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PREFACE

Although the idea of summarizing the state of marine pallutien in the world
opeans is probably much older than one might imagine, bhe specific idea of reviewing
the health of the aceans seems to have first arisen in the report of the
ACMRR/SCORR/WMO Joint Working Party on Global Ocean Research (Ponza and Rome, 29
April - 7 May 1249}

This idea was taken up by the ACMAR/SCOR/ACOMR/GESAMP Joint Working Party on
the Global Investigation of Pgllution in tre Marine Environment {San Marco di
Castellsbate and Rome, 1i - 1B October 19710,

The Action FPian asdopted at the United Mations Confarence on the Human
Environment (Stockholm, 5 = 14 June 972} recommended that GESAMP should assemble
seientific data and provide advice on  scientific aspects of marine pollution
egpecially those of an interdisciplinary nature.

The IOC International Co-ordination Group for GIPME at its first session
{bondon, 2 - & April 1973) recommended that the Secretary of IOC vetain a esnsultant
to bring together the available data inko & repoct on the Health of the Oceans.
Professor E. D. Goldeerq of the University of Celifornia at San Diego was asked to
do this werk, and his report was published by UNESCO in 1%7&.

The fiftesnth eesasion of the Inter-Secretariat Committee on  Scientific
Programmes Relating to Ocsanography {(ICSPRD), recommended "....... that GESAMP
should be invited to sdvise agencies, and UNEP wee asked to take the initiative, in
consultation with other agencies, for khe preparation of a detailed request to
GESAMP for a critical axaminabtion of present and planned mekhods by which  to
generate a continuous authoribtetive review and assessment of the health af tha
oceans”.  The initiative requested of UNER was fsken at the meeting of the GESAMP
Joint Secretariat (Gemeva, 4 - 5 June 1977 when it was decided that the preparation
of "periodic reviews aof the state of the maring enwvironment as regards marine
pallution” should become ona of the main terms of refarence for GESAMP.

The tenth session of GESAMP (Paris, 25 February - 1 March 1978) established the
Working Group on a Review of the teslth of the Oceans, with the objective of
providing:

"a perindically updated review of: the stakte of pollution of khe world's
cceans;  the global mass balance of marine pollutian; the trends of
changes in ocean-ralated natursl pracesses (e8.qg. ¢limate) and living
resources, amenities and other legitimate wses of the marine envirenment
a3 well as on the land directly influenced by the oceans”.

The Working Group was givep the following terms of refarsnce:

{1} to provide succinet periedic (3-4 years) critical reviews and scientifig
evaluation of the influence of pollutants on the marine environment;



{ii)

{ii) to advise on the extent Lo which potentially harmful substances, processes or
activities may affect the health of the oceans and the various wuses of the
marine enyironment;

(iii} to advise on aress requiring further examination either because of their
relativaly higher degree of contamination or lack of detailed sccurate
informakion.

A11 GESAMP co-sponsors {IMCO, FAD, UNESCO, WMO, WHD, IAEA, United Nabtions and
UNEP) expressaed their wish to co-operate and provide inputa to the work of the
Group, UNESCO was asked to be the lead Agency, providing wsdministrative and
tachnical support for the Group, with major Fimancial suppart provided by UNEP. The
composition of the Working Group was carefully selected hy the co-sponsors of GESAMP
and the Chairman of the Group, taking into account the necessity of covering most
scientific disciplines as well as having experts from as many regians of the world
as possible.

At the First meeting of the Wecking Group, held in Coperhagen {5 - 11 July
1579), the preliminary outline of the finsl report was digcussed and agreed upon.
The faollowing subjects were selected for interzessional work- by soeparate Task
Groups: (a) Interface Flux Modellings (b} Toxic Substances; (c) Biogeschemical
Cycles, and {d) & Review of Geographical Areas.

The spproach propesed by the Group was approved by GESAMP at its eleventh
session (Dubrovnik, 25 - 29 Febvuary 157%).

The fimal draft report prepared by the Working Group was reviewed and revised
by the LEwelfth session of GESAMP (Geneva, 22 - 28 October 1981), and the reviaed
version was endorsed by the GESAMP experts and zll the sight co-sponsors of GESAMP
for publication as GESAMP'z  response to the recommendation of the 1972 Stockbolm
Conference on the Human Environment.
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Une whose atons sre each capable of vumbining with two  atoms of
hydrogen

Carry aleng in the flaw (of water}

The upper level of the sea down bo the limits of effective light
penetration For photosynthesis

The process of nutrient enrichment of water which leads to
enhanced organic growth but which if carriad too far (hyper-
trophication) causes undesirable effects

For sea areas, this usually refers to the time taken for the volume
of water in a designated location to be replaced by water from
outside; a coneepk which engenders high-ehergy discussions between
physicsl oceanographers and engincers

The rate of change of & property with respect to distance
(horizontal or vertieal)

Une of the compounds in a series which shows graded chenges in
structure and properties

An oxidation reaction which introduces one ar mors hydroxyl groups
into an organic compound

One of two or more chemical substances baving the same  elementary
percentage  composition and molecular weight, but diFfering in

structure snd therefore in properties

The molecula, ion, OF group bound te the ceptral atom in @ chelate
or a co-ardination compound

Water filling the small openings and channela within recks or
sediments

A density gredient - see thermocline

Removing a selid, liquid or gas from a liquid or gas by its
adherence to a third substance

Refera to the various forms in which a chemical can exist

Said of rock structures which are directly asttributable to earth
mavements involved in folding and faulting

A temperature gredient, as in a layer of sea-water, in which the
temperatura decresse with depth is greater than that of the

overlying andfor underlying water

The process by which weter rises from a deeper to a  shallower
depth, usually as a result of divergence of offshore currents

EXECUTIVE SUMMARY

This presemts the Findings and conclusions of the Group, amd in genersl is  set
gut according to the terms of reference given in the preface.

1. Substances, activitias, processes and effects

Man's activities contribute substantially to the fluxes of certain elements in
the marine environment. For substances such as carbon dioxide, cadmium, arseniec,
lead and mercury, fluxes of anthropogenic material approach or exceed the natural
fluxes. Increased concentrations of lesd, some radionuclides and carbon dioxide can
be detected in tha open ocean.

Mary contaminants, particularly carhon dioxide end some metals, circulate
Widely in the atmosphere, and onter tha oceans on a global scale primarily through
the air-sea interface. Carbon dioxide is a significant envirormental contaminant.
Its principal diract impect is expected to be in the atmosphere and on the climate,
and since this is being intensively investigsted by several international expert
bodies, carbon dioxide has not received detailed attention in this first repart.

Trends in concentrations of some pullutants can be detected in the opesn ocean
s illustrated by Lhe presence of human-derived tritium at the Bahamas, of
cagsium-137 at the Arctic boundaries, and of increazed levels of lead in  open—ocean
surface layers. Increased rcontamination in tha form of tar-balls snd oil-slicks,
and, in some aress, elevated heavy metal levels are being seen along shipping
routes, transportation by =sea being a major use of the ocean. Thera is alsp the
suggestion of decreased trends, for example in DDT and PCB concantrations, at higher
latitudes of the narthern hemisphere. On the other hand, there iz the expectation,
supported by some evidence, of increased concentrations of these compounds in the
southern hemisphere end lower latitudes of the northern hemisphere.

The acean surface microlayer controls the input of many gases and is a zone of
high ecneentration of some substences, including heavy metals, organochlorines, and
petroleum. Wo serious damage is known to have been done to this important interFace
by contaminants, although Lhe potential exists For altering fluxes by the
introduction of substances rcawsing surface films. In this context, data from the
Marine Pollution (Petreleum) Monitoring Pilot Project (MAPMOFP) aof the Istegrated
Global DOeean 5tation System (IGO55) indicate that of the atea monitored, which
included the major shipping lanes, between .05 and 0.1 per cent of the sea surface
was covered by oil Films at any given time.

Many substances eventually reach the sea Floor. There they interact with Ehe
marine sediments and biota at the sediment-water interface. As yet, serious damage
is known to have occurred only in very localized reqions.

