwater. A global strategy to reduce
eutrophication and other problems associated with exces-
sive nutrient inputs should place a priority on protecting
and rehabilitating natural wetlands. The construction of
artificial wetlands can also be an effective tool. Better
drainage management is associated with this: it would, for



exampl e, reduce channelisation and slow the flow of run-
off to themarine environment, thereby allowing moretime
for natural assimilation and denitrification. A complicat-
ing factor isthat wetlandstypically convert dissolved nu-
trientsinto particul ate organic form, which is exported to
other systems: management and regulatory schemesshould
take this net export of particulate organic nutrients into
account.

It is important to note that the same control measures
will often be effectivein addressing nutrient mobilisation,
sediment mobilisation, and the physical ateration of habi-
tats, because of the strong inter-rel ationshi ps among them.
In particular, measures that reduce sediment mobilisation
(Section 5.4.7) will also address nutrient inputs. Reducing
thealteration of physical habitats both cuts destabilisation
of soils at the habitat site and preserves the function of
wetlands and other habitats in immobilising nutrient and
sediment flows from upstream.

Non-Point Sources: Atmospheric Emissions

Controlling atmospheric emissions of nitrogen posesa
considerable challenge. Technological fixes- such ascate-
Iytic converters and more efficient vehicle engines, end-
of-pipe interception and/or treatment (e.g., stack scrub-
bers), and cleaner industrial technologies - can achieve
significant reductions. It is unclear that many such meas-
ures are feasible in developing countries; certainly, inter-
national cooperation will be required. Improved practice
in fertiliser use and manure storage and handling to re-
duce emissionsfrom agriculture arefeasiblein many coun-
tries, and reasonably readily transferable to many others.

Itisdoubtful, however, that the available measures can
reduce atmospheric nitrogen inputsto the oceanto alevel
wherethey areno longer aserious concern. What are prob-
ably required are significant societal changesin transport
and energy use patterns, and/or major technological break-
throughsto control vehicle and industrial emissions.

5.4.7 Altered Sediment Fluxes

Asnoted in Chapter 2, marineand coastal environmen-
tal problems can arise from both increased mobilisation
and downstream accretion of sediments and from imped-
ing natural sediment flows and resultant impoverishment
of sediment-dependant habitats downstream. The activi-
tiesleading to theseimpactsmay be broadly grouped into
two main categories: large scale industrial and engineer-
ing works (e.g., hydroelectric and coastal protection
schemes), which can lead to either accretion or impover-
ishment downstream, and broad-scale land uses such as
agriculture, forestry, and other forms of land clearing and
destabilisation.
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Engineering and Industrial Works

Thelarge-scal e engineering works considered here are
specifically designed to alter natural hydrology or beach
processes, and therefore, by definition, natural sediment
fluxes. Thereareavariety of engineered solutionsthat can
address problems of altered sediment flux (Table 5.4).
Depending upon the sensitivity and value of downstream
habitats, and the technical difficulty and effectiveness of
control measures, these may requireahigh level of invest-
ment relative to the overall cost of a project, and even
render some projects economically non-viable. Provided
that the economic feasibility of projectsisassessed onthe
basis of overall net benefit, this should not be regarded as
an impediment to progress, but as an internalisation of
environmental costs. In practice, there are often political
aswell aseconomic motivationsfor large-scal e engineer-
ing projects, but political decisionsthat overrule net ben-
efit considerations will be economically counterproduc-
tive,

Engineered solutions to problems of altered sediment
flux caused by dams, channelisation, and other large-scale
hydrological modifications can either be built into the origi-
nal design or retrofitted after construction if environmen-
tal problemsoccur. Itisgenerally better to assess possible
downstream environmental effects from the outset, and
incorporate measuresto addressthemintheinitial design,
rather thanto retrofit. First, thisis often cheaper and more
effective; second, retrofitting usually involves additional
construction, which createsits own impacts; and third, and
perhaps most importantly, considering the possible envi-
ronmental costs of a project from its inception allows a
realistic assessment of itstrue net benefit. It isfar better to
shelve a project that will ultimately not be cost-effective
than to proceed with it and discover that the problems it
creates, or the cost of rectifying them, outweigh its ben-
efits. Careful EIA isthe best tool for assessing the impact
of large engineering works on sediment fluxes.

Sediment Mobilisation

Channelisation of waterwaysfor navigation, flood con-
trol, and other purposes often enhances the delivery of
sedimentsto coastal waters, by diverting water from natu-
ral interceptors such as wetlands and mangroves, and by
increasing the speed of the currents. The design of seawalls
and other coastal protection works rarely gives adequate
consideration to the dissipation of wave energy, longshore
currentsand other beach processes, often resulting in shore-
line erosion and offshore transport of beach material.

Constructed solutionsto such problems are often costly,
but many design improvements (e.g., sloping, rough-sur-
faced sea walls as opposed to smooth, vertical ones) are
quiteinexpensive and only requirethat sediment processes
be taken in to account in the design. In addressing coastal
erosion, the best option by far in many, if not most cases,
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istoinvest in coastal planning and accept some opportu-
nity costsof wise coastal development (e.g., torefrainfrom
developing the immediate foreshore even though poten-
tial revenues are forgone), rather than to invest in coastal
protection works, which are often expensive and only
marginaly effective.

Instead of, or in addition to, engineering solutions, the
use of interception fields, such as buffers of vegetation
along watercourses, mangroves and other wetlands, can
often reduce the delivery of sediments to sensitive habi-
tats. This may entail the targeted preservation of natural
habitats or the construction of artificial ones. Thisapproach
also has the advantages of addressing sewage, nutrients,
and physical alteration, and of providing valuable habitat.

Many of the world’s approximately 38,000 dams are
aging, and there are increasing pressures to remove dams
to restore the natural condition of watercourses. Dam re-
moval should be done with great care, however, so asto
avoid suddenly mobilising great quantities of sediment,
which can cause great damage to downstream environ-
ments.

Sediment Impoverishment

The effects of sediment retention behind dams can
largely be predicted through EIA. Along the coast, groynes
built to retain beach sandsare marginally effective ontheir
up-current side, but invariably divert most of the material
that naturally moves along the shore to deeper water off-
shore, impoverishing the shoreline downstream.

Engineering works can be constructed to restore natu-
ral sediment flow through or around dams, groynes, and
other obstacles. In the absence of such diversions,
sediments may be dredged from their site of deposition
andre-injected into theriver or longshoreflow downstream
of the obstacle. This usually involves considerable ongo-
ing expense. Dredging may also create secondary envi-
ronmental impacts, including disturbanceto benthic com-
munities, re-suspension of sediments and elevated turbid-
ity. Given the expense of such measures, groynes built to
retain beach sand rarely generate a net benefit, although
they may be advantageous to individual private interests
such asresorts or beachfront homeowners. For dams, bar-
rages, and similar river obstructions, periodic intentional
flooding is another way to restore natural sediment flux;
in some situations this has the added advantage of mim-
icking the episodic nature of natural events.

An alternative to restoring natural fluxesisto provide
artificial sediment sources. Examples are deliberately en-
hanced erosion or injecting sediment from distant sources
(e.g., beach replenishment). Beneficial placement of
dredged material to enhance or construct habitat can rec-
tify sediment impoverishment and restore degraded aress.

Cost and Benefits of Controlling Erosion in Agri-
cultureand Forestry

It has been widely demonstrated that farmer-controlled
soil conservation measures can be developed and im-
plemented at reasonable cost in agriculture - and that
they generate significant benefits. In East Asia, for ex-
ample, decreasesin erosion of 40-90% were associated
with increased yields of up to 188%. The benefits of
agricultural improvementsin reducing sedimentationin
rivers and the marine environment are unquantified.

Studiesin the Philippines (Hodgson and Dixon, 1988)
and Indonesia (Cesar et al, 1996) have demonstrated
that the costs of environmental damage to coral reefs
fromlogging-induced sedimentation greatly exceed the
economic benefits of logging. Cesar et al. (1996) also
showed that the economic benefits of improved log-
ging practices- interms of reduced environmental costs
- outweighed the private coststo loggers by 3:1.

Effective control of erosion - and of the consequent
mobilisation of sediments - from agriculture and for-
estry istechnically feasible, at moderate cost, and can
produce considerable net benefits. Itsimplementation,
however, largely depends firstly on political will (in-
cluding resolving conflicts between private and public
interests) and, secondly on governments being able to
mobilise the necessary financial and human resources,
something that requires international assistance for
poorer countries.

General Land Use PatternsincludingAgricultureand
Forestry

Improved practices are the primary measure available
to control sediment mobilisation from land use. Terrac-
ing, low tillage, modified cropping, reduced agricultural
intensity and many other practices help to reduce theloss
of agricultural soils. Thisavoidsthe costs both of soil loss
and of downstream sedimentation. Practices- particularly
improved road construction and restrictions on logging
steep slopes - have al so been devel oped to reduce erosion
from forestry area. Barriers to erosion from construction
sites can produce similar benefits, as can timing construc-
tion to avoid periods of heavy rainfall.

Natural vegetation and wetlands are very effectivein
stabilising soilsand trapping sedimentstransported in run-
off. Measuresthat capitaliseonthisincludetherevegetation
of degraded watersheds, and the protection, rehabilitation,
and/or construction of wetlands or natural buffers of veg-
etation along watercourses.



5.4.8 Litter

There are two overarching solutionsto problems of lit-
ter in the marine environment. Thefirst isimproved mu-
nicipal and industrial solid waste management, which re-
quires public and private investment. The secondistoin-
duce changesinindividua behaviour through enforcement,
improved education and awareness, and such economic
incentives as deposit-refund schemes. Remediation
(cleanup) isnot generally feasible for the marine environ-
ment as awhole, but is both feasible and relatively inex-
pensive on beaches and shorelines. The economic ben-
efits are often disproportionately high relative to the im-
pacts on environmental health due to the negative effects
of litter on beach amenity and tourism.

5.4.9 Physical Alteration of Habitats

Continuing habitat destruction resultsfrom such awide
range of LBAsthat halting it, perhaps more than any other
cause of environmental degradation, requiresthe applica-
tion of abroad mix of tools and measures within aframe-
work of ICM. Creating protected areas, using zoning to
designate areas where particular activities are appropri-
ate, and public education about the value, sensitivities, and
appropriate uses of key habitats are broad-based meas-
uresthat arewidely applicableto at |east someextent. More
targeted measures include: bans or moratoria on destruc-
tive practices (e.g., on cutting mangroves or draining
wetlands); requirementsfor compensatory mitigation; set-
back limits; and construction codes that specifically ad-
dress coastal environmental concerns. One example of the
latter might be that roads through wetland or lagoon areas
should have culverts or bridges to allow unimpeded tidal
circulation: there are many others depending on specific
circumstances.

All of thetoolslisted in Table 5.3 are useful in control-
ling the physical destruction of habitats, particularly EIA
(including more sophisticated forms such as cumulative
ElA), GIS, and the economic valuation of habitats. Full
economic valuation is still atechnically demanding exer-
cisethat can strain the capacities of many countries - and,
indeed, those of many regional and local authorities even
in developed countries. There is, however, acritical first
step that does not require much technical skill or money
and would go along way towardsin reducing habitat de-
struction. Thisissimply the explicit consideration, evenin
qualitativeterms, of the value of marineand coastal envir-
onments - and of the costs of altering them - when making
decisions about the uses of coastal areas and resources.

The full participation of local communities in manag-
ing coastal habitats is essential. This provides the basis
for identifying and prioritising the values and uses of habi-
tats and for resolving use conflicts. In many situations it
allowsfor flexibility and creative sol utionsto management
needs, and results in better on-the-ground management,
especialy where management and enforcement capacity
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is inadequate. Effective community-based management,
of course, depends upon good public awareness and un-
derstanding of environmental processesand problems, and
needs to be supported by governments in the context of a
twin-track (i.e., “bottom up” and “top down™) approach
(see section 6.2).

The benefits of intervening to protect or restore habitat
are often unambiguousand significant. Neverthel ess, prob-
lemsare often encountered in placing economic valueson
ecologica benefits. Much discussion, for example, has
been devoted to how to select adiscount ratethat will prop-
erly account for transfers between generations. It is also
usually not known what proportion of agiven habitat must
be protected or restored to achieve the associated benefits
- how much mangrove, for example, is needed to provide
asufficient breeding and nursery areafor fish stocks. These
problems, and the tools for dealing with them, are briefly
discussed inAnnex 1. In someinstances, however, the prob-
lemsare, at present, intractable. For example, therestora-
tion of wetlands in the southern Mississippi basin would
call for enormous civil engineering costs and compensa-
tory payments that make it difficult to demonstrate posi-
tive tradeoffs against often intangible ecological benefits.

Among themost important requirement in many devel-
oping countries is to alleviate poverty and provide em-
ployment alternatives to allow people to reduce subsist-
ence and artisanal pressure on coastal habitats and re-
sources. Thisapplies not only to coastal areas: better em-
ployment opportunitiesand servicesin the hinterland would
do much to alleviate migration pressure on coasts.

5.5.INFORMATION NEEDS

Effective environmental management depends on the
availability of relevant and reliableinformation. Informa-
tion hasat |east three critical roleshere, all of whichrelate
to reducing uncertainty:

« assessment of the present situation, including: the
present state of the environment; the causes and
costs of degradation and relative priorities for
addressing it; the identification of gapsin knowl-
edge and the priorities for filling them; human
activities and social conditions; and societal goals
and capacities;

« prediction and policy formulation, including:
trend forecasting; risk assessment and early warn-
ing; the comparison of likely costs and benefits of
alternative actions; the establishment of objectives
and targets; and the development of criteriaand
standards for public and environmental health; and

« performance evaluation: periodic environmental
assessments; evaluation of the implementation and
effectiveness of policies and measures; and reformu-
lation of policies and programmes.
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5.5.1 General Considerations

The scope of information required for effective envi-
ronmental management of LBAs embraces both the envi-
ronment and human uses and values. It includes: current
land and other resource use patterns and dynamics;
demographics; investment; types, location and levels of
economic activity which affect the coastal area; statusand
changes in public hedlth; environmental characteristics
(physical, chemical and biological, including natural proc-
esses and variability); economic vauesof natural resources
under threat; and social characteristics (income, housing,
availability of clean water and sanitation, causes of con-
cern to peoplein the coastal area, etc.).

Managers should make the use of existing information
their first priority. Frequently, adequateinformation to pro-
vide abasisfor action either exists or can be made avail-
ablerelatively quickly and easily. Managers should iden-
tify information relevant to the requirements of the plan-
ning and implementation processes in, for example, gov-
ernment agencies and certain non-governmental organisa-
tions(NGOs), such as producers’ organisations. Thenthey
should make the appropriate organisational changes to
ensure that thisinformation is channeled to the appropri-
ate points. Sound professional relationships should be de-
veloped between information users and providers to en-
sure that the latter are aware of the value of the informa-
tion they supply and to improvethe quality of the dataand
interpretive products.

Information provided by local people is an essential
element of the planning process in coastal areas. Coastal
profiles (see Table 5.3) can be assembled with little diffi-
culty to complement scientific information. They enable
planners to benefit from the knowledge of local people.

In most devel oping countries, thereisalack of adequate
information. Even in developed countries, policy makers
and managerswill never haveall theinformation they need
or desire. Thisshould not be areason for inaction, or policy
paralysis. Useful action can often be taken even when the
availableinformationislimited.

5.5.2 Monitoring

Strategic and technical considerations related to moni-
toring have been described in a number of publications
(e.g., GESAMP 1980, 1991, 1996; NRC, 1990). Thein-
tention hereis not provide a detailed discussion of moni-
toring, but rather to stressthe components of marine envi-
ronmental monitoring strategiesthat are essential to achieve
useful and cost-effective results.

Perhaps the most important consideration for a moni-
toring programme is the necessity to state clear, specific,
and realistic objectives. There is ample experience from
national and international monitoring programmesthat the
failureto do so often resultsin the expensive collection of

data that is of little management value. The objectives
should not only specify what isrequired of the monitoring
programmeitsalf, but be closely tied to the broader environ-
mental objectives of society. The design of monitoring pro-
grammes, therefore, must not smply involve, but bedriven
by, managersrather than scientists. The proper role of sci-
entists in an environmental monitoring programme is to
ensurethat the programmeis scientifically sound. Research
undertaken by a monitoring or broader management pro-
gramme should focus almost exclusively on reducing key
management uncertainties. Monitoring and management
programmes do offer opportunitiesfor basic research that
improves understanding of the natural system. Such op-
portunities should be seized, but basic research should, in
general, befunded by mechanisms outside of the manage-
ment programme.

I nter national Cooperation in Monitoring

International and regional cooperation can be particu-
larly beneficia in developing monitoring capabilities,
and data quality assurance programmes. Most regional
agreements on protecting the marine environment (e.g.,
UNEP's Regional Seas Programme) providefor scien-
tific cooperation between signatory states to facilitate
common approaches and assist the development of
methodol ogies and indigenous expertisein research and
monitoring. Transferring experience between laborato-
rieswith common programmes and objectives - and the
opportunity to compare methodologies and analytical
results - can improve the efficiency of monitoring and
reduce the uncertai nties associated with analytical meas-
urements.

At the technical level, the objectives must specify the
geographic areas, issues and, in quantitative terms, mini-
mum levels of environmental changethat are of interest to
management - and therefore the scope and detection lim-
itsrequired of the programme. This determination should
not be made simply with regard to detecting environmen-
tal degradation, but provide early enough warning of im-
pending degradation to allow preventative action. There
is atrade-off between cost and the ability to detect small
changes, so the specification of objectivesand programme
design are often an iterative process.

Monitoring must also be designed to provide a basis
for action, for example to identify sources that require
management intervention or to support enforcement. Moni-
toring should, infact, be" reactive”, meaning that the course
of action to be taken in the event of athreshold level of
environmental change should be predefined. Thisnot only
improves the targeting of programme design to manage-
ment needs, but ensures that the debate about appropriate
actions in the face of environmental change precedes the
observation of that change, and therefore that action is
timely (Connor and Sommaripa, 1997).



Collecting datawithout regard to their eventual useisa
common failing of monitoring programmes. Itiscriticaly
important to produce interpretive products that serve the
needs of different clients, including policy makers, man-
agers, and the general public. Full use should be made of
information technology, which isincreasingly cheap and
efficient (see Table 5.3). In thisregard, it isworth invest-
ing, at least modestly, in information delivery (e.g., to
employ a Director of Information linked to the data
processing function).

Animportant function of monitoring programmesisto
measure the effectiveness of environmental management,
aswell astrendsin the environment. This should include
assessment of the impacts of management intervention
upon environmental outcomes, as well as routine institu-
tional evaluation.

Monitoring programmes can only be effective if pro-
vided with the financial, human, and technical resources
required to meet the objectives. Given the critical impor-
tance of trend analysis, this implies long-term resource
commitments. Conversely, monitoring designs must be
realistic in light of available resources and the likelihood
of funding variations. Monitoring should be built into the
routine workload and budget of the responsible agency
(Andersen, 1997). Itisalso generally preferableto usethe
simplest available measurements consistent with achiev-
ing the stated objectives. Wherever possible, support
should be given to low-cost, community-managed moni-
toring systems (GESAMP, 1996).

5.5.3 Specific Needsfor Information and Technical
Development

Therewill always be gapsin theinformation available
for environmental management, and technical deficiencies
in the available tools. Managers should identify these, in
consultation with the appropriate technical staff (e.g., en-
gineers, economists, natural scientists, sociologists, etc.),
and build research and devel opment to address them into
strategies and plans. Many of these needswill be specific
to agiven regional, national, or local situation, but there
are others that apply more generally. Some of the most
important of these are identified in the sections below.

The present report highlights the overarching need for
better methodol ogiesfor integrated assessments. Improved
methods are needed consistently and transparently to as-
sess and prioritise issues related to the effects of LBAS
upon the marine and coastal environment; to consider sce-
narios resulting from different courses of action; and to
identify the most important uncertainties in available in-
formation. Such methods would be particularly valuable
inimproving regional assessmentsand developing regional
action plans. They could be devel oped in cooperation with
other frameworks (e.g., GIWA, IGBP, IPCC, LRTAP) or
based upon work carried out in them.
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Biological, Chemical, and Physical I nfor mation Needs

High-priority needsfor better biological, chemical, and
physical information include:

* patterns of variability in hydrography and climate;

* inventories, mapping, and trends in the status of
major habitat types;

« relationshi ps between environmental and human
hedlth;

« basic baseline data, in most regions;

* sources, transport pathways, and fatesin the envi-
ronment of certain contaminants,

« relationshi ps between anthropogenic stresses and
environmental responses. Better predictive models
to evaluate the environmental risks of LBASis
needed;

« understanding of dose-response relationships, in
particular the effects of chronic, low-level exposures
to contaminants;

« effects of elevated nitrogen input on the open ocean;

* rel ationshi ps between el evated nutrient input and
altered nutrient ratios and algal blooms; and

« ecosystem dynamics, function, and linkagesto
support economic valuation.

Technological Resear ch and Development Needs

High-priority areas for technological research and de-
velopment include:

« clean technologies, particularly ones suitable to the
conditions prevailing in developing countries, and
their rapid and effective transfer;

* monitoring methods and technol ogies that are more
cost-effective, requirelesstechnical capacity, and
provide for improved quality control;

* more consistency in selecting parameters and
analytical proceduresin assessment and in monitor-
ing programmes;

« environmentally friendly substitutesfor materials,
products and processes, and for activities that have
adverse environmental effects;

« Surveillance, enforcement, and the dissemination of
information;

* improvement and dissemination of best environmen-
tal practice regimesfor variousindustries;

« techniques for predicting and managing the cumula-
tive impacts of small-scale development;

« techniques and technol ogies to reduce key uncer-
taintiesin measuring key parametersrelated to the
effects of nitrogen input to the open ocean;

* development and dissemination of more appropriate
methods of sewage treatment, especially small-
scale, on-site systems; and

» more efficient and reliable indicators of the state of
the environment, including trends.
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Economic and Social Information Requirements

The initiation of sound environmental strategies and
policies should be based on an understanding of the ben-
efits provided by marine and coastal ecosystems. It isnot
always possible to place monetary val ues on environmen-
tal benefits. It may be possible to identify and quantify
(although often with great difficulty and tenuously), the
“usevaues’ which represent the commercial and amenity
benefitsof, for example, amarine ecosystem®: but the* non-
usevalues’4, which represent moreintangible benefits, are
very difficult to identify in economic terms. Nevertheless,
governments should have an understanding of the total
value of an ecosystem when eval uating interventions.

High-priority needs for economic and social informa-
tion include:

* uses of the marine environment and marinere-
sources and how they are changing;

» economic values of coastal ecosystems;

* links between environmental indicators and sustain-
able development;

» economic valuation of the benefits and costs of
environmental protection/degradation;

» analysis of the effects of economic and development
policy on the environment.

5.6. POLICY AND ORGANISATIONAL REQUIRE-
MENTS

5.6.1 Coordinated M anagement

In rura areas, some progress can be made in control-
ling environmental degradation even without coordination
of all the concerned sectors and institutions. In urban ar-
eas, progresswithout coordination ismuch moredifficult,
because organisations usually have much more jurisdic-
tional and sectoral overlap. In this situation, divided but
overlapping responsibilities often result in inadequate pro-
gramme implementation, even where environmental con-
cerns are taken into account. For example, investment in
controllingindustrial pollution may not beintegrated with
investment in wastewater treatment, or treatment plants
may be constructed without the necessary interceptor and
trunk line sewers (World Bank, 1992).

In many countries, policy decisions are taken without
regard for their downstream environmental costs, which

3For example, the commercia benefits of areef system may be commer-
cid fishery and the amenity benefit may beits value as a storm barrier.
4Non-use values are existence values and bequest values. Existence
valuesisthe present intrinsic value to a society of a particular resource,
excluding and direct economic benefits it may produce. The importance
of aresource to a culture of a society is an example of an existence
valueanditis, clearly, very difficult to establish amonetary valuefor it.
A beguest value is the value that a society puts on its desire to preserve
the intrinsic characteristics of a resource for future generations.

may be in neighbouring jurisdictions. Coordination is
needed to bring about the holistic management required
to minimisethese costs (see5.1.1). Strategiesand policies
should be formulated though the coordination of all
stakeholders (e.g., line agencies, local government insti-
tutions, NGOs, and community groups). Horizontal and
vertical cooperation between ingtitutions, with clear lines
of authority established within each institution, is vital.
This coordinated approach has to involve institutions,
municipalities, industry and agriculture organi sations, etc.
in catchment areas. The coordinated policy formulation
process should includeimplementation procedures, sched-
ules, and provisions for cost sharing (see, for example,
Pernetta and Elder, 1993; Scialabba, 1998; Sorensen and
McCreary, 1990; UNER, 1995, 1996).

