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PREFACE

Altheugh the idea of summarizing the state of marine pollution in the world oceans is
probably much older than one might imagine, the sperific idea of reviewing the health of Lhe
oceans secms (o have first adscn in the report of the ACMBR/SCORR/WMO Joint Working
Party on Global Ocean Research {Ponza and Eome, 29 April - 7 May 1569},

This idea was taken ap by the ACMRE/SCORJACOMRJGESAMP Juint Working Party
on the (flobal Investigation af Pollption in the Marine Enviromment {San Marco di Castelisbate
and Rome, 11-1% October 1971}

The Action Plan adopted at the tnited Nations Conference on the Human Environment
(Stockhalm, 5-16 hine 1972} recommended that GESAMP should assemble scientific duty and
provide advice on scientific aspeets of marine pollution especially those of an mterdisciplinary na-
ture,

The GO Internations! Co-ordination Group for GIPME at its first session {London, 2-6
April 1973) recommended that TOC retain a consultant tn bring together the available dara into a
report an the [{calth of the Oceans. Profissor E. D. Goldberg was asked to do this waork, and his
report was pubbished by UNESCO mn 1976.1

The fiicenth session of the Inter-Secrerariat Commitler on Scientiic Programunes Relating
to Geeanography (ICSPROY, recommended ~...that GESAMP should be invited to advise a PEMCIES,
and LISEF was asked Lo take the initiative, i consultation with other agenctes, for the preparation
uf a detailed request ta GESAMP for 2 critical cxamination of present and planned methods by
which Lo generate a continuous authoritative review and assessment of the health of the oceans”.
The itiative requested of TNEP was taken up at the meeting of the GESAMP Joint Secretariat
{Geneva, 4-3 June 1977) when it was decided that the preparation af "periodie reviews of the state
of the marine Environment as regards marine pollution” shauld become ane of the main terms of
reference for GESAMP.?

1 Goldberg, E. D (1974, The Health of the Oceans. U™ ESCC, Paris.

¢ The Joint Geoup of Experts on the Scenmific Aspects of Marine Pollutlon, (GTSAMP) & an advisery body to the
Hesads of cight erganirations of the U'nited Walions Systers (UN, LNEP, FAO, Unesco, W10, Whil, MDY, and
[AEA),
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EXFECUTIVE SUMMARY

1. In 1989 man's fingerprimi is foued everywhere in the occans. Chemical condamination and litter tan
be chserved from the poles to the trnples and fromm heaches 1o abyssal depths. Bt condifions i the marine en-
vironnent vary widely.

2. The open sea is still redatively clean. Low levels of bead, synibedic organic compounds and arificial
ralicnuclides, though widely deteciable, are biologically Bxclrnilicant. (4 sicks and Rtte are common along
sea lames, bat are, at preseat, of minor consequened to commumlivs of organisms living in open-ocean walas.

1 Tn voptred Lo the opn ocean, the margims of the sea are affected by man almost everywhere, and
encroachnient on coastal areas eomlimurs worliwide. Habitats are being lost irretrievably to the comstruction
of karbeurs and industrizl instzllavions, 1o the devilopmeni of tourist Tacilities and marculinre, and to the
growth of zettlenents amd cities. Adthowgh Dot to quastily , desiruction of beaches, coral recls amd wetlands,
induding mangreve foresls, o well s ierrasing anedon af the shore, are evidend all veer the world, ITun-
checked, this trend will kead to plobal deterioration b the quality and productiviy of the marine envinmendL.

4. The growing exploitalion of the coast &s a reflechion of population increase, accelerading urbanization,
greafer affluence and faster fransport - trends that will vontinue threughout the wodld. Controllieg ceastal
developrzent and protecting habitats wilk require changes n plunning both inland anl on the cuasl, oficn in-

valving painful secizl and polifical choices.

5. A wide rarge of ardivitiex en land contributes to ke release of comtaminanis to 1he sea either directhy
or carried by rivers amd the atmospheve, whils sca-borme activities make a2 minor additieon. Dely 2 small part
of those contaminan s Bas spread beyend the bmiis of the continenial sholf. The bulk remains in coasial waters
amd, in places, particularly in poorly flusdhed aceas, has il up to saymilicant bevels. Chr views un Lhese con-
taminants are ssinmarized bedow in what is Judped s their current order of imporiansee,

. The rate of introduction of mutrients, chiefly nitrates bat sometimes alwo phosphates, is inercasing, and
areas of euirophication are expanding, Zdong with enbamced frequency and seale of wnusaal pl zakton hlwns and
exuoemive scaweed growth. The two major scurces of nutrienis fo coastal waters are sewapge disposal and apri-
cwl tural run-off from fertilizor-lnzaed lickds and from intensive stock raising. The degree of damape yaries from
area to area, reflecling site conditions and nuieiemt lpgd. Mutricol cyntuminalivn is costly in lerms of kel re-
gources armd spoiled amewity but offective remedial action is difficult. It will involve large investmenis in treat-
menl plants and in sludge and effloent dicposal, and prkor vhamygss io agricultural practices. I & W50 dilficuli
1u relide these inputs to the ocomrence of Mooms beeavse ibe quantitalive relations between notrient inpat and
cutruphicativn arc unchear and because of the confoanding role of other ecological Tactors acd of climatic vari-

atipis

7. Microbial comtamination from sevwagpe coses many human dscases, includimg cholera and hepatitis
A, Control requires proper design and siting of outfalls, coupled whth Hgorotrs surveillance of shellfish bads and
their markeied producis, and the imely hanning of comlaminaled seafood. Microbial contamination of sea water
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unfit for human consuaption. However, coastal rursery groands and shallinr waters are Ining increasingly de-
graieal, and marine resources, both wild and farmed, vouTd eventually be damaped oa a global seule, In addition,
the expluitafian of living mariee resources may degrade ihe cnvironment by damaging kabitats and altering foed
webs, while marivulture, which is rapilly expanding, generafes its own local pellution and may upset the veo-
logical Lalance by the infroduction of exotic species and Buaruscs,

I5. These are: problers vn which action can be identified naw. There are additionzl isszes thal cannot
at present be fully assesasf in relation to the seas, namely, the effects of climate change, incuding a possible ris;
in sea level resulting ram globai warming due to increasos in greenhouse gases, o thwe impact of a reduction
of sirzluspheric neone, which may affect marine resoures fhrough Increased exposere to uliravialet radintion.

I6. A number of international agreements now supplement natlonal regulations uimed at prodecting the
seas. ‘They concern mainly podintion from sea-borne sources and havwe plaved a rofe in reducing swran poliution,
particularly by uil residues. Ilowever, much remains to be done to control lamd-based sauirees, the main eon-
trilbmtors to contamivation of The scay,

I17. e conclude that, at the end of the 1980, the major cagses of immodiate concern in the marine
environment an a globuf busis are coastal development and the attendant destruetion of habital=, eutrophicativn,
microbial contaminution of seafosd and teaches, fouling of the seas by plastic litter, fFrigressive build-up of
chlorinated hydrocarbnons, especially in the trapics and the subtropics, aad acoumulatinn of tar on beaches,
Howevwr, concems may differ from region te region, reflecting bocal situations amd priorities. Furthcrmore,
throughout the warld, public perception muy still aceard greater importance to wther vontaminants sich as
radionuclides, trace clemenis and oil. Thes were highlighted in the 19852 GESAMP Review and ar: vonsidered
again in the prevent report, hut we new regard them as being of focier concern.

I8, While no areas of Ihe ocean and none of i principal resources appear 1o be imevocally damaped,
and most are still unpolluted, while there are encolraging Signs that fn son arcas marine contamination s
durreasing, we are concerned that 1oo lirtle is being done to coreet or anticipate situations thar call for arlion,
that Rat epough consideration is being piven to the consequences Tor the oceans of coastal develupment, and that
activities on Land cwtitinue with litile regard o their effeces i roasial waters. We fear, especially in view of the
continuing prowth of buntan populations, that the marine vovironment could detegiorate siynificantly ia the nex{
decauls: wnless strony, co-ordinated nationsl and international action is taken now. 41 the natiowal lvel in par-
ticuiar, the converied application of incasures to reduce wastes and to conserve ram materiak. will be essenial.
The afforts will be greet and dae costs high, but nuthing less wil ensure the continued health of the sea and the
lhaintcnnnm of its resources.
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5. 'The biological impact of man's activitics is considered, parhcularly the effects of
wastewster discharges on human health, and the chunges of inshore ecosystems cansed by nutrient
inputs. The ipcreasing loss of natural coastal habitats around the world is documented, with spe-
cial reference to wetlands such as mangrove lorests, to seagrass beds and to the very sensitive coral
ccosystems. Longer-term problems include the possibility of subtie effects of persistent low levels
of contamination, as well as the effeces of an increased ulteaviolet flux dee o depletion of the
stratospheric ozone layer, and the consequences of increases in the “greenhouse” gases which are
expected to produce a rise in sea level and a change in climate patterns with unknown effects on
INATITIC CONSYFIES.

6. The increasing wortd population, its preferential sctifernent in the coastal zone and the
resulting industrialization of that arca will only exacerbate the problems at the margins of the seas,
in conlrust to the open oceans. These problems arise at a time of increasing enviranmeatal
awareness, and it 15 important that a broad and balanced vicw be taken of how hest to protect the
environment. The essential Lukage between terrestrial, aquatic and marine compartments should
be recopnived, and all available opticns considersd.

7. At the same time it is impertant to distinguish between perceived and real problems, re-
cognizing that the assessmenl of an issue by the seientific comumunity may dilfer from that of the
gencral public. While public perceptions, however insubstantial, must be taken seriously, and
while it is entirely proper that political actien should take account of thermn, cfforts should be made
to provide rasional explanationy end ensure that the public is well informed about the state of the
currenl knowledge. Lt should also be recognized that what is possible and indeed mandatory for

an industrialized counlry may need to be viewed in a different Light in the developing world,

¥ Against this background, the report considers the existing mechanisms for protecting the
marine environment and controlling pellution. [t refers to their national and international aspects
and concludes with an everview of the most important problems facing the seas.

9. Almost ten years have now passed smee GESAMP presented its {irst report on the [lealth
of the Oceans. it is relevamt to note briefly some of the changes that have taken place in Lthat
decade. Analytical technigues bave been improved, satelfile observations have come into use for
large scale studies, techniques fur process controf amd pollution abatement have heen turther de-
veloped, new national legislation and regulations have been introduced, and international apree-
ments reached on a wide range of environmental issues. Significant changes have oceurred in the
pattemm of energy wse, with associated reductions in the amount of oil transported at sea. Finally,
there have been some major accidents involving shipping, the chemical industry and nuclear in-
stallations. The scientific literature on narine palluticn has increased by at least 50 per cenl. A
greater degree of public interest and sensitivity to the environment has developed, raising expec-
rations #nd cawsing changes in privrities for action. These are reflected in the discussions that

Follow.,
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I. HUMAN ACTIVITIES AFFECIING THE SEA

12, [n discussing the state of the aceans it is appropeiate to focus on those human aciivities
that are likely to affect the marine environment. This chapter examines the most mportant of
them. For some the impact s a matter of immediate concern, particalarly where human healih is
involved, and prompt action is required. For others, there will be consequences only in the me-
diumn or long term, but it is none the less impuortant ta rccognize problems as early as possible so
that effective measures can be initiated belore damage vecurs.

A. DEVELOPMENT OF COASTAIL AREAS

13. The coastfine is a complex region comprising bays, estuarics, and large semni-cnclased
arcas where human populations and industrial development are concencrated. It is the focus for
contaminants fram inland areas as well as from developments along its length. Most of the suvurces
of centamination discussed in this chapter eontribute directly or indirectly to problems in the jm-

mediate coastal zone, and arise from activities specifically Jocated there.

14, Although a relationship between human population increase and covironmental change
| has long heen recapnized, attempts have been made only recently to ussess the cumulative impacts
of land development in the coastal zone by recording their physical, chemical end biologicul con-
_ sequences. This reyuires knowladge of trends in water quality, and an understanding of the man-
A agement of aquatic habitats. Equally important is the econemic analysis o damage to natural
o resourees and human health against which the cost of contrel measures will need to be justified,
Many of the impacts recorded are common to mast enastal developments, but it is usefil (o con-

gider industrial and recreational activities separately.

15. The development and maimienance of purts and harbaurs is of prime concern to human
populations, Water exchange in these areas is often limited and shipping activities introduce
coniaminants, mcluding oily wastes, cargo cscapemeant and human wastes released From shipboard.
These are subject to national and intemations} regulations, but contamination at ports is diflicult
tw control since it enters the sea by many routes, including discharges from pipes, run-ofl from
streets, roofs and parking areas, and inputs ffom the atmosphere. Also, harbouwrs are the first point
of contact with the sea for many rivers, which add a wide variety and large quantity of Tand-derived

materizl.
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arcas, but awarencss, reseurces and political will are neaded if the health of the resident and the

transient populations, the survival of marine witdlife and the Fanctional witegrity of the vital land-
sea interfice are to be maintained.

B. DISCHARGE OF WASTEWATERS

22. Contaminamts from land reach the marine environment by a variety of pathways.
Coastal outfalls discharge directly to estuarics, inshore waters, bays and open coastal urcas.
Sterm-water (lows may be too great for drainsge and treatment facilities and, when run-uff is tog
Fast, may exceed the assimilative capacity of the recetving waters. Rivers act as large-scale colloe-
tors and catriers of wastewaters [fom diverse sources within their druinage basins and offload them
to the sea. Thus, rivers can be regarded as major point sources of mixed contaminants, the Inputs
of which depend on the contaminant load of the rivers and on the phvsico-chemical and biolugical
transtormations taking place in the dver itsell], and especially in the estuarics and the near-shore

20T,

23, Non-paint sources draining to coastal waters include surface run-off from agricullural
arcas, wash-out of apgrochemicals, and transport of sediment due to cosstal erosion or o

deforestation and descrtification in the hinterland. Land management practices largely determine
these various influxes.

24. . River inputs and non-point sources are discussed clsewhere {section 11 A}, This chapter
focuses on direct discharges from point sources along the coastline. Two are predominant: Jo-
mestic sewage and industrial effluents. [n urban arcas both waste streams are often mixed in
sewirage systems and reach the sea togelher as municipal wastewater, This then contains material
uof domestic oripin as well as a variety of industrial and other effizents with higher conceatrations
of contarminants which have been discharged to the community sewerage systums.

25, Conraminants (rom these sources can be grouped as follows:

- MICTO-Or panisms

- organic material affeeting oxygen balance
- nutrients

- trace elemenis

- synthetic organic r}umpounds

- petraleum-related compounds

- particulatesfsedimenis

- hcat

It should be emphasized that cffluents usually contain 2 mixture of thesc, the composition varylng
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ing of chemical polution.

3, In the past, most polution control strategies had been prompted, usually post foc, by
evident effects of, for example, exeessive oxygen demand, or of discharges of nutnents, metals and
pathogenic organisms, but recent and current policies try 1o forescall effects by controlling nputs,
defining potentially hazardous substances and stringently limiting their disposal. Ilowever,
toxicological information by itself cannot be the basis of control. Knowledge of discharge loading
and dilution rates, as well as evidence of effects on specific organisms, is reguired.

12. Few monicipal wastewater treztment plants handle domestic sewage alone; most have
an indwstrially contributed load in addition, restricting the options for efficient waste treatment and
shodge untilization. The degree of contaminant removal and the natare of the efflvent discharge
depend upon the types of substances refeased from iondustry, the treatment precess technology
used, the design of the treatment plant, and its eperational elliciency. Most of the larpe
urbanfindustrial centres in developing countries have no eflective wastewater treatnlent system,
and the siting and design of their outfalls olten do not provide adequate dilution and dispersion,
thus potentially endangering huran health and resources.

33, Ewen in developed countries, large population centres ars still likely sources of contam-
inants through their untreated domestic effluents. Thos, while Marseilles, I'rance, has very re-
cently set up a modern sewape freatment plant, a aumber ol larpe cities on the industrialized
northern shore of the Mediterranean and its kinterland still Jack one. Even when facilities are
available, they may be inadsquate when load is high owing to seasonal increases. In these cases
additional treatment for peak load capaciiy can be costly to provide, and overflow release may be
preforred in the short term, but appropriately sited offshore oulfalis are ﬁeeded, arnd these require

surveillunce to ensurc that they are, and continue to be, effective.

34, In tropical and sub-tropical ocearnc arcas where long stretches of the coast may be
rarher sparsely papulated, most of the sewage liom small communities either does not reach the
sea or i too diluted on discharge to cause detectable harmm. Notable exceptions are population
centres o coastal areas and estuaries m Latin/Central America, South-Fast Asia and Western
Africa and some small but densely populited ocrcanic istands. Durmg storms, domeslic and -
dustrial wastewaters from large merropolitan arcas often reach the sea through storm-water over-
flowr and apen eanals, receiving oo treatment. Seafood harvested in these places constitutes one
af the major public health hazards related 1o the marine environment.
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sea disposal is cancentrated at & single site or repeated as a cyclic operation o¥er & more extensive
arca, Cycling will be more damaging if the capacity or time scale for recovery or recolanization
of 2 slow-growing community is exceeded by too frequent discharges.