Some contaminants, such as radionuclides, halogensted hydrocarbons, and  trace
metals, can be detected abt considerable distances from their sources, partly because
of their world-wide tranaport by wind and ocean systems, and partly because
gensitive methods are sveilable for their detection. The corntrolled disposal of



low-leval radioactive wastes in rcoastal and deep ocean walers is governed by the
quidelinges and protection limits For the genersl public recommended by the
International Commission on Radiclogical Protection (ICRP). The dumping of packaged
low-level weskes is governed by the London Dumping Convention and the guidelines and
recommandations of the International Atomic Emergy Agency (JAEA),  Compliance with
tho spirit apd intent of these ragulations should emsure that the radiation exposure
tu human pupulstions does not exceed internaticnally recognized standards.

There is no confirmed reecord of human illness having been caused by consumption
of marire organisms dus bo their content of FCBa. However, the concentrations of
FCE residues in some marine organisms exceed the level set by some national
authorities in ordet ©o safeguard human health. On the ecolegical s=ide, it is
suspacted thet ssals in gsome rTeglons have suffered reproduction damage. The
pathways and Fate of ODT and ovther organochlorines are becoming reasonably well
understood  in the marine envireonment as are the toxic effecks of their metabolites.
ODT residues in seafood are not likely to place man at risk but fear of
contamination from this and other sources could damage the merketebility of seafoud.

Pollution is generally most savere in semi-enclosed marginel seas and  coastal
waters bordering highly populated and industrialized zones. Such areas have
substantial voncentrations of  contaminants from  lamd-based  sources. The
ervironmental effects vary from one part of the coastal rone to snother dependimg on
the type and volume of the wastes, and the nature of coastal activities. Many
pollutants introduced to the coastal Zong remain there, at least temporarily.

Major chronic inshere marine pallution problems can often be attributed Lo Lhe
discharge of large volumes bf wastes that bhave a local impact. These include
materials which are partially bicdegradable, such as raw sewage, sewsge sludge, food
and beverage processing wastes, pulp and paper mill effluents, woollen and cotton
mill wastes, and sugar refinery effluants. Solid wastes such as mine tailings and
dredge spoils are alao in this category.

For sewags, problem areas are locel rather than global, and cosstal rather than
oceanic. Sewsge dees present a direct risk of infections te humans on some beaches,
especially during recreational seasons. Dischatge on or  near ghallfish beds
presents a greater risk to human health through the consumption of centaminated
seafood.

Nutrient increase is often associeted with sewage, and the impact of this has
baen perceptible in meny coastal regions. The effects of nitrugenous wastes are
wsyally most obvious, bub phosphate may adversely alter the species cuomposition of
regional phytoplankton.

Heavy metal affects are difficult to detect in the fiald =ince they mey be
disguised by the effects of other wastes discharged simultaneously. The heavy metal
concentrations in shellfish end fish which ere generally recorded do not suggest any
threat to the saverage human consumer, and they rarely demage the ecosyslem -
prganisms seem able to adapt or withstand high environmental levels. Mereury, in
the form of methylmercury, has caused damage in purticular circumstances. Marcury
i5 sometimes present at the top of the food-chain at concentrations considered toxic
Lo man, but mcrcury levels in the open ocean are below those that are known o
damaye  warine life.  Selenium  usually exists at  levels which can have an
anktayonistic effect to those of mercury.

EFfects of oil released into the marine environment depend on the type of oil,
the nature of the ecosystem affected, and on a varielty of physical, chemical and
hiological processes important to its fate that may be operative at the time of
release, 0il spill effects on pelagic communities are rarely drastic and recovary

- 89 _

GLOSSARY

This list provides guidance on a selection of technical terms and on some avorydsy
words which are used in o specialized sensg in the report.

ADIPOSE TISSUE

ADSORPTLOM

AEROSOL

ANOXIC
ANTHROPOGENIC

AUTHIGENIC
{of 2 minaral}

BENTHIC
B1UGENIC
B10TURBATION

CHELATE

COMPLEXATION

CORIUL1S EFFECT

DEFURATE

DESORFTION

DETRITUS

DIAGENESIS

A type of cornective tissue spegialized for storage of fat
The surface retention of solid, liguid, or yas molecules, atoms or
ione by a solid ar liguid as opposed ko shsorption, the penetration

of substances into the bulk of the seolid or liguwid

& gasecus suspension of ulframicroscopic particles of a liguid or a
aulid

Devain of free oxygen
Man-made

Formed by sedimentary processes as a cryskallographic unit st the
place of its occurrence

0f, pertasining to, or living on or in the bottom of the sea
Produced by the aption of living organisms
Disturbance of sediments by the sctivilies of living organisms

& molecuiar structure in which e heterocyelic ring ean be formed by
the unshared electrons of neighbuuring etoms

Formation of a chemical compound in which part of the moelecular
bonding is of the co-erdinate type

The deflection relative to the earth's surface of any object moving
sbove the earth, caused by the Coriolis force; an object moving
torizemtelly is deflected to the right in the northesn hemisphere,
to the left in the southern

Become fres from contaminants

The process of removing a sorbed substance by the reverse of
adsorption or abaorption

Strictly speaking, loose particles produced by wearing away of
larger materizl but gha term is often used more generally to refer
to fine inorganic or orgenic matter suspended in the water or
settled on the sea bed

Physical and chemical changes occurring in sediments during and
after their deposition but before their consolidatian



ia usually a guestian of weeks nr  months. Impact on intertidal, and subtidal
communities may be severe with recovery taking years or decades particularly in the
shoreline communities where oil penetrates the sediments, and vil on  beaches can
seriously affect Gtheir amenity as recreaticnal areas. Hirds ere particolarly at
risk, but there is no evidence that oil alone can threaten species survival.

The vast bulk of marine fishery resources {more than 90 per cent; is lorated in
continental shelf areas and in the upwelling regions of the oceans. The coaskal
fisheries are perticularly exposed to the effects of pollution, since the highest
concentrations of metals, halogenated  hydrocarbons, petroleum  hydrocacbons,
suspended  =olids and litter are found in these arsas. Effects of pollution on
fisheries tend as yet to be local or regional.

The tresnsport of natural and anthropogenic substances through the ocean depends
on & complex system of interacking physical, geochemical, and biclogical processes.
The dimportance of aimospheric fluxes across the air-sea boundary and the ceeanic
Flux of particles has only recently been recognized.  Krowledge of  Fundamental
procesees  is not  extensive enough for the identificabion or quantification of the
oceanic pebhways for many substances. Other assessments of the effects of marine
contaminants will depend upon increased knowledge of these processes, and especially
those that can lead to a rapid and sporadic exchange from une region to another.
Particular emphasis needs to be placed on transfer mechanisms from the coastal zone
to the desp sen, such as can be caused by eddies or sediment slumping.

Regional co-ordination of pollution studies is vital for effective development
of programmes and for essurance of good quality data that can be compared from one
area to another. Lo-ordination in the MNorth Atlantic is effected by  the
International Cnuncil for the Exploration of the Sea (ICES) and in several other
regions by the UNEP Regionsl Seas Programme. The programmes of these bodies cam  be
regarded as models for such efforts. There are now s number of international
conventions, at the regionmal or global levels, designed to protect the marine
enviromnment, and the agreements formulsted in these treaties provide an essential
legal framework within which international collaborative programmes  can bae
encouraged tn oparate.

2.  Evaluation of the present state of the health of the oceans

We mzy now attempt to assess the health of the oceans at the present time, some
ten years after the Stockholm Conference on the Human Environment.

The progressive development of complex  industrisl techrology produces  large
amounts of waste which must be disposed of withoub causing intelerable effects.
Even after recycling and treatment there are waste residues, This gererates =
conktinuing pressure on the marine envirorment and we muat ask to what extent
evidenca of thal pressure can be recognized in the sea.

In the open s=a we haye not detected significant effects on the ecosystem.
Trends have indeed been observed of the concentrations of several contaminents, some
up, somg down, but these are not reflected in environmental deteriorakion.

Dn the other hand, effects can be seen in semi-enclowed sess, shelf seas and
coastal zones. Semi-enclosed seas, like the Gulf of Hexico, the Mediterranean Ses,
the Morth Sea and the Baltic Sea receive substantial contamination. In some cases
the 1livimg resovurces have been locally contaminated to such a degree thabk fisheries
have been steppad in limited areas, sometimes leading to suspicion among consumers
that fish caught elsewhere in adjacent areas may be contaminated and thus causing
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problems for the marketing of fish from whole regians. In a number of  logal  “hot
spots", the oceosystem bolanec has been disturbed, e.g., due to ectrophication. In
ane area of the Morth Sea (the Waddensea), and in the Baltic Sea, pollution has been
implicated in reducing the populations of some marine mammals.