Many countries are not moving towards a coordinated
approach to natural resources management. This reflects
alack of commitment at high government levels, often
resulting from alack of understanding of the national ben-
efitsprovided by marineand coastal ecosystems(see5.1.3).

Governments should consider undertaking an institu-
tional analysis that reviews the roles of al government
agencies with regard to the environment, their relation-
shipswith non-governmental bodies, and the financial and
human resources at the agencies' disposal. Such an analy-
sis should be carried out in the context of understanding
by government of the significant economic benefits, both
priced and non-priced, generated by the country’s habitats
and natural resources and of the immediate costs of envi-
ronmental degradation, including, for example, those re-
lated to public health. Environment ministries are some-
times the most appropriate institutions to act as the lead
agencies in coordination, but are too wesk to effectively
fulfill thisrole in many countries.

5.6.2 Twin track Management

Overall goals, strategies, policies, and policy instru-
mentswill usually be established centrally, but implemen-
tation is better when it is decentralised. Catchment and
coastal area assessment, analysis, and management are
often best done at the local level. Similarly, intersectoral
groupsin urban areas are best equipped to provide strong
mechanisms for the management of air and water pollu-
tion based on local knowledge . Lessons learned at the
local level, and proposal s based on these - for examplefor
new legidation - should befed into the strategy and policy
formulation processes.

5.6.3 Public Participation

Participatory approaches offer many advantagesinclud-
ing:

» they give planners a better understanding of local
values, knowledge, and experience;



« they win community backing for management
objectives and community help with local imple-
mentation;

« they can help to resolve conflicts over resource; and

* they can increase peoples’ willingnessto pay for
environmental management.

Local community participation in the management of
coastal areas through integrating conservation and devel-
opment activities builds on the principle that local com-
munities must be involved in devising and implementing
ways to protect the environment. Typical approaches in
obtaining participation through consultation include: the
creation of consultative committees; public meetings; in-
formal consultationswith stakehol ders; the publication of
discussion papers; and the use of public mediato inform
and provide aforum for discussion and promotion of the
active role of local NGOs. Such processes often result in
more comprehensive, efficient and successful management
than would occur otherwise. Techniques such asrapid ru-
ral appraisal, and particularly participatory rapid rural
appraisal (see Table5.3) help generate participationinthe
early stages of area planning.

Community groups can play an important part in the
enforcement of environmental legidation. The success of
such approaches depends on readily availableinformation,
in non-technical terms, to help the public - and particu-
larly community groups - to monitor their environment
and seek redress if necessary. Public disclosure of stand-
ards can help focusthe attention of management on pollu-
tion and on the opportunities for controlling it, and can
supplement official monitoring with public and commu-
nity oversight (World Bank, 1992).

Natural resources are often best managed by local peo-
ple, often through traditional institutions and practices.
Community management is not necessarily alower cost
alternative to conventional enforcement. It is time con-
suming, and resource users need continuing support. Where
community management is not appropriate, participatory
approaches that involve local people in decision making
are very much more effective than reliance on conven-
tional enforcement alone.

5.6.4 Education

Education can play a powerful role in environmental
protection. Children taught about the value of their envi-
ronment not only carry thislearning into their adult lives
but relay the lessons to their parents. Informal education
programmes about environmental concerns brought to ru-
ral communities through film shows, plays and, poster
exhibitions, for example, have proved to be effective in
many parts of the world. Educating women and girls can
be particularly effective, leading to reduced infant mortal -
ity and to lower rates of population increase, whichinturn
often reduce pressure on natural resources.
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5.6.5 Institutional Capacity

Few developing countries have the organisational,
policy and legal frameworks, or the human and financial
resources, to manage their coastal areas effectively. Con-
sequently, the implementation of national measures and
global and regional agreementsis slowed, causing coun-
tries to carry rising environmental costs. The overriding
need in most countriesis for a higher level of skills, par-
ticularly in environmental planning and management and
in environmental law and economics; many arerelatively
well equipped with natural scientists.

5.6.6 Environmental L egidation

Theidentification of appropriate, practical legal mecha-
nisms to give effect to such principles as sustainable de-
velopment is a major challenge facing those drafting of
legislation (Scialabba, 1998). In general, environmental
legislation for coastal and catchment areas providesfor a
number of legal mechanisms, including:

« recognition of customary rights, provision of public
and private property rights, and revision of property
rights when the management regime obstructs the
attainment of desired environmental objectives,

« establishment of an institutional framework (e.g.
enabling legislation for agencies);

« establishment of regulations, criteria, standards, and
implementation guidance, with associated provi-
sionsfor enforcement;

« establishment of protected areas;

* zoning, set back lines and administrative controls on
development;

« restrictions on certain agricultural and forestry
practices that result in soil erosion or excessive
depletion of standing forest; and

* EIA reguirements.

The usefulness of legislation is entirely dependent on
the level of compliance with it. When governments lack
the ability to elicit compliance - be it through enforce-
ment, stakeholder participation, education, or other means
- environmental |egislation will not only beineffective but
often counter-productive, since it will fall into disrepute.
Governments should therefore include a realistic assess-
ment of the prospects for compliance in the process of
drafting legidlation.

A number of concepts to support good environmental
management are frequently implemented through national
legislation. They include the precautionary approach, the
need for preventive action, amelioration, and the polluter-

pays principle.
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5.6.7 Regulatory Autonomy and the Provision of
Services

Experience in a number of countries has shown the
value, in terms of improved efficiency and a higher level
of environmental protection, of having separate, autono-
mous agencies to undertake the regulation of government
agenciesthat provide public services (World Bank, 1992).
Such separation removes conflicts of interest and helps
industrial plants, public utilities and municipalitiesto fo-
cus on well-defined objectives.

5.6.8 Institutional Frameworks at the I nter national
and Regional Levels

A number of international agreements contain general
provisions for the protection and preservation of the ma-
rine environment Among the moreimportant are: Part X11
of the United Nations Convention on the Law of the Sea-
UNCLOS; the London Convention of 1972; the Ramsar
Convention on Wetlands of International Importance; and
the United Nations Convention on Biological Diversity.
Many, such as the Ramsar Convention and the London
Convention, have had significant success. Unfortunately,
the primary and stringent obligations in UNCLOS have
not been translated into more specific LBA objectivesand
initiatives in most regions. As with all international law,
responsibility for implementation and enforcement rests
primarily at the national level.

The GPA/LBA does not have the status of an interna-
tionally legally binding agreement. Although the institu-
tional framework of the programme appearsto be rational
and cost-effective, itsimplementation isproceeding S owly.
This is partly because of financial constraints and inad-
equate support from UN agencies that were expected to
play amgjor roleinimplementing it fromwithin their avail-
able resources. It thus appears that the governing bodies
of these agencies have not been persuaded to diverthuman
and financial resourcesto the GPA/LBA in any meaning-
ful way . Another factor contributing to slow implementa-
tionisthat governments, which bear most of the responsi-
bility for implementing the GPA/LBA, have not taken ad-
vantage of it in shaping national and regional responses.
Contributing to thisisthe fact that citizens have not held
their governments to account for their inaction, perhaps
due, at least in part, to their lack of awareness of the GPA/
LBA.

The situation is not so blesk at the regional level. Ina
number of regions, legally binding intergovernmental
agreements and programmes for the control of LBA (al-
beit mostly unrealistic ones) have been adopted that take
into account regional prioritiesand capabilities. The adop-
tion of the GPA/LBA has provided a new impetus and a
global framework for these regional programmes. How-
ever, their implementation is again slow, because of weak-
nesses at national levelswhereit isto be carried out.

5.6.9 The Policy Process

Strategies, plans, policiesand projectsshould al be part
of an iterative process comprising information collection
and analysis; formulation; and implementation accompa-
nied by monitoring and review, or evaluation. The results
of on-going monitoring and eval uation should be used to
modify programmes, as necessary ,and to use the lessons
learned in designing other programmes. The process of
iteration based on eval uation makesthe programme cycle
alearning process.

Experience in single sector renewable resources man-
agement and in cross-sectoral management, points to the
value of policy makers accepting relatively modest initial
objectives, and accepting that progress might berelatively
dow intheearly yearsof coordinated coastal management,
as experience is gained. With subsequent iterations of the
programme cycle, the experience and additional skills of
managers, administrators, scientists and economists will
enable policy makers to set more ambitious objectives,
and to expect improvements in institutional performance
in achieving them.
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Conclusions and Priorities for Action

6.1. CONCLUSIONS

Land-based activities are the major sources of prob-
lems and threats facing the oceans, especially coastal ar-
eas, except for the effects of fishing and the threats posed
by global climate change.

In the past decade, there have been some notable suc-
cesses in curbing the negative impacts of land-based ac-
tivities on the marine and coastal environment. Unfortu-
nately, from a global perspective, the degradation of the
oceansand coastd areas has continued, and in many places
even intensified. Degradation is much more severein the
coastal areas than in the open ocean.

The most serious problems associated with land-based
activitiesare:

« dteration and destruction of habitats and ecosystems;

« effects of sewage on human health;

« widespread and increased eutrophication;

« changes in sediment flows due to hydrological
changes.

These problems are not new; that this is so reflects a
failure adeguately to address both the long-term trends of
environmental decline and acute, short-term threats. The
root causes of these problems lie in widespread poverty,
often associated with the pressure of population on natu-
ral resources, and poorly planned economic devel opment.
A major contributory factor isthe lack of determination of
governments and their publics to adopt and implement
effectivelong-term solutionsin the face of the necessity to
meet short-term needs.

A critically important considerationin formulating strat-
egies and policiesto deal with the problems presented by
the negative effects of land-based activities on the marine
environment is that individual causes and effects cannot
be dealt with in isolation because of their intricately
interlinked nature. These linkagesinclude:

« the ecological interdependence of the marine and
terrestrial environments, which are linked by
complex atmospheric, geological, chemical and
biological interactions;

« the social and economic interdependence of human
activities on particular ecological linkages,and

« the transboundary nature of coastal and marine
environmental problems, necessitating international
cooperation in setting common objectivesand in
implementing compatible policies and programmes.

The priority action areas for the control of land-based
activities to improve the quality of the marine environ-
ment are:

« to recognise and deal with market failure;

« with respect to pollution, to focus management effort
on sewage, nutrients (especially nitrogen) and sedi-
ment mobilisation;

« to prevent habitat destruction and loss of biodiversity
by the enforcement of legal, administrative and eco-
nomic measures appropriate to local circumstances;

« to establish protected areas for habitats and for sites
of exceptional scenic beauty or cultural value; and

« to integrate the management of coastal areas and
associated watersheds.

6.2. RATIONALE FORACTION

6.2.1 The Value of Marine and Coastal Ecosystems
and Renewable Resour ces

Aswell asthe market priced values, such asfish, forest
products and tourism (direct use functions) that marine
ecosystems provide - primarily to the maritime countries
in whose exclusive economic zones they occur - they also
supply enormous benefits to the international community
as awhole through their ecological functions (or indirect
use functions), such as nutrient recycling, storm protec-
tion and water supply. This fact has been reflected in a
number of international instruments concerned wholly or
partly with the protection of marine ecosystems and re-
newable resources from the effects of land-based activi-
ties. Theseinclude, notably: Chapter 17, ProgrammeArea
A of Agenda 21 (United Nations, 1992), endorsed at The
United Nations Conference on Environment and Devel-
opment, Rio de Janeiro, 1992; and the GPA/LBA, adopted
three years later at an inter-governmental conference in
Washington, DC; aswell asmorelimited agreements, such
as on the dumping of radioactive and other wastes and
agreed procedures for handling other wastes.

It is difficult to put a monetary value on the worth of
the services provided by marine natural ecosystems and
natural capital stocks in the form of ecological life sup-
port systems and renewable resources. Recent research
(Costanzaet al, 1997, 1998) has valued marine ecological
life support systems and renewable resources, including
coastal wetlands, at about US$ 23 trillion ayear (1994) -
almost the same as the global annual gross national prod-
uct of about US$ 25 trillion (1994). This amount includes
the market value of goods and the val ue put upon the eco-
logical functions of ecosystems, but not values which are
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even more difficult to assess in monetary terms - such as
bequest values (the perceived value of passing the ecosys-
tem or resource on to future generations) or existenceval-
ues (the value placed on an ecosystem or resource because
it exists). Thecoastal environment isvery important within
thisfigure, contributing almost two thirds of thetotal value.

There are many conceptual and practical problemsin
assessing the value of these servicesbut, whatever thetrue
figures, the research quoted above illustratesin monetary
terms the magnitude of the ecological linkages that, to-
gether, constitute the marine ecosystems, human activities
and human welfare. Unless controlled, human activity dam-
agesmarine ecosystems. In doing so, it imposes economic
costs through the reduction of the “ natural capital” that the
ecosystems and renewabl e resources supply. It isclear that
the health of the oceans - in which the coastal areasplay a
critical role - isvital for the world’s economic wellbeing

The effects of land-based activities threaten all marine
services, but particularly those provided in the coastal en-
vironment. Estimates of the extent of the damage are not
available, but empirical evidence suggests that economic
losses are mounting year by year together with unknown
losses of biodiversity. These economic and biodiversity
losses affect almost all countriesdirectly or indirectly, not
only those where they occur.

Death and disease resulting from the impact of con-
tamination of the marine environment affect many millions
of people annually. As well as the human suffering in-
volved, the economic costs are considerable, amounting
to an estimated US$12-24 hillion annually.

6.2.2 Cooperation Between Countriesto Deal With
the Problem

The primary responsibility for controlling land-based
activities so as to minimise threats to marine and coastal
systemslieswith the countries concerned. In two respects,
however, countries are unable to deal with the problem
unilaterally. Firstly nations haveto cooperate at the global
level to enhance the capacity and capability of developing
countriesto deal with thethreatsfrom their activities. Sec-
ondly, they must co-operate at the regional and sub-re-
gional levels where land-based activities have
transboundary effects, as contaminants are carried by the
atmosphere, rivers and by the sea.

At the globa level, the international community has
agreed to international instruments, but these have been
implemented only to alimited degree. In general, they have
proved to be inadequate to deal with increasing threats
generated by the growing demand for scarce resources.
Most importantly, many developing countries that have
demonstrated the political will to take effective action lack
the necessary ingtitutional, managerial, financial and tech-
nical capabilities. Having regard to the global implications

of the economic costs of marine systems degradation, co-
operation between industrialised countries and these de-
vel oping countriesto reduce such costsisnot altruism but
in the economic interest of the cooperating countries.

In perhaps most cases, the land-based activities caus-
ing environmental damage are located within the country
where their impact is most severely experienced. How-
ever, the effectsare frequently also carried across national
boundaries. Individual Stateshave aduty not to causeharm
to others; but their capability to act effectively is often
reinforced when countries cooperate at the regional and
sub-regiona levels. Such cooperation can minimise the
transboundary effects of land-based activities on the ma-
rine and coastal environment , and can enable countriesto
develop cost-effectiveways of dealing with problems com-
mon to all. It frequently requires technical and financial
resourcesthat the participating countriesare not ablefully
to provide themselves: industrialised countrieshave arole
in thisregard.

6.3. ROOT CAUSES OF ENVIRONMENTAL
DAMAGE

The damage caused by the frequently negative effects
of land-based activities on the marine and coastal envi-
ronment stems from two sources. These are poverty - of-
ten associ ated with excessive popul ation pressure on natu-
ral resources - and the negative effects of economic and
social change. Consumption patternsin the industrialised
countries contribute to pressure on natural resources. At
the secondary level, ingtitutional failure allows these fac-
torsto have apowerful effect, most importantly when gov-
ernmentsare unwilling or unableto correct the market fail-
urethat occurswhen marketsdo not fully reflect thevalue
of the resources. A major part of the reason why govern-
mentsfail to act istheir reluctance to adopt the necessary
measuresthat yield benefitsinthelong-term when pressed
to meet short-term needs or to channel financial and hu-
man resources from other areas of government responsi-
bility, such as defence.

The connection between poverty and resources degra-
dationiswell documented and thereis strong and growing
evidence of thelinks between poverty reduction and envi-
ronmental goals (World Bank, 1992). Thereis, therefore,
astrong caseto be madefor poverty reduction programmes,
such as education, agrarian reform and the creation of
employment opportunities. Apart from their moral justifi-
cation and direct economic benefits, such programmesare
an essential basisfor environmental improvementsin many
developing countries.

Economic and socia change in coastal areas usually
resultsin increasing pressure of demand for scarce natural
resources both in them and in associated watersheds. In
the absence of a sound environmental policy, land-based
activities generate negative externalities, represented by



the degradation of marine and coastal resources as mar-
ketsfail fully to reflect their value.

Thefailure of governance associated with such market
failure allows the root causes to have a devastating effect
on natural resources and ecosystems.Allocating resources
through the establishment of property and use rights is
central to overcoming this failure. Two other features of
good governance in this regard are, first, the true indica-
tion, through environmental valuation, of environmental
goods and services and, second, the internalisation of en-
vironmental costs. Failure to follow these prescriptions
inevitably resultsin natural resource loss and ecosystem
degradation. Governments are often at fault, but the in-
formed and effective involvement of stakeholdersand the
public in policy making processes - and in holding gov-
ernments accountablefor their actions, or lack of them - is
essential. Together, they can ensure the enactment of ap-
propriate policy and legislation frameworks. The effec-
tiveness of such frameworksdepends, in turn, on the adop-
tion by governments of the priority actions described be-
low.

Governments are responsible for formulating and
implementating policies. Difficult decisions have to be
made on allocating, not only the natural resourcesbut also
the human and financial ones available to governments.
These decisions may affect both private interests and gov-
ernmental institutions as financial and human resources
are redirected from them to others. Government determi-
nation to make the necessary reformsisthe essential pre-
requisite of successful environmental policy.

6.4. GESAMP PERSPECTIVESON THE GPA/LBA

GESAMP' S perspectives concern both the over sim-
plification of the classification of chemicals and the ig-
noring of distinctions between wastes (mixtures) and con-
taminants (substances) that characterise the GPA/LBA. It
also has some differences with regard to itsidentification
and treatment of priorities.

Examples of the oversimplification of the classifica-
tion of chemicals, shared with other international environ-
mental programmes, are the terms “Persistent Organic
Polluters (POPs)” and “endocrine disrupters’ that have
no basis either in chemistry or toxicology. A clear case of
thelack of distinction between wastes and contaminantsis
theinclusion in the GPA/LBA of sewagein thelist of ma-
rine contaminants; these lists typically contain nutrients,
metals and other substances that are significant compo-
nents of sewage. Such lack of precision is unnecessary
and can lead to anomalies, and occasionally ambiguity, in
measures and recommendations designed to prevent pol-
[ution by hazardous materials.

A number of the actions proposed in this report are
within the GPA/LBA. However, it has not been possible
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to support to the same degree two priorities it identifies.
Theseare: (i) the establishment of a clearing house mecha-
nism which would identify information needs and sources
of information; and (ii) the mobilisation of funds for ma-
jor investments. GESAMP would al so place more empha
sisoninstitutional capacity building to enhance good gov-
ernance than appearsto be the case in the GPA/LBA.

With regard to the proposed clearing house mechanism,
it is strongly agreed that policy makers, environmental
managers and their advisers need better access to infor-
mation. In particular, they need better technical informa-
tion and assistance to evaluate local conditions and the
likely impacts of specific developments and to identify
and evaluate management options. GESAMP, however,
would not assign asimilar level of importanceto the clear-
ing-house mechanism as does the GPA/LBA. It further
considers that a brokerage mechanism to facilitate direct
contacts between those needing financial and technical
assistance and those in a position to offer such assistance
may be of greater valuein promoting the implementation
of the GPA/LBA than the mere provision of information.
In any event, local action to protect the marine environ-
ment should not be delayed pending the development of
the clearing-house.

In relation to the mobilisation of funds, the GPA/LBA
recognises that the scale of financing required will vary
with the circumstances. Nevertheless, there appearsto be
an implicit emphasis on large-scale investment that takes
attention away from thefact that relatively small-scalein-
vestment opportunities constitute much of the financing
required by developing countries. For example, the GPA/
LBA'’srecommended approach for sewage focuses on the
provision of capital intensive reticulation and treatment
systems, with little attention being givento innovetive, low-
cost approaches. While there are many requirements for
large capital investments, an important consideration in
making them isthe capability of the country whereinvest-
ment istaking place to maintain theinfrastructure provided.
Capital investment requiring skilled and costly maintenance
isoften not the most cost effective use of funds, and alter-
native, low cost and innovatory options often better suit
the countries’ needs. In other cases, opportunitiesfor pri-
vate sector investment and management should be stimu-
lated and encouraged. Most financing needsare at the level
of technical cooperation and the relatively low levels of
capital funding designed to help countrieshel p themselves.

Asnoted above, failures of governance associated with
market failure are the most important causes of natural
resource loss and ecosystem degradation. Thisconclusion
leadsto theinstitutional, legidative and policy actionsiden-
tified by GESAMP as priorities that differ in anumber of
respects to those within the GPA/LBA. Notably, institu-
tional capacities need to be enhanced so that governments
have the capability, for example, to undertake actions -
within the context of an understanding of the economic
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value of natural resources (athough the difficultiesin do-
ing so are fully acknowledged) - to establish the net long
term economic benefits of intervention, and to design and
implement the full range of policy instrumentsto prevent
or mitigate market failure. Such institutional capacity build-
ing would appear to be different from that described inthe
GPA/LBA, which focuses on the need for devel oping coun-
triesto acquiretechnical skills(anaimthat GESAMP also
supports). GESAMP would aso give greater emphasisto
the need for institutional change in countries to provide
for an holistic approach to resources management through
promoting organisational arrangements that enhance a
cross-sectoral approach to the management of land-based
activities. Other areas of GESAMP's emphasis include:
the need for institutional capacitiesand legislation to pro-
videfor the creation of property and userights; the decen-
tralisation of management, including its devolution to au-
tonomous agencies, the private sector and communities;
promotion of the most appropriate technology as an alter-
native to high cost, conventional technology; and
stakeholder and public involvement in decision-making.

6.5. PRIORITIES

6.5.1 Prioritisation for Action of Physical Alteration
and Contaminants

GESAMP agreesthat the key objectives of the national
and regional programmesfor protecting the marine envir-
onment from land-based activities, asembodied withinthe
GPA/LBA, should be identifying priorities and establish-
ing targets. In this context, aglobal assessment cannot be
an adequate substitute for informed judgments at thelocal
level. Nevertheless, this Chapter identifies prioritiesfrom
aglobal perspective with regard to the contaminants and
sources discussed in the GPA/LBA, and provides
guidance on the more important actions consistent
with them. These priorities are generally in accord

vertical category has the same weight, and the plussesin
each vertical category may be summed to give the order
of ranking of each source/contaminant: physical alteration
isplaced higher than sewage, although both have the same
number of plusses, on a subjective judgment of the prior-
ity to be assigned to each. In Table 6.2, because of the
different weighting that applies to each vertical column,
the relative importance of each source/contaminant is not
asimplesum of the entriesbut hasto be expressed in quali-
tativeterms.

Table6.1, theimpact matrix, evaluates each source cat-
egory with respect toitsimpact according to the GPA/LBA
criteriaof food security, public health and safety, coastal
and marine resources and ecosystem health. It is evident
within the table that the greatest benefits, in terms of the
criteria applied, would result from the effective manage-
ment of sewage and physical ateration, with managing
nutrients and sediment mobilisation aso of high priority.