A0, Mine tailings are of particular concern. It has been a common practice at coastl wines
to Jdispose of waste materials to the sea either dircctly or by dumping into rivers from where the
wastes are periodically swept to the sca during [ooding. Some effluents are chemically inert, for
exarmple from china-clay mining, and the environmental effect s largely due to physical blanketing.
Far meta! ore miming, on the other hand, operations extend from iniual extraction-concentration
activities to the final smelting-refining procedures. The resulting wastes zre toxic, particularly
those from the later stages, since the refined product offen comes from intensive chemical treat-
ment designcd to isclate metals and their compounds. The main metal peoducts from coastal
mines andfor processing facilities are aluminium, copper, iren, lead, mercury, molybdenum, tin,

and sne.

2. Industrial wastes and sewage sludge

41, Tndustrial wastes dumped at sea cun present much more varied and intractable problems,
They may he highty acidic or alkaline; iquid or largely particulate, and anything from relatively
incrt to extremely toxic They include wastes from the chemical, petrochemieal and pharmaceu-
tical industrics, [rom pulp and paper production, from smchers, [rom the food industry, from
flue-gas washings and [rom miblitary activities. Pre-treatment of wastes al industeiad sites botore
disposal is judged to be essential in an increasing number of countries. T.D4 recards show that in
the period 1970-1985 the largest amount of industrial wastc dumped at sea was 17 nullion tonnes
i1 1982, and the smadicst, 6 million topnes in 1954,

42, ‘The monitoring techniques used m assessing the impact of waste disposal o the sea -
volve physical or chemical tests and species-diversity studies, but some are peocedurally eomplex
and costly, and all are difficult 1o interpret if not properly planned and carried out. Manv of the
data are not comparable between sites or studics because of the speciticity of discharges, dispusal
sitcs and targets, and because standard procedures are not reutinely wsed. Earlier studies are niot
always of direct practical use in environmenial forecasting for new developments. Current TTei-
toring strutegies and practices in relation to the disposal of industrial wastes st sea should be re-
viewed to assess thair effcctiveness. Guidelines should be developed ta ensere thar all relevant

variables and only Lhe relevant ones are monitored.

43, The sludge anising from the treatment of sewage can be used as fertlizer on agricultural
land or For land reclamalion, when it is not contarmnated with high levels ol metals, oils aod ar-
ganic chemicals. However, in some cases it may he more econonuc and environmentally preforabic
to dispose of it at sea, Municipal sewage sludge normally does not contain contaminants in high

concentrations, but excessive dumping may have hamnful effects such as oxygen depletion and
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48, On available evidence, the environmenlzl implications of incineration at sea cannot be
regarded as more sigrificant than those of incineration on land. There are lumtations and risks
associated with eirher choice. Tn practice, the choice will depend mm a careful analysis of technical,
social, and political 2s well as environmental factors. Pending the outcome of the 1992 LDC as-
sessrmenl, some countrics, {or instance small island counlries, may find incineration ai sca tu be the
preferred, or even the anly, eption for the disposal of certain wastes. For thesc reasons, GESAMP
considers it appropriate to review the environmental aspects of this technology al an garly date.

D. MSPOSAL OF PLASTIC LITTER

4% The sea is inevitably the recipient of solid marter, intentionally disposed of or acci-
dentally lost. This can interfere with fishing, shipping and other marine activities, bul can also
support Lfc in the sea by providing additional surfaces for encrusting orgamisms ang shelter fur
mobile specics. Ln the past, much of such solid matter disintegrated yuickly, but resistant synthetic
substances have been replacing many natural, mere degradable, materials and this trend is con-

Tiouing.

50. There is now growing concern among fishermen, scientists, seafarces, conservationists,
and tourists ahout the increasing amounts of plastic meterial found at sea and on beaches. Such
litter originates from both land-based and sea-bome sources. Most beaches near pomuation
centres are littered by a multitude of plastic residues washed up from the sca, contributed by Tivers,
ships and outfalls, dumped by illegal refuse operators, or left behind by buach users.

31, Since most synthetic materials are buoyant and persistent, they present a threat 1o liviang
organisms and the natural envivunment. Plastic debris can be loosely classified in three groups:
{1} tishing gear and equipment, such as nets and lines; {2) packing bands, straps and synthetic
ropes; and {21 plastic litter, including bags, bottles, sheeting, packaging materal and small pellers
trom which "user” plastics are mamifactured. Such dubris has been recorded, sometimes in large

quantities, in the oceans, including the polar regions, and from intertidal areas to abyssal depths.

$2. First, debris from Ashing vessels causes a particular problem.  Nets which are discarded
or lost ¢an continue o catch or entangle marine life and, being non-degradable, they may zcl in
this way [or yeatrs (ghost-fishing). They can trap marnipe organisms when floating, an the surface,
when snagged on the bottam, or when drilling at some intermediate Javel. M arine maounals, fsh,
sea birds and turtles are ameng the animals at risk. There is also a degree of human risk to workers
underwater wha may become entangled in #banduned netting. * Lebris can also sertausly allect
shipping by fouling propeilers, damaging drive shafls and clogging sca intakes and evaporators.
The loss in productive time at sea and the costs of repair represent a clear ceononic detriment to

maritime industrics, and, in the casc of fishing vessels, can reduce carnings significantdy. A 1975
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madified by the Protocol of 1978 relating thercla (MARPOL 73{73), in its Annex ¥, contains
regulations for the prevention of pollution by garbage from ships, which entered into foree in De-
cember 1988 These include prohibition of discharge Lo the sca of alf plastics, such #s synthetic
ropes, fishing nets and plasiic bags. CGuidclines for the implementation of Annex V to the Con-
venilon request gavernments to consider a series of measures, including reporting swstems, record
bocks on board ships, compliance incentive systetns and educational programmes.

59, The abandomment of trash such 25 worn vehicle tyres, discarded domestic equipment,
cans and crates coniributes to the unscemly aspect of many shares, especialiy thase close ta urban
areas. In some instances, even medical and surgical equipment has been reported on beaches,

&0. Hdoeational campaizns will be a.powerlol teol n bringing uhﬁnge:; iy pubbc altiludes
towards the environment, and such campaigns have indeed been introduced snce 1988 by many
comfracting parties to the conventions or protocols for the prevemtion of marne pollutiun by
dumping of wastes. Nevertheless, more effort should be directed towards convincng the public
and the autherilies of the value and small personal cost of keeping the environment clean - at sea
and on the beackes as much as along rivers, inside cities and on mountain slopes.

E. MANIPULATION OF HYDROLOGICAL CYCLES

6. Major changes in the pattern of river flows that are of significance to marite ecosystems
can take place as a result of natural causes. The Yellow River in China, lor example, has made
several radical alterations of covrse during the past 4,000 years, entering the Yellow Sea at points
varying by as much as B0 km. The changes imroduced by the deliberate actions of man in directly
exploiting river hydrology must be viewed in this perspective.

62. Man-induced alterations of river flow date back to ancient civilizations, but major dam
huilding did not begin until the early twentieth century. The buildmg of great multipurpose dams
has accelerated since the 19505 with advances in eogineering technolagy, particnlarly in the use of
concrele. [n the 19605, 40 to 55 dams were completed each year, and recently the number of such
schemes bas increased substantially, [n Alrica and North Amenica at least 20 per cent af run-off
originates from impoundments; in Europe and Asia 15 and 14 per ceat; in Australasian and South
Ametican areas, 4 and 6 per cent, respectively.

63. Rivers camry large amounts of dissolved and particulate material to the sea. Their dis-
charges are highly variable, being determined by chemical, physical, and biological factors i the
river basin. The plobal amount of sediment reaching the oceans is 13.5 107 Mt y'! but the
paucity ol accurate data, the difTiculty of measurements durmg fined conditions and the degrec of
extrapolation needed makes estimates nnecertain. The major phyacal and chernical mflwence of
river discharges in the coastal receiving waters depends on their flow, which will be altered sub-
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entirely held back, The effect on fisherics has been dramatic,.  Shrimp fisheries declined and the
Sardinefla yield of 18,000 tonnes in 1962 deopped to 2,000 tonnes in 1967 and remuined between
2,000 and 1,000 tonnes until 1983, There are now sipns thae the yield i3 rising again, possbly in
response to increased nutrient inputs provided by drainage waters from the irigation of agricul-
tural areas in the delta and improved fishing methods. Major coastal developments have also
far-reaching cflects on the speiics composition of adjacent waiets {e.g. the apening of the Sucx
Canal on Mcditerrancan species) or on the nature of the coosystern {e.z tdal dams and barrages).
{ither tvpes of barriers placed across rivers, such as tidal contral pates, can lead o local mortality
in downstream coastal shellfish beds znd suspended lish culture cages during high Nows.

6%, In conclusion, manipulation of hydrological cycles on land can have adverse cifects in
Lhe roarne evnvirenment by changing the structure of ecosysterns, diminishing the vicld of lisherics
and altering coasthines. Clearl_t,r, while dams and diversions are planned to benefit agriculiure or
other human activities, & balance mst be struck hetween the positive gams cxpeoied at a locul
level and the probable, but more remate, adverse effects oo the overall environment,

F. LAND-USE PRACTICES

7). While water diversion and dam building in inland arcas have prolound eflects on the
caastal zone by aitering inputs of fresh water and sediments and by changing the physical charac-
teristics of the coastline, a number of other activities conducted well inland alse aflect the sca and
its respurces. One of the most important of these is the intensive use of persistent agrochemicals,
but deforestation, alforestation, imigation and several other land-use practices are also significant.

Their impact on the coast showld be taken into consideration at the planning stage.

T1. Whle it is apparent that large-scale clearing of forests and of grasslands pencrally resulcs
in more rapid run-off leading ve soil erosion and mcreased sedimentation in coastal areas, the m-
fluence of trees varies with locsl topography, rainfall and soils.  Targe-scale alforestation in
temperate climates has led to reduced river discharges by increasing cvapotranspiration, and 0o
changes in drainage-water quality, although the effect may be different in different edaphic and
climatic conditions. Adverse effccts also result from intensive farming practices. For example,
intensive livestock rearing leads to high ammenia emissions with potential for soil acidification and
more acidic drainape; overgrazing increases soil erosion, particularly in arid areas: disposal of ani-
mal wastes by land manuring or theough sewers incrzases the organic load discharped to coastal

ATCHR.

72. The world-wide pressure to increase irmgation in arid arcas has oftcn led to adverse el
fects and will also have consequences in the long term for the matine environment. Tor example,

irrigation waver is often entmely consumed tefore reaching the coast, and any dreinage from iml-
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waters and more hostile environments. With the move towards stabilization of prices at lower
levels in 1986, the trend in consumption has again been upward.

77. The peneral picture in the decade up to 1986 is of a dramatic drop of 25 per cent in the
amount of oil moved by sea, 431 mitlion tonnes Yess in (986 than in 1977. This reduction took
place almost entirely in the Middle East, the 1986 exports from that area being only 33 per cent
of the 1977 figures, a reduction of 483 millian onsnes. The main importing areas were siill Western
Evrcpe first, the U.5.A. second and Japan third, but over the decade their imports were reduced
by 34, 32, and 25 per cent, respectively. Another notable trend has been the steady increass in the
transport of finished products {mostly non-persistent) iz contrast to crude oil 1n 1977 the trans-
port of finished products represented 15 per cent of total exports bul the figure had increased to
25 per cent by the following year, and crude oif exports were 33 per cent less.

7R Associated with the reduced transportation, the number of oil spillages at sca recorded
by the [nternational Tanker Owners Pollution Federation has declined steadily in the last decade,
from an armual average of 670 events in the first five vears 10 173 in the Jast five. 1or major ac-
cidents with over 5,000 barrels {723 tonnes} spilled, the comesponding averapes are 2 and seven
events. It is particularly encouraging that decreases uccurred nol only in the absolute numbers
of accidemts but also in the rate. An analysis of casealty reports in Lloyd's Register of Shipping
shows that the number of serious casualtics in tznkers aver 6,000 gross registered tons (grt) average
2.5 per hundred ships in the period 1977-1981 but only 1.8 in the period [982-1986. Howcewver,
number is not the only aspect of casualties that must be considered, their magnitude and the r-
cumstances in which they occur are as important (see section I J).

79. The reductién in the ameount of oil carried at sea has not only decreased pollution be-
cause of the dimimishing numbers of accideats, it has also cut operaticnal inputs of vil and this has
been aided by the entry inle lorce of MARPOL 73/78. Anpex I of this Convention requires,
among other things, that a grester nomber of tankers be ftted with segregated ballast and crude
oil washing systemns, and that all must have elfective oilfwater interface detectors and overboard
discharge monitors. Also, all vessels of 10,000 grt must be fitted with oil-water separaiors and oil
discharge monitoring. In addition, special areas have been desipgnated {Mediterranzan Sca, Black
Sea, Baltic Sea, Gulf Ares, Red Sca and, since 1988, the Gul of Aden) where there is total prohi-
bition of all discharges from ships other than clean water.

80. These regulations have resulted m a major reduction of operational poflution, not only
from tankers but alse from all other types of vessel. There have been parallel national and nter-
national imprevements in ship safety requirements and in traffic scparation schemes in areas of
high traffic density. In recent years there has been a major strengthening of enforcement prace-
durcs and vessel inspections, particelacly by states that are major importers of oil.
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diversity of climates. Drilling operations are now conducted even in such hostile environments as
the (Grand Banks, parts of the Georges Bank and the Beaufort Sca.

85. Envirommental impacts are possible st all stages ol ail expleitation. During the jnitial
survers to locate tescrves, the explosives used can kil fish, and other seismic survey techmiques
interlere with commereial ishing. When a Geld has been identified, assessment of its porential in-
volves expleratory drilling from ships or temporary platiorms, which pmd'ux:e the same impact as
any large vessel anchored (or an extended period. The discharges of drilling mud may canse addi-
tional problems. Once the presence of hydrocarbons in commercizl guantities has been demos-
strated, production facilities are set up. These may invoive gravel islapds crcated from dredged
matcrial from ncathy borrow' pits or from onshure gravel deposits, with material trocked to the
island site over substantial canseways. Such islands cause madtiple impaots both by the associated
dredging and dumping and by physical alteration of coastal processes.

86. The most common method of exploitation is from steel or concrete production platforms
which may weigh many thousands of tonmes. The impacts of these structures stemn partly from
operational relezses and pantly {rom accidents. T'o tome extent the latter can be avoided by gond
safety practice, Operational discharges are for the most part regulated by international agree-
ments. In the Morth Sea, for example, oil in water discharges is limmted ta 40 ppm.  Both cxplo-
rating and production instajlations vse driling muds, which may or mav not contain signifeant
amounts of oif, and produce large quantities of cuttings, rock fragments derived Trom the drilling.
The cuttings, separated as rauch as possible from the drilling muds {(which beeause ol their high
cost are recovered and re-used as frequently as possible) are disposed of over the side of the plat-
formi They accumulate on the bottom and may alfect an area of up to 3 km radius around the
platform, and cause obvious changes in the henthic communibies there. The topaci of normal
operations is therefore significant bur localized. Tor instance, only about 0.1 per eent of the North
Sea is exposed in this way. Also, offshore wells can be a target for military action, as shown by
recent events in the Gulf area, or sabotage, with eonsequent pollution of the noighbouring waters,

§7. In addition to these environmenta) eftectz, oil exploitation has other mpacts. The
presence of rigs and pipelines creates exclusion zones for fishing vessels and other shipping, while
the debri=s associzted with offshore oil operadons can damape fisting pear or cnlangle ships’
propellors, In the North Sea, nearly six mllion pounds sterling bave been paid out W compen-
sation For loss of lishing gear by dorwepian fishermen and about 1,200 claims have been made by
LK. fishermen over the past 10 years for loss of gear and Oshing thoe. An operation over eight
wvears to rermove 100G tonnes of debris {rom 6,300 km? of sea-bed io the Morwegian sector of the
tvorth Sca has cost an estimated 3 mallion pounds sterling. This clean-up in the Morwegian sector
has been supported by improved charting of the scabed, by :u:riu;ls atiention by the ol chmpanics
to prevent debris being dumped, and by stricter national regulations.

88. A further problem, only now emerging, is the question of decommissioning and disposal

af vil instzllzations. I1n some parts of the world platforms are reaching the end of their useful Hves
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cial islands in shallow water.