The use of the coastal zone for sewage disposal is world-wide and the input  is
increasing. Incidents have occurred whan human health has been severely threatened
as a result of the sewaus load in the cosstal zone, and in places the nature of the
habitat has been altersd and the species composition of plant and animal papulations
changed. There are also records of the ecosystem recovering and returning to normal
when proper control has been instituted. & proper management of sewage disposal and
a re-examination of sewage disposal practice are necessary, obherwise the combined
effecls of many local disturbances could become serious on a  regional and  perhaps
gradually on a global scala-

The importance of living marine resources es a protein source is  increasing.
Fisheriea management has in recent years prevented complete destruction of several
threatened fish stocks, and it is c¢lear that the practice of management must
continue and develop.  Adequate management requires an assessment of all pressures
on the stocks - pollution as well ss fishing.

Mariculture is expanding in many coastal zones, and withoubt proper management
its effluents could poss a3 local khreat to envirormental conditions, although
mariculbure is itself very dependent on good water guality, and cannot be  developed
unless this is properly protected.

It is not enly the living rescurces which are concentrated at the continental
margine of the ocesns, but also the currently utilized non-living resaources.
Several incidents have occurred durinyg the last dacade when large amounts of oil
have rontaminated the sea from spills and blow-outs. Howeyver, no long-Lern damage
to open-sea ecosystems has been detected. Mineral resources are being worked in the
roastal zane and effort will increasingly move into the deep sea in the future. At
present the effects are localized. Various types of construction (harbours, hotels,
etc.) present anuther growing pressure on  the coastal zone. The hazard due to
shipping iz alse concentratcd here and it is slony the shores that man Finds  most
use uf the sea for recreation.

The impact of the many activities which affect the coastal zone i increasing,
and detrimental sffects can already be detected in the logal disruption of habikats.
Some types ofF ecosystem, such a® vorsl reefs and mangroves, may be particularly at
risk. Proper menagament bas often succeeded in  preserving or Trestoring  the
ervironment =nd there iz reason Ffor concern where such management is lacking.
Adverse effects un the coastal zone and shelf sess could gradually spread, both
wlong Lhe shelf sea-area and towards the open ocean. We therefore strongly urge
continued and increased effort to protect the coastal zones and semi-enclosed seas
by appropriate management and  conkrol, eupported by rasearch and internetional
agreements. The marine environment of the coastal zone is vital to menkind, on a
ylobal a5 well as on a local basis.

3. Problems requiring further examinatioh

The pollution problems discussed in khis report arise directly or indirectly
from the rapid increase in industrial and ayricultursl activity so that a related
increase in emissions and effluents is expected. In particular, a larger volume oF
sewnge may need to be disposed of, industrializetion will spread, and further energy
production will be regquired, even if economic factors slow down development For a
time .
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It 13 important that the spreading of poliution from the coastal 2one to  the
deep wsea and the dispersal of contaminents from deep-sea dump sites be Further
studied. One impartant eim should be bto adentify and quantify the exchange Fluxes
and pathways. In khis connecbion a balanced approach to the development and use of
models and research into the critical fundamental processes should be encouraged.

The envirommental conditions in the less developed regions of the world such as
the Arctic and the oeeans of the southern hemisphere need to be further studied. It
is important in these areas to assess the sensitivity of the physicusl, chemical and
biological processes prevailing, as well as to determine the transport, behaviour
and potential impact of pollutants. Certain ecosystems like mangrove owamps and
coral reefs need special attention.

Concerning energy, the extension of 0il explorsbion into estremely hostile
00ean  gress may give rise to major spills and greater lew-level inputs. FProduetion
is axpected Lo increase in cold areas where 0il degrades more slowly. Nuclear power
is beiny developed in several countries which see this as essential to their energy
requirements so khat increased discharges of low-level radicactivity and further
marine dumpling of wastes can be expectod. i any of the several attempts to win
enztgy from the sea by unconventional methods are successful, effects of this must
also be considered, and proper control instituted.

If deep-cea mining becomes economie and if an active industry develops,
potential effects should be assessed, and again any necessary control imstituted.

Even in the present economic climate, tourism seems fo be increasing, as
predictod by the Organization for Ecomomic Co-opervation end Development (DECD), and
this will step up the pressure on the shallow sea reglons, rob only by sewsge inpub
but also by hsbitatb destruction in the coastal zone.

New technigues for weste disposal shouid be evaluated. Thus the incineration
of chemical wastes at sea, and the burisl of contaminated sclid waste in the sea bed
unger a cap of clean sediment should be kept under review.

The most damaying effects om the ecosystem have been recaorded at  “hot spots®.
These may range in size from a few squere metres round a discharge pipe to the full
extent of a major estuary, and they may encompass specific habitats ar  ecosystoms
such as salt marshes, kelp beds, mengrove swamps and cotal reefs. Host of these
future threaks, like the present problems discussed in this report, will have Gbheir
main potential impact on the coastal zone. Thus the extent of Che interchanye
betwsen the most impected nearshore zones, the remzinder of the conbtinental shelf,
and the open ocean iy highly relevant. Although published work suguesks that
nearshore ecosystems export significant guantities of material, this view 15 now
being re-axamined, and further work on the topic is of major importance im assessing
the spread of peollution. Initially this may be reusrded as a restricted ove local
problem. However, if a high proportion of a given habitat becomes affected, then
the pollution could become global in the context of bhat habitat.

Han is becoming a dominant part of the ecosystem in many merine regions, due to
his various uses of the marine environment, and the health of the marine ecoaysten
is an important factor im man's own existence. Man's importance has long besn
recognized in terrestrial ecesystems. Studies to understand the Future development
and changes should be interdisciplinary and include ecologists.

MNew chemicals are continuously introduced in  the commercial, industrial and
medical fields, and many of these will inevitably Find thoit way into the sea.
Chemicals in present use but rot previously found in the marine cnvironment cannot
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be ruled out as potential contaminants of the sea. Among organiec chemicals, a list
of some thirty compounds or geoups of compounds has been noted, and in particular
phthaletes, Ftoxaphene and low molecular weight hydrocarbons can be emphasized as
requiring examination.

The impprtant issue is perheps not so muech to name new potential pollutants buk
rather to develop a strategy for approsching tne  problem. Continuing development
and standsrdization of analytical technigques is onc important part of the problem.

Oyer the past two decades wmetheds haye been employed to regulate the
introduction of radivsctive materials to the sea. These are based on the concept
that there exists an enviranmental capacity which can be cslculated using critical
pathway bLechnigues., The wutility of the spplicetion of this approach to  the
controlled release of other materials is worthy of careful consideration.

It would clearly be difficult if nat impossible to search the seas fer all
potential contamirants and to monibor their concentretions. A more reascnable
approach iz to focus on those known toxic substances that are produced and used in
large guantities, or to concentrate the Field effort on geographical areas of known
input, =and to obkain the data neceesary to achieve better predictions of
environmantal impact. In this context, there exists a strong case for monitoring
selected substances in the ocean.

There are several imputs of pollutants, or potential pollutants, and some
activities which are charackerized by inecteasing trends. 5Some of the ressons for
concern are as follows:

input or activity Concern

' COZ Climate shift, temperature
change, sea-level change etc.

Z, Metels Potential toxic effects

3. Micro-organisms Fublic heslth risk

4. Radipactive waske dispasal Public health risk

5, New chemicals Toxic effects on man and
organisms

6. MNew energy producticn Alteration or disturbance of
habitats

7. Deep-sea mining Increased turbidity, sea-bed
disturbance

It should also be stated that a general imcrease in contemination from various
sources will pose a threat to specific habibats.

4, Concluding remark

Tre Group roted that although effects of pollution have net se far  been
dotected on a global scale, general trends of increasing contamination can be
recognized in some areas, snd these trends are warning signals. The signals are
naticeable mainly in the marine areas most intensively used by men, viz. coastal
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The States of the South-East Pacifie, the Wider Carabbean Region, and the Red
Sea and Gulf of Aden are also co-operaking on the adoption of ConvenLions {or their
regions similar to the three conventions mentioned abowve.

Tha preliferstion of reglonal conventions with a comprehensive objective of
protecting the marine snvironment from pollution whatever the source and of ensuring
the long-term management of resources illusktrates the importance of regional
agreemenls as a mechanism for elaborating uwpon and  effectively enforcing  the
principles and gemeral regulations adopted on the global level.