Table 6.2, the global priority matrix, first shows our
judgment of the adequacy of the scienceto deal with each
source category. Shown secondly in the table is the geo-
graphic scale- global, regiona and local - of theimpact of
each source category on the marine environment. For ex-
ample, POPs and mercury are global-scale issuesasare-
sult of the long-distance atmospheric transport that dis-
tributesthem over at |east hemispheric scales. In contrast,
the introduction of sewage and sediment mobilisation are
usualy local problems, with their impacts generally re-
stricted to spatial scales of tens of kilometers from their
individual sources and within a single nationa jurisdic-
tion. Regional impacts are intermediate between global
and local, describing impacts over regional marine areas,
usualy within number of national jurisdictions. Our as-

Table6.1. Impact matrix

with thoseidentified at theregional level (Chapter
4), although not wholly so. Marine activities, such
asfishing, are not considered here.

Tables 6.1 and 6.2, respectively, illustrate two
complementary approaches to helping determine
thelevel of priority that may be assigned at the glo-
bal level to the source categories considered inthe
GPA/LBA. These evaluations are based on the use
of the Delphi Technique by a group of natural and
social scientists, expert in issues relating to the
marine environment, followed by intensive discus-
sionswith other scientists. The evaluations, there-
fore, reflect informed scientific judgement, em-
bodying ahigh degree of subjectivejudgment about
the contaminants in the marine environment, and
their movement through it.

Keys for the symbols used in each table are
shown below it. Some care hasto betakenin read-
ing the tables. In Table 6.1 it is assumed that each

Source/ Food Public |Coastal Ecosystem | Overall

category security [health [andmarine | health impact
resour ces

Physical

alteration ++ ++ +++ +++ +++

Sewage ++ +++ ++ +++ +++

Nutrients ++ ++ ++ 4+ 4+

Sediment

mobilisation | + + +++ ++ ++

POPs + + + ++ +

Hydrocar-

bons (0il)  |++ + + + +

Heavy

metals + + + n +

Litter n + + n +

Radio-

nuclides + + n n n

Key: +++ = high; ++ = moderate; n = negligible impact
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Table 6.2. Global priority matrix

Source/ Adequacy | Geographic Ubiquity |Adversity | Ability tobe | Benefit/cost ratio | Priority
category of science |scaleof impact | of source | of impact | managed of interventions | ranking
Physical ateration Moderate |Regional +++ +++ ++ +++ High
Sewage Good Local +++ +++ +++ +++

Nutrients Low Regiond +++ +++ + ? Medium
Sediment mobilisation | Moderate | Regional +++ ++ ++ +H/+++

Litter Good Regiona +++ + ++ +++ Low
POPs Low Global ++ + + ++

Mercury, lead Moderate | Global ++ + ++ ++

Other heavy metals Moderate |Local ++ + ++ ++

Hydrocarbons (oil) Moderate |Local ++ + ++ ++

Radionuclides Good Regiona + + +++ +

Key: Adversity of impact; ability to be managed; benefit cost ratio: +++ = high; ++ = moderate; + = low
Ubiquity: +++ = found everywhere; ++ = found frequently; + = found sparsely

sessment of the geographic scales of impact is followed
by our assessments of: the adversity of theimpact of each
source category on the marine environment; the ubiquity
of sources; our ability to effectively manage each of them;
and the order of magnitude of the benefit-cost ratios of
management intervention. An overall priority ranking has
been made on the basis of thisevaluation. It shows physi-
cal alteration of the marine environment and sewage as
having the highest priority when these criteriaare consid-
ered. Sediment mobilisation and nutrients also deserve
priority consideration.

An evaluation of these two approaches to identifying
priorities at the global level indicates that the highest pri-
ority should be givento physical alteration, sewage, nutri-
ents and sediment mobilisation.

6.5.2 Priority Actions at the Technical and M anage-
ment Levels

Physical Alteration

Oneof the most seriousthreatsto coastal ecosystemsis
not environmental degradation dueto pollution but rather
thedirect physical destruction, or radical ateration, of habi-
tats. While the direct effectsare local, physical habitat al-
teration has been identified as a priority issue in most re-
gions and is therefore a global problem. Furthermore,
coastal habitat ateration may have impacts well beyond
the geographic boundary of the affected habitat because,
typically, the habitats are important breeding and nursery
grounds, and play important rolesin fluxes of water, nutri-
ents, and sediments.

The most widespread forms of physical habitat altera-
tion are: the destruction of wetlands by draining, landfill,
or modification of water flows (e.g. through canalisation
or impoundment); accelerated beach and foreshore ero-
sion because of inappropriate infrastructure devel opment
and sediment impoverishment; and the deforestation of
mangrovesand other coastal forests. Other common forms
of physical ateration include: beach, coral reef, and seabed
mining; damage from boat anchors, propellers, and wakes;

damage from divers and walkers; and the dredging and
blasting of harbours and navigation channels. As physical
alteration may occur in discrete events (e.g., the reclama-
tion of an estuary for urban devel opment) or asthe cumu-
lative effect of small-scale activities (e.g., reef damagefrom
scubadivers), different threatswill often require different
management measures. However, such measures should
be designed and implemented within a coordinated ap-
proach to the management of coastal areas and associated
river basins, including measures, for example, to reduce
rural poverty, to provide education, and to build popular
support and local participationinto policies. These broader,
non-technical actions are referred to again below.

Priority actions:

« identify and map critical and sensitive coastal
habitats, including those already lost or severely
impacted;

* increase the number, size, and effectiveness of
protected areas;

* impose mor atoria on further destruction of
wetlands, mangroves, and other critical habitats.
Moratoria- and requirements for compensatory
habitat rehabilitation - will generally only be
effectivein dealing with large-scal e devel opments,
not with cumul ative effects of small-scale activities,

« apply ICM to coastal planning and development;

* assess the economic value of coastal habitats
when making development decisions affecting
them. In many instances, habitats have higher
economic value than the developments for which
they are sacrificed, resulting in anet economic loss
when a devel opment proceeds;

* impose setback limits, zoning restrictions, and
similar shoreline protection measuresin the
overall context of these ICM regimes; and

« expand resear ch to support the economic valua-
tion of coastal habitats, including ecological
linkages among habitats and marine resources,
predictive models of ecological responsesto
stresses, and patterns and economic value of human
use of coastal resources.
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Sewage

Theeffectsof individual sewage dischargesare usually
localised, but sewage is a major source of marine con-
tamination in all regions, and is therefore a global issue.
The chief concernsare: human health impacts from expo-
sure to pathogens, via seafood contamination or contact
with contaminated water; resultant lossesin fisheries and
tourism revenues; and the environmental impacts of nutri-
ents, BOD, suspended solids and other components of the
sewage. Pathogenic microorganisms in sewage-contami-
nated marine and estuarine waters cause a massive trans-
mission of infectious diseasesto bathers and to consumers
of raw or undercooked shellfish. The global economic
impact of such illness has been estimated at over US$10
billion annually.

Available measures to reduce these impacts include:
appropriate siting of discharges; conventional treatment;
and the development and application of alternative tech-
nologies such as composting and biogas generation. Con-
ventional treatment technologies are well-devel oped, but
should not be regarded as a universal panacea. They re-
quire large capital investment in collection and treatment
infrastructure, often necessitate high ongoing operational
costs and technical capacity, and in certain settings (e.g.
low-lying areas subject to frequent flooding) have signifi-
cant technical limitations. It should not be assumed that
higher levels of sewage treatment are always desirable.
For some sewage-rel ated issues (e.g. suspended solidsand
litter), minimal treatment is often adequate and higher lev-
els provide only marginal improvement. The effective re-
moval of nutrients is expensive and only justified when
sewage inputs of nutrients are of concern; in low-nutrient
watersvulnerableto eutrophication (e.g. tropical lagoons),
even advanced tertiary treatment may not achieve adequate
reductions of nutrient discharges. The appropriate siting
of effluent dischargesto enhance dilution and dispersion,
minimise environmental impact, and/or reduce human ex-
posures to sewage-borne pathogens is often less expen-
sive, more effective, and more operationally sustainable
than advanced treatment. It is, in any case, essentia re-
gardless of the level of treatment.

Priority actions:

» develop and apply more appropriate technolo-
giesand practices. In many regionsthe provision
of conventional collection and treatment infrastruc-
ture cannot keep pace with urban growth, and may
not be appropriate to local circumstances. Less
centralised and |ess capital-intensive technol ogies
(e.0., improved septic systems, composting toilets,
small-scale biogas and treatment plants, use of
artificial or natural wetlands) may offer more
appropriate solutions, and improved opportuniesto
re-use valuable components of sewage (e.g. water
and nutrients);

* immediately improvetheimplementation of
existing measures. Relatively simple and inexpen-
sive measures such as better design and installation
of septic systems, better maintenance and operation
of existing treatment plants, and improved siting of
municipal sewage outfallscould yield significant
gainsin many, if not all, regions;

link capital investment in infrastructureto
sustainable financing for ongoing maintenance
and oper ational costs. Large expenditureson
collection and treatment works achievellittleif there
is not adequate financial and technical capacity for
operations and maintenance. In particular, new
sewerage projectsin developing countries should
include long-term provisions for operations and
maintenance, including local capacity building; and
prioritiseissues, set objectives, and assess all
alter native solutions objectively and with regard to
environmental goals and the nature and uses of re-
ceiving water. Pathogens, nutrients, organic materi-
als and other components of sewage pose different
environmental risks, requiring different measuresto
address them that depend upon the nature and uses
of the receiving waters. Siting of dischargesis often
more important to environmental outcomesthan the
leve of treatment. For example, disposing raw sawage
in well-flushed deep oceanic waters through along
outfall may have less environmental impact, lower
costs, and lessrisk of failure than discharging tertiary-
treated effluent into an enclosed nearshore basin.

Nutrients

Land-based activities are the dominant source of nutri-
ents, especialy fixed nitrogen, inthe ocean. Asisthe case
with sewage, nutrient inputs are often very localised, but
in aggregate they form amajor source of marine contami-
nationinall regionsand arethereforeaglobal issue. There
are three main sources of anthropogenic nutrient input:

« fertiliser in agricultural runoff and, to alesser
extent, aquaculturefacilities;

* releases to the atmosphere from fossil fuel combus-
tion and, to alesser extent, from agricultural
fertiliser and manure. These nutrients are subse-
guently deposited in watersheds and the ocean,
often after long-distance atmospheric transport; and

» sewage and industrial discharges. Though these are
relatively minor globally they may be dominant
nutrient sourcesin local areas, especially basins
with restricted water circulation.

Growing evidenceindicates that the effects of nutrient
input from land-based activitiesinclude: general stimula-
tion of the growth of phytoplankton and benthic algae;
large-scale oxygen depletion from the decomposition of
organic matter produced by phytoplankton growth; changes
in phytoplankton community structure resulting from al-



tered nutrient ratios, often favouring toxic or otherwise
undesirable species; increased frequency in algal blooms,
and perhaps a disproportionate increase in harmful algal
blooms (HABS); and the degradation of coral reefs,
seagrass beds, and other habitats from algal overgrowth
and reduced light penetration. The overall effectson fish-
eries are not clear because of the many factors that may
account for fish mortality. However, nutrient inputsin some
areas(e.g., partsof the Mediterranean and North Sea) have
led to increases in fisheries production. In other aress,
wherethere are high concentrations of nutrientsand alow
level of flushing of the affected area, there have been sig-
nificant reductionsin catches. Theimpacts of point-source
discharges can be managed by siting discharges appropri-
ately and, in some cases, by treatment, but managing the
dominant, non-point sources requiresfar-reaching changes
in policy and practice.

Priority actions:

« identify and correct policy failures. Examples
include: inappropriate agricultural subsidies or
transportation policy; subsidized energy and fuel
consumption; and inadequate institutional arrange-
ments, particularly including the absence of inde-
pendent regulators;

disseminate and implement existing best-practice
regimesin agriculture and aquaculture. Practices
have already been devel oped that reduce non-point
nutrient inputsto rivers and coastal waters. Exam-
plesinclude improved methods of fertiliser applica-
tion; improved fertilisers; the use of artificial or
natural wetlands to intercept and assimilate nutrient
runoff; improved storage of fertiliser and manure;
and improved land and aquaculture management;
improve upon existing best practicein agricul-
ture and aquaculture. Further reductions can
almost certainly be achieved through refinementsto
the best-practice regimes that already exist and the
development of new ones;

reduce nitrogen emissions from vehicles. Thiswill
require action on anumber of fronts, including more
widespread implementation of existing technology
(e.g. catalytic converters, cleaner engines), the
development of new technologies, and changesin
transportation systems (e.g., improved mass transit,
electric vehicles); and

improve control of emissionsfrom industrial
facilitiesand fossil-fuel power plants, including
the application of the best appropriate technology.
While vehicles are alarger global source of atmos-
pheric nitrogen emissions, point-source industrial
facilities may be more amenable to control and yield
higher marginal reductions per unit investment in
the short term.
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Sediment M obilisation

Land-based activities can both increase and reduce sedi-
ment fluxesto coastal areas. Increased fluxesresult largely
from soil erosion due to deforestation, agricultural activity
and construction in watersheds, aswell asfrom port devel-
opment. Long-term damage, | asting perhaps many decades,
can result from poorly managed mining operations. In-
creased sediment flux degrades reefs, seagrass beds,
wetlands, and other coastal habitats through siltation and
reduced water clarity - and therefore light penetration. It
may also alter benthic community composition. Reduced
fluxes from dams, and other forms of water diversion,
impoverish supplies of sediment to deltas and beaches. In
some regions this has caused problems resulting from
shoreline erosion and saltwater intrusion. Land-use prac-
tice and engineering works are the primary management
toolsfor addressing the issue of altered sediment fluxes.

Priority actions:

« disseminate and implement existing best-practice
regimesin agricultureand forestry. These may
include improved land-management, road-building,
and harvesting practices;

give higher priority to protecting the physical
integrity of coastlines and water sheds. This
means using techniques and adhering to practicesto
control sediment mobilisation in watersheds and
coastal areas; and

include the environmental and social costsand
benefits of altered sediment fluxesin economic
assessments of project viability and engineering
alternatives. At the very least, predicted down-
stream effects of alterationsin sediment flux
resulting from large projects should be characterised
qualitatively and not only in terms of physiographic
and ecological changes. Ultimately, quantitative
economic estimates should be attached to these
predictions, and the costs internalised in assessing
the economic viability of projects.

Persistent Organic Pollutants

Persistent organic pollutants (POPs) haveinitially been
defined as 12 classes of organic chemicals that decom-
pose very slowly in the environment and accumulate in
organisms. They can betransported long distancesviathe
atmosphere. They have a range of adverse biological ef-
fects and, in some regions, may pose human health risks
from ingestion in seafood. The environmental and human
health effects of long-term sub-lethal exposuresto POPs,
individually or in combination, are poorly understood.
Three groups of POPs have been implicated: industrial
chemicals (PCBs, hexachlorobenzene); pesticides; and by-
products from waste incineration and pulp mills (chlorin-
ated dioxins and furans). Control measures vary among
these groups, but include: bans on production, use, or dis-



122 | Protecting the Oceans From Land-Based Activities

charge; improved practice (e.g. better incineration prac-
tice can reduce dioxin production, while integrated pest
management can reduce dependence on pesticides); sub-
stitution with lessharmful aternative chemicals; and treat-
ment, incineration, recycling, and related measures. Such
measures have been effective in reducing atmospheric
concentrations of certain POPs. There are, however, many
other persistent organic substances that are not presently
subject to adequate regulatory controls. Furthermore, the
potential effects of the chronic release of many hazardous
but less persistent organic compounds are generally not
known. Endocrine (hormone) disrupting substances, which
include both POPs and other substances, are emerging as
aparticular concern.

Priority actions:

» implement best appropriate practicein indus-
triesthat are major sources of POPs. For exam-
ple, process and operational improvements can
reduce emissions of chlorinated dioxins and furans
from incinerators and pulp mills, and the adoption
of integrated pest control and improved training of
farmersin pesticide use can reduce pesticidesin
agricultural runoff;

* enact and implement regional and inter national
agreementsto harmoniseregulatory regimes and
regulatetradein POPs;

» expand resear ch on chronic sub-lethal effects of
POPsand other potentially harmful substances
on environmental and human health; and

* improve enforcement of existing regulations on
production and use of POPs.

Litter

Solid waste, or litter, is concentrated near urban aresas,
on beaches near villagesand in shipping lanes, but isfound
throughout the oceans. Plastics are thelargest component,
followed, in urban areas, by steel and aluminium cans. Lit-
ter causes mortality to marine organisms, notably seatur-
tles, marine mammals, and sea birds. The extent of this
mortality is unknown, but thereis no evidence that it has
major effectsat the population level. Litter also has nega-
tive aesthetic impacts, thereby affecting recreation and tour-
ism, and can be a navigational hazard. Better solid waste
management is the overarching solution to problems of
marinelitter.

Priority actions:

* improve urban and rural waste management,
and (where appropriate) recycling. Thisisa
particularly difficult problemin small islandswhere
particular actions, such as degradable bulk packag-
ing may be appropriate;

» develop more degradable packaging materials;

* improve public education; and

 improve port facilitiesfor solid waste reception
and disposal.

Oils (hydrocarbons)

Although illegal discharges of oil from ships continue
to be significant, land-based sources now dominate inputs
of hydrocarbons to the marine environment in most re-
gions. The major land-based sources include urban run-
off, refineries, municipa waste, and crank caseoils. A spe-
cial category of hydrocarbons, polycyclic aromatic hydro-
carbons (PAHS) are produced by the combustion of fossil
fuels and transported in the atmosphere, as well as being
natural constituents of petroleum; crank case oils are a
particularly important source of PAHs. The ecological ef-
fectsof land-based inputs, which are generally chronic and
long-term, are poorly known. Tainting of seafood can have
drastic economic impacts, and there are concerns about
the human health impacts of some PAHS. In some areas
natural systems probably have a high capacity to assimi-
late petroleum products.

Priority actions:

* placeincreased emphasison reducing chronic
hydrocar bon dischar gesfrom land-based activities,

» enhance collection and proper disposal (including
re-use) of used lubricating ails;

» improvetheinterception and removal of oilsfrom
domestic storm water, as appropriate in the context of
costs, capacity, and other environmental priorities; and

* strengthen therisk assessment and management
aspectsof EIA, aswell as accident response, for
refineries, pipelines, terminals, and other land-based
infrastructurein the oil industry.

Radioactive Substances

Thelevel of public concern about radionuclidesin the
marine environment is not generally supported by objec-
tive risk assessment. The most important sources of
radionuclides to the ocean are past atmospheric weapons
tests, which are decreasing in importance, and discharges
from nuclear fuel reprocessing plants, which lead to con-
tamination on local or regional scales. Existing controls
on routine discharges are generally adequate. The risk of
nuclear accidentsremainsamatter of concern. Assessments
of risk associated with radionuclide contamination of the
marine environment have dealt almost exclusively with
human health risks.

Priority actions:

* reassess the compar ative risks associated with
the disposal of radio active wastesinto the
marine and land environments; and

* incor por ate environmental considerationsinto
the current system of radiological protection.



Heavy Metals

The two metals of most concern at a global level are
mercury and lead because they are highly toxic, at least in
certain forms, and because they arerelatively volatileand
therefore transported over large distances in the atmos-
phere. Levels of lead in ocean surface waters are declin-
ing in the north Atlantic due to the removal of lead from
vehiclefuel. IntheArctic, however, lead and mercury lev-
els are of environmental and human health concern.
Tributyl tinand itsderivatives, usedin anti-fouling paints,
arewidely distributed and have proved to be more persist-
ent in the environment than expected. They are known to
have endocrine disrupting properties in some marine or-
ganisms. In some countries, the use of tributyl tin (TBT)
has been prohibited in antifouling paints used in mariculture
and in smaller vessels (e.g., less than 25 metres),but its
use continuesin other countriesand for certain categories
of ships. Measuresto phase out theuse of TBT on all ves-
selsfrom the year 2003 may be introduced in response to
decisions taken at the IMO. Marine contamination with
other heavy metalsislargely at thelocal scale near major
sources, primarily downstream from mining operations,
metal processing, electroplating, industrial facilities, and
waste dumps.

Priority actions:

« reduce dischar ges from the metal processing and
electro-plating industries by treating effluent,
eliminating dischar ge of untreated effluentsto
domestic sewer systems, and implementing and
improving upon best-practiceindustrial processes,

« develop less expensive alternativesto TBT asan
antifoulant;

« continue phasing out the use of mercury in chlor-
alkali production for the pulp and paper industry;

« ensure the adequate containment and/or treat-
ment of leachates from landfills;

* provide adequate treatment and/or containment
for minetailings; and

« continue phasing out lead from fuel.

6.5.3 Institutional, Policy and L egislative Priorities

Technica measuresto mitigate the effects of land-based
activities on the marine and coastal environment require
appropriate institutional, policy and legislative support if
they areto function effectively. From the preceding chap-
ters, particularly Chapter 5, anumber of ingtitutional, policy
and legidlative priorities can be identified at the national,
regional and global levelsif the technical measuresareto
beimplemented effectively.

National Level Priorities

There is no doubt that massive improvements can be
made in economic efficiency, output, equity, and public
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and long-term economic prospectsin countries asaresult
of the rational and equitable use of coastal and marine
natural resources. This requires governmentsto either al-
locate the resources directly or to influence their alloca-
tion. The most important singlefactor isthe priority given
by governmentsand their citizensto astrong political com-
mitment to resolving environmental problems. Institutional
and policy priorities for achieving arational process of re-
sourceallocation vary from one country to another, but most
nations share the following ones in dealing with the ef-
fectsof land-based activities upon the marine environment.

Institutional Capacities

In most devel oping countriesingtitutional capacitiesare
too weak to effectively manage natural resources (specifi-
cally, the users of natural resources) so as to protect the
marine and coastal environment.

Priority actions:

« increase funding when benefits can be estab-
lished;

« focuson training or re-training of staff, particu-
larly of environmental economists, sociologistsand
environmental lawyers; and

«involvethe private sector and NGOsto the
maximum extent to assist in providing accountable
and efficient services.

Ingtitutional Arrangements

In most developing and many industrialised countries
institutional arrangementsareinadequate for dealing with
the complexity of protecting the coastal and marine envi-
ronment.

Priority actions:

« continue to work towards moving away from
sectoral management of coastal and associated
river catchment areasto a more holistic approach,
thereby recognising the interdependence of freshwa-
ter (including groundwater) and coastal and marine
systems and the cross-sectoral effects of land-based
activities;

* provide national institutions with the authority
and human and financial resour ces needed to
carry out their tasks;

» work towardsthe optimum level of devolving
policy implementation to local government,
autonomous agencies (including regul atory agen-
cies), private industry, communities and individuals;

» work towar ds atwin-track management approach
which isgenuinely top-down and bottom-up in its
application and makes full use of the participation
of stakeholdersin decision making about resources
management which affectsthem,;
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« facilitate the establishment of community groups
and other associations concer ned with the state
of the marine environment to take an activerolein
environmental protection; and

* providefor fair resolution of conflict between
competing resour ce users.

Legislation, its Enforcement and Voluntary Action

Legislationin many countriesisfocussed on providing
for thelegal basis of institutions concerned in the manage-
ment of natural resources and for the control measuresthey
take to protect the environment. In all countries, enforce-
ment istheweak link in the policy process: thisisparticu-
larly acutely so in many developing countries where the
large numbers of those affected by legislation and weak
enforcement capabilities contribute to environmental deg-
radation. Often poor coordination between agencies is
another factor contributing to poor enforcement.

Priority actions:

* design policy instrumentswhich have alarge
measur e of self-policing through the participation
intheir design and implementation of those affected
by them;

» enhanceimplementation through improved
coor dination of agencies;

« introduce legislation only after considering the
extent to which it can be successfully imple-
mented;

* rewritelegislation to enable the private sector to
participate with confidencein the design and
supply of utility services; and

* providethe legal framework for voluntary action
by industry and agricultureto mitigate resource
degradation.

The Rational and Equitable Allocation of Property or
Use Rights

Therational and equitable allocation of property or use
rightsisthe key element in policiesto correct market fail-
ure.

Priority actions:

* use price mechanismswhere appropriateto bring
the scarcity of resources and the internalisation
of environmental coststo bear on decision
making;

» where economic instruments are not appropriate,
useregulatory instruments, such as zoning, or
organizational instruments, such asthe establish-
ment of community managed ar eas,

» promotethe creation of individual and common
property rights;

* maintain or re-establish customary rights.