01. Eflects will depend on the method of mining, the type of ere and the characteristics of
the mine site, where disturbance will be cuused in the water column and on the sea-bed.  [n the
water column, surface turbidity plumes are created by those systems designed 10 pump ore in &
slurry to a surface vessel, and also occur close to the sca lloor i fine matenal is produced or ix al-
ready present in the hottom deposit The main disturbances are on the sea floar in the path of the
collection machinery, and additional disturbances by neise and even light are possible,

92. FEffects may be in the near or the far ficld. Near-field effects are those Limited to the
mine site and the period of active mining. There will inevilably be local inpact on the hattom.
Immobile and slow-meving benthic species and their habitats are affected, and spawning grounds
of other species are damaged by the mining machinery. On a sea-bed subjeeted to wave actien,
shallow trenches in sand flatten in houes or ﬁunms bui in gravel, pits may take 25 years or morc
to fill. Such trenches, pits and mounds can causc problems for fishermen using bottom gear in the
area, as can expesed or displaced boulders ar discarded miming gear. Sand and gravel mining arc
effectively regulated in some countres.

93, Far-field effects are likely to be an the sea-bed, surface and mid-waier effects being
minimal. The two main factors are turbidity and sedimentation.

94, The direct physical ellect of sedimentation i most important, although many burrewing
organisms are able to work their way oul as material is deposited. However, the scale and fre-
quency of sediment discharge may exceed the capadity of benthic communitics to survive or re-
cover. Some orgamsms such as corzls and bottom-spawning fish, which require clear water arc
particular?y at risk from increased sedimentation. Other conurvnities, for example the cobhle-kelp
commumity in the Arctic, and deep-sea environments which are slow to be recolonized, are also
particularly vilnerable. Toxic substances in the original sediments are unlikely te be a problem in
the far ficld.

95. In conclusian, while mineral exploitation in 1he sea does have measurable impact on the
environment, this is likely to be limited to the site and the time of the operation, and can be re-
duced by carefiil planning and attention 1o eperational procedures. Widespread adoption of re-
cognized standards and criteria for these procedures would be uscful. Standardisation of sampling,
analyses and reporting of environmemtal information is desirable o abtain data that can be applied
in diftferent peographic or temporal contexts. Such data are required betore the commencement
of, during, and after the completion of mineral recovery cperalions so as 1o forecast and assess

impacta.
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I. EXPLOITATHON OF LIVING MARINE RESOUIRCES

02, The first GESAMP epon on the Health of the Oeeans referred to the global fisheries
yield, noting that the 1979 cawch of 71.3 millicn tonnes represented an increase of about | million
tonnes over the previeus year and that annual increases were runaing at only -2 per cent, nich
lower than the 6-7 per cent increases of earlier decades. However, since 979, the overall trend hos
been strongly upwards, with annoal increases again in the region of 7 per cent. The most recently
reported eatch, for 1987, achieved a new record of 92.7 mitlion tonnes, and prelimmary lipores lor
1938 indicate a further increase to 94 million tonnes. It is now expected that the hgure of L0
million tonnes, which many believed to be the meximum sustainable globul yicld of conventional
fisherics, will be reathed well belore the end of the century. However, this propressive increase

conceals grezt variabiiity of natural resources and many problems.

l03, A major part of this vadabihity is due to natural causes, nat least to Fl Wifio-1vpe events
(see scolion [ J) which result in changes in the distribution, and abundance af the siacks of
anchoveta and smalt pelagic fish, and alter the fishing patterne of several cauntries that contritnte
significantly to the global catch. o general, natural MMuctuations arce not clearly understood and
their causes not known, Combined with excessive cxploitation, the consequences lor lisherics of
these natural events seem to he much more important than any known poihution effect in apen

water,

L, A large number af siocks, especially those most valuable commercially, are fished at
ar beyond their maximum susiainable vield, and rational management is complicated by changes
in the dynarmie balances berween species. Pressure on stocks is inereased by new technolegy - the
continued development of better vessels, improved fish-finding technigues, new gear, advanced
handling and Geezing lacilities. Drift nets of monefilament awlon, lor example, are now used on
a large scale in the open ocean. In the Sooth Pacilic a fleet of 160 hoats adepted this technique
in 1988, and sets oot each night over 80 km of neting, 60 mnin depeh, Tom each boat for tumna.
A’ comparable operation takes place in the Nomth Pacific for salmon. These nets catch dolphins,
whales, turiles and scals as well as the tarpel species and, vsud on i large scale, they reprosent
fishing effort that has not previously been thought possible in the open ocean.

105, SBince the 13th century, whalers have been able to improve thar cateh by laking ad-
vantage of advancing technology to exploit moere and more species, world-wide, Because whales
are olten dispersed through extensive sea areas and Hmited to slow rates of reproduction, the
number of breeding animals within some of the most heavily exploiled species is crilical. While
there is no firm evidence that any whale species has been lost, concern is expressed for species such
as the Right Whale in the northern hemisphere, and the eastern Pacdic Gray Whale, Tormerly,
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trial Fisheries for small species and the juveniles of Jarger oncs.

110, Human abtempts to manage natusal populations can have other effects, For example,
conservation measures (0 protect seal stocks by preventing hunting and culling may increase their
numbers, resulting in overcrowding and discase at haul-out sites and increased competitive pres-
surec on fishery resources. [n addition, seals are hosts 1o parasites, part of whose life cyde is
completed in che flesh of commercial fish, and in several parts of the world fishermen complain that
mereased seal populations result in parasite levels in fish so high that the catch becomes
unmarketable. ' .

1El. Although living marine resources are ]:_mrw;stcd largely for foed, seme species are uti-
lized for other purposes. The exploitation of Tiving corals, coralline algae and some moluscs for
consiruction material can severely damage biological communities. The increasing importance and
use of pharmacentical products from manne organisms has resulted in small-scale harvesting of

rarg or Wncamimon S]JEC[ES

112. Manculture, which is repidly expanding worldwide £25-30 per cent per year in some
countries), can also have substantizl, if Tocal, effecis on the environment. [Cconducted on a large
enough scale at a single site, it causes eutrophication, reduces visual amenily, and can interfere
with other uses of the sea. In particalar, cage colture brings together large numbers of lish in a
relatively small space, reicasing subsianiial quantities of uoeaten food, and of faeces and other
excreta. Less evident problems associated with maneslture are posed by the use of growth-
enhancing and therapeutic agents, and pigments. Of the vitamins, hiotin and B12 have a short
half-life in the sea but may stirmulate plant growth briefly. Little is known about the fate of dosed
pFiements and anptibotics.

113. Another concern is the use of antifoulants to protect the nets, cages and other struc-
tures of fish farms. For sxample, urganﬁ:tin compounds have been found as contaminants of the
environment around mariculture establishments in North America and the UK. and have marked
effects on non-arget orpanssms.  Other biocides recently imtroducsd to protect =almon from

ectoparasites, such as dichlervos - an organophospherus compound - are a cause of cencern.

1t4. However, the most widespread poliution effects from cage culture are due to organic
enrichment generated around sea ceges where the organic conient of sediments can be up w0 20
times higher than in more distant, unaffected, areas. This results first in reduced species diversity,
and in extreme cases the benthic invertebrates in the immediate vicnity of the cages are totally

eliminated, with hypoxic conditions extending into the water column.

113, Comparahle cffcets arise {tom moelluze {e.g. mussels) culture even when additional food
is not supplied. On a global scale, the impact is small and the affected areas can be reduced by
careful site selection and the use of improved culture systems, such as holding facilitics which #Tow
waste containment. However, where there is intensive cultivation and the available sites are lm-

ited, the local effect can be serious, and several governments have introduced liconeing and other
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beaches and mangrave stands were also severely affected.

119. Apart from disturbances due to such relatively frequent events, there are major anom-
alies ol the mmosphere and ocean circulation that can cause widespread adverse elfects. Lhe best
known eiample 15 Ll Nifio. As a result of a sequence of complex meteorological and
oceancgraphic events oripinating in the trepics and recurring at irregular intervals, warm (28-30°
C) waters fluw into the South Fast Pacific Ocean, especially off the coast of Ccuador, Peru and
Chile. The 19%2/83 Fl Mine was one of the most severe recorded and its consequences were dra-
matic. In 1983, the yearly rainfall in Colombia was twice the average. Int June of the same year,
raintail was 40 1imes the monthly average at Guayaquil {Ecuador) and 340 Limes the monthly av-
erage at Palta {Péru}, Bivers swelted and landshdes destroyed entire slopes of the Andean ridges.
Populated areas and agricultural land were swept by torrential waler snd mud flows, with major
luss ol humnan life. Sea level rose by as much as 40 ¢m and large swells steiking the Scuth Ameri-
can shore caused a retreat of the coast, invndated lowlands and destroyed fishing and aquacultare
installations. The inflow of warm waters led 1o the immigration of trepical fish and the disap-
pearance of commercial endemic species, halting the operation of Gshing fleets, with a total loss
£o the fishing industrv in Ecuador and Pern in excess of USS$200 million.

120. PRecurring natural disturbances are well docemmented also at the biological level, with
many records of red tides, exceptional algal blooms, and population explosions of a number of
animal species, including jeliyfish in the Black Sea and the Adriatic; the reef-burrowing sea urchin
Echinumerra mathari in Kenya and Kuowait; the coral-eating gastropod Drupeifa in the Philippines,
Japan and Okmawa, and the crown-abthorns starhish  Acamihasier plapci I many areas.
Population dechines are also reported, soch as mass morialities of the sea urchin Eciinotiirix in
Hawail and throughouot the Caribbean. O more locai scales, there are many records of mortalities
of marine organisms such as the sea-birds in the [nsh Sca in 1962, and of fish and mvercbrates
off the North East coast of North Amency in 1976 and off Norway in 1988, sometimes associared
with vnusual phytoplankton blooms., In additton, 4 viral cpiderme has becn killing thousands af
common seals in the Morth Sea since early 1988, Paradoxjcally, seme limited tin recurring natural
disturbance will, in many ecosystems, help mamtain the ecalogics! balance.

2. Accidents

121, 1n several of the loregoing sections, relerence has been made Lo secidents, both ashore
and at sca, as a source of marme pollution. The effects even of the most dramatic accidents oc-
curring well in]and, such as the Chernobyl accident {1286} and the Basel Mactory fire (1986}, which
poluted the river Bbine, were not, or barely, detectsble in the sea. The aceidents of greatest ma-
rinc significanice are more likely to be those which occur at installations directly on the coast, or
on ships or rigs at sga, While » great diversity of chemicals may be involved, in the last decads
most of the accidents have been associated with oil. The loading and unloading of cargoes and fuel.

tanks result in frequent, but usually smadl, spills at pores, termingls and storage facilities, but the
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I, MARINE CONTAMINANTS: LEVELS AND DISTRIBUTION

A, TRANSPORT AND FLUXES

126, There is a wide diversity of pathways by which contaminants reach the marine envi-
ronment. Cver 40,000 km of actively divergent plate boundaries be beneath the world oceans.
™ot only are the active areas a continuous major sowrce of heat, but intermittent ejection of
malten magmatic and hydrothermal Muids prodoce massive underwater clouds of salphur and me-
tallic compounds at high temperature. Such clouds or plumes with dimensions measured n tens
of kilonwetres have been observed for example in the vicinity of the Explerer Ridge olf Britsh
Columbia and thermal vents have been detected in many ocean areas., Few guantitative data are
vet available on these narural mputs, but their magmtude implics that they are agahcant on a
global basis. However, the two dominant pathways by which potential pollutants reach the sesans
fram the conbinents are rivers and the aimosphere. I these mputs to the occans are to be con-
trolled, attention should be directed to the processes by which contaminants initially become en-
trained in rivers and atmospherc.  To judpe the need lor, and value of, such controls, some

aszessment of the relative impartance of each pathway is requircd.

I River input to the seq

127, The land-sea flux from rivers can be considered as made op of the gross flox, ie. the
rate of contuminsnl transport to the sea [rom within the river catchment itsell, and the net Tux,
i.e. the flux of river-derived material that escapes [rom the nearshore and estvarine region and is
ransparted to the apen ocgan.

128, The most reasonable way of estiomating the global gross [Tux (rom rivers o oceans is
o extrapolate flux dara obraned from rivers representing & range of clﬁnatic, gec-lngb:a], biological
and demopgraphic regimes for which reliable data are available. At present, this s possible for only
& smatl numboer of river systems and g few contaminanls.  In dealing with nutrients, for cxample,
a variety of river systems has been studied and the results extrapolated to provide an estimate of
the total global gross river input, giving figures for the natural Huxes of dissolved nitrogen,

phosphorus and sificon and for the fluxes of suspended niteogen and phosphorus,

129, The fluxes resulting from human activities have also been estimated by a variety of

other approaches, incleding companson of pristine and poluted mvers, histerical evolution of
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amaonts entering directly i gas and particulale phases {dry deposition) and of those falling out
as rain and snow (wet deposition). It is difficult 1o obtain an accurate estimate of either. Even
when contaminant-free sampley of precipitation are available, and this is particularly difficult to
achieve over the nceans, interpretation of the data is complicated heeuuse chemical composition
varies with differences in vertical discribution, duration, intensity and droplet size of the precipi-
tation.  Even greater difficulties arc encountered in making direct measurements of “dry”
particulate depositton.  Finally, techmgues arc niot at present available to make direct measure-
ments of the relevant gas fluxes across the air-sea interface.

135, Because of these problems, indircet methods have been developed for the estimation
of contaminant (luxes. Must cstimates are of gross rather than net flux, since some chemicals en-
tering the ocean from the atmosphere can be re-injected to the atmosphere via hursting bubbles
or gas exchange. Unless this recycled material can be taken into accaunt, the calculated deposition
ma¥ be angmalously high. Existing data hases suitable for estimating the air-sea flux vary in sive
and quality, and few are extensive enough in time and space to take accaunt of the variability in
atmospheric (and water) concentrations and deposition rates, although this Is Improving i some
ocean basing, particularly the North Atlantic and North Pacific.

136.  Sume data are available from the Nomth Sea, the Baltic Sca and the western
Mediterrancan, s well as from areas of the Pacific and Atlanric Oveuns, Extensive evaluation of
data from these and other sites indicales that atmospheric fluxes of many metals (excluding mer-
cury) to the North, Baitic and Mediterranean Seas are three te 10 times higher than those o the
open North Atluntie. Fluses to these regional seas are 10 to 100 times higher than those to the
tropical North Pacific, while Muxes tu the South Pacific are lower than those to the North Pacific
by & factor of five to ten. FThese Nux differences are consistent with the increasing distances from
continental sourees, both natural and anthropogenic. Mercury shows relatively small flux differ-
ences because it is found in the atmosphere pimarily in the gas phase as elemental mercury, which
has & relatively long atmospheric lfetime and therefore a relatively homogeneous geographic dis-

tribution.

137, Similar stmaspheric flux estimates have boen made for some high molecular weight
organic cempounds such as PCBs, D] and HCH to the European regional scas as well as the
cpen Atlantic and Pacific Deeans. Although there are even greater uncertainties, a trend of de-
creasing atmosphene fuxes can be seen between the regional seas and the northern hemisphere
open oceans of roughly a factor of two to five, with fluxes to the southern hemisphere occans
generally a factor of two to live lower still. The overull decreases o Nux are less than ler most of
the metals studied hecause, like mercury, the arganic compounds are found predominantly m the
gas phase and have 4 longer atmospheric residence time than metals associated with azresol par-

ticles.,

138, Finally, the Muxes of fved nitrogen species show the sanie type of gradient from the
reghonal seas to the South Pacific, but the gradient is again less marked than for metals, despite the
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from 30 to 200 ppm in most samples, of which five to 10 ppm are attributable to known contam-
inants such as DOT, PCBs, dioxins and chlorophencls. The rest (up to 95 per cent} is unaccountod
for. Possible sources may be low-molecular-weight compounds from pulp mills, fram alumininim
and mmagnesium smelters, and rom the burning of chlorine-containing materials. Clearly, much
more needs (o be known about the lifs history of chlosinated compounds refeased to the ocnyiron-

TMENL.

143, Chlorinated hydrocarbon pesticides and PIUCBs {polyehlonnated bipheny!st are a. source
of special concern becaunse ol their persistence in the environment, their concentration along food
chains and their lang-lasting storage and accumulation 1 the fatty tissues ol animals, reaching the
highest levels it raptors and marine manunals. These substances, after reaching the sca mostly
through the stmosphere, become adsorbed to suspended particles and 1ead to settle in sediments.
They will temain there until mobilized by disturbances of the sea floor and so possibly re-
mtroduced inte the food chain, regardlzss of whether their nse has been discontinued on land,

144, Mata an production and wsc af pesticides and PCRs arc lacking for muosl parts of the
world, In most countrizs in the temperate latitudes chlorinated pesticides have hecn banned and
are being replaced by less persistent prodects. PCBs have been wsed since the 9305 for 8 number
of purposes - as diclecirics in transformers and capacitors, form which they can normally be re-
cavered withowt 1oss, and a!; hydraulic and hear-transfer fluids az well as components of & number
al pragucts such as paimts and lubricating oils. 'When not used in sirictly condrolled closed sys-
tewng, they can spread and eveotually reach the sea. Despite the phasieg out of their vse in non-
closed systems in a numhber of countrics, they continue to be released Lo the wvironment, for
wnstance from dumps and landfills. In lower latitudes, enviroumental measurements indicate that
chlorinated pesticides, mehading DT and [ICI (hexacddorohexane) are widely applied, and sug-
gcst that the use of PCRs is incrcasing, As a result, 13DT, HOH and PCBs are now clearly micas-
urable even in the Antarctic environment, though at Jevels lower than in temperate latitudes.