-7 -

waters. The oceans are capable of absorbing limited and controlled qguantities of
wesles and, as such, represent an important resource. But cereful control of waste
disposal is necessary. FProgrammes must be maintained for Lthis purpose and
initiative taken to tegulate the entry of new contaminants to the oceans. The
«ffects of pollution should be carefully monitored, and our understanding of the
fate and effects of pollutants in the oceans must he improved. This approsch  makes
for more accurate predictions and assessments  and  therefore provides the most
effective means of ensuring that the health of the ocesns is maintained.
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The 1973 International Cenvention fer the Prevention of Pollution from Ships
(MARPOL} extends the 1953%& 0il Pollutiom Convention to all types of vessel-source
pollution, with the objective of eliminating cempletely pollution of the marine
enviromment by oil and other harmful substances caused by intentional discharges
from ships. The MARPIL Convention has recently been extended and updated by a
protocol adopted at the IMCU Conference on Tanker Safeby and Pollution Prevention
(London, 1978).

in parallel with the global agreements, coastal States have co-operated on
the regiornal level to develop agreements For the protection and development of the
marine environment. Reyional agreements provide Stales with a mechanism For fecusing
on specific problems of hiyh priority to the region. Un the one hand, regionsl
agreements may permit States to adopk more stringent standards and regulations in
the light of the characteristics of the region concarned. On the other hand,
regional sgreements may more readily take into account the econocinic, soclal and
cultural priorities of the coastal States concerned, and, therefure, may reflact
more reslistically the needs and capsbilities of the States of the region.

1n the North-East Atlantic Region {including the North Sea) three agreements,
each dealing with & separate aspect of pullukbion control, have been adopted:

- Ayreement for Co-operation in Dealimg with Pollution of the North Sea by 0il
(Bonn, 1269):

- Corwention for the Prevention of Merime Pollution by Dumping from Ships  and
Aircraft (Oslo, 1972); and

- Convention uvn the Prevention of Marine Pollution from Land-Based Sources
{Paris, 1974;.

1ln 1974, the States bordering the Baltic Sea adopted the first agreement with
a camprehensive scops for the control of mecine pollution: the Convention on the
Protectian of the Marine Environment of the Baltic Sea Area (Helsinki, 1974). In the
Helsinki Conwvention, abligations for controlling pollution from verious squrces are
contained in one comprehensive agresment @nd its annexes.

For the Mediterranean Sea, the coastal States also adopted a comprehensive
view of pollution control and resource management, but the format of the regienal
agreement is different From Chat of the Helsinki Convention. The Convention for  the
Protection of the Mediterranesn 5ea against Pollukion {Barcelona, 1975} i= an
unbrells sgreement providing & yeneral obligation to control pollutian.  Specifiec
technical protocols elaborate obligations to control pollution from a discrete
source or to co-operate on Gome aspect of environmental management. Protocols
dealing with dumping, co-operation in pollution emergencies, and land-based sources
of pollution have been adopted to-date by the Mediterranean States.

The Kuwait Regional Convention for Co-operation om the Protection of the
Marine Enyironment from Pollution (Kuwait, 1978} is similar in formet to the
Barcelona Conventicn and has been supplemented by a protocol concerning co-operation
in combating pollution by oil and other harmful substsnces in cases of emergency.

The States of West and Central Africa likewise accepted the pattern of ean
umbrella Convention and related protocols as may be seen from the Convention for
Co-operation in the Protection end Development of the Marine and Coastal Environment
of the West and Central African Region {Abidjan, 1981) and its related proteocol on
co-oparation in pollution emeryencies.
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The pragressive elaborakion of environmenital law has been a dirset ceflection
of Gavernments' perception of the threats to, ang khe need for an appropriate
strategy for mainlaining, the health of the aceans. When discussions an a new acean
regimez  first Dbegan within the Unated Mations Committee on bhe Peacetu] Uscs of ghe
Sea-ged and the Juean Floor peyand the Limits of Nabional Jurisdiceion (L1969,
international awareness of the need to manage the resuurces of the ocean was in an
early stage. In the ensuing years, substantial proyress has been achieved towsrds a
vomprehensive egal regime on environmental protection and resource management .

Since the early 1970s, Governments have cantinued the negotiations to
establish & new legal regime for ihe oceans under the auspices of the third United
Nations Conference an the Lew of bhe Ses (UNCLOS).  Althouogh @ finel, signed legal
agreement has not yet been schieved, negotiations of UNLLUS have a bearing on many
planned and ongoing matine investigetions since they envisage 4 global policy for
oeean  management. From the environmentsl perspective, ane of  bhe signilicant
achieyimenls of the conference is the inclusion, in breacy form, of a yeneral
obligativn of all States to protect and preserve the marine environment as a whole.
Therc are ulso general provisions and articles drafted on almost all issues of veean
enviroraental management. while admirable in their general ampart, those yaeneral
principles will require a great deal of concentrated and detailed Future wark, at
global, regional and national levels, far their effectuation.

The UNCLOS negotiations have benefited from bthe legal agreaments  that  had
previousiy been sdopted for ihe purposes of protecting bthe marine envivonment. barly
international sgreements focused on pollution From ships, and in particular, oil
pollution. One of the Ffirst internatienal marinc envirorment agreements was  the
1954 Conventicn for  the Prevention of Pollution of the Seas by 0il. This was the
firast internationsl agreement concerning prevention of  pollution from normal
sliipping activikies,

In 1954, Lhe Convention on the High 5ess was adopted. Two artickes of  the
agreement werc goncerned wikh the conkrol of pollution. Article 24 of the High Seas
Convention ¢alls upon 5tates to "draw up regulations to prevent gpollution of the
seas by the discharge of opil from ships or pipelines or resulting from the
exploitation and exploration of the seabed snd  its subsoil", Article 25 commits
States “ko prevent pollution of the seas from the dumping of redivactive waske" and
Lo vo-operate in taking messures “for the prevention of pollution ... resulbing
from any sctivities with radicactive materials",

Two important asgreemenis concerned wikh compensation For  ship-gensrated
pollution were developed at the International cegal Conference on Mapina Pollution
Damage [Brussels, 195%): the [nternational Corvention Helating to  Intervention  on
the High Soess in Cases of 01l Pollution Casualties, which allowed States to teke
necessary measures to prevent, mitigate or eliminate "grave and imminent danger to
their coastling or related interests" from o0il pollution following a maritime
cagualty; and the [ntermational Convention on Civil Lisbility for Uil Pallution
Damage whieh provides for compensatzon from damage and estsblished a limit of
ligbility. The latter Convention was later supplemented by the 1971 Convention an
the Cstablishment of an  Intermetional Fund for Compensstion for il Pollution
Damage .

In the early 197Us, two additional ylobal conventions were sdopted aimed  at
controlling pollution by dumping and ship-gererated pallution, The 1972 Caonvention
o1 the Prevention of Marine Pollution by Dumping of Waste and other Matter groups
sdbstences 1nto categories sccording Lo the gravity of the risks they present to the
marina environment. The dumping of "black™ list substances is prohibited while the
dumping of "grey" list substances is permibted unly after the isgue of a specific
permit.

CHAPTER |

SCOPE AND PURPOSE OF THE REPORT

This report assesses the corditieon of the marine environment ten  years after
the United Natiens Coaference on the Human Environment (Stockholm, 1%72). Since
then the human uses of the envirvrment have boen  eontinuously  increasing  and  new
technologies have been developing. Marine pollution has been defined by GF5SAMP gs:

*Introduction by man, directly ur indirectly, ot substances or energy  inlo
Lhe marine envirooment (including cstuarics? resulting in such deleberious
effecls as harm tu living resourees, hazards to human health, hindrance fo
marine activities including Fishing, impairing of <quality for use of
sed—-wuaber and reduction of amenitics."

Thiz definition implies that marine pollubion is cauwsed by the  introduction
inta the marine environment of substances and energy which nave adyerse effects,
that marirme pollution may be relaled to its svurces =nd  thabt  polluting  substances
are dispersed through the marine eavironmenkt by various propessns.

The zim of Lhe report is Lo evalueste the conditions and quality of  the marine
envirorment in relation Lo men's various wses of the ocean: i.e., ko assess Lhe
health of the ocean. fOne  cequivement  for making an  accurate assessment 15 &
ressonably  good  understanding of how the oceanic  system  works. The lack of
reliable, inlercomparsble data on pollution levels in the marine eavirvunment ab
presenl  mekes  guch  asscssments  uncertain except  in a few situations.  Tdeally,
effects in Lhe envirvoment should be related bto levels of  inputs  which require &
knowledge: of dosc-rvesponse functions.  This knowledge is wnly graduslly emerging.