Srengthening Environmental Considerationsin all
Areas of Government

Environmental considerations should be incorporated
into policy formulation in all sectors where there are di-
rect or indirect implications for coastal and marine re-
sources from proposed actions.

Priority action:

* ensurethat all government departmentscarry
out risk assessments, appraisalsof longterm
benefitsand costs of proposed actions, EIA
where appropriate, and apply the precautionary
approach when thereis doubt about the environ-
mental impact of an action.

Poalicy Consistency and Sability

Policy inconsistency isamajor cause of resources deg-
radation in many, if not most, countries. Policy instability
results in uncertainty that often encourages accelerated
degradation of resources. An organisationally coordinated
approach to natural resources management offers an ef-
fective way of avoiding policy inconsistency. However,
theimportance of theissue meansthat explicit attentionto
it should not be delayed until organisational coordination
isachieved.

Priority action;

» adopt legislation or practicesthat require
gover nment agenciesto conform to procedures
that reducetherisk of policy inconsistency and
avoid uncertainty.

Adoption of Low-cost/High-gain Measures

Particularly where relatively small financial resources
are available, countries have to secure the optimum ben-
efitsavailable.

Priority action:

» focus on measuresthat yield the maximum
benefitsfor theinvestment being made, accepting
that: (i) it is not always appropriate to seek immedi-
ately devel oped country standards of water quality
and (i) in appropriate situations it is preferable to
adopt relatively low cost, low technology solutions
to deal with, for example, sewage.

Provision of Information

Providing information is an important role of govern-
ment. Firstly, it improves resources management decision
making. Secondly it can enhance peoples ability to par-
ticipate at different levels in resources management by



enabling them to (i) discriminate between real and per-
ceived threats to the marine environment and (ii) to par-
ticipate more meaningfully in decision making about the
use of resources, particularly when they arefully aware of
the value of the value of ecosystems.

Priority actions:

« ensure policy makers are awar e of thekinds of
and order s of magnitude of economic benefits
provided by marine and coastal ecosystems
within the country’sboundaries;

« focus on problems mutually identified by manag-
ersand scientistsasprioritiesand provide
resourcesto deal with them;

e increase the provision of public information
about the environment both generally and in
relation to specific issues.

National Support for Regional Cooperation

Cooperation at the regional level enables countries to
makethe best use of scarce human and financial resources,
most notably in research and training, and helps to mini-
misetherisk of potential intra-regional conflict arising from
the potential export of environmental impacts. |mplement-
ing regional agreements at the national level isoften slow
because of weakness there.

Priority action:
 giveahigh priority to regional cooperation
Regional Level Priorities

Some regions, both UNEP Regional Seas regions and
others, areat areatively early stage of development. Other
regions, such asthe Baltic, Mediterranean, North-east At-
lantic and the South Pacific have more experience and have
gone much further in the development of regional strate-
gies and compatible measures for the protection of the
ocean and coastal environment than regionsin which con-
sultative processes have a shorter history. There are valu-
ablelessonsto belearned, both positive and negative, from
the experience of these more experienced regions in de-
veloping strategies for implementation within realistic
timeframes and in formulating and implementing meas-
ures.

Priority action:

« identify and implement mor e effective meansto
transfer relevant experience from more experi-
enced regions, such asthe Baltic, M editerranean,
North-East Atlantic and the South Pacific, to
thoseregions at an early stage of development of
GPA/LBA measures.

Protecting the Oceans From Land-Based Activities | 125

To date, most of the flow of information regarding the
design and use of policy instruments follows a “North-
South track”. There is an opportunity to share resources
management experience among devel oping countriesthat
often have similar ingtitutional constraints. This type of
exchangeislikely to be most valuableat theregional level.

Priority action:

« enhance information sharing on policy formula-
tion within regions.

Global Level Priorities

The degradation of marine and coastal resources re-
sulting from the adverse effects of land-based activities
occurs primarily but not wholly in the coastal areas of the
states where the activities are taking place or in those of
their geographical neighbours. These resources have val-
ues that are not reflected in the market not only for the
coastal statesbut also for theinternational community. The
wideinterest inthe need to protect these resources hasled
to aseriesof international agreementsthat have had vary-
ing success in achieving their objectives, largely because
governments have either determined not to comply fully
with their provisions or because they lack the meansto do
so. Thelatter constraint is primarily the result of inadequate
institutional and technical capacities and relatively weak
governance.

Priority action:

* review international agreements, such asthe
GPA/LBA, toinclude provisionsfor financial and
technical assistance with implementation, with
the emphasis on helping countriesto help them-
selvesthrough assisting them to strengthen their
institutional capabilities.

Measures to control the negative effects of land-based
activitieson the marine environment arelargely ultimately
dependent for their success on macro factors such as po-
litical stability, sound economic devel opment and success-
ful poverty amelioration strategies, such as provision of
education, agrarian reform, etc. Thesefactorsarefrequently
thefocus of cooperation between international institutions
and developed countries. The value of this cooperationin
mitigating the adverse effects of land-based activities
would be further enhanced if special attention were given
to the environmental dimensions of programmes and
projects provided through international cooperation.

Priority action:

« incor por ate a focus on environmental consider a-
tionswhen appropriatein cooperation between
countriesand between inter national institutions
and countries.
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The enhancement of the capabilities of national insti-
tutionsiscritical for the protection of the marine environ-
ment. Thisrequires action at the multilateral and bilateral
levels.

Priority action:

e increasethelevel of support provided by the
international community to developing countries
to enhancetheir capabilitiesto protect the
marineenvironment.
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Glossary*

algal bloom: A rapid increasein the abundance of phytoplankton
or benthic algae in agiven area.

alien species (also called introduced, exotic, or non-indigenous
species): A speciesthat has been transported by human activity,
intentionally or accidentally, into aregion whereit does not occur
naturally.

amnesic shellfish poisoning (ASP). A disease with severe neu-
rological effects caused by eating shellfish contaminated with
the marine biotoxin domoic acid. The signature symptom is
chronic short-term memory loss (see also biotoxins).

anadromous: A form of life cyclein some fishes (e.g., salmon)
inwhich maturity is attained in the ocean, and the adults ascend
streamsand riversto spawnin freshwater. (seea so catadr omous)

anoxia: The absence of oxygen.

anthropogenic: Originating from human activities.
aquaculture: The cultivation of aquatic organisms.

aquifer: A permeable geological formation through which
groundwater can flow and from which groundwater can beread-
ily extracted. (see also groundwater)

aragonite: A crystalline form of calcium carbonate.
background (level or concentration): Ubiquitous and generally
very low concentration of a contaminant in a defined marine
area, resulting from historical inputs via multiple pathways, es-
pecialy through the atmosphere.

ballast water: Water carried by avessel toimproveits stability.
benefit-cost analysis (cost-benefit analysis): A techniqueto com-
pare the relative economic efficiency of projects or policies. A
comparison is made between the gross benefits of a project or
policy and the opportunity costs (the highest value a productive
resource such as labour, capital or a natural resource could re-
turn if placed in its best alternative use) of the action.

benthic or ganism: Bottom dwelling organism.

benthos. Collective synonym for benthic organisms, but fre-
quently also applied to thefloor or deepest part of aseaor ocean.

billion: 1,000,000,000.

biodegradation: The breakdown of a substance by biological
activity.

biogenic: Produced by organisms.
biogeochemical cycle: Theflow of asubstance among different

places, environmental compartments (e.g., atmosphere, water
column, organisms), and chemical forms as aresult of geologi-

cal, chemical, and biological processes.

biological diversity (also called biodiversity): The diversity of
life, often divided into threelevels: genetic (diversity within spe-
cies), species (diversity among species), and ecosystem (diver-
sity among ecosystems).

biomass: The mass of living matter per unit of habitat (e.g., vol-
ume of water or areaof bottom). Synonyms: standing crop, stand-
ing stock.

biotoxins: Naturally occurring toxic compounds produced by
certain organisms.

catadromous: A form of lifecyclein somefishes(e.g., freshwa
ter eels) in which maturity is attained in the fresh water, and the
adults descend streams and rivers to spawn in the ocean. (see
also anadromous)

coastal area: An entity of land and water affected by the bio-
logical and physical processes of both the sea and land and de-
fined broadly for the purpose of managing the use of natural
resources.

conser vation: The management of anatural resourcefor the pro-
tection, maintenance, rehabilitation, restoration, and/or enhance-
ment of populations and ecosystems.

contamination (marine): An anthropogenicincreasein the con-
centration of a substance in the marine environment. In thisre-
port the term “ contamination” makes no inference about the ex-
istence of any adverse effects.

coral: Colonial animals in the phylum Cnidaria; in this report
the term is used to refer to those that build reefs. “Coral” isalso
often used to refer to the hard, calcareous coral skeleton.

cor al reefs: Extensive limestone structures built largely by cor-
as. They occur in shallow tropical and provide habitat for a
large variety of other marine life forms.

cor al bleaching: A phenomenoninwhich coralsunder stress(e.g.,
by elevated water temperature) expel their mutualistic algae
(zooxanthellae) in large numbers, or the concentration of algal
photosynthetic pigments decreases. Asaresult, thecorals' white
skeletons show through their tissue and they appear bleached.

cost-benefit analysis: see benefit-cost analysis

DALY (disability-adjusted life year): A method of calculating
the global or world-wide health impact of adisease or the global
disease burden (GDB) in terms of the reported or estimated cases
of premature death, disability and days of infirmity due toill-
ness from a specific disease or condition. (see also global dis-
easeburden)

DDT (dichlorodiphenyltrichloroethane): A potent, slowly degra-
dable insecticide still widely used in many parts of the world.

* Sources used for the preparation of the glossary: suggestions and inputs
from the members of the Working Group and various publications (e.g.:
Norse, E.A. (1993) Global Marine Biological Diversity. Island Press,
Washington D.C.; Allaby, M. (1977) A Dictionary of the Environment.
The Macmillan Press Ltd., London; Baker, B.B. et al. (editors) (1966)

Glossary of Oceanographic Terms. US Naval Oceanographic Office.
Washington D.C.; Young, M.D. (1992) Sustainable Investment and Re-
source Use, UNESCO, Parisand The parthenon Publishing Group, Carn-
forth, UK; Scialabba, N. (ed.) (1998) FAO Guidelines: Integrated Coastal
Areat Management in Agriculture, Forestry and Fisheries. FAO, Rome)
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depuration: The process by which pathogens are removed from
contaminated live seafood (shellfish in particular) by holding it
in clean water for a period of time.

detritus: The particulate, organic remains and waste of organ-
isms. It constitutes amajor food source in marine ecosystems.

diarrhetic shellfish poisoning: see gastroenteritis.

diffuse sources of pollution (also called non-point sources):
Multiple, not easily identifiable sources of pollution (e.g., agri-
culture, urban areas).

dimethyl sulphide (DMS): An organic compound containing
sulphur that is produced in the ocean by certain phytoplankton
speciesand isaprecursor for some cloud condensation nuclei in
the atmosphere.

dinoflagellates: A group of marine phytoplankton, some of which
produce biotoxins.

disability-adjusted lifeyear: see DALY

dumping: Any deliberate disposal at sea of wastes or other matter,
or any deliberate disposal of vessalsor other man-made structures.?

ecology: The branch of science studying the interactions among
living things and their environment.

economic costs: Reductions of economic value. (see also eco-
nomicvalue)

economic exter nalities: A benefit or a cost not included in the
market price of the goods and services being produced, i.e., costs
not borne by those who create them and benefits not paid for by
those who receive them.

economic value: The sum of the following: direct use values
(the net value of any incomethat can be earned from aresource,
e.g., timber, fish, tourism); ecological function values(e.g., flood
control, waste assimilation, storm protection); option values(e.g.,
sources of future drugs, genesfor plant breeding); existence values
(e.g., satisfaction that the resource exists); bequest values (e.g.,
inter-generational equity). Asfar aspossible, the economic value
isexpressed in monetary terms (see environmental valuation).

ecosystem: A community or several communities of organisms
together with their physical environment. A conceptual view of
interaction within and independence among species and commu-
nities emphasising the nature of the flow of material and energy
among these parts and the feedback loops from one part to another.

ecotoxicology: The science of poisons and toxic substances oc-
curring in the environment and their effects.

El Nifio: A warm current that usually appears around Christmas
off the coast of Ecuador and Peru. In thisreport the term is used
torefer to episodic (3-5 year) eventswhen the current is particu-
larly intense and dominates the local population of organisms
(the abundance of fish in particular). Such events lead to wider
regional or global ocean-atmospheric perturbationswhose mani-
festations range from increased sea surface temperaturesin the
tropical East Pacific to aberrant rainfall patterns. (seeaso ENSO)

endemic disease: An infectious disease that is present in the
community at all times but normally at low frequency.

2 as defined by the London Dumping Convention

endemic species: Species native to and restricted to specific
geographic areas.

endocrinedisruptors: Substances that interfere with processes
controlled by animal hormones (e.g., growth, sexual maturity).

ENSO (El Nifio/Southern Oscillation): A cyclical, large-scale
changesin atmospheric and ocean patternsin which, among other
things, warm surface water in the Pacific moves further to the
east than normal. (see also El Nifio)

enteroviruses: Virusesthat cause disease, mainly in the intesti-
nal tract of mammals. (see also pathogens)

environmental impact assessment (EIA): A process by which
the consequences of planned development projects are evalu-
ated as an integral part of planning the project. The analysis of
biological, physical, socia and economic factors to determine
the environmental and social consegquences of a proposed de-
velopment action. The goal of the EIA isto provide policy mak-
erswith the best availableinformation in order to minimise eco-
nomic costs and maximise benefits associated with a proposed
development.

environmental valuation: Procedures for valuing changes in
environmental goods and services, whether or not they aretraded
in markets, by measuring the changes in the consumer or pro-
ducer surpluses associated with these environmental goods.

epidemiology: The study of the factors that influence the fre-
quency and distribution of diseases.

estrogen: A hormone that produces sexual changes or cyclesin
mammals.

estuary: The region where a river meets the marine environ-
ment. It is characterised by variable salinity and often by high
biological productivity.

eutrophication: Increased primary production caused by the
anthropogenic enrichment of awater body with nutrients. Inthe
context of the present report the term is used only when the in-
creased production results in negative impacts such as harmful
algal blooms, oxygen deficiency, or the overgrowth of coralsby
seaweeds. (see also primary production and nutrients)

gastroenteritis: A pathological disturbance of the gastrointestinal
tract (i.e., the stomach and intestines), often caused by patho-
gens and biotoxins found in certain shellfish. (see also patho-
gens and biotoxins)

global diseaseburden (GDB): A term used by theWorld Health
Organisation to numerically estimate the rel ative world-wide or
global health impact of diseases. The estimate is made in terms
of DALYSs. (seeaso DALY)

greenhouse gases: Gasesthat trap heat radiating from the Earth’'s
surface, thereby warming the lower atmosphere.

gross domestic product (GDP): A measure of the value added
to an economy asaresult of human activity. It includes activities
carried out in the country by foreign owned companiesand indi-
viduals and excludes the value of output of goods and services
by firms outside the country owned by residents and the remit-
tance of fundsto the country from these entities. The measureis
“gross’ inthat it does not include the depreciation of man-made
capital nor the depletion or degradation of renewable natural
resources.



grossnational product (GNP): A measure of thevalue added to
an economy asaresult of human activity. It includesthe value of
output of goods and services by firms outside the country owned
by residents and the remittance of funds to the country from
these entities but excludesthe value of output of goodsand serv-
ices by foreign-owned firmsin the country. Like the measure of
GDR it does not include the depreciation of man-made capital
nor the depletion or degradation of renewable natural resources.

groundwater: Water that occupies pores and crevices in rock
and soil, below the surface of the Earth. The upper limit of the
groundwater is the water table, whose level varies according to
the quantity of water entering and extracted from the groundwater.
(seedso aquifers)

habitat: The physical space where an organism, population or
specieslives. Hahitatsare usually categorised by particular physi-
cd or biological characterigtics(e.g., coral reefs, mangroveforests).

her maphrodite: An organism that has both male and femalere-
productive organs.

hypoxic water s: Waters with alow concentration of oxygen.

hydrology: The study of the processes affecting the movement
of freshwater, including underground waters. Also often used to
refer to the processes and movements themselves.

imposex: A pseudo-hermaphroditic condition in female gastro-
pods (snails) caused by TBT and manifested by the develop-
ment of afalse penis.

ingtitutional integr ation (asrelated to integrated coastal manage-
ment): The process of bringing together separate functions of
government at different levels together with other stakeholders
to provide aunified approach to interventionsin the managed area.

integrated coastal management (ICM): The management of
sectoral components (e.g., fisheries, forestry, agriculture, tour-
ism, urban devel opment) as part of afunctional whole (aholistic
approach to management). In ICM the focus is on the users of
natural resources, not on the stock per se of these resources.
Frequently used synonyms for ICM are integrated coastal area
management (ICAM) and integrated coastal zone management
(Iczm).

intertidal zone (often called littoral zone): The part of the shore-
line that is submerged at high tide and exposed at low tide.

littoral: seeintertidal zone.

mangroveforest (or mangal): A community of salt-tolerant trees
and shrubs, with many other associated organisms, that grows
on sometropical and sub-tropical coastsin azoneroughly coin-
ciding with the intertidal zone.

mariculture: The cultivation of marine organisms.

market failure: The concept that markets do not reflect the
societal costsof all economic activity and, in particular, the eco-
nomic costs imposed on third parties.

natural resources: May be classified as non-renewable (e.g.,
coal, oil) and renewable. The latter may be further classified as
unconditionally renewable (e.g., solar, tidal or wind energy) and
conditionally renewable (e.g., fish, forest products). Condition-
ally renewableresourceswill last indefinitely if not over-exploited
because that part of the resource that is used can be replaced
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through natural processes.

nematodes: A group of worms, some of which may causeintes-
tinal and other diseases.

net economic benefit: The economic value of a measure (or
measures) less (i) the value of any benefits foregone as a result
of the measure(s) and (ii) the cost of measure(s).

neurotoxic shellfish poisoning (NSP): A disease of neurologi-
cal system caused by ingestion of biotoxinsfoundin certain shell-
fish. (see aso biotoxins)

non-gover nmental or ganisation (NGO): An organi sation, usu-
aly non-profit, that is not part of the central, local, or municipal
government.

non-point sources of pollution (also called diffuse sources):
Multiple, not easily identifiable sources of pollution (e.g., agri-
culture, urban areas).

nutrients (in the context of the present report): Substances that
areessential for the growth of marine organismsthat perform pri-
mary production (algae, bacteria, and plants). Excess nutrients,
especialy nitrogen and phosphorous, can be major pollutants.

oceanic gyre: A very large, more or less circular, pattern of wa-
ter circulation in an open ocean basin.

oligotrophic: Waters with low primary productivity because of
limited supplies of nutrients.

organochlorines: Organic compounds that contain chlorine at-
oms (e.g., PCBs).

ozone: A colourless form of oxygen gas with three oxygen at-
oms in each molecule Stratospheric ozone, which screens out
harmful ultraviolet radiation, is generally found between 10 and
50 km above the Earth. Tropospheric ozone is found in lower
atmosphere (generally below 10 km above the Earth). Ozoneis
also commonly found in smog.

paralytic shellfish poisoning (PSP): A disease with severe neu-
rological effects, including paralysis and death, caused by eat-
ing shellfish that contain the marine biotoxin saxitoxin. (see
biotoxins)

pathogens: Organisms that cause (e.g., certain bacteria and vi-
ruses).

PCBs (polychlorinated biphenyls): Highly toxic and durable
synthetic organic compounds that accumulate in tissues of or-
ganisms.

pelagic or ganisms: Free-swimming or floating organismsinthe
water column of the open sea or above the continental shelf.

photo-oxidation: Loss of hydrogen or el ectron from achemical
compound as aresult of interaction with light.

piscivorous fish: Fishes that eat other fishes.
plankton: Organisms, mostly small, that drift or swimtoo slowly
to oppose ocean currents. Plankton that perform photosynthesis

arecalled phytoplankton, thosethat do not are called zooplankton.

plaque for ming unit (PFU): A unit used in the measurement of
the concentration of virusesin an environmental sample.
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policy failure: The situation when a policy or policies are in-
consistent and militate agai nst the success of other policies(e.g.,
subsidies on agricultural fertilisers and environmental protec-
tion policies).

policy process: Aniterative activity consisting of: the determi-
nation (usually by government or agovernment agency) of gods;
the development of astrategy for achieving these goal sthat con-
sists of objectives and policies; and the formulation and imple-
mentation of plans (usually at the sectoral level) in which objec-
tives are related to measures, human and financial resources,
and the time frame to provide the basis for action.

polluter-pays principle: The principle, adopted by the OECD
countriesin 1972, requiresthat the polluter should bear the costs
that pollution damage or pollution control impose upon society.

POPs (persistent organic pollutants): A diverse group of chemi-
calsthat persist in the environment, bioaccumulate through the
food web, and pose arisk of causing adverse effects to human
health and the environment. A group of twelve POPs (the “dirty
dozen”) have been initially selected for international action by
the International Programme on Chemica Safety (IPCS).

pollution (marine): “Pollution means the introduction by man,
directly or indirectly, of substances or energy into the marine
environment (including estuaries) resulting in such deleterious
effects as harm to living resources, hazards to human health,
hindrance to maritime activities including fishing, impairment
of quality for use of seawater and reduction of amenities.”®

precautionary approach: The essence of the approach is ex-
pressed in Principle 15 of the Rio Declaration that states that
“Where there are threats of serious or irreversible damage, lack
of scientific certainty shall not be used as areason for postpon-
ing cost-effective measures to prevent environmental degrada-
tion.” The approach is concerned with avoiding risk that has not
been assessed, i.e., uncertainty.

primary production: The process in which organisms synthe-
sise organic matter from inorganic materials, or the organic mat-
ter itself.

protected area: A geographically defined areathat is designed
and managed to achieve specified environmental objectives.

PT Ss (persistent toxic substances): Substances to which organ-
isms, including humans, have environmental exposuresthat are
of concern because of their potential adverse effects. Thus, in
addition to the 12 classes of POPslisted for initial international
action, the term encompasses not only al POPs in the generic
sense but also less persistent substances to which organisms are
chronically exposed over largetemporal and spatial scalesbecause
of their continuous rel ease by human activities (see also POPS)

red tide: Discolouration of surface waters from blooms of
phytoplankton. Strictly refersto bloomsthat produce areddish-
brown colour but often used for blooms of other colours. (see
also algal bloom)

seagr ass beds: Benthic communities, usually on shallow, sandy
or muddy bottoms, dominated by grasslike marine plants.

siltation: The settling of finemineral particlesto the seabottom.

stakeholders: Individuas, groups of individuals and non-gov-
ernmental and government entities that have either a direct or
indirect interest or claim which will, or may, be affected by a
particular decision or policy.

standing stock: see biomass

stratosphere: The layer of the atmosphere 15-50 km above the
Earth’s surface in which ozone prevents most ultraviolet radia-
tion from reaching the Earth’s surface.

submarine groundwater: Underground fresh water that has
flowed beneath the sea floor.

sustainable development (in the context of the present report):
“There are many dimensions to sustainability. First it requires
the elimination of poverty and deprivation. Second, it requires
the conservation and enhancement of the resource base which
alone can ensure that the elimination of poverty is permanent.
Third, it requires abroadening of the concept of development so
that it covers not only economic growth but also social and cul-
tural development. Fourth and most important, it requires the
unification of economics and ecology in decision making at all
levels.”* The essence of sustainable development is to ensure
that society meets its present needs without compromising the
ability of future generations to meet their own needs; this im-
plicitly requires that development should not compromise the
ecological integrity of the environment.