145. While ploba! time trends in the concentrations af these substances arc noL known be-
cause improved analytical techniques make it difficult to compare past and present results, there
iz strong evidence that ocean surface waters have highest concentrafions in the northem temperate
latitudes and lowest near the poles. Likewise, specimens of marine mammals from the norrhermn
hemisphers have higher levels o' PCBs in their 1at than those from the southern hemsphers. The
latitudinal difterence 15 less for THIT.

146, The biowidal propertics of organotin compoumds, cipeaally tmbutvlun {TBT} were re-
cognized im the carly 19505, Initially, these substances were used s fngicdes, bactericides and
preseryatives for woods, textiles and paper, and for electrical insularion. TBT was first introduced
as ain antifouling agent in narine paints in the mid-196%s. [t also enters the marine enviranment
as a resolt of a variety of other uses. Tor instance, it 15, or has been, applied in antifouling prep-
arations on rhe net cxpes used in salmon farms, and it is used in some eountries on lobster pots

and pounds for keeping hish and shelffish. It was keown to be highly efFective, and laboratory tests
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areas. The experience of DDT soggests that a watch should be continued on TBT uses and fate,
as well us on the possible effects of its substitutes.

2. Radionyclides

132.  Radioactive substances arc present maturally in ocean waters. Among these are
radioisotopes of potassium, rubidiom, thoriom and uraniom, the last (wo always aceompanicd by
their radioactive disintegration products. Other radicactive substances, °H and 19C, originate in
the atmosphere Ihrough the inleraction of cosmic radiation from outer space and the constituents
of the air, and can also be produced in the course of buimgn activitics.

153, The firsl proup rceches the oceans mosdy as a result of run-off from weathered rocks
or, in the case of their disintegration products, by decay of the primerdial substances in the water
itself. In conttast, cosmogenic radioactive substances are deposited on the surface of the ocean
by precipitation. Both cateporics of substances are then distributed through the water column by
physical, chemical and biclegical processes, and subsequently deposited in the ocean sediments,
The inventaries of, e.g., 14C, 311, 90K, and 238U in ocean waters have been estimated to be §.0
103,85 102, 1.6 107, and 5.6 109 PBy (pelabeequercls), respectively,

134. Human activitics add ta the inventery of ocean radionuchides. Naturally-occurring
radionuclides are |eached from pune tailings and milling wastes but give risc to measurably in-
creased levels only close to their sources. Elsewhere, their contribution is nealigible or at least not
measurable.

133, Nuclear weapons lests have mtroduced artificial radionuclides into the EMVITOIIIEDL
Muost of these have anisen from tests in the aimoesphere and fallen out through dry and especially
wet deposition.  Artificial radionuchides produced by sech tests melude 14, 137 3 and 05y,
as well as plutonivm and other transuranic chements. Kough cstimates af the inputs of these
radionoclides to the occans have heep, derived frem information reviewed by the United MNations
Committee on the Effects of Atomic Radiation (UNSCEAR) in its 1982 report.  The estimastes of
inpot were 6.1 192, 1.5 105, 8.2 and 3.7 102 PBq for 13?(?5, 31-], 235, 248py and 9“5:, and not
less than 40 PBq for 14C, cespectively.

L36. The inputs to the oceans in the southern hemisphere have been half of these in the
northern hemispbere. Recently an [AEA Expert Group has obtained sbhphtly higher estimates of
the ocean inventories of these radionuclides an the basis of measured concentrations. Fall-omt
from nuclear tests has beea the ondy source of world-wide radioactive contaminatian of the oceans,
However, its widespread dispersal has resulted in low-level ambient concentrations and hence in

negligible additions to the exposure from natural background.

157, Operational discharges of effluents contuining radicactive material from nuclear reac-

tors and reprocessing plants make an additional contribution to the radionuclide inventory. The
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b, notwithstanding the very small risk to individuals, the aggregate exposure of the global
population from lung-lived components of the dumped waste imply that the tetal casualties
resulting from past dumping may be up to about 1,000 cases spread over Lhe nexd 10,000 years
or 50, ‘The dominant pathway [or this cspasore woekl nog be via shellfish consumption, but
associated with the consumption of feod produced on land. The reason for this is that the
main contributor to these casuallics {or to rhe collective dose commitment, as it is known
technically) is the isotope  14C which has a half-life fic. time required for its activity to de-
crease by 50 per cent} of 5,700 years. Over such a period much ol it would escape fram the
ocean as paséous carban dioxide and spread throughouwt the world. 17 19C, and a few other
long-lived radinmaclides, were to b removed from the waste belore disposal i (e veean, the
caflective dose comunitinent from future dumpitg operations would be very much redoced,
although it should be appreciated that other means of disposal of 13%C might carry risks
vornparable (o those associated wieh sea dumping,

c. the incremental dosc fram past dumping to individual marine arganisms on the sea oor
at the dump site or nearby will be sigmificanty less than the dose that the organisms reccive
from naturally-occurring radicnaclides, snd hence is not expected to cause any deteetable ef-
tects on populations of urganisms,

6. Radionuctides in the sea may contribute Lo intemal or cxternal exposure of orpanisms,
including man, through several pathiways. Those related to intermal expasure are the consumption
af various types of seafood and the inhalation of airhorne particolates and muarine aerosals. Ex-
lernal exposure may occur during swimming, boating and other beach sctiviries. [ may also result
fram the handling of contaminated fishing gear. Some pathwavs, while of scientific interest, do
not lead to significant exposure ftom radionuclides.  For instance, bubble scavenging in the water
column coupled with droplet gjection from bublbles bursting al the surface may be a mechanism
for rransfer of radionuctides and heayvy metals from sca to air and subsequently to land. This has
been demanstrated for plutonium and americium in the Irish Sea, but the radiation dose from large
droplets introduced in the surf zoue ts neghigible compared with that received by the critical group
from sealood consumption. owever, small droplets generated by bubhle bursting may make a
measurable contribution to levels of plutanium near the coast.

16l Nuclear wecidents have not contributed significandly ®o the acean invemtory of
radionuclides on a global scale, Althaugh three major nucluar secidents {Windseate, UK., 1957;
Three Mile Istand, U.S.A., 1979 and Chernobyl, U 3.5 R, 19586) have resulted in radionuclide re-
leases to the envirenment, the majar pathvays leading (o man were not marine. In the Windscale
acctdent, the principal route for irradiation of man was radiciodine in milk. At Chelvabinsk ex-
pasure resulted mostiy from 3Sr - contaminated milk und from external irradiation. At Three
Mile {sland most of the relesse consisted of radioactive noble gases, especially 139Xe. The releasas
fram the Chernobyl aceident gave rise to widespread eoptamination of the environrnent through-

out Europe and to cxposures of the population mainly from gamma emiticrs deposited oo the
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recognisable. This may account at least parthy for the concern still widely expressed sbout it as a
marine conranunant. "I he major source of input 1o the oceans is from shipping, which is dealt with
in section | 7. Spills in restricted areas have dramatic local impact, as discussed in section I 1, This
saction discusses an aspect which is causing problems around the world, pollulion from the most
persistent fraction, oil tar. -This originates when evaporation of the lishe Fractions of hydrocarbon
compounds refeased to the sea leaves Nakes, lumps or balls which float and are distoibuted widely
by winds and currents. About one per cent of oil released to the sea forms Noating tar, and much
ol this originates from tanker sludges, but a varietv of ather sources contribute. [ar eventually
drifis on to heaches and accumulates there,

168, In some parts of the world where shipping, particularly tanker traflic, is Leavy, espe-
clally in semi-enclosed seas, the effect on beaches can be dramatic. In the Red Sea, jor example,
and i the KuwaitOman area, which probably reccive mure oil pollution than anywhere clsc in the
world, tar abundance on beaches i sarmetitnes ax much as I Uroes higher than in other repions.
Weights of 1 kg ! of coastline are commeon in this region, and values of up to 39 kg m-!  oceur.
In places, weatheted ol pavements many centimetres thick blanker sandy beaches and rocky
prormantories and cover the aerial roots of mangroves. These are extrerne conditians, but the sit-
wation in many other parts of the world also gives cause for concern.  For example, in the wider
Canbbean, which Is a region of verv signilicant hyvdrocarbon production, ol is an ubiguitous a-
rine contaminant, dzgmagzing the important (ourist industry, 1t is estimated that the use of beaches
by toursts is adversely affected when tar levels reach 10 g m'l  of beach front. Many beaches in
the Carbbeun have averzge conecntratians in excess of 100 g moL, a level ar which heaches hecome
virtually unusable for reercation. A comparable siteation iw found for Tndonesia and the
Philippines, in India {particularly its West coast} and Pakistan, in parts ol Wesr Altica and the
Mediterranean, and, ahthough with less impact, at most windward beaches in other paas al’ the
northern herusphere, By contrast, many beachds in the southern hemisphere arc relatively un-
spoiled,

162, There is broad agroement, confirmed by many surveys, that since 1979 there has been
d sipnificant reduction in heached tar around the warld. In some countries this can in part be ac-
counted for by svstematic and regular cleaning of beaches. Two more general factors are the re-
duction In marine transpostation of ol lollowing the price crisis of 1979 and the entry into force
in 1978 of the 1969 amendiment to the intcrmational convention GILPOL 54, This muendmient
pereils the release ol vil from 1ankers only in restricled arcas and, even there, only il cortain rales
andd quantities. Further, MARPOL 73f78, wlich replaces the GILPOL Convention. in its Annex
1 {wluch eatered into force in 1983) provides for the desigoation of "special arczs™ within which
tight wontrol al pollution is required, and this has been adopted, for example, in the Mediterranean
Sea. There is, however, no cause for complacency. Many beaches remain spoiled by tar, and a

mure stringent coforecement of the relevant repalations s desirable.
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consistent and comparable results. The value of and nceessity for these exercises have been well
demonstrated, and it s recommended (hat they be continued and extended.

175 [neviably, the prnor comparability ef earlier data limils their use. Often results have
not been sereened bofore storing in data banks and the propegation and use of invalid data js a
cause for seriaus concern. It is reeommended that regional or global data benks should contain
only validated data collected fur a defined purpose, and that the purpose should be clearly stated.
In all cases their gualily should be indicated, and it shoudd always be possible 1o link the recorded
data with detailed information on methods of handling and analysis, quality assurance procedures
and other information relevant to asscssing data qualicy.

2. Concentrations i waler
a. (pen-ncean watses

176, Of the metals selected lor review, metcury docs not display any distinctive depth dis-
tribution in the vecans, at least on the basis of the data available, Meusured concentrations in
ocean waters range from .37 to T ng 1l though representative levels tend to be around
1 ng 11, [n the northwest Atlantic concenirations are aboul twice those of the portheast Pacific,
while in the western Pacific there is some evidencs that mercury decreases alung a north-south
gradienl, possibly as a result al armospheric transpernt from the conrinzats and deposition vig rain.
With repard to semi-enclosed areas, mercury concentrations in the North Sea and the Baltic Sea
are sigilar Lo those in the norh Atlantic; this may alsa be truc of the Medierranean, although
rcliable data are few,

177, For cadiniinn, reported concentratinns in surfice waters are more varahble, fom 0.2 to
200 ng -1, The lowest concentrations {(up te 10 ng I} are found in the open ooean, particulardy
in the subtropical amd central gyres, with higher levels fup to 200 ng l"} in. enclosed seas, such us
the Ballic and the North Sea, enhanced by rfiver inputs. River mnpuls are also proposed to explain
a signilicant. inshare-offshore gradieat from 22 to .22 to ag I in the north-west Atlantic, whilc
in the north Pacific the higher inshore values ate attributed . to upwelling.  Unhke mercury,
cadmium shows 4 nutrient-like distribution, being low in surface waters and inereasing with depth,

L78. The concentrations of lead in the gpen north Atlantic and north Pucific oreans range
from 5 to 30 ng ] in surface samples. 1ts vertical distribution - gight tn 10 times greater ut the
surtace than in deeper layers - differs from that of cadmium, and is attributed mainly (o atmo-
sphetic inputs arising from emissions from smelers and combustion of feaded petrol.  Thexe
probably determine the latieudinal diseribution, acceunting far the threefold higher levels in che
north Atlantic compared with the north Pacific, and for the cight to 10 times hi gher values in these
northern areas compared with the scuth Pacific. There is some cvidence that lead lavels in the
open north Atlantic are decrcasing in response L.z general reduction in the use of leaded petrol
in North Ametica over the lust 10 years.
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187, Chlorpated hydrocarbens in coastal waters have their highest levels in industrialized
zenes, reaching 370 ng ' for POBs in the Seine estuary, but values are vsuatly much lnwcr clse-
where, in the range 1 to 10 ng I'l, DDT residues arc generally below 5 ng I} in coastal waters,
although, again, much higher levels huve been reported near sonrces.

18%. Coastal or semi-enclosed marine waters are characterized by enhanced levels of the
nutrents nitrogen and phosphorus, as well as dissolved and particulate carbon.  This contrasis
with the lcvels of these nutrnents in npcﬁ occans, which are usnally close to levels of routine de-
icction. Phosphorus occurs in both particulate and callaidal states, as well as dissolved as inor-
ganic and organic phosphate compounds. Concentrations of pheosphale in inshore waters range
fcom [ pg K1 P PO in eligotophic areas of the Mediterranean o about 10 pg It in the
eutraphic northemn sector of the Adriatic,  Lavels of 20 1o 30 pg ! are reported far the period
1980-84 in the Skagermrak. '

1&89. INitrogen occurs as dissolved inorganic nitrate, molcculsr nitrogen, mitmte and
ammaontum, znd as orgamc nitrogen {e.g. urea, @mino acids). Concentrations of nitrogen in the
Medirerranean are reparted as 149 gy 1 ™ JN0O3 and in the northern Adriarie 70 o i Values
from 10 to 200 pg I’ vecur i the Skagemak. .

199. I'here is evidence from cstimutes of discharge loads, as weil as from measured concerr-
trations, that levels of nitragen and phosphorus have risen in the past 20 10 30 years, Inthe Baltic
$ea, For instanee, discharpe has increased by factars of four (or nitrogen and cight {or phosphaorus,
while sea-water concentrations have increased two- or threefold for bath, In the southern Xorth
Sea, both arc considered to be about twice "background” concenirations. The extent to which
lhese concentrations will be reflected in open-cocan siluations is determined by the physical dif-
fusion and dilution of nutnvnts a5 well as by the uptake by organisms,

3. Concentrations in seditents

151. Contaminani concentrations in sediments reflect both local mineralogy and the nature
and origin of the sediments (e.g. grain size, clay and organic content). Scdiment heterogeneity and
the large varations in measurements of contaninant concentrations in sediments make data m-

rcrpretuation difficult,

192, Information on decpesca sediments is spurse but there also the range is considerable.
AMercury measurements in sediments from the decp north Atlantic, for example, range from 0.0]
to 0.6 ppm, although levels may be even higher in arcas subject 1o volcanic of tectonic Activity,
Cadmilm in deep-sea sedimenis is usually less than 0.3 ppro and lead rabges from 3 1o 60 ppi.
The data far chiorinated hydrocarbuns in deep open ocean sediments are sparse, being apparently
limited to samples taken during a series of cruises in the Mediterrancan where values reporied

ranged from 0.6 to 8.9 ppb in 1975-77, and to a single corc from the Sargasso Sea in 1974 .
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4. Concentralions W organisms

195, Mercury and cadmiumn have been measored extensively in mixed zooplankton samplcs
from the Mediterranean, where concentrations are around 0.1 and 2 pph, respectively.  There
mercury levels in krill {euphausiids) are similar to thase in mixed 2ooplankton, bot cadowum con-
centrations are much less. Bentho-pelagic oceanic rat-tail Gsh (Corppheneides armarus) from the
notth Atlantic and the north Pacific have very similar Jevels of cadmium (0.023 - 0027 ppm) and
lead {0012 -~ 0016 ppm}.  For mereury, analyses of recently caught deep-sea fish comparcd with
those of museum specimens collected in the [880s suggest that no significant increase has taken
place during the past century. Thus there is no evidence that the mercory found in deep-seu fish

i3 related to huiman activities.