In assessing poilution of Lhe sea, it is useful to eonsider the analogy of
human  health. This cannot easily be defimed in an exact ur guantitative way. Ik
conprises consideration of morphology, physiclogy and behaviour, and although  there
is no clear ™normal"™  to which every individusl should confurm, i% is possible to
recognize good health as & condition of general well-being wnd bad health as a
malfunctioning of the body. In detecling the sympBoms of 131 health and relating
them to Lhe underlying causes, on wderstanding of bhe structure and funckion of Lhe
body 1s reguired; anatomy and physiology must be looked at before pathology. By
analugy, lhe detection snd evalualion of adverse changes tn the marine envirosment
require s overall coneepl of the various components of the ocean and how  khey  act
and interact. Ihe apen =ca, the moin body of the system, must be kept in geod
healtn, but the extremities - the estuaries, lagoons and shailow waters, connot  be
neglected, and  deterioration there, 1f ollowed bo progress, mighl affect the whole
body. The marine envirornment iz a system where physicel, chemical and biclogical
provesses  interact osnd  which, when uvpersting satistactori)y, maintains a balanced
range of diverse plants and animals sod is sveilable Lo wan for a variety of uses.
This is the s=ense in which we define Llhe health ofF the oceans and this philosophy
acepunls For Bhe the spprosch and the stouctuce of the repork.

Thus, the marine environmeal is Laken tu ineludn estuaries, roastal waters  and
the ovpen ocean. It is recogniced &8s an ares  where nan extracks living and
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contralled either By their diffusion in the gasecus phase  ie.q. Hzﬂ, SUZ, MO, MH T
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ar  in the agueosus phase  (e.g. CML, EHQ. 0. For guses whose excimng: 1s
rontrolled by the gaseous phase, it is g2 ible mo ralrulate  sxchange  rates  osing
knnwledge of  the coneentratzon dif s between bhe ocean and atmosphere, Lhe

strength af the surface winds, and cerlain enplirical relabionships whiach take intn
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account  importaont  prosesacs  in the  burbulend. houndary layers.  For those goses
controllen by their diffusion in the aguecus pnase the situation is more complex aned
thoir possiple reaction with  the water musl be  taken into account. [lerlain
phenomeny of gas exchangs cemain unexplaired.  Huanbitabive ealculations of exvharege

Fluxes are usually unecliable excepl perhaps nn a global scale wherz the provess of
averaging may tend Lu eliminate the effects of some of the unknown Taclors.

Yeawy melais, sulphates, radiphueciides, organics, and  micry-organisms  are
transTerred from Ehe atmosprere bo the ncean in éry fall-out and peecipitation. In
tae oceanic surtace mixed layer these substances cun be  branspotted back bo Lhe
surfuce by aic bubbles, which scavenge interfacially-wsclive material during lheir
rise through the waker ond eiject some of the adsorbed smwlerial inka the  atmosphers
whgn thoy  burst  ab the sea surface.  The encichment of conktaminants on the fuhkhle
surface amd in the surface aicrolayer can lesd Lo the  envichment ol the  adsorhed
sontaminanks  in the alnwsphers relative Lo their concentrations i sea-Water.
Zubhles alse incresss the suiface area aveilable for gas exchange but mosk  evidence
indicates tmat  gas  exchange  vio  bubbles §s not as important as ather nechanisng
discussed above.

The physico-chemical properties of the ses-surface nave o fundamental effect
on the processes that mowve chemicals across the air-sea interface. Organic chemical
reactions determine the selective complexation of mebal isns, snd Eheir accumulabion
at the ocean surface. Exchangs reachions accur between aming acid-metal complexes
and Tally scids, or their celecium  and magnesiuvm  soaps. Thess are not well
anderstond  in sea-water bul may be the key to speciabion in the interfacial
transpork of metal ions. Gimple madels of trace-metal binding by arganic maberial
in the water aear the ses surfane have been developed bo predict the encichment of
melals in a microlayer and  in serosols.  The  asgreement  bebween  the  predictod
snricharnt and that measured in the Field is genwrally sabistactory, except For iran
amd lead in  tne micrulayer and mercuery  and cadwiom in serosol sanples.  Other
processes arn cxpected to be important for bthese metals.

Morine plants and animals mey be involved in alr-sea inderchange in 3 number
of significanl ways. They produce surface-active organic material which can alkber
exchange through bhe formation of films st the air-ses inlerfece and on air  bubbles
and parlicles moving towsrds the interface. The oryanic phases and Tilns may
secuniilabe oleophilic contandinants, such sy hydrovarbons, rhlorinated hydrocarbons,
and  grganic  compounds  ufF heavy mekals.  Through the utivization of cerbon dioxide
and relesse of oxygen by marine plants as @ resull of  photosynthesis, and  through
the comparsble processes related to respicaliun by bacteria and marine aninels,
garire organisms ploy 2 peincipal role in awinkaining a balance of these gases.

The surface microlayer is enriched in pallutants compared to  wabers directly
beneath it; relabiweiy little informabion exists on levels of pallutants in the
organisms inhabiting this zone - the pleustan that live on  the surface and the
neuston  that  live immediately beneath jt. Of importance is the poatential of these
srganisms to kransport contaminants out of this hignly cnriched layer through
predation and by the excretion of particulates.

It has been demunstrated thst bacteria ecan be enriched in the surface
microiayer by bubbles, and projected into the atmosphere by bublle bursting and fiom
surf spray. There is now  svidence that  some pelhegenic micro-drganisms  are
transmittcd through  the stmosphere, but it is  uncertain how epidemiologically
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Therc are no major industrial discharges containing mektals and noe opersting
mekal-ore mines.  However, arsenic arises in the waker from geobthermul dewvelopnents.
Thers  is one aluminium smelter an khe North Island and ane 1s planned for Lhe Scubh
Island, and flunrides are thus discharged bokh ko the air and i btheir  Jiguid
efflunts.

Fishery peornction has increased in recent years and now  amounks Lo 60 -
4,000 £nnnesfyre. Sinee adoption of o 200 mile EFZ in 1978 the cetch bas ineluded

an increasing proporbion of deep water speries such as skipjack tuna.  Catrhes  of
rork-labster, mainly in coastald waters, have declined in recenl yeacs Dot this is
believed to be dus ta fishing pressure ralber than pulluotivn.  fenersily, the levels

of pollutants Found in marine organismes have been found to be low, except close  to
krgwn pollotion sources, e.y. ayverage mercury in snapper (30 per cent of caleh L97%)
was (.25 mgikg.
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In the north, in the Gulf of Carpentaria, a clockwiso Flow has  been detected
by satellite-tracked buay. In the south a seasgnal rhythm with & summer-winter
alternating system has been proposed.

Availablae pollubion dabe are largely from Ethe nesrshore waters or coastal
inlets of Australia located near major cities, where most of the pollution studies
to date have been carried out.

Published data indicate localized pollution in & number of areas. Corio Bay,
the Derwent estuary in Tasmania, Cockburn Spund in Western Australia, and the
Brisbane River estuery ere Lypical of environments near major industrialized cities.
Botany Hay and the Parramsits River estuary at Sydney, NSW, are not listed, more due
to lack of repocted measurements than to their clesnliness. This must also be  true
of a number of other locations around the coast of Australia.

Two areas, the Derwent Estuary in Tasmania, and Corio Bay in Victoria's Port
Fhillip Bay, show indications of neavy poliution, while Hobsons Bay, also in Port
Phillip Bay, shows indications of medium to heavy pollution.

MNew Zealand Waters

New Zesluand comprises three main elongated islands and several small, mastly
uninhabited, offshore islands. The country lies in the South Pacific wikh the
northern island extending to about 34°5 and the socuthern island to sbout 4795, The
climate ranges from subtropical in the north to subantarctic in the south, [ts
coastline is about B,000 km long and the islands act as a barrier to tha general
eastward movement of the water in that part of the South Pacific., Part of the warm
subkropical water of the East fustralian Current System passes around the Norkh Cape
of the Morth Island giving rise to the East Auckland currant.  Anticyclonic eddies
from this subtropical current flow south along the coast of the North lalend, There
is also the Westland Curremt, arising from the subbropical Tasman Current which
flows northward up the weet cpast of the Islands. These major current systems ace
in general better known than the shallow water circulations close to the coast.