TBT (tributyl tin): A very toxic organic compound containing
tin. It is used in antifouling paints on vessels and fixed marine
structures.

thalassogenic diseases: Diseases caused by polluted or contami-
nated sea water or edible marine products.

trillion: 1,000,000,000,000

trophiclevels: Successive stages of nourishment asrepresented
by the links of thefood chain. According to agrossly simplified
scheme the primary producers (i.e., phytoplankton) constitute
thefirst trophiclevel, herbivorous zooplankton the second trophic
level, and carnivorous organisms the third trophic level.

twin-track (in the context of the present report): A management
processin which the setting of objectives and implementation of
policiesand plansis devolved to the optimum degree. Thereisa
flow of information to policy-makers from the bottom used to
revise strategies, policies and plans and in the design of policy
instruments and legidation.

upwelling: Thedow upward transport of cold, nutrient-rich water
masses to the surface from depth. Coastal upwelling is usually
induced by surface winds.

valuation: The attachment of monetary valueto an object through
a consideration of both internalised and externalised costs.

vector organisms: Organisms that transmit certain diseases.
Vibrio cholerae: Pathogenic microorganism causing cholera.

vitellogenin: A variety of primary lipoproteins produced by egg-
laying vertebrates, including fish.

3GESAMP's definition of marine pollution

4Quote from Gro Harlem Brundtland's Sir Peter Scott Lecture in Bris-
tol, 8 October 1986



ACOPS:
ADR:
ALARA:
ARM:
BAP:
BAT:
BOD:
CAC:
CBA:
CEIA:
COBSEA:
COD:
CPPS:
DALY:
DDT:
DSP:
EAF:
EAS:
ECE:
EDCs:
EEC:
EIA:
ENSO:
EU:
FAO:

GESAMP:

GBD:
GDP:
GEF:
GlS
GIWA:
GNP:
GPA/LBA:

HELCOM:

1A:
IAEA:
ICAM:
ICES:

ICM:
ICZM:
IMO:
10C:

IPCC:
1S0:
IUCN:
LBAs:
LCA:
LCA:
LIFDCs:
MAP:
MARPOL:

MCA:
MEA:
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Abbreviations and Acronyms

Advisory Committee on Protection of the Sea
alternative dispute resolution

aslow as reasonably achievable

asset recycle management

best available practice

best available technology

biological oxygen demand
command-and-control (regulation)
cost-benefit analysis

cumulative environmental impact assessment
Coordinating Body on the Seas of East Asia
chemical oxygen demand

Permanent Commission of the South Pacific
disability-adjusted life year
dichlorodiphenyltrichloroethane

diarrhoeic shellfish poisoning

Eastern African Region

East Asian Seas Region

Economic Commission for Europe

endocrine disrupting chemicals

European Economic Community
environmental impact assessment

El Nino / Southern Oscillation

European Union

Food and Agriculture Organisation of the United
Nations

Joint Group of Experts on the Scientific Assess-
ment of Marine Environmental Protection
global burden of disease

gross domestic product

Global Environment Facility

geographic information system

Global International Waters Assessment

gross national product

Global Programme of Action for the Protection of
the Marine Environment from Land-Based
Activities

Baltic Marine Environment Protection Commis-
sion

ingtitutional analysis

International Atomic Energy Agency
integrated coastal area management
International Council for the Exploration of the
Sea

integrated coastal management

integrated coastal zone management
International Maritime Organisation
Intergovernmental Oceanographic Commission
of UNESCO

Intergovernmental Panel on Climate Change
International Organisation for Standardisation
World Conservation Union

land based activities

least-cost analysis

life cycle assessment

low-income food deficient countries
Mediterranean Action Plan

International Convention for the Prevention of
Pollution from Ships

multi-criteriaanalysis

Working Group on Marine Environmental
Assessments of GESAMP

MED:
NGO:
NSP:
OECD:

OSPAR:
PAHs:
PCBs.
PERSGA:
PFU:
POPs:
PRRA:
PSP:
PSTs:
QSARs:
ROPME:

RPASs:
RRA:
SAS:
SE/PCF:
SPREP:
SPM:
SS.
SWAT:
TBT:
TDPs:
UN:
UNCED:

UNCLOS:

UNEP:
UNESCO:

uv:
VOCs:
WACAF:
WCR:
WHO:
WMO:
WORLD
BANK:

WTO:

Mediterranean Region

non-governmental organisation

neurotoxic shellfish poisoning

Organisation for Economic Cooperation and
Devel opment

Oslo and Paris Commission

polycyclic aromatic hydrocarbons
polychlorinated biphenyls

Red Sea and Gulf of Aden Environment Programme
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Annex 1

Economic Valuation' of Coastal and Marine Systems
and Net Benefit Analysis

The key requirement upon policy-makers in ensuring
that land-based activities have the minimal adverse effect
onthemarine environment isto fully incorporate environ-
mental considerationsinto policy makinginall sectors. In
turn, thisimperative requiresthat ingtitutional mechanisms
arein placethat ensure that the likely environmental con-
sequences of all projects, policies and programmes are
taken into account within the decision-making processes
and, specifically:

« programmes which have adverse environmental
consequences are adjusted to ensure that the overall
net damage is as close to zero as possible; and

* priority is given to programmes and policies that
generate net environmental benefits.

Fundamental to this processisthe institutional capac-
ity to make good and consistent choi ces between the con-
servation of natural resources and development. Institu-
tional capacity, in thiscontext, meansthat government has
the capacity to understand the trade-offsand policy issues
involved in the conservation of coastal and marine sys-
tems. To have this capacity calls for: first, the ability to
make sound assessments of the values to society of eco-
systemsthreatened by development; and, second, the ability
to apply the appropriate methodology for evaluating the
different policy or management options.

Three techniques are available to help policy makers
makethese choices. These are cost-benefit analysis(CBA),
least-cost analysis (LCA) (also termed cost-effectiveness
analysis) and multi-criteria analysis (MCA), which may
also be termed cost-utility (and feasibility) analysis.

CBA is the most commonly used technique in deter-
mining priorities and the setting out of optionsin policy
and project appraisal. Itsobjectiveisto compare costsand
benefits of impacts of different options, in terms of their
monetary values. Benefits here are those ecological goods
and services which have an impact on people’'s welfare

1The benefits provided by marine ecosystemshave been briefly reviewed
in Chapter 2 (section 2.2.iv). The total economic value of an ecosystem
may consist of two groups of elements, termed use values and non-use
values. Use values are made up of three elements. These are: (i) direct
use, or consumptive, values, which are the consumptive outputs of an
ecosystem, e.g., fish, wood, recreation, tourism, etc.; (ii) ecological func-
tion values, which are the benefits such as flood control and nutrient
recycling which a system may provide; and (iii) option values, which are
the benefits which a system may provide in the future, such as future
drugs. Non-use values have two elements. These are (i) existence values
which relate to the value people put upon the fact that the ecosystem is
there; and (ii) bequest values which relate to the satisfaction of people
in passing a resource on to future generations (after Barbier, 1991).

and which policies are designed to recover or maintain.
Correspondingly, costsare usually primarily theforegone
welfare associated with a reduction in the flow of non-
ecological goods and services resulting from measures to
protect the environment. The other source of costs hereis
the administrative costs of the design and implementation
of measureswhich protect the environment. Cost and ben-
efit streamsare discounted to arrive at present values. The
most important attribute of CBA isthat, subject to thelimi-
tationsreferred to below, thereisastrong body of opinion
that it isthe best availabletechniqueto help policy makers
establish prioritiesand orient investment decisions. Moreo-
ver, beneficiaries and losers can beidentified so asto ad-
dressresulting issues of equity promtly.

Perhaps most discussion relating to the validity of CBA
in environmental management decision-making has been
devoted to how to select adiscount rate that will properly
account for transfers between generations. However, in
recent years there has been a growing consensus (see, for
example, Pearce et al., 1989) that the adoption of an arti-
ficia discount rate introduces more problems than it re-
solves. Instead of attempting arbitrarily to fix aseemingly
appropriate rate, it isargued that it is better to use current
rates but take stepsto ensure that environmental concerns
arefully taken into account.

While this solution recognises the impracticability of
attempting to fix an appropriate discount rate, it focuses
attention on the other major problem with CBA. Thisis
that the placing of monetary values on ecological system
functions is very difficult and leads, perhaps more often
than not, to the under-val uation of the ecological services
provided by an ecosystem.

There are a number of problems in placing values on
ecological benefits. A common and fundamental problem
isthat our knowledge of ecological linkagesis often lim-
ited. For example, it isusually not known what proportion
of agiven mangrove areaisnecessary to create the habitat
for the fish stocks which benefit from it. Another type of
problem that occursisthat it isoften difficult to take fully
into account the interconnectedness between coastal and
marine ecosystems. For example, if afishery hasfreeand
open access, it will be more heavily exploited in the long
runand itssimilarly valuewill fall inthelong run, all other
things being equal. Consequently, any economic losses
associated with the destruction of the habitat supporting
thisfishery arelikely to be lower than those which would
be shown in a*“ snapshot” of the current value of that fish-
ery. Thereare many waysin which thisinterconnectedness
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occurs and of the approaches that have been made to deal
with them (Barbier and Swallow 1999). A third type of
problem is the valuing of biodiversity where values may
be incompletely accounted for in markets or completely
overlooked by market decision-makers. Not directly re-
lated to the problems associated with putting values on
ecological functions is a fourth type of problem, that of
valuing in monetary terms non-use values, such as exist-
ence or bequest values.

A key tool in dealing with the interconnectedness be-
tween marine and coastal systemsis bioeconomic model-
ling. Thereisnow aconsiderable body of experienceinits
application to the types of problems which occur in the
valuation of coastal ecosystems (Bell, 1980 and 1987;
Lynneet al. 1981; Kahn and Kemp, 1985; Ellisand Fisher,
1987; Farber and Costanza, 1987; Strand and Bockstael,
1990; Swallow, 1990, 1994, 1996; Feeman, 1991; Parks
and Bonifaz, 1994; Ruitenbeek, 1994; Knowler, Strand
and Barbier, 1997; Satirathai, 1997; Nowlis and Roberts
1997; Pezzey et al., 1998 and Holland and Brazee 1998;
Barbier and Swallow, 1999, cite Barbier and Strand, 1988).

Among other applications of bioeconomic modelling,
whereit has been used successfully, isto show the impact
of theloss of akeystone species (cf. Costanzaet al., 1995
and review and citations in Gudmundsson and Sutinen,
1988).

Bioeconomic modelling is now well past the research
stage and can significantly improve the quality of advice
provided to decision-makers. However, it has so far been
rarely used in the formulation of policy advice. Threefac-
tors work toward limiting its use: first, it is enormously
demanding of information and few fisheries, especialy in
developing countries have been sufficiently well studied
to provide the information required - although there are a
number, especially high value single fisheries where ap-
propriate data exists -; second, dealing with multi-species
fisheries, common in tropical areas, presents severe diffi-
culties; and, third, there are il relatively few economists,
especially in developing countries, trained and experienced
initsuse.

Theselimiting factors point to the need to focus on those
areaswhereincreased information for usein bioeconomic
modelling (e.g., the impact of fishing mortality on fish
stocks) islikely to show dividendsin terms of better deci-
sion making. The potential of bioeconomic modelling is
also afurther illustration of the need to enhance adminis-
trative capacitiesin many countries so that they have, for
example, economists who are trained and experienced in
bioeconomic modelling applications.

For the other problems referred to here, leaving to one
side the valuation of existence and bequest values, the
methods associated with contingent val uation may provide
the best available approach. This technique involves sur-

veys of respondentsin which they are asked their willing-
nessto pay, for example, for the conservation of acertain
marine system. Over the last twenty years or so, there has
been increasing attention given to contingent valuation of
natural resources (Barbier and Swallow cite, Azjen and
Peterson, 1988; Anderson and Bishop 1986; and Carson,
and Navarro, 1988; Mitchell and Carson, 1989). A recent
modification of the contingent valuation technique, termed
“contingent choice” or sometimes* choice experiments”, has
shown itself to be a promising approach to the valuation
of abroad spectrum of biodiversity (Opaluch et al., 1993;
Swallow, 1997 and Adamowicz et al., 1998, quoted in
Barbier and Swallow, 1999).

Contingent valuation techniques can be very effective
but there arelimitationsto their use, including several types
of bias that can influence the results. It is important,
therefore, that surveysare carefully designed to minimise
the chance of bias, while experience has shown also that
theinclusion of attitudinal questionsin surveysand care-
ful definition of the natural resource being valued have
added to the usefulness of the techniques (Wilks, 1990).
Nevertheless, contingent val uations have to betreated with
care.

Contingent valuation techniques may be also applica-
ble to expressing existence and bequest values in mon-
etary terms (see Brookshire, et al., 1983), although the
limitations on the technique in these applications may be
more severethan in attributing monetary valuesto natural
resources. In particular, existence and bequest values are
frequently of an ethical nature and cannot be expressed in
monetary terms.

The foregoing shows that in most instances the valua-
tion of ecosystem benefits continues to be more of an art
than ascience; it israre that the valuation of asystem can
be reduced to figures in which the analyst has full confi-
dence. Far more likely are situations where certain ben-
efitswill be, by their nature, not quantifiable, or wherethe
valuation will be rough and ready because of the lack of,
or weakness of, information. Even so, the valuation of a
few benefits of agiven policy may be enough to show that
these undervalued benefits are already exceeding costs.
Thisresult in itself is not sufficient to provide an assur-
ance that society is making the best use of its economic
resources. Nevertheless, it does enable policy makers to
guarantee that economic efficiency will not be diminished
due to the environmental investment associated with the
conservation of anatural resource (SerroadaMotta, 1997).
In view of society’s concerns, especially in poorer coun-
tries, that environmental investment may be detrimental
to economic development, such a guarantee is of great
importance. Perhaps equally importantly, CBA isatool to
identify and clarify the value (political) decisions which
have to be taken in the valuation process and can help
policy makersto rank policiesin terms of their likely im-
pact on economic efficiency and equity.



CBA may often be usefully complemented, or evenre-
placed, by least-cost analysis (LCA) or multi-criteriaanaly-
sis (MCA). LCA is perhaps, other than CBA, the most
frequently used techniquein the appraisal of interventions
that threaten natural resources. It enables policy makersto
consider thevariousoptionsavailableto meet apredefined
priority and comparestheir discounted costs (and thus, like
CBA, isdependent on the selection of adiscount rate) and
relative effectiveness in meeting these objectives. Criti-
cally, the prime condition for the use of LCA isthe aware-
ness of policy makers of all the economic and ecological
values of a natural system. For example, when consider-
ing whether to drain awetland for economic devel opment,
policy makers should be aware of the range of economic
and ecological values of that wetland and decide which of
themtoincorporateinto the LCA analysis. Very often, this
process presents enormous data and technical problems
but it does serve to focus attention on the number ,and
likely magnitude, of the economic and ecological values
and enables policy makersto compare these with the non-
ecological benefitslikely to flow from economic devel op-
ment of the wetland area. Note, however, that LCA does
not rank optionsto help policy makersto set priorities.

MCA beginswith specifying the options to be consid-
ered, and the economic and ecological criteria that are
considered to be important in their evaluation. Examples
of criteria are: irreplaceability and level of biodiversity;
option, existence and bequest values; and ecological and
economic values. Weighting of criteria may be made to
vary the relative importance of criteriain the analysis.

There are a number of advantages of MCA compared
with CBA or LCA. First, it does not depend upon the
monetarisation of effects nor focus exclusively on the
measurement of efficiency. These attributes are particu-
larly advantageous in situations where ecological values
areanimportant consideration, where economic activities
aredirectly dependent on natural resources but databases
areweak and where distribution concerns are strong. Fur-
thermore, the avoidance of the use of a discount rate may
be argued to enable MCA to perform better than CBA in
accounting satisfactorily for sustainability objectives.

While these advantages of MCA over thetwo morees-
tablished techniques makeits use attractivein many situa-
tions, it suffersal so from two key disadvantages. Themain
methodol ogical shortcoming isthe setting up of generally
acceptable scales for determining the relative importance
of each criterion, that is, the weights. The second is the
determination of thelevel of benefits associated with each
criterion or, in other words, if valuation of benefitsis be-
ing avoided, how analysts can measure each benefit.
Stakeholders' participation in the decision-making proc-
essand an ingtitutionally holistic approach by government
to theissue being addressed are the only waysto minimise
these constraints (SerroadaMotta. 1997). Like CBA, there-
fore, MCA servesto identify and clarify the value ques-
tionsthat are essentially political in nature.
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CBA, withitslimitations, remainsthe key tool in help-
ing policy-makers decide upon the all ocation of resources.
In certain situations, LCA may be the most appropriate
tool to be used whilein others CBA may be complemented
by MCA. In many situations, the techniques considered
herewill provide unambiguous evidenceto policy makers
of where net benefits lie. Very often, however, the diffi-
culties of quantifying benefits and of other factors, such
asinstitutional capacity, government commitment and so-
cial acceptance means that the role of these techniques
can only beto guide governments and regulatorsin deter-
mining priorities.
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Annex 3

Summary of Regional Programmes of Action on
Land-based Activities

BACKGROUND NOTES (ii) On-going work for the preparation of the re-
gional programmessupported by UNEPand fir st drafts
This summary was prepared based on: availablefor:
(i) Development of the regional programmes sup- 9. South Asian Seas
ported by UNEP: 10. Red Sea and Gulf of Aden
1. Eastern Africa— Extract from the Regional Pro- Other regions which, to date, have no regiona pro-
gramme of Action grammes of action on land land-based activities as such:
2. West and Central Africa— Extract from the Re-
gional Programme of Action 11. Wider Caribbean — Regional Programme of Action
3. East Asian Seas— Extract from the Regional to be developed
Programme of Action
4. ROPME SeaArea/Kuwait Action Plan — Prepared (iii) Regional programmesor strategieson-going or
from the Regional Programme of Action with developed for land-based activities:
projects elaborated for implementation of land-
based activities 12. Black Sea— Prepared from aworking paper
5. Upper South-West Atlantic — Prepared from draft provided by Coordinator of the BSEP
Regional Programme of Action 13. Arctic — Prepared from aworking paper provided
6. South-East Pacific — Prepared from draft Regional by Chairman of PAME
Programme of Action 14. North-East Atlantic — Prepared from aworking
7. South Pacific - Extract from Regional Programme paper (and additional information) prepared by
of Action OSPAR and information from their Web site
8. Mediterranean — Taken from UNEP: Strategic 15. Baltic — Not available in the present compilation-

Action Programme to Address Pollution from Land-
based Activities. MAP Technical Reports Series No.
119, UNEP, Athens, 1998. The Strategic Action
Programme was adopted by the Tenth Ordinary
Meeting of the Contracting Parties (November
1997)

The Regiona Programmes of Action 1-7 were all en-
dorsed by Government-designated experts. Those for the
East Asian Seas, South Pacific and Mediterranean have
been adopted by the Governments of the respective re-
gions. They were distributed as Information Document
No. 8 at the Second Global Meeting of Regiona Seas
Conventionsand Action Plans (The Hague, 5-8 July 1999)
organised by UNEP. Of these, only the EASregional pro-
gramme of action was modified according to version 2 of
the regional programme provided by the EAS/RCU.

North-West Pacific —Not availablein the present com-
pilation—At thelast two intergovernmental meetings (early
and |ate 2000) |and-based activiti eswere recognised among
the priorities for the workplan, which is to be jointly de-
veloped with the GPA Coordination Office.
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Problem | Sourceof |GPA Objectives Strategies Specific Action tobe | Time |Programme
pollution source action taken by frame |support
category (years)
Regiona | 1. Domestic | Sewage |Reducesewage |Effective, low cost |+ Construction of sewage | Government | 2 World Bank
sewage impact onthe | treatment treatment facilitiesin agencies GEF
environment urban areas EU
Scale of approach Sida
National Assessment of * Intermediate technolo- | Government | 2 COl
eutrophication | urban gies and innovative and NGOs DFID
and itsimplica- |« peri-urban solutions
tions for coastal
waters and Environmental * Training of personnel-
habitats around | planning particularly in mainte-
urban centres nance
Monitoring
programmes « Scientific investigation | Scientific 3
to access nutrient con- | institutions
centration and their ef- | in each
fects on coastal ecology | country
Regional | 2. Solid Litter Reduce litter Improvement of « Construction of ap- Urban 3 World Bank
domestic impact onthe | domestic waste propriate disposal sites | authorities GEF
waste environment collection and and consult- EU
disposal systems |« Management of ants Sida
dumping sites COl
DFID
* Training of personnel | Academic National
institutions/ governments
* Recycle of somewaste | NGOs
» Mass communication
Regional |3. Agricul- | Nutrients, | Reduce the To reduce the  Enforcement of best Agricultura |3 UNEP
tural run- | POPs effects of concentration of practices for the agencies or FAO
off nutrients and nutrient and POPs | application of relevant WHO
POPs in the in agricultural run- | agrochemical ministries National
environment off governments
» Convene workshopto | Coordinating | 3 IAEA
Set regiona set guideline concentra- | regional body
standards tions
Education « Control the application | Agricultural |3
of pesticide in coastal | agencies or
agricultural areas relevant
ministries
* Public awareness NGOs
National |4.Industrial | Heavy Minimise pesti- | To develop and * Monitoring to assess Government | 2 National
waste metals, |cideconcentra- |implement national | concentrationsonthe | agencies governments
POPS, tionin potable |standard for the marine environment UNEP
nutrients, | water supplies | discharge of waste FAO
BOD/ Toreducethe |water * Set guidelines concen- | Government | 3 WHO
COD impact of indus- trations at the national | and research IAEA
trial waste on Improvement of level based on monitor- | institutions UNDP
the environment | facilitiesand ing UNESCO
practices to reduce UNIDO
industrial waste * Incentivesfor cleaner | Government | 3 EU
discharges production and research
institutions
 Planning of alocating | Governments | 3
industries in appropri-
ate locations
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Sourceof |Cause Objective Srategy Specific Actiontobe |Time |Programme
pollution action taken by frame |support
(vears)
5.Habitat |Siltation from |Restoration Proper land use planning | Identify priority areato be pro- |National level |3-5 FAO
degradation/ | land-use, agri- | of degraded tected, methods of enhancing
Ecosystems | culture/defor- | habitats Reforestation soil stabilisation and rain water
degradation | estation and drainage
construction
(Notethat |activities
table head-
ings differ | Mineral Control and Proper management « Discourage use of beach/lime | Ministries on- OAU/
for “ Habitat/ | exploitation/ | management | programme for mineral sand responsible going |UNCHS
Ecosystems | sand and heavy | of areas of use/ | and sand heavy metal « Regulations/legidation on sand (Habitat)
degradation” | metal extrac- | potential usefor | extraction extraction on coastal zone
asper ori- |tionuse sand/heavy « Monitoring
ginals) metal mineral « Land use plan regarding
extraction mineral extraction /legislation
Dredging Control impacts | Proper legislation. * Monitor the activity Ministries on- 10C
improveactivity | Monitoring and good e Improvelegidlationand es- | responsible going |IOC/UNEP/
management | practices tablish codes of good practice World Bank
Erosion Reduce erosion | Proper land use planning, | « |dentify areas sensitive to Ministries 2 IOC/UNEP
impacts and improve legidation, erosion/order concerned
restore eroded | monitoring and good « |dentify gapsin the existing
areas practices legislation and propose im-
provement or enforcement
* Protect aress sendtiveto eroson
* Restore eroded areas
Aquaculture  |Minimisethe |Proper coastd planning |+ Formulate and implement National/Re- |2 FAO/govern-
development | impact of aqua- | and management National/Regional guidelines |gional levels ment, |IOFC
culture devel- for aquaculture devel opment
opment to the | EIA to be undertaken on |« Identify sensitive areas prone |Ministries 1-2 FAO
coastal habitat | major projects to aquaculture concerned
Ensure sus-
tainability of
the activity
Destructive Combat Proper fishing manage- |« Make available appropriate | National level, | 3-5 FAO/WB/
fishing methods | destructive ment fishing gears at affordable Ministries con- Sida
(dynamitetraw- | fishing method process and research of cerned, NORAD
ling, poison- Control and surveillance | proper fishery techniques Local commu- CIDA
ing, spearing) « Enforcement of regulations | nities
and laws
* Monitoring and increase
public awareness
Land reclama- | Controlling Land management and Regulations and/or land tax National level |15 UNCHS
tion land reclama- | planning policy (Ministriesre- (Habitat)
tion activities sponsible for
Housing, Local
communities/
NGOs)
Tourigt activities | Control tourist | Establishment of « Control the accessibility to National level |5 IUCN/
in special areas | activities protected areas sensitive areas by tourists Ministry of UNEP/
* Regulationsand / or access | environment 10C-
Public awareness price policy NGOs UNESCO
Coral reef and | Protect and Discourageextraction of cor- | » Find other source of building 10 Government
sand extraction |restore dreefsandbeachsandas | materias institutions
source of building materias | Find sources of lime
Saline Protect and Improve water resource | » Diversify sources of drinking |Ministriescon- |long | FAO/
intrusion reduce the management water cerned, private [term | Habitat/
impact of * Harvest rain water sector, NGOs UNEP/WB
saline intrusion | Discourage abstraction of | « Research and monitoring and local 2
underground water communities
Residential and | Protect coastal | Proper land use planning |« Identify sensitive areas for Ministries 35 IUCN /
hotel develop- | zone and Tourism Develop- protection responsible for NGOs/
ment along the ment Strategy « Establish tourism develop- tourism, UNEP/
beaches ment sites environment WWF Sida
« Establish code of good and urban
practices/ guidelines for development,
construction Local commu-
» Development of legislation | nities
Mangrove Control the Proper management of « |dentify areasto beprotected  |Nationa level, |5-10 |WB/
clearing impact and re- | mangrove and imple- » Promote aternative energy Ministries con- NORAD/
(aguaculture, | planting of man- | mentation of plans source and polesfor building | cerned, GEF/Sida
saltpan, grovesin the » Planting mangrovesin Local commu-
construction) | clearedareas | Continuous monitoring cleared areas nities

¢ Public awareness
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2. Summary of the Regional Programme of Action for West and Central Africa (WACAF)
Trandated by the GPA Coordination Office from the original in French

Sourceof | Objective Srategy Specific Actiontobe |Time |Programme
pollution action taken by frame |support
(years)

1. Sewage |Reduceimpacts | Regional agreement on | Collect qualitative and quantita- | Govts., Univs., | 2 Interna-
of wastewater on | criteriaand quality tive data on sewage and NGOs; tiona
aguatic ecosys- | standards for waste- « Prepare detailed regional report organisa-
tems and public | water and implementa- | on sewage tions,
health tion of an Action Plan |« Apply and reinforce appropriate financial

regulations and laws institutions
« Improve and/or build sewage and
treatment facilitiesin WACAF specialised
countries agencies
» Regional evaluation workshop,
followed by an expert meeting.