199, Arscmic is present in marine alpae, Lypically at 10 to 108 ppm, about thiee orders of
magnitude above levels in saa water. [t is present in both waler- and lipid-soluble forms and og-
curs as arsenobetaine in plankton and benthos, from which it is rransferred via the food chan to
molluses (1 to 25 ppm wel waght} and shrimps (1 Lo 50 ppm wet welght) and eventually to man.
In shrimps, much af the retzined arsenic is in the exoskelcton, amnd is lost at moult, Pacific fish
hawe 0.3 to 11.5 ppm wet weight and Atlantic fish | to 9 ppm. Trata for manne birds and mamomals
ure few, but shore birds have 0.01 to L35 ppm wet weight. Thus there is no evidence of

bipmagnification through the food chain,

200, Selemuura dispiavs behaviour similar to that of purrients. Tt i scleetively assimilated
by phytoplankton and is further accumulated by marine orpanisms theough feod nprake. Tnoun-
contaminated areas, concontrations in mollises are 04 ppmowet weight {Hptides) and 3.3ppm
(Osrrea), and 0.2 to 2.2 ppm in crostaceans. Levels in fish are variabic, 0.2 10 1 ppn wel weight,
with larpe predarors having concentrations as high as 4.3 ppm in muscle, and even higher in the
liver {13.3 ppm}. Marine mammals may also have high levels in livers, 46 to 400 pprm, but muscle
fisgue has much lower cencentrations, about 0.3 ppm.

201. Data on chlorinated hydrocarbons in open-ocean plankton are sp&rsé. In the case of
P{Bs, varlability is high, concentrations in Atantic sarmples being two orders of magnitude higher
(about 400 pphk) than those in Pacific samples (less than 2 ppb) and almest an order of magnituds
higher than in the Mediterranean (around 7 ppbl.  The Atlantic measurements, however, werz
made in the early 70 and the reported levels may meraly reflect the higher inputs into the waters

that were prevalent in those voars.

202, {Observations on rat-tail fish collected at 3,000 m depth in the north Atlantic show
clearty that chlorinated hydrocarbons {PCBs, DDT and degradation products, but also
hexachlorahexane, toxaphene and chlordane) have reached the deep ocean, demonstrating transfar
through food chains.

203, Concern has developed recenlly in Scandinavia and Nogth Amerce about the presence

ol chlorinated dibenzo-p-dioxing and dibenzo-p-lurans in organisms living in the vicinity of pulp
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varability in all regions is Jetpe, often by up to three orders of magnitude. This fact alone severely

limits intra- and inter-regional comparisons.

2 A siriking feature of recant data is the continued widespread occurrence of 13¥1 resi-
dues and PCIs in marine organisms. The highest values are found in organisms from areas with
known irdustral and agriculiural inputs {e.g. Buzzards Bay and Bedford Harbor in the U.5.A., the
estuary of the St Lawrenee in Canada and Osaka Harbour in Japan), and the lowesrt in organisms
from less contaminated areas such as the Arabian Sea and the central coast of Brazil Mast al the
data reviewed had been penerated during che 1980s, 1. long after restrictions had been placed on
the use of DDT and PCBs in developed countrics,

210, Although continued and consistent rime series are difficult 1o obtain, a recent analysis
of the results of dilferent 115, maonitoring programmes carried out theough the 19705 1o the 80s
provides some indication of trends.  In the Southemn California Bight, PCE levels in Dover sole
{Sedea solea) fell by more than an order of magnitude {from about 1 vo 003 ppm) becween 1572
and 1941, Likewnse, levels in mussels near the Los Angeles County sewer outfatl decreased tenfold
{from 2.5 to 0.24 ppm) between 1971 and !978 but rose again to 0.56 ppm in 1972, An
approximate and cansistonl Lhreclold decrease in POBs between the mid-70s and the eatly 1980s
i1 samples of water, purliculdalcs and organisms from 2 single sitc in the nomthwestern
Mediterranean has been obscrved by the same analyst using the same method throughout the
whale perind of monitoring.

211. Convincing evidence of decline m the regional use of orggnochlorine compounds be-
twean the 19705 and the 19405 comes, for cxample, from studics of Arctic seals. ln seals from the
Canadian east coast DDT residues declined three- to Ovelodd between the carly or mid-Ts and
1982, whereas PCBs fell by about hall over the same intervat. In Arctic ringed seals ftom the west
coast of Canada, PCB levels declined by about the samme factor,  1DIDT levels, howeser, changed
little Juring the same period, sugpesting that continued use of the pesticide mainwained an input
to the western Arctic.

212 While the declining OB levels are concurrent with the ban on the manulacture of these
compounds io the carly 19705, DDT is likely to have been transported by the atmospheric route
to the Arctic from pans of Asia where it is known to have been used eatensively until at least the
late 19705,

& Comefusions

213, Relaive concentrations in different ecalogical compartments {water calumn, sediments,
prganisms) are valuable in developing medels of transfor Mom source to target, in cstablishing
spatial and temporal trends, and possibly in tdentifying & mechanism for 1o action. Analyses
of environmental samples are often used in monitondng programmes to signal contamination by

potentially hazardous agents. 1 must be emphasized, however, that these data | in themselves, Jdo
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III. BIOLOGICAL EFFECTS

217, This chapter discusses some of the most eritical topics [or the assessment of the state
of marine ceosystems and of human health in rclation te the marne envitonment. A bricf refer-
ence i% also made to hological data quality assurance as was done earlier (section [1 II'I]] in the
field of chemical analysis, lor which the needs for quality control, data validation and good man-
agemeant are bettet recognised.  There are comparable nseds in bislogical studies It nigorovs
quality control is often not sufficiently practised.

A. HUMAN HEALTE ETFECTS

218, Although the sca provides an important source of human food 2nd an aitractive envi-
ronraent lor rocreation, sea water contains a wide variety of agents, Biolagical as whell as organic
and marganic, all of which can be a hazard to hwnan health. Use of the sea and its hving re-
sources determnines the extent to which healtly is afected.

219, Rapidly cxpanding and, in many cascs, scasonally increased coastal communitics and
discharges from nivers dmining apriculiurst and industrial aress are the prime sovrce af
anthropogenic contaminants in the nearshore marine environrment.  The principal problem for
human health oo a world-wide seale is the existence of pathopenic organisms discharped with do-
mestic sevare to codstal waters, estuaries or nvers and drainage canals that carry these arganisms

to the sea.

- 220, Bathing in waters receiving such inputs, and consuning contaminated fsh and shellfish,
are the causes of a variety of infections. Chetnical contatmnation of sea water is also a potential
threat to human healtt, while tainting and spoilage of zeafood iz of economic concern, It shonld
be emphasised, however, thal the probloms are nol cntircly man-made.  Natorally ocourring
aguatic hiotoxing are also a health hazard, particularly in the tropical and sabtropieal wasers of the
Pacific and Caribbean Regmons.

221. Several bacteria (e.g. halophilic vibrios} pathogenic to man are indigenous to estuaringe
and sea waters, Man 15 also exposed to parasitoses lrom the consumption of [ish infested by
worms such as Arisakis that have a complex life cycle through marine mammals and sea birds.
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contaminated water are very effective carriers of the viruscs.

226. The prevalence of thess infections is larpely detcrmined by cultural habits governing the
consumption of shelllish. Gastro-intestinag] infoetions, and cases of diarrhoea and vizal hepatitis
have been reported from much of the West African coastling, the Asian scas, the Pacilic and the
Caribbean, Many investigations have shown high counts of indicatar organisms (total and fascal
coliforms) as well as of bacterial and viral pathogons in sey water, in bivalves and in sediments.

227, Massive oulbreaks of infectious hepatitis and cholera assaciated with the consumption
of raw shellfish harvested from wastewater-polluted coastal arsas have broeght public attention to
this problem.  Strict standards for shellfish and shellfish growing waters have now been widely es-
tablished but only a small fraclion ol the incidents are reported.

Z28, Recent studies suggest that, even mland, a substaneial proportion of all cases of
endemic infectious hepatitis is associated with the consumption of raw bevabves including, in some
cases, those harvested under what are currently considered acceplable sanitary conditions. An jn-
vostigation in one European cuuﬁtr:} has detected a high level of enteric virus contamination in
shellfish samples from a major urban market. Fhe new findings raise mmportanl gquestions about
the adequacy of correrit shellfish sanitary practices, including handling and storape, and point to
the need for g carciid re-evaluation of existing standards and regulations.

222, In conclusion, the present state of knowledge indicates that the most cleardy identilted
health risk associared with coastal marine pellution by urban wastewaier is the transmission of
discase by the consumption of raw shellfish barvested in contaminated areas. Monitnring and
vontral of the wholesomeness of marketable shellfish should therefore be further strengthened, el-
tective depuration methods emploved consistently, the conditions af shellish beds supcrvised more
effeetively and beds exposed to sewage-contaminated waters exciuded from harvesting,

2. Chemical conraminarits

23M). Chemicals with a potential to cause barm to human health if ingested with seafood are
present naturally in sea water and their concenirations cun be increased by man’s activities. Na-
tural levels in sca water are usoally low (mestly ng -1}, bt the relatively elevated concentrations
of mercury (g 1'1} in predarary fish in the Mediterranean and in the Seychelles Tslands, snd of
cadimium m crabs [rom the Orkney Islands off Seofand and copper in the estwarine fauna of
Cornwall are stnking examples of geologically associated contamination. Stadies in these regions
have shown that, although exposure levels are much higher than elsewhere, no clinical ellects have
been detected among consumers. In general, the risk from exposure to naiurally pecurring chem-
icals is considered to be low. .

231, Anthropogenic inputs of chemical contaminams, mainly originating from industrial

discharges 1o cstuarics or coaslal watcrs, cun result in locally much higher concentrations and
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shellfish in many countries. The contamination of shellfish with diarrhucic texing (okaduic acid,
dinophysistoxing and pecrenotowing} canses severe gastro-intestinal disturbances but no fatabites
have been reported. The dinoflagellates responsible can contaminate shellfish at low cell densitics,

well below those which alter the colour of the water, so phytoplankion monitoring is nocessary.

236. Thnoftagellates that produce cigustoxins contarninate a variety of trepical and sub-
tropreal prazing Nish, particulatly in the southeast Asian scas and the Pacific, where the homan
disease ciguatera, characterised by neurclogical, candiv-vascular and gastro-intestinal symptoms,
has ermerged as a major constraint to [sheries development. Human exposure accurs through
eating predator fish that feed on the grazers. As many as 30,000 individuals may be poisoned an-
nually, with fatality eates from 0.1 to 4.5 per cent. Temperate countries are involved through im-
ports of tropical fish. The annual cost to Gsherics in Elorida, the Caribbean and Tawaii from bast
busmess, cxclusive of legal acrions, is estimated at USS 10 milion. Approximately 2,300 cases
oeeur in the U.8.A, and Cunady cach year, costing up to USS 20 million, mainly duc to time off
work and hospitalisation. Mo effective monitening programme Lias vet been developed.

337, Apart from dinoflagellates, other flagellate proups, nften small species in the size range
1020 Lm have recently been implicated in toxic episodes, and major problers are reported in both
brackish and sca water, particularly from Israel and fapan. The full cxtent nf the threat from
aquatic biotoxms is not at prescnt well understood and the possibilicy of cacountering unespected

situations of even new biolaains is well illustrared by a recent event in Canada.,

234. This concermned apn outbreak of shelllish poisoning resulting ffrom cating bluc mussels
contaminated with the nevrotaxin domaic acud produced by the diatom Nizschia pungens. [t is
referred 1o as amnesic shellfish poisaning and caused neurclagical symptams, including memony
boss, and human fatalities, and led to the closure of shellfish beds. While a pareicular concern ar
the rime was that the production of doracic acid was previously unknown, subsequent work
suggests that this toxin is a relatively toramon product of Nitzsehin puagens but was detected only

when the incident of acate shellfish puisuning cocurred in 1987,

£ Conelusions

239 Cases and outhreaks ol pastro-cnteric diseases oocur in Europe and North and South
America, but the tropieal and subtropical waters of South and East Asia and the Pacific are the
main fuci uf these public health hazards. The other beach-linked dissases, however, are common
1o all crowded beaches, especially those expaosed to nearby sewage discharges. Successful breaking
af the taecal-oral fransimission route rnust include the control of sewage and pathegen discharges
to eoastyl waters or, in the short term, restriciions on the use of polluted beaches and in the con-
sumption ol contaminated scafood. Much remains to be done in this respect, particularly in the

densely populated developing countries bardering the tropica? and sub-tropical seas.
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sive diffusion, and is rapidly clinvnated. Long-lived ocean fish have high levels of mercury in
muscle, but fish in enclosed seas or coastal waters may have residues up o a thousand tmnes
higher. These high muscle coneentrations arc predominanily of nstural angin, a8 @ consequence
ol net aceumulalion through a long life History, There 15 no evidence that these accumulated res-
idues have produced any effect on fish. .

246, Predators of fish, such ax sea hirds and mammals, accumuolate organic {methyl} mercury
in tissues to cxeecd thase of fish, those feeding inshore baving higher levels than those feeding in
open oceyns. There iz lietle evidence that high tissne concentrations {in Livers or fzathers of sea-
birds) are damaging, possibly because of an associated and antagonistic uptake of schemiurn.
Hewever, declining nombers of lish-sating ospreys and sea eagles have been associated with tissuc
levels of up to 50 ppm. -

247, At Minamnats, Japan, morcory pr..lisuning fram the consumption (20-50 pg d-1j af lo-
cally contaminated sealood caused 2000 cases of iptoxication between 1930 and 1908, with 43
deaths recorded from 1953, That disaster led to the adoption of recommended international limits
for levels of mercury intake in the dies {8.3 pg wk'l aof total mercury} and For seafond concen-
trations.

248. There is disputed evidence of aceumulation of cadimiwm in marine waters through the
foed chain, although it 15 evidently - luken up by phytoplankion. Zooplankion and fler feeders
dependeat on phytoplankton bave body burdens of 4 [ew ppm bul some oceanic fish have only
.03 ppm {dey).  Although cadnium is not considered an essential clement, concentrations up to

100 pg 1 have enhanced phytoplankien growih in laboratery cXperiments. No effocts are re-
ported for algae, molluscs and crostaceans with lovels of 0.4 ug 10 in sea water. These “no eftect”
fevels are sipnificantly higher then peneral background levels in ovean or coastal waters {about

0,001 to 0.2 pg I'1) but may be exceeded in some mshore areas.

24%. Therc appears to be Jittde direct accunmlation of cadmivm tom sediments by benthic
organisms, and it is generally thoughl to be taken up from water, Cadmium s translecmed from
marine algac to molluscan herbivores and through them to predatory carnivores where It is

scquestered as metallothionein {e.g. o moliuscan kidney tssoes, or fish Liver and gils).

250. Marine organisms take up lead fram sediments or nshers waters with high inorganic
lead concentrations, uptake by mussels appears to be Iim:a.r with time of exposure. Like cadmium,
low levels of lead {800 pg 113, cnhance growth of some phytoplanktan specics, passibly in Tosponse
0 aCCOMPanying nitrate anions; in other species no effeots were found at 100 pp L Adverse

(growth) effects are reported at 300 pg ! for some protezoa, and 100 pg -l produced total

mortality of the crustacean Gammarss lecusia.  Acute mortality of molluscan cmbryos occurs at

300 ug i1 but adults are more resistant with sub-lethal effects occurnng at igher concentrations,
Thase “effact levels” are orders of magmitude higher than sea-water concentrations { less than

0.01 pg -5, There h:;vc been cases of lead poisoning of aguatie birds feeding o sea and fresh water

e e e a
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1 Petrgleum hvdrocarbons

233, Ilydrocarbons from il exploitation snd use are present in the open North Sea at con-
centrations af | to 3 pg Il and at lower concentrations in the open ocean.  Levels of
Iydrecarbons an order of magnitude higher vocur dlose to ol platforms and in estwaries with sig-
nifieant shipping, efloading and refining activitics. Sediments have 3 o 160 ppm, but this may
tise to more than 1000 ppmoin poalhuted estuaries, Effects reporied on living orpganismns near oil
rigs or accident spill sites, Include high tissue levels of induced enzvme activity {c.g. mited function
oxidase} in molluscs, reduced growth o1 sea grass, bebuyiourd change and recruitment failurc in
eraby, and successional changes in small benthic crugtaceans. Higher oil residues have alen heen
reported in the hivers of fish. A sea-water concentration of 50 g I’} of the aromatic fraction of
oil, compared with the narural background of enly 1 pg I', would need to persist over a wide area
before significantly affecting the larval stages of fish.