Wew Zealand has a population of only 3.7 million, about two thirds of which
lives in coastal communities. The economy is Jargely agricultural snd mosb of Lhe
marine pollution problems srise in connection with domestic sewsge and  westes from
industries producing agricultural products. About 77 per cent of the population is
served by piped sewage systems and although these often discharge to estuaries,
harbours and coaskal waters they are not believed to place any cxpessive hurden on
the assimilative rapaeity of the environment. However, althougn the  human
populabion is s=mall, the animal populstion of the country is in excess of 250
million human equivalents, and the wastes from the many Factories processing meat,
milk, butter and cheese and other animal products such as leather and wool do give
rise to effluents with high organic loadings.

The agrivcultural economy also gives rise Lo other discharges which might
vffect the quality of coastal waters. Fertilizers are used in substantial
guantities {superphosphate 2.6 million tonnes; lime 1 million tonnes and nitrogen
fertilizers 20,000 tonres annually). Some of these fertilizers are produced in
factories which discharge effluents o cosstal waters. Pesticides are also used
extenaively although some of the more persistent compounds such as DT are mo longer
permitted.

0il pellution is not a serious problem in Mew Zealand. The country is wWell
away from the main tanker routes and there is only onc pil refinery sited in the
Narth Island. Transport of oil is therefore mainly crude to this refinery or as oil
products from 1t for domestic use. Spills so far have becn on a small scele only.
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significant the transfer of these micro-organisms from the sea to the land Lthrough
the atmosphere might be.

There ara three known bypes of organic contaminants  that couwld modify the
chemical and physicel properties of the air-ses interfece: detergents, the complex
mixture aof orvganics in municipal wastes and sewage sludge, and  petroleum
hydrocarbons.  {Of these, some detergents ere short-lived in the sea surface because
of their high salubility end relatively high bio-degradability, and there is no
documentation of ecases in the open ocean whuere detergents heve significantly
influenced sea-surface propertios. Surface tension reduction due to  organic
contaminants has been essocisbed wWith marine dump sites for municipal wastes. The
potential for aceumulation of oleaphilic pollutants in the surface Films associated
with such dump sites and of their possible transport into the marina atmopsphere hava
been identified {NRC 1974).

Fetroleum hydrocarbona and their derivatives influence the physics and
chemistry of Lhe air-sea interface in numerous ways. Petroleum Films not only
affect material kransport and physical parameters, but also influence the
absorption, transmissiom, and reflection of electromagnetic radiation. Petroleum in
and on the sea may affect the pathweys of contaminants by disselving other
oleophilic  substances such as halogensted hydrocarbons and by reducing the
interfacial contaminant trensfer rate. Exchange rates sre decreased by oil films,
through attenwation of waves and by the alteration of breaking waves, spray and the
number and size distribution of bursting bubbles, although the significance of  such
effects on an oceanic scale remains to be demonstrated.

The ascessment of the reginmal and glohal impact on  interfacial processes
requires knowledge of the extent of sea-surface coverage by petroleum films, which,
bucause of the great influence of wind and waves, is likely to be a function of
ayerage wind conditions. In the summer a broad band from the equator to a latitude
approximately 40 degrees south is relatively calm and has the potential for
persistent sea-slick formation. In the northern hemisphere low winds exist during
the summer in some regions of the northern seas, the dlack 5ea, the Mediterranean
Sea, end in a few zones along the Tropic of Capricorn. Although recent analyses
irdicate that, at the present time, petroleom Ffilms do not modify the glaobal
exchange of matter or energy significantly, in certain coastal areas and seas,
especially along shipping routes, such films may be more prevalent and could have
local effects (LESAMP 1980Q0c).

Caleulation of the air-ses exchange fluxes for heavy metals is complicaked by
their mnatural introduction into the atmosphere from crustal weathering, the
terrestrial biosphere, wvolcanoes and the s=aea. Many heavy mektals heve marine
atmospheric concentrotions exceeding those that can be expected from consideration
of crustal weathering or bulk sea-webter composition {NAS 1978}, These relatively
high concentrations may be relsted either to humen actitivies or natural geochemical
processes that are not yet understood. VYery significant guantities of theee metals
are beinqg transported in both directions acruss the air-sea interface, making it
very diffieult to evaluake their net total flux to the ocean From the atmosphera,
The net flux of material from the land to the ocean alse cemains to be properly
evaluated.

All the substances that cross the air-sea interface arz subject to  mixing
throughout the upper-ocean mixed layer and subsequent downward btransport either in
soluble form or adhering to particulate matter. The rate at which this transport
takes place, removing potentisl pollutants from the upper acean, depends not only on
the dynamics of the mixed layer itself but als¢ on the processes taking place in the
underlying oceanic water column (section II.4). Some substances ewventually Te-enter
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and 1ndustrisl discharges, pesbicides, and oil and pelrochemicals. Trere are fow
plants for sewage treatmenl in bhe reqion and many towns  and  1ndustries Jischarge
directly inte the ocean or to rivers. Seriouws pollulicen is unlikely to be pensent
in lurye wrews because of the open geoyraphical location of the three countries, and
the relstively low urban and industrisl voncenkrations.

In Ecuadar the mast sericusly pollufed arcas are the Guayass estuary {including
the largest city, Gusyaquili, Esmeraldas and Manta. Discharges from land, and woil
spills, sre Lhe main sources.

Peru's voest is polluted in many localized areas by domeskie and  industrisl
discharges, yenetaliy where towns are  located. Sume o0kl spills bave vecurred
parLiculurly from drilling plalforms. Ite Bay is a typivel example of pollubion by
nining wastos and Chimbote fsy, of erganic pollubion from fishing planbs.

Chile peesents a similar picture regarding inland discharges and mining
wastes, for example in Chanaral. The Magellun Strair, a fragile ecosystem, has
suffered heavy o1l spills wnd is & potentially endangered area  becauses of il
pallution. Little resesrch, rcontrol or moniboring of marine pollution has taken
place in this region alibough some studies hawe been done on oil spills and  sewage
discharges.

Fishing is @ msjor ackivity in the three countries. This provides not  only
far direct human consumpbion, but also for cenning and fishmeal in Perw and Chile.
Shrimps snd mollusss are important resources in Ecuador, nocthern Peru and  Chile
where Lkhey are rcepturcd, generally near shore. Peru's per vapita consumpbion of
[ish is spproxinetely 18 kg per year, abouk 74 per cent of the meat consumplion.
The 1977 Feruvien Fish yield was 3,580,000 tonnes, of which 2,850,000 were used for
fighmeal, Lhe rewainder going For human consumption, distributed mainly between
three species:  anchovy with 1,880,000 tonnes {66 per cent)i setdine with 910,000
tounnes (32 per cent)y and macksral with 60,000 konnes {2 per cent}. This yield
represents  a serious decline of 30 ur 40 per cent of the catch during peak years of
the l965-1975 decade, although this cannat be attributed Lo pollution.

The Indian Ocean

The Indian Oeean stretcnes fFrom bhe Guif of Oman and the head of the Bay of
Bengal in the north to the East African Coast, in kne west, and ko the coasllines af
Burma, Thailand and Malaysis (excluding the Straits of Malaccay, in the eask. 1he
tidal range veries from 1 to 8 m and there is a  twice-yearly reyersal of monsgon
winds eng surface currents. Ihgse  help considerably ko reduce the impact of
pollution by dilution and dispersion and even affect bobbtom currcnts and  settlement
af suspended material.

4 2Nineteen countries border the Indian Ocean. Their total area is sbout 9.6 x
10°km™ and they age inhabited by some 350 million people. The everage population

density is 99 per km .

Agriculture, industry, and in seme ceses mining, form the economic base of
countries surrounding  the  Indian Ocesn,  Effects of pollukion in the marine
ervironment From these sclivities have begun to appaar. These effects are so  far
confincd to coastal wreas, but owing to  khe prevailing wind system, the watar
circulation pattern, end the bottom topoyraphy, they msy have far-reaching
consequences on several countries.

Owing to incressing urbanization and industrialization all wwer the reyion,
the volumes of sewage and effluents alonyg khe coasts are increasing. Many countries
have large rivers flowing through them and many are badly polluted. Substantial
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Soulh-Hest Atlantic

Tne South-West Atlantic, which includes the 8razil Dasin snd  the Argentine
Basin, iz a wery oxtensive region, with highly populated as well as almost
urpopulsted areas. Industrialization iy =t a relatively early stage, having sterted
about 70 years ago.