2. Agricul- | Reduce amounts | Implementation of « Collect data on the use of agro- |National Focal | 2-5 World

ture of agro-chemicals | relevant conventions chemicals; review and compile |Points, Govts,, | and Bank, GEF,
and control their | on POPs existing legislation specialised on- EU, Sida,
use and impacts » Review documentation and in-  |laboratories going |others, and
on the environ- | Develop programmes ventories of existing legislation |Research Govts.
ment for the control of pesti- |« Consult Ministries, structures | centres

cides and their impacts | and commissions concerned NGOs
at national and regional |« Ingtitutional arrangements, based
levels on FAO's recommendations for
use, control, importation and
Evaluate the environ- commerce of pesticides
mental impacts of agro- | « Develop a monitoring pro-
chemicals gramme for pesticides
* Review available dataand
existing capacities; produce a
report and a database
» Measure pesticide residues
* Improve existing laboratories
and analytical capacities
« Effective implementation of
regulations and reinforce
national legislation as needed

3. Industry | Reduce or Implementation of rele- |  Inventory of main industriesin | Govts, NGOs | 2-3 UNEP,

and mining | eliminate the vant conventions coastal and drainage basins and private IAEA and
impacts of in- with collection of information | sector on- others
dustrial waste | Develop programmesto | Measure contaminants, progres- going
and mining on | measure impacts of sive contrail and implementation
the coastd, waste at national and | » Determine status of regulations
marine and regional levels a the nationa level and adoption
aguatic environ- of measures at the regional
ments of the Evaluation of impactsof | level, revising them as needed
region industrid wasteand min- | « Apply the polluter pay principle

ing on the environment | » Adopt clean technologies

» Adopt reuse and recycling
Implement adequate principles
measures to control pol- |« Develop institutional capacities
lution from industrial and laboratories for control of
waste and mining residues

4. Oil and |Control and/or | Evaluation of impacts |« Inventory of dataand informa- | Govts, 2-3 UNEP,

hydrocar- |reduceoil and | Implementation of tion on oil production and Technical IMO, and

bons hydrocarbons national contingency hydrocarbons Ministries, on- others
and their envir- | plansand of MARPOL |« Document available quantita-  |Industry and | going
onmental impact | provisions tive and qualitative data private sector
« Inventory of industries produc-
ing Hydrocarbons
* Monitoring of residuesin air,
land and water
« Effective of international
agreements at nat. and
subregional levels
« Draft legidlation and adequate
regulations and incentives
(polluters pay principle)

5. Salid Reduce or Develop aregiona « Evaluate status of problems and | Govts, NGOs |3 Develop-

waste eliminate the framework for impacts through aregiona study |and private ment Banks
impacts of solid | management of wastes |+ Evaluatein each country col- | sector, munici- and inter-
waste on the lection and treatment capabilities |palities, local national
coastal, marine for solid waste and adopt ade- | communities donors
and aquatic guate measures
environments « Devel op awareness programme
of theregion at community level

« Take adequate measures and
legislation to reduce pollution
from solid waste
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Sourceof |Objective Srategy Specific Actiontobe |Time |Programme
pollution action taken by frame |support
(years)
6. Sedi- Reduce, control | Develop regiona  Regional study on erosion Govts, NGOs |3 International
ments and prevent directives on activities | Advocate EIA for development |and local organisations
degradation influencing sedimenta- | projects community
from erosion tion and erosion  Education campaign on (fishers),
negative impacts of traditional | Universities
Restore and rehabili- fisheries
tate habitats degraded
by erosion
7. POPs Reduce or Develop guidance and |« Evaluate status of use and Govts, 3 International
eliminate the programmes of action develop information system Industries, organisions,
impacts of POPs | for the use of POPs « Control cycle of distribution Private sector Intergovern-
on the environ- and importation and special- mental
ment and on Implement interna- « Establish amonitoring system  |ised NGOs, Forum for
population tional agreements « Carry out analysiswith Users, States, Chemical
health reference laboratories Research Substances
« Improve methods of control and | Centres (IFCS)
establish strict measures
(customs, airport)
« Circulate list of prohibited
substances and execute
awareness campaigns
8. Physical | Minimise physi- | Integrated Manage- « |dentify problem extent and Technical 5-10 |Govts,
modification | cal aterationsto | ment of Resources causes Inst., NGOs, international
of coastsy | habitats * Public information Private sector, organisations
degradation Economic incentives | Protection of critical areas Communities and donors
of critical | Rehabilitation of | and use of aternative | Conservation and restoration
habitats degraded coastal | resources measures
and marine eco- * Harmonise existing legislation
systems * Abide by EIA studiesin
development projects
9.Heavy |Reduceor Encourage the « |dentify types and sources of Technical 35 GESAMP,
metals diminate adoption of appropriate | heavy metalsand evauateimpacts | Inst., Govts, international
anthropogenic | technologies « Establish guidelines for accept- |Industries, organisations
emissions ablelevels of heavy metalsinthe | International
environment structures for
Ensure the « Provide necessary guidance and |follow-up
health of equipment for follow-up
populations « Establish lawsin accordance
with established standards
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3. Summary of the Regional Programme of Action for the East Asian Seas (EAYS)

Sourceof |Target Action and Action to be Time
pollution ancillary action taken by frame
(years)
Sewage A regiona agreement onwaste | Action S1: Establish a data and information network | EAS/RCU, partici- |2
water recyclemanagement. | to link with GPA Clearing House, based on the existing | pating countries,
Criteria and standards for monitoring network in the region; and consultant if
sewage and urban run off Action S2: Establish the infrastructure for enhancing | necessary 3
releaseinto waterways. A the exchange of scientific information on sewage
regional action plan. discharge and its impacts to the marine environment,
marine habitats and human health;
Action S3: Reduce the discharge of sewage using a 5
treatment systems for the key sources, with potential
technical transfer to other sewage sources,
Action $S4: Negotiate and establish aregional agree- 3
ment on sewage discharge to protect marine environ-
ments in the region.
Agriculture| To reduce the nutrient inputs | Action Al: Establish adata and information network | Participating coun- |2
run-off from agriculture and aqua- to assess the quantities and types of fertilisers used and | tries, EAS/RCU,
culture practices and to intro- | the quantity of solid and liquid manure produced by international
duce sustainable use of seeds, | farm animals and aquaculture; organisations
fertiliser and pesticides. To | Action A2: Promote rational use of fertilisers and Participating coun- |4
reduce the suspended solids | reduce the losses of nutrients by misuse of inorganic | tries, EAS/RCU.
released from agricultural fertilisers and manure;
lands. Action A3: establish sediment load targets with regard | Participating coun- |5
to the sensitivity of the receiving environment; develop | tries, EAS/RCU.
integrated catchment plans to achieve the targets and
implement these plans followed by atimely review of
their impact;
Action A4: Develop, promote and implement integrated | Participating count- |5
pesticide management plans. ries, EAS/RCU.
Industry | To reduce inputs of industrial | Action In1: Establish a data and information network | Participating coun- |2
and mining | waste. To determine the on the: tries, EAS/RCU,
capacity of marine habitatsto | (i) sensitivity waters to outfall pollutants; and international
absorb industrial waste. (i1) technologies available to control the levels of organisations, and
pollutants to acceptable levels; consultant if
Action In2: Undertake afeasibility study for the necessary 2
introduction of cleaner production in the region;
Action In3: Upgrade the capability of participating
countries in controlling industrial wastes 3
Habitat To reduce environment To provide guidelines for port development, land Participating coun- |1
modifica- | impacts from modification of | reclamation, forestry, logging and aquacultureto limit |tries, EAS/RCU,
tion habitats in the region habitat destruction and marine pollution effects international organi- | 2
sations and consult-
ant if necessary 3
PILOT i) To formulate and adopt i) To set up acriteriafor selection of acity intheregion | Participating 5
PROJECTS | regional guidelines for to be the site of pilot project. It is suggested that this | countries, EAS/
sewage treatment and city should be: RCU, international
Pilot disposal and environmental |« A coastal city near marine habitats that can be used to | organisations, and
Project 1. |quality criteriaand standards; | indicate effects of urban activities consultant if
Tobe il) To establish on environ- |« Population over 1,000,000 necessary
identified - | mentally suitable and » With certain level of industry development during
Urban economically feasiblesystem | last 3 decades
discharges | of collection and disposal of |+ Some environment monitoring data available for the

urban solid waste;

iii) To assist the development
of national plans and
programmes for reduction of
the pollution discharge from
main cities in the demonstra-
tion sites.

project; and
» Reasonabl e infrastructure on environmental protection
ii) To identify sources of pollution and decide on the
monitoring scheme; These pollutants are mainly:
* Municipal sewage
* Solid wastes
* Heavy metals
* POPs
iii) To monitor the pollutants from identified sources,
and to study the impacts to the marine and coastal
environments,
(iv) To establish a management plan to reduce the
pollution discharge.
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fertiliser and pesticidesin the
demonstration site; and

(iii) To assist the develop-
ment of national plans and
programmes for reduction of
the agriculture discharge to
the marine environment in
the demonstration sites.

to the marine environment at demonstration sites.

(3) Determine the effects of decreased level of discharge
of ariver on salinity intrusion, sediment load and
coastal erosion or accretion.

(4) Assessimpacts of mining activities to the coastal
marine environment.

(5) Communicate, educate and train al members of the
community in being more environmentally aware and
caring for marine ecosystems.

Sourceof |Target Action and Action to be Time
pollution ancillary action taken by frame
(vears)
PILOT (i) To formulate and adopt Project Activities: Participating 5
PROJECTS | regional guidelinesfor assess- | (1) Confirm that fertiliser and/or pesticides are affect- | countries, EAS/
ment of agricultureinput of | ing the marine environment. To formulate and adopt RCU, international
Pilot pollutants, and the relevant | regional guidelines for assessment of agricultureinput | organisations, and
Project 2: |environmental quality criteria | of pollutants, and the relevant environmental quality | consultant if
Agricul- and standards; criteriaand standards; necessary
turedis- (ii) To establish an environ- | (2) Work towards obtaining fertiliser/pesticide scenarios
chargeand | mentally suitable and eco- which combine high agricultural outputs and low pol-
sediment | nomically feasiblemethods | lution levels. To assist the development of national plans
run-off for the sustainable use of and programmes for reduction of agriculture discharge

4. Ssummary of the Regional Programme of Action for the ROPME SeaArea
OBJECTIVES: Overal goal to prevent, reduce, control and/or eliminate processes causing the degradation of the marine
and coastal environment in ROPME SeaArea
STRATEGY: Four Programme areas were devised based on key issues already identified in the ROPME SeaAreaand in
support of the 1990 Protocol for the Protection of the Marine Environment Against Pollution from Land-Based Sources.

Programme Satus Specific Time
areas action frame
1. Updatesurveysof |Completed for Bahrain, I.R. Iran, |+ Regiona report to be compiled. 1999
land-based activities | Oman, Qatar, Saudi Arabiaand UAE.
2. Conduct apilot sudy | Completed for Bahrain, |.R. Iran, |+ Regional actions to be devised. 1999
on Persistent Organic | Oman, Qatar, Saudi Arabia.
Pollutants (POPs)
3. Preparation of a « Outline in simple language the legal, institutional and 1999-
manual on theimple- technical aspects of the LBA Protocol and its requirements | 2000
mentation of theLBA for those involved:
Protocol « e.g. developers, private sector, Govts. and authorities
4. Develop ariver « Prepare profiles and management plans for main rivers/ 1999-
basin management systemsin the ROPME SeaArea 2000
programme « Develop regional co-operation in river basin management

with the participation of non-contracting States (e.g. Syria

and Turkey)

5. Summary of the Regional Programme of Action for the Upper South-West Atlantic (SWAT)

OBJECTIVES: Overall goal to prevent, reduce, control and/or eliminate processes causing the degradation of the marine,
coastal and associated freshwater environments in the Upper Southwest Atlantic, originating from land-based activities.
Four specific objectives have been devised.

STRATEGY: Six programmatic areas were devised and 14 strategic elements have been outlined in support of the imple-
mentation of the Regional Programme of Action

ACTORSIN IMPLEMENTATION: Priority areas and actions identified were primarily geared towards Governments as
key playersin the implementation of the Regional Programme of Action at the national level.

Programmeareas Specific action Timeframe
1. & 5. Urban wastewater and solid « |dentify and quantify heavily contaminated areas short term
waste « |dentify and quantify sources of pollution short term
* Prepare aregister of pollution sources short term
2. Industrial waste « |dentify main pollutants for control short term
« Inventory of main sources of industrial waste short-medium
term
3. Pollution and degradation from « Inventory of pollution and degradation from agriculture and short term
agricultureand forestry forestry sources
» Regional and National workshops for exchange and harmonisation | short-medium
of information term
4. Degradation of marine and coastal « Inventory of impacted ecosystems short term
ecosystemsfrom urban and tourism » Regional and National Workshops for exchange and harmonisation | short-medium
development of information term
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6. Summary of the Regional Programme of Action for the South-East Pacific Region (SE/PCF)
OBJECTIVES: Overdl goal to protect the coastal and marine environment of the South-East Pacific from pollution caused by
land-based activities through cooperative actions among countries of the region. Nine specific objectives were a so devised.
GENERAL STRATEGY: A draft Regional Programme was devel oped (Programa Regional parala Proteccion del Pacifico
Sudestefrentealasactividadesrealizadas en Tierra-PROSET) tackling main pollutant source categoriesand key priority
areasidentified for action. A preliminary identification was carried out of activitiesrequired at the national level.

Programme Status Specific Time

areas action frame

1. Wastewater from | Environmental Assessment and « Integration of national marine environmental assess- Short to

urbanorigin Management ments medium
« Strengthen and develop agreements and regional coopera- | term

2. Industrial and
mining oper ations

Capacity building tion framework regarding principles, standards and
practices for marine pollution control from land-based
activities

« Advocate appropriate and alternative treatment technolo-
gies, reducing or prevent pollution loads through

Transfer of Technologies
3. Ports, dredging &

land-fills Standard methodologies

4.Aquaculture

5. Recreational and
tourism operations

6.Agricultural run-off
7. Critically degraded

habitatsand physical
alterations

Financial and Institutional aspects

sector)

adoption of clean technologies
» Strengthen participation and public awareness of key
stakeholders (local community, NGOs and private

» Development of environmental management plans for
relevant industries

 Capacity building and training on best management
practices particularly for waste management

« Support rehabilitation of identified critical areas and
habitats and consideration of special management
measures

7. South Pacific

Priority areasidentified for the protection of the marine environment from land-based activities:
* Summary to be prepared following endorsement of the Regional Programme of Action in early 2000.

8. Summary of the Regional Programme of Action for the M editerranean (M ED)

M editerraneant

Sewage

POPs
Radioactivesubstances
Heavy metals

Qils

Nutrients

Sediment mobilisation
Litter

Physical alterationsand destruction of habitats

Priority

Priority

Priority (Municipa sewage)
Priority (POPs and PAHS)

Priority (Heavy metals and organometallic compounds)

Priority (Organohalogen compounds and used |ubricating oil)

Priority (Nutrients and suspended solids - Industrial waste water and agriculture)
Not covered in the Strategic Action Programme

Priority (Urban solid waste)

1UNEP: Strategic Action Programme to Address Pollution from Land-based Activities. MAP Technical Reports Series No. 119, UNEP, Athens, 1998:
“Taking account the GPA/LBA and the LBA Protocol, the following categories of substances have been selected as priorities. The selected categories of
substances cover urban environment (municipal sewage; urban solid waste; and air pollution) and industrial development (substances that are toxic,
persistent and liable to bioaccumulate; other heavy metals; organohalogen compounds; radioactive substances; nutrients and suspended solids; and
hazardous waste)”. The Strategic Action Programme was adopted by the Tenth Ordinary Meeting of the Contracting Parties (November 1997).

Activitiesat the Regional level

Activities at the National level

Targets
Sewage * By 2025, to dispose
(Municipal | &l municipa waste
sewage) water in conformity

with the provision
of the LBS Protocol

« By 2005, to dispose
sewage from cities
and urban agglome-
rations exceeding
100,000 inhabitants
and aress of concern
in conformity with
the provisions of
the Protocol

* By 2000, to update and adopt
the 1986 guidelines for sewage
treatment and disposal and, as
appropriate, environmental
quality criteriaand standards

« To develop programmes for
sharing and exchanging technical
information and advice regarding
environmentally sound sewage
treatment and facilities

* To promote research programmes
to identify and validate sewage
treatment technol ogies

* To update and adopt, over a period of two years, national
regulation concerning sewage discharges into the sea
and rivers which take into account the LBS Protocol and
especialy itsAnnex || and whenever appropriate, the
common measures aready adopted by the Parties

By 2005, to develop National Plans and Programmes to
the environmentally sound Management of Sewage, and
to this end to ensure:

By 2005, that the coastd cities and urban agglomerations
of more than 100,000 inhabitants are connected to a
sewer system and dispose all waste water in conformity
with anational regulation system

* To locate coastal outfalls so as to obtain or maintain
agreed environmental quality criteriaand to avoid
exposing shell fisheries, water intakes, and bathing areas
to pathogens and to avoid the exposure of sensitive
environments (such as lagoons, seagrass beds, etc.) to
excess nutrient or suspended solid loads

« To promote the primary, secondary and , where appropri-
ate and feasible, tertiary treatment of municipal sewage
discharged to rivers, estuaries and the sea

« To promote and control the good operation and proper
maintenance of existing facilities
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Targets Activitiesat the Regional level | Activitiesat the National level
Sewage « To promote the reuse of the treated effluents for the con-
continued servation of water resources. To this end, infrastructural
measures, treatment at source and the segregation of
industrial effluents, shall be encouraged, as well as:

* The beneficial reuses of sewage effluents and sludge by
the appropriate design of treatment plant and processes
and controls of the quality of influent waste watersin
accordance with national regulations

* The environmental sound treatment when domestic and
compatible industrial effluents are treated together

« To promote the separate collection or rain waters and
municipal waste water and ensure treatment of first rain
waters considered particularly polluting

« To identify the availability and sustainability of productive
uses of sewage sludge, such as land-spreading, com-
posting, etc.

« To prohibit the discharge of sludge into water in the
Protocol Area

POPs * By 2010, to phase | * To provide Contracting Parties | « To make, over a period of two years, and inventory of
(POPsand | outinputsof the9 with technical information and quantities and uses of the nine pesticides and PCBs, as well
PAHS) pesticides and advice on the nine pesticides as of the industries which manufacture or condition them
PCBs and reduceto| and PCB substitutes and make |« By 2000, to phase out the use of the nine pesticides, except
the fullest possible | appropriate recommendations those uses which involve the safeguarding of human life
extent inputs of un- | » To develop programmes for when the latter isin danger or when arisk/benefit analysis
wanted contami- sharing and exchanging technical | isvery conclusive, according to WHO recommendations
nants: hexachloro- information and adviceregard- | * By 2000, to prohibit the manufacture, trade and new use
benzene, dioxins ing the environmentally sound of PCBs and by 2010 all existing uses of PCBs
and furans disposal of the existing quanti- |« To prepare pilot programmes aimed at the safe disposal
* By 2005, to reduce | tiesof the nine pesticides and of the PCBs; these programmes should consider their
50% inputs of the PCBs. These Programmes progressive elimination, including the decontamination
priority 12 POPs should consider their progres- of equipment and containers
« By 2005, to collect | sive elimination, including the |« By year 2000, to organise the collection and environ-
and dispose al PCB| decontamination of equipment mentally sound disposal of the existing quantities of the
wasteinasafeand | and containers nine pesticides
environmentally * To prepare guidelines for the * To reduce the emission of HCB, dioxins and furans as
sound manner application of BEP, and if much as possible and, in order to do so, to promote the
* By 2025, to phase possible BAT, by the point implementation of environmental audits and apply BER,
out to the fullest sources of dioxins and furans and if possible BAT, to the processes which generate
possible extent * To prepare guidelines for the these compounds, such as waste-incineration or recovery
inputs of PAHs application of BEP and BAT by of metals, mainly copper wire and electric motors
* By 2010, toreduce | thepoint and diffuse sourcesof |« To promote the implementation of environmental audits
by 25% inputs of PAHs intheindustria installations that are sources of PAHs
PAHs « By 2010, to formulate and adopt, | mentioned in the previous paragraph and located in
as appropriate, emission values | selected hot-spots
for point source dischargesand |« To reduce the emission of PAHs as much as possible
emissions of PAHs and, in order to do so to apply BEP and if possible BAT
to the processes which generate these compounds
Radioactive | » To eliminate to the |« To transmit to the Parties reports | » To promote policies and practical measures including the
substances | fullest possible and other information received setting of targets and timetables to minimise the generation
extent inputs of in accordance with the Conven- | of radioactive waste and provide for their safe process-
radioactive tion and the Protocol ing, storage, conditioning, transportation and disposal
substances * To adopt measures, including BAT and BEP, for the re-
duction and/or elimination of discharges, emissions and
losses of radioactive substances to the Mediterranean Sea

« To submit reports on: the authorizations granted, data
resulting from monitoring, quantities of pollutants
discharged from their territories and the action plans,
programmes and measures implemented