4. Conclusions

256, Thig brief review shows that, with the possible exception of mercury, trace metals are
present inosoch low dissolved concentrations m occan wulers and cven In most codstal waters that
they do not constitute & hazard to marine arganisins. The accumnulation of organic mercury resi-
dues is assaciated with damage to [sh-cating birds, and the fsk of mereury poisening of man jus-
tilics contral measures to limit the dietary intake throvgh sealfisvod. It is not known, however,
precischy how sea-water concenfrations refare 1o mercury levels in fish. Cadmivrm, although in-
cluded among the "hlack list” substances coptrolled by intemmational agreement because of its
possible effects on man, appears to present o hazard to marine orgasisms or to wan via sealood.
Similarly, arsenic accumulated by marine organisms appears to have ao adverse eifiects of present
levels.

257. Halegenated hydrocarbons pose a demonstrable bavard to top predators which acou-
mulate restdues in [atey tissues: the risk is niore significant whera such organisms are living near
hot spots of contamiration, such as sewapge dump sites and industrial discharges. Oal, while a
significant peollutant affecting amenity when present 2s slicks or tar balls, scems otheraise not to
pose 4 seripus hazard for marine organisms, except at the site of oil spills, or of continuous releases
tram refmeries and at other mdustrial sites. However, somwe habitals, particularly in polar regions
and in the tropics, are particularly vulnerable and in enclosed coastal waters even spilis of around

100 toanes have cavsed greal damage to sensitive species, such as marine birds and mammals,

258, Within the marine ecosystern, many natural and man-made fuclocs mtersel in a com-
pled way. A number of approaches have been developed to provide some measure of the total
cfleet of these conditions on biological targets. Among the physiodogical responses Lo adverse
conditions are anomalies of growth, fecundity and developinent;, biochemical indices, have also

been used.  The Emitations, as well as the strength, of such an integrated approach need to be
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spheric depustion.

263. Globally, peesent inpus of nutrieats Irom rivers due to man's activities ave at least as
preat @s those from natural processes. The inputs in different localitics vary widely, depending on
a range of facters including population density, land use, effluent treatment, estuarine tapography,
dispersal rates and natural marine sources of the nutrents. n some enclosed waters and coastal
seas these nputs have led to dearly detectable and susteined increases in nutrient concentrations
in the waler, The areas thus affected arc numerous and grogruphically widespread but ali have the

common feature af limited water exchange with the open sea.

264. There is no evidence of comparable sustained increases in open-shell waters or open-
ocean areas and there seems Httle hkelihood that this conld occur with the present rate of inputs
sitice B0 to M) per cent of the outrient input 15 taken up b}' primary production within estuarine
and nearshore waters {see Chapter 111 A significant observable affect of excessive nuirient inputs
can therefore be expected inshore, and this is indeed manifest in the frequent oecurrenee of algal
hlooms and the increased biomass of benthic algae and aquatic vascular plants. Limited mercascs
may have desirable conseguences in terms of enhanced praduction, but larpe inputs will degrade
the environment in & number of ways, especially if the oxygen demand of the decaymp plant ma-
teria! from large blooms kads to hypoxiz and the death of sensitive organisms with high oxveen
requirement, such as fish,

265, In the Balic Ses, s:,'slumal...i-c ‘monitering singe 1980 has produced evidence of
cutrophication, s scen in progressively deoreasing oxygen concentrations and increasing levels of
nutricnts. Recorded biclopical effects over the same peried indicate higher summer rates of pri-
mary production and, since 1980, of increased productivity, including that of fish, but exceptional
and unwelcome blooms of plankicn algae have also occurred. Although 1t is recognised that some
events are related to climatolegical and hydrological vanations in the Baltic, the documented in-

oreases in nutrient inputs to this enclosed sea are a matter of major concern.

266. Possibly related to higher nutrient inpnts was the unosual bloom that occwred along
the coasts of RDenmark, Norway aond Sweden in 1988, The alga responsible was the small llagellate
Cheysochrominling pelylepis which reached maximam coneentrations of 56-160 miltion cells per fitre.
The bluvmn did preal damage to seaweeds, mvetebrates and fish in coastal waters between 0 and
12 m depth along a 200 km stretch, and, through an unidentificd toxin, alse allected fanned
salmen, costing the Morwegian fishing industry over USS10 million.  Although the ton does not
accurnulate n fish NMesk, it has been found e blue mussels {Myrifis eqduiis) but there were no reporis
of illaesses in man. The remarkable feature was that this species had not been recorded previousty

ax praducing large hlooms m these waters and was nol known Lo be luxic.

267. O the Dutch coast nitrogen in sea water increased by a factor of four and phospherus
by a factor of two over the period from 1930 to 1980. In the inshore waters of the German Bight
the increases were by factors of 1,7 and 1.5, respectively, over 23 vears. Phytoplankton binmass
increused dramatically during the same period and fAagellates overtook diatoms in abundance in
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272 Experience hag shown that it is possible to control and reverse eutrophication by re-
ducing discharges of nutrients and organic carbon, There are well docemenled cases of reecvery
of fishing grounds darsaged by nutrients [Tom sewage sludpe aficr dumping has stopped. For
specific poinit sources, it can be sufficient to discharge effluent further offshore to an area of greater
water movement, since adverse enrichment is less likely if the nutrients are adequately diluted and
dispersed. In areas with restricted circulation, removal or diversion of a substantial part of the
nutrient load {particularly nitragen) and its release to suitable areas should be considersd. Effec-
tive technigues are available for nutrient stripping but the costs are high and, where the main
suurce of nutrients is agricultere, major changes 1n farming procedures or intensity would be en-
tailed for effective reducrion of discharges.

273, In interpreting data en eutrophication and in forecasting effects, it must be recognisad
that the marine environment shows ill-understood shart-term fluctuations and cven lcss well-
understond long-term changes due to natural causes. Mareaver, it is dillicalt 1o pﬁ:diul effects In
large geographical areas to which a variety of sources provide inputs, each of which by itself might
not be significant, but which together might have a cumulative effect on extensive arens such ax
the ew York Highr, the Baltic Sea or the coastal zone of the south eastern North Sea. However,
il should be possible, at kast on a local scale, to identify arcas of restricted water sxchange such
as lagoans, inlets, fjords and eaclosed bays which, il subject to enhanced nutrient input, might be
eupected to show adverse effects, and to afford these areas a preater degree of protection or con-
trol

D. ECOLOGICAL EFFECTS

L. General corsiderations

274. Long-term eflects of contaminant exposure of populations or communitics are difficolr
to distinguish from natural changes. Reliable ohservations of population changss over sullicient
time {decades) are largely limited 1o some commercial species, ocean plankton and a few inshore
benthos communities. Statistica) enzlysis af the data is not always convincing. In addition, the
cause of the change is not always recognized and it reeds to be supported by realistic laboratory
and field experiments. This may leave a trend, cven though statistically established, “looking for
a canse”, '

275. The estublishment of a relationship between a toxic agent and the frequency or inten-
sity of effccts on a target requires that the dose and the mode af cxposure be defined and that this
be mterpreted in terms of wild pepulations rather than of individvals used in laboratory or field
toxicity testing. The effects of exposure will vary not only between different pollutants {or rmix-
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characteristics. Changes in temperature, dissolved oxygen and suspended sediment loads are often
sigmificant determinants of chemical form and availability, so that biclogical respense is modulated
by interzctiony between contaminants and natural variables, as well as by biological factors.

282. 1f a popuiation does decline, relaxation of interspecific competition leads to a changed
commurity, in the first instance by a localised change in species dominance or loss. This will be
irreverstile if recruitment from adjucent populations cannot eccur. The time-scale of recovery and
the degree to which population changes can be reversed and species or communities restared are
uncertain since they are critically dependent on the specific canditions at the damaged site, as well
as on the potential for replacement. The study of these conditions along concentration gradients
from paint sources of a pollutant, and following accidental releases, as well as the subsequent re-
covery of damaged habitats and communities are of considerable practical value.

283. The difficulty of monitoring biclogical change, given its long-term and extensive ge-
ographic varation, and the problem of mterpreting these observalions in the light of the resulis
of experimental exposures of a few species (o 4 fow known contaminants, are not casily resalved,
Where changes are expected, for example in arcas receiving discharges, monitoring programmes
may be initiated, but they may involve an expensive 2nd long-term comimitment of resources, often
unpopular with funding apemeics, conre! authoriries, and even with scientists. o addition, it is
often charged that irreversible damage will ensve before the results of long-term programmnes arc
accumuUlated and analysed.

284, It [ollows thut long-term field observations seldom provide early warning of significant
effects at population level, aor do they by themselves identify the principal or even importane
causalive apents. Aside [rom carastrophic events, it is usually difficult to distinguish between na-
tural and man-made causes of biological change. The carefd analysis of natural phenomena (e.g.
L} Nifia}, or of changes in biological communities following accidents, or along a gradient from a
pollutant source, seems to ofler the best direct evidence lor population response to natural events
or hurngn activities. These feld investigations can be enhanced by studies of biclogical and
chemical mechanisms and processes, and by the development of models to extrapolate relevant
findings to populations. An indirect assessment may be made Irom the combination of {2) data
on population dynamics, (b) process studies of contaminant impact, and (¢} knewledge of spatial
and temporal distribution of the contaminant.

285. To illustrate the problems mherent in the detection of tong-term efiects at low con-
centrations of contaminants, or where a suspactéd cause has not been identified, a variety of ex-
amples of biological change attributed to natural phenomena andfor to human activities is given
in the Iollowing paragraphs.
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Bohwsland (Balic) herring shows a periodicity of about 110 vears, and alternates with that of the
North Sca spring-spawning herring, all the other stocks show similar patterns of good and bad
years. In the casc of the Narth Sea herring, thesc reflect the perindicity of ice cover north of
[celand.  Similarly timed changes in the widely separate stocks of Adratic, Californian and
Japancic sardine are considered indicalive of widespread climatic change. A shorter-term cycle is

that of the Peruvian anchovy, which is influenced by the oscillation of hydregraphic conditions

known as El Nifio (see paragraph 119). This reguizr reduction of coastal upwelling in the eastern
Pacific leads 1o reduced productivity and to a limited distribution of the anchovy, which remain
abundant only in areas where productivity is maintained.

b. Temperature effects

289. Temperature produces significant direct and indirect effects at all levels of hiological
organization. Point-source discharges at higher thun ambient temperature, in contrast, are almast
entirely local in their cifect. A long-term (25 vears) study of effects on the benthic fauna adjacent
to & thermal discharge from a 2,000 MW nuclear power plant (Clyde cstuary, UK.} has demon-
strated (Muctuations in prowth and abundance of the principal macre- and meiokenthic species,
atributable to both climatic and thermal etfluent influences on recruitment, growth and mortality,
In some years, a higher (han average recruitment to the papwlation was associated with higher
than normal remperatures prior to spatfall. The fluctuations, however, appear to have had linte
elfect on the rather stable benthic community. Another long-term analysis of recruitment of ju-
veniles to the population of an inshore fish (sund smelt, Athering presfyver) in an enclosed bay
(Southampton Waler} showed no change in population structure over a 12-yeur perind of thermal
discharge from a 2,000 MW [ossil-fuel power plant. Thus, although strictly local and short-terma
effects of such point source discharpes can be identified, it s difficuli to distinguish natural
fluctuativns from those due to hurman activities. A world-wide warming as a rasult of a change in
climate might, however, have more significant «ffects in the manne environment, e.g. by changing
the extent of habitats as 2 result of a sea-level risc, by favouring species with higher temperature
toleranee or by increasing the rate of critical physiological processes,

¢. Changes in coral reefs

230. Oil spills, distuptive lishing practices, mining, development impacts and storms are
obvious causes of damage 1o corel réefs. Changes infand (deforestation) have also been correlated
with reduced coral reef cover in the Pacific, because of incrcased sediment lead in the run-ofl wa-
ters, which is durnaging to corals. There have also been reports ol al least localized decline, with
"bleaching” due to the loss of zooxanthellae from the tissues, attributed to various contaminants
(2.2 the herbicide 2,4 D, oil, sewage, nutrients) but aften without eritical evidence or testing. A
recent report argues that the loss of zopaanthellae s associated with meteprologieat and
oceanagraphic events which have resulted in marked increases in surface-water termperatures in
extensive arcas. [n this case, natural cycles of change could apgain be held responsible,

[ R
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baseline of incidence of variows diseases. This work should ke encouraged.
Ji Beached rea birds

296. Sea birds are exposed to contaminantx in the sea through predation on contaminated
marine organisms, or by diréct contact with oil residues or plastic debris on the sea swrface. A
survey of beached sea birds is maintained in some areas to monitor the effects of man-mduced
hazards. 1n the antumn of 1969, a massive disaster aflfected birds in the area of the Trish Sea, with
more than 12000 birds cast up en the adjacent shores. Almost all those affected were adult
guillemots (Urig aafge) just past the monlt. Efforts were made at the time to assess the possible
influence of epidemic disease, lack of food, or accumulation of pollutants. Mo cear conclusion
coumid be drawm, though the effects of exposure 10 pollztants, including PCB residues, could not
be ruled out at that cime.

E. RECOVERY OF DAMAGED ECOSYSTEMS AND SPECIES

297, [t is pertment to consider the extent (o which damaged hahitats and speckes are able
to recover once polloting inputs have ceased. An ecosystern damaged by oil, nutrients or sewage
wilk typically have lower species diversity, shorter food chains and less elficient energy transfer
between trophic levels than an unaffected ecosystem. The simplest expectation is that the pre-
impact system will eventually be re-established. Hawever, since ecosystems are highly dynamic,
often with several possible s1able states, recovery necd not follow the same sequence or time scale
us loss, and the system will not necessanly revert 1o its previous strocture.

204, The effects, and also the recovery, will depend on local conditions, Wastewsater dis-
charges, even if they do not carry toxic chemicals, may still result in an overall increase of notrients
as well as in a change in their balance. For example, municipal wastewater discharge around
Stockhelm has greatly increased in quantity since the beginning of the century, adding in particufar
to the phosphorus loading of the receiving waters and resulring in heavy blooms of nitrogen-lixing
blue-green algae, decreased water wransparency and periods of omygen deficiency with hydrogen
sulphide generation. Between 1968 and [973, biological and chermesl purification was introdoced
to all sewage treatrnent plants in Stockholm, and, as a result the phosphorus concentration n
surface water dropped from 17 1o 4 pg Il the frequency of occurrence of blue greens decreased,
water transparency improved, oxygen content is increasing and Iree hydrogen sulphide is now sel-
dom fpund,

299. As anciher example, the Thames in the UK. was rich in fish centuries ago, but in-
creasing sewage load and other discharges through the nineteenth century caused substantial re-
duetivns in dissolved oxygen. By the early 19505, several miles of the tidal waterway were

oxygen-deficient every summer, long stretches were without fish life, and the hattom fauna was
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with the result that methyl mercury ievels in pike { Exnx fucins) dropped significantly and a ban on
Ashing was lifted.

N3, Once the enviconmenial dangers of DDT and PCB were discoverced, their use was re-
stricted ot banned in many northern hemisphere countries in the carly 19705, Subsequently, levels
in the cnvironment dropped, for example, in arcas off the Californian coast, in the Japan's Inland
Sea and in the Baltic. After & few years, concentrations in living organisms also declined, and PCH
levels in Baltic seals dropped by 50 per cent.  Since then, however, there has been no evidence of
further decrease, and adverse cffccts remain. In the case of LY, total residue Jevels (consisting
mainly of DDC) declined from the eatly 19705 and, by 1984, were only 10 por cent of the earlier
levels. However, residue levels increased again after 1984, and the gy shells of fish-eating birds,
which had bepun to retum to normal, have recently become thinner again. Thus, while the bans
and restrictions produced an initial decrease of these synthetic organics, the downward trend has
now halted, possibly becausc past contanination built up persistent residues in sediments, from
which they are now stcadily recycled.

303, The best documented record of ecosvstem recovery 15 that frem oil incidenns, although
the extent and speed of recovery varies considerably. In some cases larpe spills seem to have had
only minor impacts, while in others small guantities ol vil have caused considerable damage.
Apart from any clean-up treatment applied, many factoes are relevant, including the nature of the
0il, the meteorofogical conditions, the season, the characteristics of 1he attected area, and the ap-
portunities for recolenisation. [n general, pelagic svstems in the open sea are not seriously affected
and recovery is a matter of weeks or a fow months. The effects on subtidal commuaities are mote
extrenw and recavery takes longer in intertidal areas where the oil may have been buried in the

sediment and can leach out over a long period, recovery has taken decades,

303 Experience has been pained on the re-establishment of some impomant trepical and
subtropical habitats - coral reefs, mangroves and sea-grass beds. In some cases these habitats have
been destroyed by physical activitics such as port developments, bridee building, or by destructive
coral mining and fishing, as weoil as by thermal discharges and natural storm events. Corals arc
notally slow o recover from damage. Only a few per cent of a reef is regenerated each year and
4 badly damaged rect may take several decades to recover. Om the other band, some studies show
up to 3 per cent recovery of mangroves in a ycar, and techniques have been developed lor re-
planting, usually successful where competitive vegetation is restricted in the conditions of variable
salinity and tidal height in witieh mangroves thrive. Sea-grass beds have also been restored within
4 few months by replanting, and their associated cpifauna recovered within the same perjod.
[lowever, successful recolomzation and re-establishment will occur only if the degfaded EVITON-
mental conditdons that induced the original problem are corrected.
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32, While biologcal duta can never attain the accuracy of chemical analysis, improvements
could result from the promotion and support of further collaborative studies. Some progress has
already been made at both national and international level with acceptance of robust and rehiable,
as well as widcly available, methods of sampling. Joint biolapical imvestigations which parallel to
some degree the interlaboratory exercises conducted for chemical znalvsis, for instance the activ-
ities promoted by 10C/GEEP, should be strongly encouraged. .