Two of the most impurtant rivers in the World enter the coastal area of  the
region.  First kthe Amazon Hiver system drains sn imense area of the South American
Continent with litkle population and no polluting industrigs or large urban ventres.
1t parries a large smount of natural substances from inland  and  its  influence s
felt far into the ocean. Second, the Rio de la Plata system is also very exbensive.
Amorey  its sources asre  the following rivers: Rio Grande, Paraguay, Fileomayo,
Berme jo, Parana, Saludoe and Uruguay, and fiye countries are wikmin this system:
Brazil, Balivia, Paragusy, #rgenkine and Uruguay. It is used as sn international
watepway. It carries from inland a large amount of natural and man-made  substances
from the most populsted and  industrialized area of Soukh Americe. The river is
kngwn to be polluted and its influence is detectable on the wide continental shelf.

The greatest population densitiss in Brazil, Urugusy and Argentina are located
on or near the Atlarkic coast. They are concentrated in relatively well defined
regions around @ few oities thab elso have highly industrial activities.

Municipal wastes cause only minor problems, except in three areas. One of
these is the corridor from the city of Matal (Rio Grande do Morte, #r) south te
Salvado (Behia, Br), where the cosst has more than 50 inhabitants per km™, one of
the highest 1n South Smerica. The second is the coast of the Brazilian States of
Ric de Janeiro and San Pauls, with a tokal popolakion of more  bhan  E0,000,000
directly or indirectly related to the coast. In the third, the mouth of Hio de la
Plata with the capitsel of Uruguay, Monkevideo, on the coast, there is, directly or
indirectly, the effect of about 15,000,000 parsons living in the ares.

Although locsl in enaracter, the Lagoa dos Patos connecked Lo the sea near the
city of Rio Grande, is im itself an important cenkre of nunicipal wastes with  the
cities of Portu Aleyre and Pelobas on its coast.

Thers sre important concentrations of heavy industry in the region. Une is on
the cosst in the vegion of Santos/¥olto Redunds/Swu Paulo, with o1l refineries,
chemical end petrochemical  factories, iron and sleel mills. The other is inland,
but affects the coast through bhe Rio de Iu Platas dischergs. [he heavy industry of
Argerdina 1% inland  on the coast of the Parans River {itosario, Zarate) and on the
wWest coast of the Rio de la PMlata (Buenos Aires, Gran Suenas dires, .o Platal,. The
mein industrial activities are oil refining, chenicals, steel mills, paper mills end
food processing.

The most important {actual and pokential] spurce of marine pollution in the
entire region is nil/gas exploration/exploitation on the continenkal sheif, offshore
Fron the States of Ric de Janeiro and Sao Paulo in Arazil and offshore from the San
Jarge Gulf in Argenmkina.

The South-East Pacific Coast

The Soubh-east Pacific Cosst extends approximately 1,400 kin and includes three
countries: FEcuador, Peru and Chile, with & population of more Lbhas 32 million.
Climate varies from tropical in the north €o very cold at the tip of South America.

The main inputs considered as dungeraus for the marine ecosystem are domestic
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cadmiom in the upper 500 m, zinc at more than 1000 m, and nickel aver a greaker
depth rTenge. Copper, which incresses in concentration with depth, is scavenged by
fine particles in thc deep waker.

The input of some trace elemenks from the land or the atmosphere iz small
compured with the inlernal ocean fluxes and these elemenks must thus he recycled
several times Lhrough the water rolumn before being lost to  the marine sadimznts.
Their remobilization in the water column er sl Lthe sediment-water interface
parallels that of the nutrients and organic matter which also re-enter the deep
water column. The wpward flux of all these substances j= by the vertical physical
orocesses which, as explained above, are relatively slow. The strong horizontal
phyaical prosesses tend to reduce horizontal gradients during the retuin phase aond
help retain the overall similarity of Lhe yertical profiles of most substances
througheut $he ocean basine.

Metural and man-made substances in the ocean are also carried by living
organisms. For the mosl peart the resulting transports are small compared with these
by physical processes or particulube matter ond hove little effect on the overnsli
distribution of the substsnces involved. In certain cases, however, especially when
bivsneumutation occurs, biologicsl transfers can result  in bringing contaminents
From the acesn back to man or some critical park of the ecosystem where its impaect
is imporrant. In this context, oroe can note the case af DDT snd the need to
vongider the pesaibility of the transfor of material from desp-ses dumping to man's
fond-chain.

11.5% The ocean [loor

The sea floor scrves as the ultimate depusitory for most of the conservative
material that enters the marine environment, and this interface is a region of
comptex physical, chemical and bivlogical activity, Microbial processes play a
major role. Of the material which reaches the sea floor only o small part remains
as acocumblated sedimenmt. Fimal burial may tske place only after repeated recycling
between deposition, remobilization, incorporation  inko particulate mnatter, and
redepoaition.

The ses Floor includes the continental shelves, whose often broad, always
relatively shallow, regions adjoin the land masses. Seaward, they drop aff into the
continental slopes thal plunge to the great depths of the shyssal region. Huch of
the wbyss consists of broed, flat sedimeptary plains, but appreaching Lhe centre of
the gecean basins = consideroble pect of the sea floor is covered by submarine sea
mgunts and deep-wes ridges. As the great tectonic plates of the earkh slowly
spread, new sea fleor forms at the centre of the ridge systems. As it forms, very
hot tock iz brought from the sarth's interior inko contact wikth sea-water; this
eools and  cracks the new rocks; vigorous physical and chemicel activiby follows.
Thus, active hydrothermal vents appear which have a profound influsnce on dacp sea
geochemical processes and  represent  major  BOUTCes of sinks for many elements in
sea-water. Associated with the vents are exoric communities of marine organisms
whose primsry Tood supply is based on the chemical emergy emanating with the fluids.
The wents represent inkense spurces of local chemical anomalies and can be used to
improve our understanding of how contaminants would be distributed in Lhe deep ses.

[xceph where the sss Floor is very new, the deesp ocean bottom is covered by
sediments which have sccumulated slowly, often over many millions of years.
Principal sources of this sedimentary material include organic material created in
the upper o¢ean and  inorganic material of  land-based origin. 5lumping brings
sediments from topographic highs on the continentsl shelves, effecting skrong
horizontal transfers, accasionslly over large distances.
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The Gulf of Mexico

The Gulf of Mexico is 3 relatively shallow oceanic basin locsbed el bhe
sulbh-eastern boundary %F MNarth Amerigca.  The basin is semi-enclascd and encompasses
dbout 1.7 million km™. A number of major American, Mexican and Cuban cities
surround the Gulf, and seversl major rivers including the Mississippi drain into it.
The Mississippi carries almost two thirds of the Lotel dissolved and  suspended
s0lids Eransported ko the ocean from the Uniled Stetes, and, since it drains
Anerica's industrisl and ageicultural heartlend, it must also carrty a  large
percentage of the corteminents that enter the ocewsns  From that counkey. The
following additionsl Fucks oo the region emphasize the potential for pollution of
the maring envirorment of the area:

- 6% per cent of the total 1975 US crude-oil producticon was from Gulf coastal
States, and e large portion of this was offshore. This corstitutes almest 15
per cent of the world's offshore production and comes From wmotre thapn 2000
fixed offshore structures, or twe thirds of the world total.

- A major development of Mexicu's petroleum reserves is oceurring on the Yupatan
Peninsula and offshore in the Bay of Campeche, Some  experts estimete Ehat
reserves 1n this area exceed those of Saudi Arabia.

- The western Gulf produced 60 per cent of US sulphur in 1972,

- Crude-oil refining eepacity of the Gulf cosst refineries was 37 per cent of US
capacity in 1977 with a cepescity under construction which, whenn operational,
will bring the tatal to 58 par cent of the US total.

- Th 1972, Gulf coast chemical planta produced 40 per cent of eavery basiec
petrochenical and BO per cent of S synthetic rubber.

- Sicteen Gulf coest ports, including tha United Stakes’ second and  third
largest {Mew lUrlesns and Houston tespectively), handled £22 millieon tonnes of
freight in 1977: over 51 per cant of this toannage wes poatroleum and  petroleum
progucts.

- 33 per cent of the US commercial fish cateh [1.75 billion pounds annually) iz
caught im the Gulf, with a similarly important catch taken by Mexico. The
annual doliar value of this US catch iz $38% million, and the income from the
recreational fishery is considered to be ab least as great.