Heavy * By 2025, to phase |« To prepare guidelines for the * To reduce discharges and emissions of heavy metals as
metals out to the fullest application of BAT and BEPin much as possible and in order to do so, to promote the
(Heavy possible extent dis- | theindustrial installations that implementation of environmental audits and apply BEP
metalsand | chargesand emis- are sources of heavy metals and, if possible, BAT in the industria installation that
organo- sionsand lossesof | (mercury, cadmium and lead) are sources of heavy metals giving priority to installa-
metallic heavy metals(mer- | * By 2010, to formulate and tions located in the selected hot-spots
compounds) | cury, medium, lead) | adopt, as appropriate, environ- | To prepare National Programmes on the reduction and
« By 2005, toreduce | mental quality criteriaand control of pollution by heavy metals
by 50% discharge, standards for point source * To adopt at the national level and apply the common
emissionsand losses| discharges and emissions of measures for preventing mercury pollution adopted by
of heavy metds(mer- |  heavy metals (mercury, cad- the Parties in 1987 (releases into the sea, max. conc.
cury, cadmium, lead) | mium and lead) 0.050 mg/l)
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Targets Activitiesat the Regional level | Activitiesat the National level
Heavy « By 2000, to reduce | * To prepare guidelines for the « To adopt and apply for theindustries of the alkaline chloride
metals by 25% discharges, | application of BAT and of BEP electrolysis sector, aswell as the previous standard, the
continued emissionsand losses| inindustria installationswhich | maximum value of 0.5 grams of mercury in the water per
of heavy metds(mer- | are sources of zinc, copper and tonne of chlorine production capacity installed (brine
cury, cadmium, leed) | chrome recirculation), 5 grams of mercury in the water per tonne

* To eliminate to the |« By 2010, to formulate and (lost brine technology) and, if possible, 2 g of mercury
fullest possibleextent | adopt, as appropriate EQ criteria| from total releases into water, air and products)
pollution of the and standards for point source |« To adopt at the national level and apply the anti-pollution
Mediterranean Sea | discharges and emissions of common measures for cadmium and cadmium compounds
caused by dis- zinc, copper and chrome adopted by the Partiesin 1989 (releases into the sea,
charges, emissions | « To prepare guidelines for BAT max. conc. 0.2 mg/l)
and losses of zinc, and BEP inindustrial installa- | » To prepare environmental voluntary agreements to which
copper and chrome | tionsthat are sources of authorities, producers and users are committed on the

By 2010, to reduce organometallic compounds basis of areduction plan
discharges, emissions | « By 2010, to formulate and « To reduce discharges and emissions of zinc, copper and
and losses of zinc, adopt, as appropriate, environ- chrome as much as possible and, in order to do so, to
copper and chrome | mental quality criteriaand promote the implementation of environmental audits and

* By 2010, tophaseout| standards for point source apply BEP and, if possible, BAT in industrial installations
tothefullest possible| discharges and emissions of which are sources of zinc, copper and chrome, giving
extent discharges, organometallic compounds priority to installations located in the selected hot spots
emissions and losses * To adopt at the national level and apply the common
of organomercuric measures to control pollution caused by zinc, copper and
compounds and re- their compounds adopted by the Partiesin 1996
duce to the fullest (releases into the sea, max. conc. 1.0 mg/l for zinc and
possible extent those 0.5 mg/l for copper)
of organolead and * To reduce discharges and emissions of organometallic
organotin compounds compounds as much as possible and, in order to do so,

« By 2010, to reduce to promote the implementation of environmental audits
by 50% discharges, and apply BEP and, if possible, BAT in industria instal-
emissons and losses lations that are sources of organometallic compounds
of organometallic * To promote the use of lead-free petrol
compounds » To make an inventory of the uses and quantities of

« To phase out by 2005 organomercuric used
the use of organo- « To adopt at the national level and apply the anti-pollution
mercuric compounds common measures for the organotin compounds adopted

by the Contracting Partiesin 1989

« To phase out the use of organotin compounds as anti-

fouling agents in cooling systems
Oils * To eliminate to the |« To prepare guidelines for the * To reduce discharges and emissions of organohaogen com-
(Hydro- fullest possible application of BAT and of BEP | pounds as much as possible and, in order to do o, to pro-
carbons) extent pollution of inindustria installationswhich | mote the implementation of environmental audits and apply

the Mediterranean are sources of organohalogen BEP and, if possible, BAT in the industrial installations

(Organo- Sea caused by compounds which are sources of organohal ogen com-pounds, giving
halogen discharges, emis- | » By 2010, to formulate and priority to installations located in the selected hot-spots
compounds| sionsand lossesof | adopt, as appropriate, environ- | « To prepare National Programmes on the reduction and
and used organohalogen mental quality criteriaand control of pollution by organohal ogen compounds
lubricating | compounds standards for point source * To adopt at the national level and apply the anti-
oil) « By 2010, toreduce | discharges and emissions of pollution common measures adopted by the Parties

discharges, emis-
sions and losses
into the Mediterra-
nean Sea of organo-
halogen compounds

organohal ogen compounds

To regulate releases of organochlorines by the paper and
paper pulp industries by limiting discharges measured as
AOX (adsorbable organic halogen) to 1 kg per tonne of
pulp produced and by reducing it further through the
promotion of alternative bleaching to molecular chlore
and the use of BAT and BEP

» To make an inventory of the uses and quantities of
chlorinated paraffins and to reduce the use of short-chain
chlorinated paraffins

To make an inventory of the uses and quantities of pesticides
To reduce and control the manufacture and use of
PDBEs and PBBs

To reduce and control the manufacture and use of certain
pesticides such as lindane, 2,4-D and 2,5-T herbicides,
and tri-, tetra- and penta- chlorophenols, used in the
treatment of wood

* To paticipate in the programmes and activities of international
organizations, especially FAO on the sustainable use of
pesticides and to promote integrated pest management
To participate in the OECD/FAO Pesticide Risk Reduc-
tion Project

« To prepare environmental voluntary agreements to which
authorities, producers and users are committed on the
basis of areduction plan
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Targets Activitiesat the Regional level | Activitiesat the National level
Oils « By 2005, to collect |« Toformulate and adopt astandard | « To prepare and adopt national pilot programmes for the
(Hydro- and dispose 50% of | on the maximum amount of PCB | collection, recycling and disposal of used luboils
carbons) used lubricating oil | an oil may contain beforeitis |« To prepare and adopt national pilot programmes for the
continued inasafe and envir- | considered to be contaminated collection, recycling and disposal of used luboils
onmentally sound (i.e. 50 mg/kg) « To prepare and adopt national pilot programmes for the col-
(Organo- manner » By 2000, to make an inventory lection, recycling and disposal of used luboilsfrom the public
halogen of the quantities of the three services sector (air, road and railway transport, energy
compounds categories of luboil trangport and distribution) and from military establishments
and used * To adopt at the national level and apply the common anti-
lubricating pollution measures for luboils adopted by the Contract-
ail) ing Parties in 1989
Nutrients |« By 2025, to dispose| « To prepare guidelines for the « To reduce discharges of pollutants as much as possible
(Nutrients all wastewater from| application of BAT and BEPin and, in order to do so, to promote the implementation of
and suspen- | industria instal- industrial installations which are| environmental audits and apply BEP and, if possible,
ded solids) |ations which are sources of BOD, nutrients and BAT in the industrial installations which are sources of
Industrial sources of BOD, suspended solids BOD, giving priority to installations located in hot-spots
wastewater | nutrientsand sus- | « By 2010, to formulate and * To develop National Programmes for the environmen-
and agricul- | pended solids, in adopt, as appropriate, EQ tally sound management of waste water and solid waste
ture) conformity with the| criteria and standards for point from industrial installations which are sources of BOD,
provisions of the source discharges of BOD, and to this end to ensure:
LBS Protocol nutrients and suspended solids | « By 2005, that at least industrial installations which are
« Over aperiod of 10 | » By 2010, to formulate and adopt | sources of BOD, nutrients and suspended solids, |ocated
years, toreduceby | guidelinesfor waste waters in areas of concern, dispose al waste water in conform-
50% inputs of BOD, | treatment and waste disposal ity with national regulation system
nutrients and sus- from industries which are * Tolocate coastal outfalls so asto obtain or maintain agreed
pended solids from | sources of BOD, nutrients and environmental quality criteriaand to avoid the exposure
industrial instal- suspended solids of sensitive environments (such as lagoons, seagrass
|ation sources of « To participate in the pro- beds, etc.) to excess nutrient or suspended solid |oads
these substances grammes and activities of « To promote primary, secondary and, where appropriate
« To reduce nutrient international organizations, and feasible tertiary treatment of BOD waste water
inputs, form agri- especialy FAO, on sustainable discharged into rivers, estuaries and the sea
culture and aqua- agricultural and rural develop- |« To promote sound operation and proper maintenance of
culture practices ment in the Mediterranean facilities
into areas where « To participate in the FAO * The reduction and beneficial use of waste water or other
these inputs are programme on the sustainable solutions appropriate to specific sites, such as no-water
likely to cause use of fertilizers and to encour- and low-water solutions
pollution age the preparation of national | » The identification of the availability and sustainability of
and regional strategies based on | productive uses of waste water dudge, and other waste, such
the controlled, appropriate and asland-spreading, composting, energy uses, animd feed, etc.
rational use of seeds, fertilizers |« To prepare environmental voluntary agreementsto which
and pesticides authorities, producers and users are committed on the
« To prepare guidelines for the basis of areduction plan
application of BEP (including | To assess the quantities and types of fertilizers used
good agricultural practices) for |« To assess the quantity of solid and liquid manure
the rational use of fertilizersand | produced by farm animals
the reduction of losses of « To promote therational use of fertilizer and reduce thelosses
nutrients from agriculture of nutrients by misuse of inorganic fertilizer and manure
« To promote ecological agriculture and ecologica aguaculture
* To promote rules of good agricultural practices
« To participate in the programmes and activities of inter-
national organizations, especialy FAO, on sustainable
agricultural and rural development in the Mediterranean
* To promote the implementation of the Convention on
Desertification
Sediment
mobilization | Not covered in the Strategic Action Programme
Litter * By 2025 at latest, to | « By 2000, to formulate and adopt | « By 2000, to develop national plans and programmes for
(Urban base urban solid guidelines for environmentally the reduction at source and environmentally sound
soild waste) | wastemanagement | suitableand economically feasble| management of urban solid waste
onreductionatsource,|  systems of collectionincluding |« By 2005, to establish environmentally suitable and
separate collection, | separate collection, and disposal |  economically feasible systems of collection and disposal
recyding,compogting| or urban solid waste or urban solid waste in cities and urban agglomerations
and environmental- | « By 2005, to develop programmes | of more than 100,000 inhabitants
ly sound disposal for the reduction and recycling |« To promote the reduction and recycling of urban solid
* By 2005 at latest, of urban solid waste waste
to base urban solid
waste management
on reduction at
source, separate col-
lection, recycling,
composting and
environmentally
sound disposal in
all citiesand urban
agglomerations
exceeding 100,000
inhabitants and
areas of concern
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Targets Activitiesat the Regional level | Activitiesat the National level
Physical « To safeguard the « To formulate guidelines for the | » To support programmes for ICZM
alterations | ecosystem function,| preservation of habitats and * To undertake studies on the potential effects on the
and maintain theintegrity | normal ecosystem functionsin environment or EIA according to the importance of the
destruction | and biological div- | coastal areas, particularly inthe | physical alterations and the destruction of habitats
of habitats | ersity of speciesand| context of ICZM related to management projects
habitats « To develop programmes for * To establish a system of previous authorization by
* Wherepracticable, to| 1CZM competent national authorities for works which cause
restore marine and physical alteration of the natural state of the coastline or
coastal habitats that the destruction of coastal habitats
has been adversely
affected by anthro-
pogenic activities

9. South Asian Seas (SAS)

Priority areasidentified for the protection of the marineenvironment from land-based activities:

» Development of strategy, including a Programme of Action for the protection of the marine environment of the
South Asian Seas from Land-based Activities;

» Development of a regional programme for monitoring of marine pollution in the coastal waters of the South Asian
Seas and the regular exchange of relevant data and information;

« Development of pilot activitiesin the countries of South Asian Seasto control the degradation of the marine
coastal environment from land-based activities

« Training of personnel involved in these pilot projectsto control the degradation of the marine and coastal environ-
ment from land-based activities, including the preparation of atraining-manual; and

» Development of aregional programme to identify special problems of the largest coastal cities and of theisland
Statesin areas of (a) disposal of domestic sewage effluents and (b) collection and disposal of solid waste.

« The preparation of (a) National Programmes of Action, (b) Regional Overview and (c) Regional Programme of
Action on Land-based Activities under preparation, coordinated by SACEP (Secretariat of the SAS Action Plan)
with the support of the GPA Coordination Office and will include two additional 1and-locked countries (Nepal and
Buthan).

Source: Matrices of the Status of Implementation of Regional Seas Conventions and Action Plans, UNEP(DEC)/RS.Inf 13, Second Meeting of Re-
gional Seas Conventions and Action Plans, The Hague, The Netherlands, 5-8 July 1999.

10. Red Sea and Gulf of Aden (RED)

Priority areasidentified for the protection of the marine environment from land-based activities:
» Development of aregional programme of action for land-based activities.
« The Regional Programme of Action on Land-based Activitiesis under preparation, coordinated by PERSGA (Red

Sea and Gulf of Aden Environment Programme), taking into account efforts of the Srategic Action Programme
under GEF, and with the support of the GPA Coordination Office

Source: Discussions of GPA Coordination Office with PERSGA Secretariat held during Second Meeting of Regional Seas Conventions and Action
Plans, The Hague, The Netherlands, 5-8 July 1999
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11. Wider Caribbean (CAR)

Priority areasidentified for the protection of the marine environment from land-based activities:

Source Categoriesand Activities:

Domestic Sewage, Agricultural Non-Point Sources, Chemical Industries, Extractive Industries and Mining, Food
Processing Operations, Manufacture of Liquor and Soft Drinks, Oil Refineries, Pulp and Paper Factories, Sugar Facto-
riesand Distilleries, Intensive Animal Rearing Operations.

Associated Contaminants of Concern

The contaminants mentioned bel ow have been identified on the basis of their hazardous or otherwise harmful charac-
teristics. Thislist shall serve as a guide when formulating effluent and emission limitations and management practices
for the sources and activitiesin Annex | of the Protocol on LBA (see more below).

1. Primary Contaminants of Concern

a. Organohal ogen compounds and substances which could result in the formation of these compounds in the marine
environment; b.Organophosphorus compounds and substances which could result in the formation of these compounds
in the marine environment; c.Organotin compounds and substances which could result in the formation of these com-
poundsin the marine environment; d.Heavy Metalsand their compounds, e. Crude Petroleum and hydrocarbons; f. Used
Lubricating Qils, g. Polycyclic aromatic hydrocarbons; h.Biocides and their derivatives, i. Pathogenic micro-organisms,
possible result of eutrophication; j. Cyanides and fluorides; k.Detergents and other non-biodegradable surface tension
substances; |..Nitrogen and phosphorous compounds; m. Persistent synthetic and other material sincluding garbage, that
float, flow or remain in suspension, or settle to the bottom and affect marine life and hamper the uses of the seg; n.
Compounds with hormone-like effects; 0. Radioactive substances, including their waste, p. Sedimentsand g. Any other
substance or group of substances with one or more of the characteristics outlined in Section 2 of Annex I.

The above information is as per priority sources identified in the Draft protocol on LBA being negotiated under the
Cartagena Convention by the Regional Coordinating Unit for the Caribbean Environment Programme ( see Annex | to
the Draft Protocol)

* The preparation of a Regional Programme on LBA will likely follow directives from the Plenipotentiary Meeting
for the Adoption of the Protocol on Land-based Activities (Aruba, 27 September-6 October 1999), where the
Protocol was negotiated, adopted and open for signature

Source: Discussions of GPA Coordination Office with CEP Secretariat held during Second Mesting of Regional Seas Conventions and Action Plans,
The Hague, The Netherlands, 5-8 July 1999
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12. Black Sea Environment Programme (BLACK)

Priority areasidentified for the protection of the marine environment from land-based activities:

Rivers:

Development of Black Sea Basin Wide Strategy, to address the eutrophication problem in the Black Sea. The objec-
tive of the strategy should be to negotiate a progressive stepwise reduction of nutrient loads, until water quality objec-
tives are met for the Black Sea, including the reduction of input of other pollutantsinto the Black Sea, in particular oil.
Given that the Danubeisthe largest single source of nutrient inputsinto the Black Sea, it isimperativethat strategiesfor
the reduction of nutrients be adopted for thisriver. The provisionsin the Danube Strategic Action Plan (maintenance of
1995 levels) clearly areinsufficient for addressing the eutrophication problem in the Black Sea

High priority point-sources:

Completed: A list of high priority sites (hot-spots) for reducing discharges of pollutants

On-going: National Strategic Action Plans (NSAPs) were developed and are at the stage of approval by Govern-
ments [as of July 1999] which will include strategies and timetables for substantial reduction of inputs of pollutants
from hot-spots by 2006, in accordance with agreed water quality objectives.

Planned: National reports on the progress made in addressing theidentified hot-spotswill be presented to the I stanbul
Commission and widely disseminated in 2000 and 2006. Thisreport should include an assessment of the progress made
on the strategy for each site. If the progress made isfound to be insufficient to meet the agreed water quality objectives,
further stepsto reduce inputs will be decided upon at the Ministerial meetings.

Regulation of point sources:

Planned: (1) Comprehensive national studieson the dischar ge of insufficiently treated sewage will be prepared
by each Black Sea state by January 2000. The Istanbul Commission, through its Advisory group on the Control of
Pollution from Land-Based sources will coordinate this activity. These studies will analyse the national and regional
benefits to public health, the environment and recreation as well as the economic costs of installing sewage treatment
plantsto serve as a basis for taking decisions and implementing measures on insufficiently treated sewage from large
urban areas by 2006. (2)  mplementation of the Protocol on L and-Based Sour cesto the Bucharest Convention and
the elimination of dischar ges of POPs of global significance. The following actions shall be taken:

» Water quality objectives shall be harmonised on the basis of use of water. The I stanbul Commission upon the
recommendations of itsAdvisory Group on pollution Monitoring and Assessment will adopt such harmonised
water quality objectives and where necessary standards by mid-1998. These objectives should be subjected to a
comprehensive review every five years.

« Each Black Sea state shall endeavour to adopt and implement, in accordance with its own legal system, by 1999,
the laws and mechanisms required for regulating discharges from point sources. The basis for regulating discharges
will be alicensing system, through which the harmonised water quality objectives can be applied.

« Each Black Sea state will also endeavour to adopt and implement, in accordance with its own legal system,
efficient enforcement mechanisms by 1999.

« Each Black Sea state will consider the introduction of policiesin which polluters are made to pay for compliance.
The application of environmentally friendly production processes or other innovative process which reduce inputs
of pollutants may also be encouraged through economic incentives.

Source: Paper on the “Black Sea” received from the Coordinator of the Black Sea Environment Programme at the Second Meeting of Regional Seas
Conventions and Action Plans, The Hague, The Netherlands, 5-8 July 1999.
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13. Summary of the Regional Programme of Action for the Arctic (Arctic Council Regional Programmefor the
Protection of the Arctic Environment from L and-based Activities)

Objectives Specificaction Action by whom Timeframe
Take actionindividualy |« Clearing House Devel opment All countries 1999
and jointly which will lead | « Revise Mining Guideline Proposal Canada
to prevention, reduction, | Establish Correspondence Group on Shipping Norway
control and elimination of |« Finalize Russian NPA Arctic Russia
pollution in the marine « Support for Russian NPA-Arctic and Partnership Conference | All countries
environment; * Review Operating Guidelines All countries
Regional identification  Co-sponsor I[UCN Marine Workshop in November PAME/CAFF IUCN
and assessment of * Report to CSD Canada
problems;
Regional establishment of |« Define Coastal Area 2000
priorities for action; » Respond to Marine Workshop Recommendations
Strengthen regional and * Preparatory Meeting on Partnership Conference
national capacity building; |« Identify Lead for Analysis of International Agreements and
and Harmonize, as Arrangements
appropriate, and adjust « Complete Shipping Analysis
measures to fit the » Consider Indicators for Offshore Oil and Gas Guideline
particular. Effectiveness
* Progress Reports to Ministers on:
* RPA, Russian NPA-Arctic, Partnership Conference
« shipping analysis
» meeting goals and objectives of offshore guidelines
» Status of agreements and additional instruments
» Hold Partnership Conference 2001
« Collate Shipping Proposals
« Collate proposed amendments to PAME Offshore Oil and Gas
Guidelines
» Respond to additional RPA Proposals
« Complete update on marine pollution sources
« Complete Analysis of International Agreements and Arrange- 2002

ments. Provide recommendations on:
« adequacy of international agreements and arrangements
* possible new shipping measures
* possible amendments to offshore oil and gas guidelines
* possible new measures for land-based activities

Priorities of Regional Programme of Action:

Sour ce categories Prioritiesfor action
POPs High

Radionuclides Medium

Heavy metals High

Petroleum hydrocarbons Medium

Sewage Low

Nutrients Low

Sediment Low

Litter Low

Physical degradation Medium-High

Source: Paper on the “Arctic Regional Programme” received
from the Chairman of PAME following the Second Meeting of
Regional Seas Conventions and Action Plans, The Hague, The
Netherlands, 5-8 July 1999.
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14. Summary of the Regional Programme of Action for the North-East Atlantic (OSPAR)

Sourceof |Objectives Srategy Specific Action Time
pollution action by whom frame
Human To prevent pollution | To identify the sources of Activities for 1998-1999, include: Working group | The reduction
activities | of themaritimearea| hazardous substances and on Point by the year
producing | by continuously | their pathwaysto the marine | Development of dynamic selection and Sources 2000, of dis-
the hazard- | reducing discharges, | environment and establish prioritization mechanism for hazardous sub- (POINT); charges, emis-
oussub- | emissions and whether these represent either | stances; preparation of comprehensive back- working group | sions and
stancesas | losses of hazardous| awidespread problemor a | ground documents on harzardous substances, on Diffuse looses of
defined in | substances (asde- | problem restricted to regiona | Review PARCOM Decision 96/3 on Harmonised | Sources hazardous
Annex | of | finedin Annex | of | or local environments. Mandatory Control System for the Use and (DIFF); substances
the OSPAR | the Convention), Reduction of the Discharge of Offshore Chemi- | working group | which could
Strategy | with the ultimate | To select substances to be cals; reports containing effects of dredging and on Concentra- | reach the
with regard | aim of achieving | given priority attention, contaminant inputs from dredged materials. tionsTrends | marine envir-
to Hazard- | concentrationsin | including those which give onment, to
ous Sub- | themarine environ- | reasonable grounds for con- | « Selection and prioritisation of hazar dous levels that
tances ment near back- cern that they are endocrine substances: are not
ground levelsfor | disruptors. a. give priority to the finalisation, by OSPAR harmful to
naturally occurring 2000, of the dynamic selection and prioritisation humans or
substances and To develop programmes and | mechanism for hazardous substances (including nature, with
closeto zerofor | measures to monitor and endocrine disruptors), and will apply this theaim to
man-madesynthetic | control the emissions, dis- mechanism to substances and groups of sub- eliminate
substances charges and losses of hazard- | stances of concern, including those substances them. Move
ous substances which reach, | and groups of substances as set out in the 1998 towards the
or could reach, the marine OSPAR List of Candidate Substances at Annex 3 target of the
environment. to the OSPAR Strategy with regard to Hazardous cessation of
Substances, discharges,
To take effective action when | b. give priority to the development of programmes emissions
there are reasonable grounds | and measures for the substances on the OSPAR and losses of
for concern that hazardous | list of chemicalsfor priority action (cf. Annex 2) hazardous
substances which reach, could | until the development of the selection and substances
reach, or areintroduced to the | prioritisation mechanism is completed. This by the year
marine environment, may Annex will be updated from time to time on the 2020
bring about hazards to human | basis of the results of the application of this
health, harm living marine | mechanism.
ecosystems, damage amenities
or interfere with other legiti- « Substitution of hazardous substances: Effectsof
mate uses of the sea, even a. develop procedures for identifying less Substances in
whereisno conclusive evi- | hazardous or preferably non-hazardous substitutes | the Marine
dence of a causal relationship | for hazardous substances used both on land and | Environment
between the inputs and the | offshore. Priority will be given to identifying (SIME);
effects. relevant substitutes for the hazardous substances | working group
on the OSPAR list of chemicals for priority on Inputs to
action. the Marine
Environment
« Development of programmesand measuresto | (INPUT);
combat pollution and others

a. prepare background documents, including
descriptions of Best Available Techniques (BAT)
and/or Best Environmental Practices (BEP), asa
basis for the devel opment of programmes and
measures for: i. the substances and groups of
substances listed in the attached Annex 2; ii. the
sectors listed in the attached Annex 3;

b. adopt appropriate programmes and measures
(including BAT/BEP) for these sectors, sources
and substances with a view to continuously
reducing discharges, emissions and losses of
hazardous substances;

C. give special attention to: i. the development
and adoption of programmes and measures for
reducing uses of the substances and/or the
generation of hazardous substances on the
OSPAR list of chemicals for priority action; ii. to
the need of developing other programmes of work
(e.g. asregards diffuse sources of hazardous
substances);

d. review OSPAR BAT/BEP measures in accord-
ance with the agreed timetable (cf. reference
number 1999-7) and taking into account, inter
alia, the progress achieved in the development of
BAT Reference Documents under Council
Directive 96/61/EC concerning integrated
pollution prevention and control.
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Sour ce of
pollution

Objectives

Strategy

Specific
action

Action
by whom

Time
frame

* Monitoring

a. establish inputs of hazardous substances to the
marine environment for: i. atmospheric inputs,
including an inventory of emissionsto air and the
monitoring of atmospheric pollutants; ii. riverine
inputs and land-based discharges directly into the
marine environment differentiating, where possible,
anthropogenic inputs; iii. discharges and emissions
from particular sectors (including offshore instal-
lations) or activities (including the dumping of
materials); iv. inputs of selected substances (e.g.
viapilot studiesfor adetailed overview)

b. monitor hazardous substances in relevant
compartments of the marine environment
(Coordinated Environmental Monitoring Pro-
gramme) and, in particular: i. develop and
implement programmes and models to provide
suitable monitoring data (e.g. surveys) concerning
hazardous substances and their effectsin the
maritime area (3); ii. Develop and apply screening
methods for hazardous substances not normally
monitored particularly those prioritised by the
Dynamic Selection and Prioritisation Mechanism
for Hazardous substances (DY NAMEC); iii. give
priority to the development of suitable monitoring
and testing techniques for endocrine disruptors,
iv. conduct, on the basis of an intercomparison
exercise, aconcerted survey of the maritime area
to gauge the spatial extent of any adverse effects
arising from exposure to endocrine disruptors.