L R
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317, It is important to nole thel climate models indicate that the increase in global mean
equilibrivm surface temperatiure due to increases of COy  and ather greenhouse gases equivalent
to a doubling of the aimosphere COy  concentration is fikely 1o be in the range of 1.5 10 4.5 °C,
most plausibly m the lower hall of this rapge. [However, the observed increase in glabal mean
temperature af 0.3 - 0.7 * aver the last hundred years cannot be ascribed in a ngorous manner
to increasing concentration of CO3  and other greenhouse pases, although the magnitude is within
the range of predictions.

318. The glabal sea level is estimated to have risen some 12 cm during the twenticth century.
On the basis of the observed changes since the beginning of this century, it is forceast that a global
warming of 1.5 - 4.5 *C will cause the mean sea level o rise by 20 1o 140 em.  The major contrib-
uting factor to such a rise would be the thermal expansion of vecan water. The range af the esti-
miates is an indication of their uncertainties.

319,  Extensive research, much of it carmied oot within the World Reseacch Climate
Prugrammc {WRI), aims to predict climare changes from natural and man-made causes over the
shorter (several years) and the longer term (scveral decades). The research effort for the assess-
ment of the shorter-term changes is concentrzied in the tropical regions where inter-annual vari-
ations are cvident in both the oceans and atmosphere, and where wellbknown phenaomena such as
[l Nifo have major environmental impacts. Interational rescarch within the WCRP is centred
on the Tropical Ocean and Global Atmaosphere Programme {10 A), which focuses on the cou-
pled response al the large-scale armosphere with the tropical ocean.

120, Chmate prediction on decadal time scales 15 liumited by the inability to describe and
madel the vireulation of the world ocean on this scale. The WOCRP has therefore organized the
World Ocean Circulation Experiment {WOUE) to design a research programme to develop models
useful for predicting climale chunge and to collect the data necessary to test them. In the longer
terrn, & sccond gaal is to find methods for monitoring the long-term changes in the oceat circu-

l[anan.

321, WOCE will callect global data sers, meluding measurements of sea-suiface temperatur:
and altimetry; the distributions of heat, the horizontal veloty field 4t vne decp loval at Tcast, as
measured by [loats; and the surface Muxes of momentuen, heat and water as obtained rom a
riunber of satellite-based and in sifw measurements combined with {he upalysis of atmospheric
general circulation models.  The programme also jneludes a number of experiments aimed at
making it pussible to characterize those processes that are important for predicting decadal elimle
changes. These experiments will be concentrated in the Atlantic Ocean. The WOCE Intensive
Observatzon Period is planned for 1990-1995 and the programme is now moving towards its
implementation phase,

122, The question of the uptake of anthrepogenic CO3  in the ocean has been examined
by the Committes of Climate Change and the Ocean (CCCO), and a giohal propramme has been

proposcd to measure the concentration of oceunic dissolved inorganic carboa, alkalinity, snd/ar
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B. SEA-SURFACE TEMPERATURE

328, Ax mentioned previously, the Villach Report has predicted changes of plobal mean
equiihriam surface temperature in the range of 1.3-4.5 “( as the result of the doubling of
greenflouse gases that may take place in the next decades. It is expected that there will be wide
variations of this temperature change with latitode. [n particular, the amplitude of the changes in
the tropics 1s predicted wo be small with larger changes at mid-latitudes and still Iargr:r' cficets at the
poles. In addition, it is predicted that at mid-lacwudes there will be a change of the mean with an
ammual cycle similar to that found at present. In contrast, at the poles the summer-time tcmper-
ature is expected (o remain simdlar to that currently abserved, ciose to the freezing point of ice,
while in the winter large increases in tenperaciee are anticipated.

325, Changes in ccean temperature as a result of this general global wanming arc most dif-
ficult to predwt. Not only will these anse from changes in the local air temperature @nd radiation
balance, but also (rom differences in the ocean circulation due to changes in the large-scale forcing
of the ncean by the atmospheric winds and the surface fluacs of heat and water. Thus, the ocean

rcirculation as well as the way it transports heat may change substantially. Tt is worth noting that

present knowledge of the dircciion of the net meridional heat flex is unknown In some ocean
basins. Improving knowledge in this regard is one of the main goals of WOCE but great progress
towards providing reliable estimnates hefore the end of the centuzy is unlikely.

330, Some indication of the complexity of the expected changes in ocean clirmate can bu scen
frum the results of global coupled oceanfatmosphere crculation models, These models are hmited
hy ecmputer power, have poor horizontal oceanic resolution and use simplified physics for a
number of ill-understood processes. Even with these lmndtations, initial results show that, in spite
of the general atmospheric warming, the ocean may actually become cooler in some high-lalitude
regions due to epwelling of desper cold water.

331 Although within the next few years global chimate change predictions will improve, re-
ginnal climate patterns will not be forecast successfully for a lang Hme. r contrast, robust esti-
mates of ocean-temperature change will probably be obtained initially for regional basing, where
the chunge will arise primarily from changes in the radiation balance and the temperature of the
nedathy land masses.

332, Tor the present, studies of the elfects on the marine environment of changing vceun
temperature due to the increase of greenhouse gases will be limited to the “what if" scenarios.
These can be used to consider the sensitivity of the local marine environment to changes in tem-

perature and circulation within some range of values that may nod vel he well detarmined.
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1. ENVIRONMENTAL IMPACTS

338, Fhe uncertainty of sca level and eceanic temperature changes make assessments of the
magnitude of the environmenial effects highly speculative.  Some potential consequences can,
however, be identified.

139 Hall the world’s population dwells in coastat repivns which are already under great
demographic pressure, and exposed to pollution, flonding, fand suhsidence and compaction, and
to the cffects of upland water diversion. A rise in sea level would have its most severe effects in
low-lying coastal regions, beaches and wetlands. In developed countries protection fur some re-
glons will be possible, whereas in duviluping countries without adequate technical and capital re-
sources it may ool be.  The [requency and severity of Mueding would inérease, and coustal
structures and port facilities would require reinforcement. A number of Pacilic and Indian ceean
istamdy with a maximum altitude of a few metres are especially vulnerable and could become
uninhabitable after rises of the sea level that would hardly be noticed clsewhere.

3l Natural wettands, of great vulue as nursery grounds for many conunercial Gsh spcrizs,
as habitats for wildiife, and as Zones of coastal pratection are already upnder pressure world-wide.
They may be unable to catend landward and might he lost or undergo substancal changes. Salt-
water imtrusion would oceur in some dranage and irfigation systems, proandwarer, rivers and bays.

341 Marine ccosystems conld be attected by increased temperatures and alterations in
coastal circulation patterns, as well as by changed water stratification due to increased run-ofT
{following greater precipitation. In polar regions, pack-ice conditions could be greatly changed,
leaving snme areas of the Arctic ice-five.  This would reduce the albedo and lead to loeal WAL ming,
allecting the ecosystem as a whole.



Paze §3

commonly adopted fer the control and prevention of pollutios.

346. A set of principles with an important bearing nn this subject has also been elaborated
by the International Commission on Radiological Protection (ICRP}. These principles, which are
relevant to regulating any of man’s activities that may have an impact upon the environment or
human health, are as follows:

- Justification. Mo practice should be adopled uniess there exist clear ner benefits to gocicty,
i.c. the overall benefits outweigh the overall detriments to the society affected. Justification
applies to an entire practice {e.g. the production, use and fate of 4 new agricultural pesticide)
and net only to mdividual compenents of that practice, such as the disposal of any waste
products:

- Compliance with exposure Timits. Limits of exposure to products, their taw materials and
associated wastes by both employees in relevant industries and members of the public should
be established and observed;

- Optimization. Faposures to the substances concerned should be kept as low as reasonably
achievable, laking technical, social and economic factors inlo aceount,  Thus, CXpOsures
should be reduced by technical means, or through the use ol alternative opicns for the han-
dlimg and disposal of preducts and wastes, so that the overal! exposures resulting from the
activity are as low as economically and socially justifiable. The application of this principle
requires complex balancing of scientific, econamic, social and political factors, but in Ny
cases these balances can be somewhat simplified.

347, A further concept relevant to pellution is that of “sustainable developmeni”, as recemly
outlmed in the Repart of the World Commission on Eovironment and Devclopment {the
Brundtland Report). This approach is proposed to permit advance or expansion of human com-
muneties without detriment to the human condition. The undertying principle of sustainable de-
velopmeat is thut the exploitation of resources, the direction of investment, the orientation of
technological development and institutienal change should be consistent with future as well as with
present needs. The profligate use of invirenmental resources shanld no longer be aceeptable and
action is needed to make economic growth compatible with an acceptable environment.
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1. The best practicable enviranmental optinn

331, The best practicable enviconmental option hppmar:h 1% based on the view that ance
wastes have been produced, the environmental costs of all disposal optiens must be assessed before
one mediun, such us the sea, rather than another, such as the land, is chosen. Air, water and Jand
optivns should he considered together, not separately, when solutions have to be found for the
ultimate disposal of contaminants. The aim is to choose for dispesal the least damaging option
with the minimal overall environmental and human health impacts, taking inte account relevant

pelitical, social, ceonomic and legal circumstances.

4. Precaurionary environmental profection

152, The idea that provention is better than cure and that releases should be prevenrad even
before evidence of damage, has heen propounded for many years. This conoept has been devet.
oped in the I'ederal Republic of Germany as the anticipatory protecticn, or precautionery, prin-
ciple ("Varsorgeprinzip™. It was introduced internationally at the First International Conlerence
on the Protection of the North Sea in 1934 and it was accepted at the Second Conference, in 1987,
as a principle for the implementalion of environmental lepislation concerning the protection of the
~orth Sea ecosystem. -

333, The precautionary principle argues that every effort should be made to relieve the po-
teatial burdens on the environment resulting from the input of foreign substances. It is part ol a
policy of risk prevention aiming to reduce progressively the emission levels ol all substances in-
troduced by man inte the atmosphere, water and seil. On the basis of this principle, rigorous
control of contaminants has been applied by the Federal Republic of Germany in cettain areas,
despite the Jack of evidence that environmenial deterioration was linked 1o releases, rather than o
other lacters, such as natural changes.

334 r‘*.l]ticii;!atur}r environmental protection, as it is evolving, raises an cisential issue: are
the actions for the protection of the envitonment, taken on the basis of our present knowledge,
sufficient, or do we have 1o assume that the future holds risks which arc heyond aur knowledge
and therefore need to be taken into account i our currcnl pollution prevention sirategies?
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and these costs are ofien hidden. Since the cost of achieving complete prevention of pollution
("zero discharge™ will gencrally exceed the perccived benefits, then some level of pollution is often
accepted as a rcasonable compromise. Haowever, it is difficult 10 cumparc henefits and costs on
an objective quantitative basis, even when there is knowledge of the extent, severity and time scale
of impacts of human activities. Further, the balunee accepted by society differs amenp nations,

regions and intercsls.

159, Ideally, the aim wonld be {or a universal catalogue of costs of potential pollutants, and
Tor an inventory of all pollubion-generating activitics as weli as of the value of the benehits derived
fram them. However, Lhere are poly estimates of some costs in some circumstances, and somewhat
subjective views of the benehts. The long-term, widespread effects in the marine environment are
not abways evident, and this has led 1o the sl nat unmmmuﬁ practice of using it ax a “frec” service
with no defined limil to its capacity to accept wastes.

360. To lmut that practice, imcentives for reduced pollution inputs, er improvements in
pollution control ean be applied through many schemes - such as taxes, fines, penmits or subsidies.
However, these can be admindstratively unwicldy. Allernatively, a specilic technique ol pollution
abatement may be prescribed, with the objective of conforming to emission standards. This palicy,
however, may be toe rigid or inappropriate in some cases, and thus costly in relation to expected
benctits,

361. The economic analysis of marine pollution problems is still ja its infaney. The cost of
damage te health and resources lrom episodic events is difficult to cstimate, although progress has
been made in, for instance, working out compensation for certain ol spills such as that of the
Amoco Cadiz. While crude estimates for some correclive measures have keen chtained, the as-
sessment of the costs of continued pollution, is even more difficoit. Thus, the cost of the work to
achieve recovery. and protection of the Po river basin, which is responsible for the major part of
the pollution joad of the Adristic Sea, has been estimated at over 1SS 2 billion during a four-year
period. Crude estimates have akso been made for the cost of consiruciing sewage treatment and
disposal factlities for the 132 million inhabitants of the Meditcrrancan coastal seitlements that fack
such facilities; these amount to approximately US3 1% biflion or abont USS 150 per capur. The
figerras would need substantial increase to cover the costs of pm\ridjng_ the sewerage without which
treatment and dispasz! would net be possible.

362. These are among the stil] few instances of cost estimates available. Given the magni-
tude of the sums invelved, better estimates based on sound economics are needed. These should
not only meke it possible to evaluate direct ¢osts, as in the two cases above, or to award com-
pensation, as in the case of accidents. They should alse provide the basis for deriving equitable
systems of incentives, taxation and disincenlives that may play a part in ensnring that pedlution
of the sea is kept within acceptable Limits. )
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366. These conventions attempt to contred the releases of substamces Lo the sea on the hasis
of the hazards they pose to the environment and to human health, The International Conventiou
for the Prevention of Pollution from Ships, 1973, and the Protocol of 197% related thercen
{(MARPOL 7378), in its regulations for the prevention of polfutien by ail {(MARPOL 73/7%, An-
nex [} refer to a st of vils appended to the regulations. With regard to the contrel of polluton
by nexious liguid substances in hulk, the Convention ( MARPOL 7378, Annex 11) relics on sover:!
Lists of chemicals transported at sea which have been zllocated to different pollution calcgorics
(and therefors are subject to different legu] requircments) based on their hazardous propertics. A
leng-standing GESAMP working group sponsored by IMO and UNLP classifics annually the
chemicals carried by ships in lerms of biosccumulation and tainting, damape 10 living resaurces,
hazard Lo human health by oral intake, skin and eve contact or mbalalion, nd reduction of
amenity. These hazard profiles are used by 1M0 in determining carriage requircinents for noxious
liguid substances,

347, The dumping convenlicns categorize substances into “black™ and “grey” lists. Black lst
substances are those which are enher simullancously texic, persisient and bicaccuntulated. or.
while essentially non-toxic, are perisient and Mozt or remain suspended in the water where theyv
may iterfere with legitimate uses of the sea.  These subsrances are controlled stringently und
camutot be dumped in the sea in anything other than trace quantities. Grev list substances exlihit
some but not all of the harardous characteristics of thoese in the black Tist, and may be disposcd
of in the marine environment with special care.

2. The Law of the Sea

368. In 1982, the United Nations Convention on the Law of the Sea was adopted. 113 pro-
visions en the protection and preservation of the marine environment established an overall
[ranework of governing principles and peneral obligations - notably those requiring States 1o ke
all necessary measures to prevent, reducs and contrel marine polletion from any source, and Lo
co-operate, on global and regional bascs, as approprate, in the formulation and elaboration of
international oles, standards and recommended practices and procedures and in the establishment
of appropriate scientific eritetia lor these purposcs.  The pbligation to co-operate also extends 1o
the notification of imminent or actual damage, the adoption of contingency plans ugainst pul-
lurion, and the carryving oul ol resexrch progranimes.

3. The Convemion lays dewn the basic jurisdictional regime for the adepnion and
enforcement of laws and repulations.  For poallulion from ships, global rules and standards muost
be applicd.  Vor ocean dumnping and for manne pollution via the ztmosphere, States are urped to
cstablish and appiy both globhat and regional rules. TFor sea-bed activities {within national juris-
diction}, Srates arc required to adopt laws and regulations na less effective than international 1ides
and stundards, and orged te harmenize thar policics at the appropriate tegionitl level. For land-

tased sources, States are mquired 10 1ake account of inlermationally apreed rules and standards,
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374. Thus, apart from the North East Atlantic and the Baltic Sca (hoth adménistered by the
relevant Commissions), only twe rcgional seas in the UNEP Regional Seas Prograrmune are pro-
tected by dumping pretocols: the Mediterranean and the South Pacific. This is certainly because
the Londen Dumping Coenvention is considered adequate for controlling and regulating waste
disposal in the various regions. However, it should be noted that the London Dumping Conven-
tion itsell draws attention to the need, for States with common interests in protecting the rarine
envirenment in a given geographical area, ta c¢nter regional agreements consistent with global
conventions, but also to take particular account of the characterstic features of the area.