* Assessment

a. assess whether there are reasonable grounds
for concern with regard to specific hazardous
substances (in particular when there is alack of
relevant risk assessment or monitoring data), and
will, to the extent possible, initiate immediate pro-
grammes to help characterise the risks connected
to such substances;

b. compile and consider the development and use
of tools and criteria (including guidance for their
use) such as: i. background/reference values; ii.
ecotoxicologica assessment criteria; iii. EQOsand
EcoQOs where applicable; iv. statistical techniques
and mathematical models for assessing inputs to
the maritime area and for evaluating the environ-
mental conditionsin sea areas

Human
activities
impacting
on marine
specie and
habitats

To protect and
conserve the eco-
systems and bio-
logical diversity of
the maritime area
which are, or could
be, affected asa
result of human
activities, and to
restore, where
practicable, marine
areas which have
been adversely
affected

To assess which species (or
populations of species) and
habitats need to be protected
and those human activities
that arelikely to have an actual
or potential adverse effect on
these species and habitats or
on ecological processes.

To draw up programmes and
measures (including guidance
for the selection and establish-
ment of a system of specific
areas and sites which need to
be protected) with aview to
controlling the human activi-
ties having an adverse impact,
and to restore, where practi-
cable, marine areas which
have been adversely affected,
giving priority to those marine
species, habitats or ecological
processes that appear to be
under immediate threat or
subject to rapid decline

For 1998-2003

* Develop and compile criteria and guidance for
the selection of species and habitats and apply
thisfor: i. the compilation of lists of e.q.
threatened or declining species and of threat-
ened habitats; and ii. and for the selection of
species and habitats which need to be protected;

« Carry out an assessment of the actual or
potential impact of the human activitieslisted in
Annex 1 [to this strategy];

« Carry out an assessment of marine areas which
have been adversely affected;

* Collect and evaluate information concerning
existing protection programmes for marine
species and habitats which are already protected;

* Draw up programmes and measures including,
as appropriate: i. asystem of specific areas or
sites which need to be protected and plans to
manage such areas or sites; ii. control of specific
human activities that have an actual or potential
adverse impact on species and habitats; iii.
protection of marine species, habitats or ecological
processes that appear to be under immediate
threst or subject to rapid decline; and iv. restora-
tion, where practicable, of marine areas which
have been identified as being adversely affected;

« Develop and implement a biological component
of the Joint Assessment and Monitoring
Programme aimed at assessing the status of the
biological diversity of the maritime area.

Theworking
group on
Impacts on
the Marine
Environment
(IMPACT)
will imple-
ment the
activities.

Rapid adopt-
ion of pro-
grammes and
measures
once Annex
V tothe
Convention
enter into
force
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Sourceof |Objectives Srategy Specific Action Time
pollution action by whom frame
Human To combat eutro- | Toidentify areaswhere actions | « Assessment of the eutrophication status Working By 2000 to
activities | phication in the need to be taken through an [priorities] group on have evalua-
that result | OSPAR maritime | agreed “Common Procedure” | a. carry out an evaluation of the situation in the | Nutrientsand | ted the situa-
inelevated | areg, inorder to | which will be used to char- maritime area that would be expected following | Eutrophication | tion expected
concentra- | achieveahealthy | acterise each part of themari- | theimplementation of agreed measures, (NEUT) with | inthe mari-
tions of nu- | environment timeareaas aproblemarea, | b. compile information on agreed methodolo- shared re- timearea
trientsin | where eutrophi- potentia problem area, or a gies and monitoring in support of the classifica- | sponsibilities | following the
the marine | cation does not non-problem areawith regard | tion of areas; with other implementa-
environ- | occur to euthophication. c. develop them where they do not already exist. | working tion of agreed
ment groups. measures,
To identify and quantify the |« Development and implementation of measures and to have
various sources of nutrients to combat eutrophication identified
and establish the direct and a. further develop and adopt harmonised non-problem
indirect links between these quantification and reporting procedures for areaswith
sources and any eutrophication| nutrients, including relevant sources, basic regard to
problems. figures, calculation methods and emission eutrophication.
factors;
To take an integrated target- b. review the implementation of, and reporting By 2002 to
oriented and source-oriented | on PARCOM Recommendation 88/2 on the have identi-
approach in the development | Reduction in Inputs of Nutrients to the Paris fied the eutro-
of further measuresto prevent | Convention Ares; phication
and eliminate eutrophication | c. review the implementation of national action status of all
inthe OSPAR maritimearea. | plansin the context of PARCOM Recommenda- parts of the
tion 89/4 on a Coordinated Programme for the maritime
Reduction of Nutrients; areaand to
d. review the implementation of, and reporting have agreed
on, any nationa or international measures as on any ad-
adopted by individual Contracting Parties for ditional pro-
the reduction of nutrients in discharges/ grammes and
emissions from industry, sewage treatment measures
plants, agriculture and other diffuse sources. reugired to
evaluate the experience gained and the results achieve by
achieved with the OSPAR Strategy to Combat theyear 2010
Eutrophication (e.g. in the light of the ongoing ahealthy
activitiesto fulfil the 50% reduction target) marine envir-
e. assess the need for the setting of further onment where
reduction targets; eutrophication
f. develop further relevant source-reduction does not occur
measures needed to complement or update
existing measures, inter alia by developing BEP
for the sectors listed in Annex 3; and
g. consider the updating of PARCOM Recom-
mendations 88/2, 89/4 and PARCOM Recom-
mendation 92/7 on the Reduction of Nutrient
Inputs from Agriculture into Areas where these
Inputs are Likely, Directly or Indirectly, to
Cause Pollution
Radioactive Activities for 1998-1999 include assessment of RAD and OSPAR
substances information on reduction of emissions from SIME will Action Plan
parties ;summary of national reports; revised implement the | 1998-2003
guidelines on BAT,; report on EIA for discharges. | activities
outlined

a. identify and take the action required by the
year 2000 as aresult of § 4.1aof OSPAR's
Strategy with regard to Radioactive Substances,
b. identify and assess the need for action and
prioritise by the year 2003 radioactive sub-
stances and/or human activities which giverise
for concern about their impact on the marine
environment.

c. undertake to devel op environmental quality
criteria for the protection of the marine
environment from adver se effects of radioactive
substances and report on progress by the year
2003;

d. develop programmes and measures, thereby
ensuring the application of BAT/BEP, for
nuclear sectors and for non-nuclear sectors with
discharges, emissions or losses of radioactive
substances (cf. Annex 3), including, where
appropriate, clean technology;

e. examine in the year 2000 the results of a
review and assessment of the reprocessing and
non-reprocessing options for spent fuel manage-
ment (carried out by the Nuclear Energy
Agency), and prepare proposals for actions to be
initiated / taken in the framework of OSPAR.
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Sourceof | Objectives Strategy Specific Action Time
pollution action by whom frame
Overall evaluation and * Monitoring and toolsfor assessment OSPAR'’s sub-
review of progress a. further develop and adopt a set of quantified | sidiary bodies
assessment criteria and means for interrelating | will execute
Note: activities for 1998- them for use in the characterisation of problem | the activities
1999, include: areas, potential problem areas and non-problem | in accordance
Five regional Quality Status areas with regard to eutrophication; with their terms
(R;eports (QSRs): Arctic Walers, |, ipjitiate the following actions in the period up | of reference,
reater North Sea, Celtic Sess, toth 2000: i. develop th iat d t
Bay of Biscay and Iberian Coaet | 0 theyear 2000: i. develop the appropriate | and presen
and Wider Atlantic to be final- | Scientific basis and an agreed methodology to | the relevant
ised in 1999. derive ecological quality objectives; ii. develop | resultsto the
procedures for the use of information from Commission

Revised “ Standard implemen-
tation Reporting and Assess-
ment Procedure” to be adopted
in 1999.

monitoring, research and modelling and for the
use of assessment criteria of the Common
Procedure; and

¢. adopt and apply ecological quality objectives
taking into account the review of the OSPAR
Strategy to Combat Eutrophication and of the
quinquennial reports on progress achieved.

» Assessment and Monitoring

Continue to work in accordance with the Joint
Assessment and Monitoring Programme (JAMP).
In the period 1998-2000, finalise the five regional
Quality Status Reports (QSRs) and the convention-
wide QSR 2000 in the year 2000. The findings of
the QSR 2000 will betaken into account in the
quinguennial review of the OSPAR strategies

» Compliance and effectiveness assessment
a. assess reports of Contracting Parties on the
implementation of programmes and measures
adopted under the Convention;
b. assess the effectiveness of these programmes
and measures with aview to improving the
protection of the marine environment.
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Annex 4

Regional Seas Programmes

ACTION PLANSOF UNEP'SREGIONAL SEAS
PROGRAMME

The UNEP Regional Seas Programme was initiated in
1974 asaglobal programmeimplemented through regional
components. Its general objective isthe sustainable man-
agement of resources through integrated management of
the coastal and marine environments, focusing not only
on the mitigation or elimination of the consequences, but
also on the causes of environmental degradation. The Pro-
gramme at present comprises 12 regions with over 140
coastal States and Territories participating.

Thefulcrum for each regional programmeisanAction
Plan, designed to link assessment of the quality of the
marine environment and the causes of itsdeterioration with
response actionsfor the management and devel opment of
the marine and coastal environment. The regional action
plans promote the parallel development of regional legal
agreements. Overal implementation of each action planand
activitiesis coordinated by a Regional Coordinating Unit
(RCU) to ensureintegrated and well-arranged execution,
from within the region, of projects under the action plan.

Mediterranean (MAP)

Action Plan for the Protection of the Mediterranean
Environment and the Sustainable Development of the
Coastal Areas of the Mediterranean (20 participant States).
Action plan adopted in 1976, rev 1995. Legidative au-
thority: Barcelona Convention for the Protection of the
Mediterranean Sea against Pollution (adopted in 1976,
entered into force in 1978, amendments 1995); operated
under the authority of UNEP's Executive Director on the
basis of decisions of UNEP Governing Council and the
meetings of Contracting Partiesto the Barcel ona Conven-
tion. Secretariat: Coordinating Unit for the M editerranean
Action Plan (Athens, Greece)

Caribbean (CAR)

Action Plan for the Caribbean Environment Programme
(28 Statesand the Caribbean territories of France, the Neth-
erlands and the United Kingdom). Action plan adopted in
1981. Legidlative authority: Cartagena Convention for the
Protection and Development of the Marine Environment
of theWider Caribbean Region (adopted in 1983, entered
into forcein 1986); operated under the authority of UNEP's
Executive Director on the basis of decisions of UNEP
Governing Council and the meetings of Contracting Par-
ties to the Cartagena Convention. Secretariat: Regional
Coordinating Unit for the Caribbean Environment Pro-
gramme (Kingston, Jamaica)

West and Central Africa (WACAF)

Action Plan for the Protection and Devel opment of the
Marine and Coastal Areas of the West and Central African
Region (21 States). Action plan adopted in 1981. Legisla-
tive authority: Abidjan Convention for Cooperationinthe
Protection and Development of the Marine and Coastal
Environment of the West and Central African Region
(adopted in 1981, entered into force in 1984); operated
under the authority of UNEP's Executive Director on the
basis of decisions of UNEP Governing Council and the
meetings of Contracting Parties to the Abidjan Conven-
tion. Secretariat: Regional Coordinating Unit for the West
and Central African Region (Abidjan, Céte d’ Ivoire)

Eastern Africa (EAF)

Action Plan for the Protection, Management and De-
velopment of the Marine and Coastal Environment of the
Eastern African Region (9 States). Action plan adopted in
1985. Legidlative authority: Nairobi Convention for the
Protection, Management and Devel opment of the Marine
and Coastal Environment of the Eastern African Region
(adopted in 1985, entered into force in 1996); operated
under the authority of UNEP's Executive Director on the
basis of decisions of UNEP Governing Council and the
meetings of Contracting Parties to the Nairobi Conven-
tion. Secretariat: Regional Coordinating Unit for the East
AfricanAction Plan (St. Anne Island, Seychelles)

East Asian Seas (EAS)

Action Plan for the Protection and Devel opment of the
Marine and Coastal Areas of the East Asian Seas Region
(10 States). Action plan adopted in 1981, rev in 1994).
Legidlative authority: A Convention does not exist (the
action plan isimplemented under the authority of UNEP's
Executive Director of the basis of decisions of UNEP
Governing Council and the Intergovernmental meetings
of the Coordination Body on the Seas of East Asia-
COBSEA) Secretariat: Regional Coordinating Unit for the
East Asian Action Plan (Bangkok, Thailand)

Northwest Pacific (NOWPAP)

Action Plan for the Protection, Management and De-
velopment of the Marine and Coastal Environment of the
Northwest Pacific Region (5 States). Action plan adopted
in 1994. L egidative authority: A Convention doesnot exist
(the action plan is implemented under the authority of
UNEP's Executive Director of the basis of decisions of
UNEP Governing Council and the intergovernmental
meetings of the countries participating in the action plan).
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Secretariat (on aninterim basis): Division of Environmental
Conventions, UNEP (Nairobi, Kenya).

Upper South-West Atlantic (SWAT)

UNEP is facilitating a tripartite cooperation between
Argentina, Brazil and Uruguay, but aregional programme
does not exists.

Northeast Pacific (NEP)

A regional programme is under negotiation with the
auspices of UNEP.

ACTION PLANSIN THE FRAMEWORK OF AND
ASSOCIATED WITH UNEP'SREGIONAL SEAS
PROGRAMME

ROPME SeaArea/Kuwait Action Plan Region (KAP)

Action Plan for the Protection of the Marine Environ-
ment and the Coastal Areasof Bahrain, Iran, Irag, Kuwait,
Oman, Qatar, Saudi Arabiaand the United Arab Emirates.
Action plan adopted in 1978. Legidlative authority: Ku-
wait Regional Convention for Cooperation on the Protec-
tion of the Marine Environment from Pollution (adopted
in 1978, entered into force in 1979). Action plan imple-
mented under the authority of the Executive Secretary of
the Regional Organization for the Protection of the Ma-
rine Environment (ROPME) on the basis of decisions of
the ROPME Council consisting of representatives of the
Contracting Partiesto the Kuwait Convention. Secretariat:
ROPME (Sefat, State of Kuwait)

South-East Pacific (SE/PCF)

Action Plan for the Protection of the Marine Environ-
ment and Coastal Areas of the South-East Pacific (adopted
in1981, revin 1986) (5 States). Legidative authority: Lima
Convention for the Protection of the Marine Environment
and Coastal Aresas of the South-East Pacific (adopted in
1981, entered into forcein 1986). Action planimplemented
under the authority of the Secretary General of the Perma-
nent Commission for the South Pacific (Comision
Permanente del Pacifico Sur-CPPS) on the basis of deci-
sionsof themestings of the Contracting Partiesto theLima
Convention. Secretariat: CPPS, the Secretariat of the CPPS
islocated in one of the member Stateson arotational basis
every four years, and is currently in Quito, Ecuador

Red Sea and Gulf of Aden (RED)

Action Plan for the Conservation of the Marine Envi-
ronment and Coastal Areas of the Red Sea and Gulf of
Aden (adopted in 1982, rev in 1985) (7 States). Legisla-
tive authority: Jeddah Regional Convention for the Con-
servation of the Red Sea and Gulf of Aden Environment
(adopted in 1982, entered into forcein 1985). Action plan
implemented under the authority of the Director Genera

of the Arab League Educational, Cultural and Scientific
Organization (ALECSO) on the basis of decisions of the
ALECSO General Conference and the meetings of the
Contracting Partiesto the Jeddah Convention. Secretariat:
Red Sea and Gulf of Aden Environment Programme
(PERSGA) (Jeddah, Saudi Arabia).

South Pacific (SPREP)

Action Plan for Managing the Environment of the South
Pacific Region (adopted in 1982, rev in 1991 and 1996)
(19 States and the South Pecific Territories and Dependen-
ciesof France, New Zedand, United Kingdom and the United
Satesof America). Legidativeauthority: Noumea Conven-
tion for the Protection of Natural Resources and Environ-
ment of the South Pacific Region (adopted in 1986, entered
into force in 1990); operated under the authority of the
Contracting Partiesto the Noumea Convention. Secretariat:
South Pecific Environment (SPREP) (A pia, Western Samoa)

Black Sea (BLACK)

Black Sea Environmental Programme (B SEP)(adopted
in 1993) (6 States). Legidlative authority: Bucharest Con-
vention on the Protection of the Black SeaAgainst Pollu-
tion (adopted in 1992, entered into force in 1994); oper-
ated under the authority of the Administrator of United
Nations Development Programme (UNDP), acting on be-
half of the implementing agencies of the Global Environ-
ment Facility (UNEP, UNDP and the World Bank), onthe
basis of the Odessa Declaration on the Protection of the
Black Sea (1993) within the general framework of the
Bucharest Convention. Secretariat: BSEP Coordinating
Unit (Istanbul, Turkey)

South Asian Seas (SAS)

Action Plan for the Protection and Management of the
South Asian Seas Region (adopted in 1995) (5 States).
Legidlative authority: A Convention does not exist; action
plan operated under the authority of the Director of the
South Asia Cooperative Environment Programme
(SACEP) onthebasisof decisionsof plenipotentiary meet-
ings representing the participant countries. Secretariat:
SACEP (Colombo, Sri Lanka)

OTHER REGIONAL SEASPROGRAMMES
Baltic

Programme of the Baltic Marine Environmental Com-
mission. Baltic Sea Joint Comprehensive Environmental
Action Programme (adopted in 1992) (9 States). Legida-
tive authority: Helsinki Convention on the Protection of
the Marine Environment of the Baltic Sea Area (adopted
in 1974, entered into force in 1980, rev 1982, signed in
1992 and entered into force in 1995); operated under the
authority of the Executive Secretary of the Baltic Marine
Environmental Protection Commission (HELCOM) based



on unanimous decisions, recommendations and ministe-
rial declarations of the Contracting Partiesto the Helsinki
Convention. Secretariat: HELCOM (Helsinki, Finland)

North-East Atlantic

Programme of the Oslo and Paris Commission for the
Prevention of Marine Pollution (adopted in 1992, reviewed
and updated on an annual basis) (13 States). Legidative
authority: The “Oslo” Convention for the Prevention of
Marine Pollution by Dumping from Ships and Aircraft
(adopted in 1972, entered into forcein 1974; administered
by the Oslo Commission)) and the“ Paris’ Convention for
the Prevention of Marine Pollution from Land-based
Sources (adopted in 1974, entered into force in 1978; ad-
ministered by the Paris Commission). The Oslo and Paris
Conventionsand Commissions ceased to exist on 25 March
1998 with the entry into force of the OSPAR Convention,
whichisadministered by the OSPAR Commission. Secre-
tariat: OSPAR Secretariat (London, United Kingdom)
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Regional Seas: Satus of Programmes of Action and legal frameworks on land-based activitiest

Regional
Seas

Legal
framework

Satus of
Regional Programme of Action

Adoption/
timeframe

Mediterranean
Action Plan

Barcelona Convention: Protocol for the
Protection of the Mediterranean Seaagainst
pollution from Land-based Sources and
Activities (1980, 1983, amended 1996)

The MED POL Regional Programme
now in Phase Il - Under implementation

Adopted in Novem-
ber 1997 (Meeting
of the Contracting
Parties, Tunis)

Caribbean Environ-
ment Programme

Cartagena Convention:

Protocol Concerning Marine Pollution
from Land-based Sources and Activities
(adopted in 1999)

To be developed following the adoption
of the LBA protocol (1999)

South-East Pacific

Lima Convention:

Second draft Regional Programme

giona Programme of Action for the
Protection of the Arctic Marine Environ-
ment from Land-based Activities)

Action Plan Protocol for the Protection of the South- | discussed at the Ninth Intergovernmental
East Pacific against Pollution from Land- | Meeting (Quito, February 2000)
based Sources (1983,1986)
East Asian Seas Submitted to the Fourteenth COBSEA Adopted in 2000
meeting (Bangkok, November 1999)
Red Seaand Gulf | No specific Protocol on LBA under the | First draft Regional Programme available
of Aden Jeddah Convention (initiative in progress | (March 2000)
for its devel opment)
South Pacific No specific Protocol on LBA under the | Regiona Programme developed Adopted by govern-
Noumea Convention ments(December 1999)
Black Sea Bucharest Convention 1992: Regional Programme under discussion
« Protocol on Protection of the Black Sea | by governments
Marine Environment against Pollution
from Land-based Sources (1992,1994)
* Protocol on Protection of the Black Sea
Marine Environment against Pollution
from Dumping (1992,1994)
South Asian Seas National/Regional Programmes under
development
Kuwait Action Plan | Kuwait Convention: Regional Programme under implementa-
Protocol for the Protection of the Marine | tion
Environment against Pollution from
Land-based Sources (1990, 1993)
West and Central No specific Protocol on LBA under the | Regiona Programme discussed at the
AfricaAction Plan | Abidjan Convention Fifth Conference of the Parties (Accra,
March 2000)
East AfricaAction | No specific Protocol on LBA under the | Regional Programme discussed at the
Plan Nairobi Convention Second Meeting of Contracting Parties
(Mauritius, November 1999)
North West Pacific Regional Monitoring Programme Adopted by the Fourth
(NOWPAP/3 Phase 1) Intergovernmental
Meeting (Beijing, 6-
7 April 1999)
Upper South-West Regional Programme devel oped
Atlantic (noformal National Programme under development
Secretariat, coopera- by Brazil
tion facilitated by
UNEP headquarters)
Northeast Pacific
(creation of this
Regional Seaswas
called for by UNEP
Governing Council
decision 20/20 of 5
February 1999)
Baltic Helsinki Conventions on the Protection | No Regional Programme developed. LBA
of the Marine Environment of the Baltic | are addressed by separate programmes
SeaArea (1974) and (1992) (1999) under the Helsinki Convention
North-East Atlantic | Convention for the Protection of the No Regional Programme devel oped.
Marine Environment of the North-East | LBA are addressed by decisions and
Atlantic (OSPAR Convention) workplan under the OSPAR Convention
Arctic Regional Programme developed (Re- Adopted by theArctic

Council Ministers
(Igaluit Declaration,
18 September 1998)

lInthistable, yearsin bracketsindicate the year when the corresponding legal instrument was adopted and the yearsin bold indicate the year when legal
instruments entered into force.