4. Controf of land-based sources

373. Action has been taken to control the input of substances from land in only a smail
number of regions. The Coovention for the Prevention of Marine Poltution frum 1.znd-Rased
Sources, 1974 (Paris Convention) covering the North East Atlante, including the Morth Sea, and
the Convention on the Protection of the Manne Environment of the Balic Sea Acea, 1974
(Helsinki Convention} both ¢cover the cantrol of substances entering their resp&ctﬁ'{: scd Areas from
land. Omly two of UNEP's cight Repional Seas Conventions have been supplemcnted by protocals
on the prevention and control of marine pollution from these sources. These are the Athens Pro-
tocol (1980) to the Barcelona Convention and the Ouito Protocol [19%E) to the Lima Convention.

¥76. The reluctance to develop and adopt legatly binding instrumnenis on the prevention and
conirel of marine pollution from jand-based souzces can be understood in the light of the expected
costs they would impose on industnies, municipalities, and agricelture of the prospective parties,
since tight contro]l measures, standards, surveitiance and monitoring systerns would have to he es-
tablished. This is aiso the reason why the establishment of & globally applicable and all-embracing
convention on the protection af the marine environment from land-based sources of pollution
seerns unlikely, taking into account the many different stages of developmenl in the various regions
oi the world.

377, All international instruments on the prevention and control of marine pollotion from
land-based sources take basically the same approach as the London Dumping Convention {and
ather dumping agreements): releases arc contralled on the basis of two lists with different rc-
quirements, one more stringent than the other. However, as the conventions for the prevention
of marine pollution from land-based sousces deal mainly with indirect discharges to the gea, a
compiete banming of zll discharges of mbstances on a “black list” would be impossible. The Paris
and Helsinki Conventions are laying increasing cmphasis on the control of nutrient inputs which

are not included in these lists,

378. The programmes and mmeasures set out in the conventions give (he individual Con-
tracting Parties the opportunity to fix standards governing the quality of the environment and
standards for discharges. The majority of the Parties to the Paris Convention favour a policy of
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34, Regarding land-based sources, very fow arcas are covered by relevant repional instru-
ments and it is therefore difficudt to make any meaninglul evaluation of cllcoliveness,

385 In many cases the introduction of the contrel measures set out in conventions involves
cosrs, sametimes considerable. For example, many of the provisions of MARPOL 73/78 have had
substantial financial implications fur the shipping industry and for administrations and industrics
iwvobved in recepion [acilices at ports.

386 Assuming that the measures are well desipned and appropriate 1o the epvironmental
chjectives and o the marine area in question, then their effectivencss will depend on the extent to
which they are applied. Oflicial indtiatives such as the Governmental [nternational Conference on
the Protection of the Narth Sea. as well as pressurc from the environmenta] interest groups, pro-
mote attitudes favourable to environmental protection and contribule Lo tighter zontrel.

F. CONCLIUSIONS

387, The behaviour of every individus] contribures 1o the nature and extent of exnviron-
mental damage. ln meeting the objectives of pollution control, & high level of cnvironmental
awareness in the public i crucial. This can be achieved by provision of relevant information and
by the establishinent of cducational programmes.  The national agencies concerned shoukd make
ruscarch results and scientific reports, as well as data buscs, available 10 the public, and csplain
them clearky.

J88. Close co-operation with business interests is also necessary. Industry is well placed o
know the technical possibilitics for reducing and aveiding wastes and limiting the introductinn of
lurcign substances nto the envirorment. 1ts conunitiment o cnvironmental protection, supporicd
a5 nedcessary by governments through cconomic means such as tax mcentives, investment aid and

penalries, would encourage activities consistent with the health of the environment.

380 Substanees introduced into the ¢nvironment cross national borders in water and air
and, if persistent, can spread worldwide, Therclote natinna) measures alone are not sulficient to
control them. Intemmational co-operation is needed to adopt and implemenl uniform measures for
the prevention and control of pollauion. 1t is the responsibility of industrialized countries o assist
others I achieving these cornman poals. Such co-operation is being develeped through the inter-

national conventions relerred to above,

390, At this stage it is not possible to identify any single overall principle which, on a regu-
latory basis, would guide all actions to control and prevent marine pellution. Fach of the many
approaches used has advantapes and disadvantapes and, as appropriate, each sheuld be applicd

within & comprehensive ftamework. This would cover all sources of marine pollation, the distrib-
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V1. OVERVIEW

1392, Broad generalisations about the state of the oveans are mevitably misleading because
af their wide extent, the diversity and variability of ecnsystems, the range of vses to which the scas
are put, and the heterageneity and uneven distribution in space and time of the human activities
which affect the marine environment. Ftowever, in discussing thase activities and their conse-
quern c:s,-a clear distinction can be made between éuast&l zunEs and semi-enclosed seas on the one
hand, and the open ocgans on the other,

A. COASTAL ZONES AND SHELF SEAS

393, Man's marine-related activities tend to be (ocused in shallow water near the coast, and
the major source of contaminants to the sea i3 the continental land mass. The impact of man
along the edges of the ocean is therefore unambiguous, and in places substantial degradation of
the environment i eudem

1. Coastal and hinterland developrrent

194, The coastal strip, encempassng Lhe shallow-water and intertidal area along with the
immediately adjacent land, is clearly the most vulnerable as well as the most abused marine z-:n.ne.
Its sensiuvity 1 directly tied to the diversity and intensity of the activitics which take place there,
and the threat to its futore is related to the increasing concentration of the world population in this
areq. The consequences of coastal development are thus of the highest concern. They arise not
only from the viriety of contaminating inputs associated with great concentrarions of people,
comraerce and industry, but also from the associated physical changes in natural habitats, espe-
cially salt marshes, sea-grass beds, coral reefs and mangrove lorests. There is lurther pressure rom
the increasingly rapid development of mariculture around the world, both from direct contam-

inating inputs and from the intentional alteration of habitats to accommeodate fish farms.

395, The pressures exerted directly on the coastal strip are exacerbated by activities inland.
The use of rivers fof waste disposal leads to consequences at the coast often Far from the site of
the original input, and there is a widespread need for improved ireatment facilities inland, and for
better control of inpots to fresh water. Alse, alterations made, for 2 varicty of reasons, to

freshwater drainage systems often result in adverse changes in estuaries, for example in their
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by biotoxins, sometimes with very setious consequences for human health, Tt is seldom possiblec
to coanpect with certainty unusual ilgal blooms to enhanced nutrient levels, and detailed studies
of some recent cuses have not shown coavincing causc-effect relationships. There is clearly 2 need
for & better understanding of the dynamics of phytoplankton growth in coastal watcers, wnd it is
recommended that appropriate studies be undertaken,

329, Considering the fulure, it is relevant that the current anthrapopenic inputs of nutricnts
are at least comparabic to those from natural sources, and that these inputs are related to present
population densitias in coastz] regions and their hinterland, Within the next 20 to 30 YVEATS @ NCAT
doubling in human population is projected, and even greater rates of increase are cxpected in some
coastal areas. Such changes will inevitably be accompanied by increases in agricaltural and live-
stock production, and by further expansion of mariculture. Thus, anthropegenic inputs cuuld be-
cume several times preater than the nateral backpround, and the effect on coastal waters plabally
could ther be un the scaie at present found endy in enclnsed areas such as the Baltic and Japan's
[nland Sca.

4. Given that these increases ncenr predominantly in developing cuuntries whers waste
treatment facilities are [ew and population growth is most rapid, and greuming that remedial
measures are not taken, then a worldwide problem is 10 be expected. The most severe offocts will
be found m areas with dense and increasing population, on eoasts with restricted water cireulation.
Such particularly sensitive localions can be identified now. A major study shouald be initiated by
L\ agencies to estimate the scale and severity of these potential global elfects, and to COC DUTAEE
appropriste and effective action which might include radical changes in technigues for sewage
disposal and in farming practices inland.

2. Sewage contarmination

401 While the input of human sewzge 1o the sea is 2 major cause of deoxygenation and
eutrophication and a source of chemical contaminants, it also introduces pathogens, posing &
major health risk to consumers of seafoed and to recreational users of the lintoral zone. The can-
sumption of contaminated seafood is fimly linked with scrious illness, including viral hepatitis amd
cholera. Ilaslier work on the connection between bathing and diseuse produced conflicting or
ambiguous results, hut epiderniological studies have now pravided unequivoeal evidenee thar
swirruncrs in sewage-polluted sea water have a higher incidence of gastric disorders and that the
increase is correlated with Freeracorcus counts in the water.

402, The studies further indicate increased incidence of apn-gastric disorders {ear, respir-
atory and skin infections), but in this case there 15 no correlatier, with indicaters of scwage con-
taminatien. It is clear that current health standards are not pencrally adequare and often are not
properly enforced.  [mproved control and monitoring is therefore essential.  Also, hecanse con-

veitional Lreatments may not in all circurnstances be the best o1 most economic approaches for
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fish species has been restricted, for example in parts of the eastern United States.

407, As & resull of public concern, the manufacture andfor use of some arganochlorines is
banned or restricted in a mumber of countries. Consequently, downv.ard trends in concentrations
m sed water and in the tssues of organisms are now being recorded in some parts of Lhe notthern
hermisphere, but scdiments are still a major reservoir for substances like PCBs, which may be rein-
troduced into bislogical cycles when the sca-bed is disturbed. This will be a potential hazard for
the foreseeable future. In some parts of the world, the use of persistent pesticides is still hiph, (ur
example in countries with large cotton preduction. '

A08. Every yrar hundreds of new chernicals are introduced to the market, many of them with
seeampanying impurtics such as chlorinated dicxins and dibenzofurans, while known chemicals
arc turmed ta new purposes. The unforescen dangers of new materials or formulations are exem-
plified by TBT. Oaly when its effect on nun-target organisms was discovered was its use seen to
be unacceptable and zction initiated to contral and replace it. Some other chemicals, such as
dichlorvos, an organuphospharus compound now used by fish fariners, are new contamtinants in
the sea and are causing concern.  These chemtcals, whick aim at a selected targel or are uscd in a
lirnited location, are mare easily controlted 1han others such as pesticides extensively applied on
land. llowever, once a pestivide or an industrial compound is found to be envircnmentally dan-
gerels and is withdrawn, # is inevitably replaced by another which may cause its own, perhaps less
well known, problems. The fate and effect of chemicals introduced inte the marine environment
shorld be kept under close and continued review hy a suitable international body or programmnie.

6. CHl

409 Except in the imnediate vicinity ef sources or at the site of major oil spills, oil in the
sea is generally found at concentrations too low ta pose a threat to marine erganisms. However,
oil slicks are & significant threat to diving birds, and residual tar cortinues to be a serions amenity
problem on beaches, aflecting the economy of many comrmunities which depend on tourism,

7. Radiaactivity

410, Radiozctivity causes public voncemn, but radiation deses from artificial radioactive
substances in the vecans rentain extremely low, and therslore do net add significantly to the radi-
ation hackground of marine organisms or man, ¢xeept in a few localitiss where exposure may be
of the same vrler of magnitude as that from the average natural backeround. 1lowever, of all
contamirating discharges, radioactive cffluents from peacefil uses of nuciear energy are probably
those most rigorously controlled and monitored. Major nuclear sceidents have resulted in con-
tamination of agriculural and freshwater foodstuils and of sealvod.  Fellowing the Chernobyl

accident there was widespread contamination throughout Forope but, because the source was lo-
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B. THE OPEN OCEAN

414. The main contaminating inputs to coastal regions arc river-barne. ‘They settle ot
mostly in the estuaries and shallow waters, and little reaches beyond the edge of the comtinental
shelf. In the open ocean, in cortrast, the two principal sources of contaminunts are shipping and
the atrmosphere. [n addition, conaminants arc contributed directly to the deep sza by abyssal
tectenic activiry.

413 The shipping inputs arsc mainly from operational activities and fom deliborate dis-
charges. il is the most obvious contaminant, but biocides from antifouling puints leach into the
water along shipping routes, and recently the accumulation of ship-related plastic debris has been
increasing. Dumping and accidents also contribute, but much less so than in shelf waters,

4i6. While some of the atmospheric conlribution consists of substances picked up Fom the
sez surface and later returned to it, certain contaminants are carried by air masses (rom the con-
tinents. ‘These include large amounts of desert sand and materizls from voleanic autivity and forest
and gressland fires, as well as contaminants reaching the air from evaperation, incinaration and
cembustion processes. There is an observable decrease in concentrations of these atmospheric

CONLAMINALLE a8 measurements are made at increasing distances from continental sources.

417 Contamination does oceur in the open occans. Liptake of mercury by long-lived fish
speeies justifies control measures to limit human dictary intake, but mast of the mercury is derived
from natural sources. Another metal, lead, shows elevated occan-water concentrations resulting
from human activities, but in somc zreas levels are now falling with the declining use of lead in
fuels. In gencral, metals art present at such low levels in gcean water rhat they are not & demon-
strated hazard to manne organisms. Synthetic orpanic cormpounds are also detectable bu, again,
levels are tao low for effects to be expectad.  The study of nutrient Mux to the oceans shows that
present anthrepogenic inputs do not have any impact beyond the edge of the shelll Ol from
shipping is detectable at the surface of the open sea but mainty in the form of depraded residues,
with little impact on marine life, and the reduetion in oil-related Lraffic, combined with tighter
international regulations, has reduced the cxtent of this problem.

414, At present, exploitadon of minerals and energy in the open ocean is nepligible, and only
a major expansion of ellort would justify concern. This may seem a far-off praspect, but devel-
Opmenis are sensitive 10 conmmaodity and energy prices, which may change guickly, sn complacency
B nol justified. Any impact from deep-ocean mining would be most likely on the sea-bed. Ar
present our understanding of abyssal ecology is insullicient to provide a reliable assessment of the
effects of disturbance and sedimentation.

419. We conclude that in the open ocean, in contrast to coastal zones, impact from mian’s
direct activity is slight and, while concenitrations of some contaminants arc cnhanced, they are still
low, and measurable eifects are not detected. However, lead, chlorinated hydrocarbons and ani-
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423, Such issucs arc for the most part relevant to medium- or Jopg-term time scales, n
contrast to most of those discussed so far, which are short term, affecting us now and requiting
action immediately, In preparing this repore, it was decided to focus on the short-lerm problems
but, inn reacting to them, to be aware of the others and to rake them ko eonsideration as and when
sulficient understanding develops from current research.

D. PREVENTION AND CONTROL

426, Many activities have adverse impacts on the sca, and public awarcness of the degra-
dation of the environment is increasing, with sirang attitudes emerging in lavour of its protection.
A concept atlracting increasing suppart is the precautionary principle which, m its original far-
mulation was carefully integrated as part of a national pachage of approaches to envirenmental
mnunapement. This principle proposes action even in situations where damage has not been: dem-
onstrated, in otder to saleguard apainst possible future visks. However, espocially for waste diy-
pasal, 1t is essential to take a balanced view after consideration of all the options, including the
banuing of wastc-producing activities. [t must be recognized that preventian of pollution in one
scetor of the environment could transfer it e ancther where the consequences coold be more se-
vere or less predicrable.

427. Thus, in comparing the relative advantages of land or sea disposal, the possibilities and
implications of, for example, contamnating ground water with sewage must be weighed against the
cipeoied impact af disposal to the manne environmenr. Reviewing the options involves more than
just selecting the appropriate environmetal sector 16 receive the wasics - atmosphere, land, frosh
wiater or the sea; there arce also irssues of storge or destruction; containtment or dispersion; usc of
aceessible or remote sies.  In the longer lerm, improved waste management, with emphazis on
wasle reduction, will make a significant contribution o the prevention of pollution in all sectods
aof the environment.  Obvicusly, cost considerations mst also be relevant in reaching desisians,
and an economic assessment should be part of any provess leading to thern.

428. Tuis important for example to see how the costs of darnage relate to the costs of action
to minimirze or aveid pollution, Advances have been made in the techniques for analysis of costs
meurred @3 a Tesult of marine pallution and in the ¢valoation of the benefits of control and
abalernent.  Incvitshly, however, the values atiributed 1o & potentially polluting activity and the

cost of preventing of clzaning up alter it st vellect local conditions apd values.

429, In addition, the Jdifference in approaches and languages of natural sciences and eco-
nomics may lead to misunderstacdings or eveny to misguided decisions. Initiatives are therefore
needed to improve eommwnication and understanding, se that bath discipiines can be directed Lo

the common aim of safeguarding the marine environment.
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