- The coasktline and cosstal waters of the Gulf sarve as a recrestional area for
& significant portion of the US and Mexican populations. Building of new
recreabional facilitios along the coast is procegding rapidly.

- Population growth in the five U5 GulF coast States has exceeded all previous
projections. The present rate of growth is expected to continue til) the year
2000 with a concomitant increase in induskrial development and uwrbanization.

When the above facts are considered in conjunction with the netural seiting of
the Gulf of Mexico, especially its semi-enclosed siruclure and the neture of water
movement within it, a real concerm over the extent and putential increase in
pollution of the area seems justified. It is not yet clear whether the impact will
be immediatefy and obyviousty harmful to the marine ecosystem, or be too subtle to
asgess or even detect in the short term. Many of the envirommental problems of the
Gulf region are common to other geogrephic areas, while others ere related to the
unique character of the region itself.
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Hest Africa

The oresa considered hore extends from Lhe coast of Weostern Sanara in the north
Lu damibis in the south. The conlinental sheif in this region is  genwrally nacrow
and @ nuober of submarine river canyoens, such as that of the Congo, incise the guter
countinentel shelf and slope. There are ten major rivers and nunerous streams
draining into thess waters, but only a few, {e.g., the Niger) enter Lhe sea  through
@ highly developed delta syslem,  fhe shoreline includes many sbretches of sandy
fpraches some of which border mangruve SWAaMPs.

The Gulf of Guinea is affecten by the three eguakborial current systems: the
wostward-Flowing Yorth Egustorial Cuerent coming oul of the Canary Current, the
zastward-flowing Equatorizsl Lountercurcent and bhe South Eruaturial Current emerging
from the Benguela Current flawing from the soukth. As & resull of the winds and
oeean current systems, bhwre are areas of seasonal and of permanecnt upwelling, where
nukrienbs brought  into the surface layer conbribule Lo high productivity. The Lwo
major upwelling areas are in the Senguela Current systen off fhe  coast of  Nenibia
and the Canary Current area off khe coast of Western Sahara.

Amuny the commercially imporiant fish in the northern wpwelling 2onc are such
pelagic species as sardines and trumpet tish, sardinellas, horse mackerel and scads,
as well av demersal species such as sea breams and hake. Crustaceans, octopus and
sguid are slso abundant and intenwively fished. The area of the Gulf of Guinea
between 10N labibude and the Congo River is less praductive, excepf in areas of
seasmnal upwelling. Pelagic fash resources include sardinellas, bonga, horse
mackersl and souds, bub their pokentis] is less than in the northern ares.  Demersal
species have a pofential of 300,000 t anfually. Surface schools of yellowfin tuna
and skipjack oecur relatively cluse to the rcoast. The presenl annuai catch
eslimated by FAU's Fishery Committee for Eastern Central Atlantic Fisheries {CECAF)
is .5 million t.

The most important mineral Tesources of the region are otl and gas waich  are
exploited in Gabon, Camge, #aire, Angela, Camervon, Lhe Ivoey Coast and MNigeria, the
latter being the ares's largest producer (4 per cent  of world production in
1970-745.

Marime pollution in ihe region arises  From  petroleum  transport,  indusbtrial
wagstes, domestic sewage  snd  agricoltural wustes.  Some il pollution arises frem
local exploration, exploitwtisn, refining and routine handling of petroleam  ab
perks. But most of the caontaminatien by pebroleun originates from heavy maritine
transport of crude oil through the region, ss s result of the discharge af ballast
water from tankers, accidental spills and  tuonk wasninys. Tar balls on beaches
reached a maximum accumulaticn in  1973-74, with a subsequent decrease in 1975
following the revpening of the Suez Canal and the re-routing of tankers.

Industeial wastcs are discheryged inta the sea, without treatment, from
assorted manufscturing operations for =uch producks  as sugar, sosp, beverages,
textiles and wood pulp, and from extractive industties, such as those for  aluminium
and iron. Domestic sewage and household refusc are frequently dumped into ihe saa,
on beaches, and into coastal lagoons. fhey create amenity problems that  interfere
with recreation and tourism. The extent to which they pose biological amd heslth
problems is not known.

bgriculbure iz an important economic base for all counkbries in the region.
Fertilizers and pesbticides are used widely, bub little is known about their impact
on khe marine environment.
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CHAPTER [

BIOGEQCHEMICAL CYCLES

I[I1I.1 Introduction

The summary of oceanic processes given in Lhe preceding chapter indicates the
complexity of the ocean systen and khe need to consider 1lbe combined effects of
phiysical, chemicsl and niological mechanisms when nodelling eycles of natural and
man-made substances. A balanced spproach is required belween (i) developmeni uf
large-scale erude mudels for the biogeochemical ecycle uf warious substances and {1i)

investigation of Lhe details of the processes affecking  tnem. A classicAal,
zoulogical approsch vould he employed using simple mudels at the level at which
fundamzntal processes woperate. Tnese serve Lo develep an understanding of the
dynamics of the system al yrosscr levels. For smany sSubstances, however, our

knowledge aof fundasentsl processes  is  inadequale Lo develop  useful global or
regicnal models.

To underskand Lne biugeochemical cycle of & maberial, the enviromment is
often divided cuncegtuslly into a number of comparbnents or reservoirs in which
material is assumed Lo behave relatively uniformly. The benaviour of the subsbancs
15 then descriced in herms af the interactions wibhin each reservair and the
transfers between the reservoirs. The success af such an spproacn depenss o being
able to define resecvoirs appropriately and on beiny able to give simple Forms to
the interactions snd Lransfers.

ftbempis to detsil] these interactioms mwy  include differing enphesis upon
gquilibrium  effects oe  kiaetic effects. In realily, biogrochemical cycles do nnt
represent slable systems, but vatmer involve & wvonstapt series of  perturhations
including deily cycles, scasonal variations, effects of climatic shifts and candom
fluctuations. These keep the system in 3 constanl stste of readjustment which might
be perceived snd descriocd on a wide range of time seales.  In practice, most
descripbions  of biagoochemical cyoles howve  enphasised  the "steady-state" or
time-aversge cundition. These descriptions include, am far as possible:

{1; the nature and gquantity of malecial entoring the cycle from netural sources
and from human activibies;

{ii; the uptake oy, and the concentrakions in, the biota;

{iii) the principal conversion reactions that the material in the environnenk
undergogs;

{iv) the rule, with respect to biologicel systems, of the Etransfer processes
described in chapier II.

Albhough gur knowledge of these biogeocnemical cycles iz far tfrom perfect,
Lhe guarlitabive descriprions provide models syainst which ideas sod Lheogies can be
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Mercury in tihe environment

Mervury nas o low abondance in the sarth's crust. 1t is nob knawn te bBe  an
zusenkisl  element  fur  any  specaes, bub it plavs an imporbaon role inonan's
accivities. Industriol discharyes of mercury at Minamata Bay led to one uf bhe vore
serious marine pollution evenls on record (see chapter IV). At the Lime of  that
event (19560 1t was commonly beliewea that mercury would e innocusus in the marinc
environment owing to its chenicsl properties. The Minamata incident shuwed  fhat
methylmercury can be a health hagsrd. Mosk industrial and natural inputs of meccury
ta the aqustiz system are in toe inorganic  form, bak foliowing ils velesso,
inorganic mercury can be btraosfurmed to meinylmercury. Methylmercury is  the past
hazardous form of mercucy not ounky because of its high toxicity, oot also vecsuse of
its iipid solupility, wnich ailows it to be accumulated rapidly within vryanisas,
and leads ta the possibie accumulzbion in the food-chain. Figure II1.2  illusirstes
the biogeachemical cyele for mercury.

fhe aceurrcnee and use of mefrcury

Mercury accurs in rocks as the red sulphide, cinnabar, nsecly pure HgS and 1m
lesser amounts as the black sulphide and as the metal quicksilver. Mercury is also
found in a numher of minerals as a substitute for other elemenks, e.q., enpper. The
average sbundance of mercury in the rocks of the earth's crusl is in tne ng/3 range.

Man's sclivities generating emissions of mercury to the cnvivormsnt  inclode
combustion uf  Fossil fuels, waste disposal, various industrial applications (most
importantly from chioralkali plants), mining cperalivns, the use of bioeides, dental
Miliings, eke. It has Leen estimated  thal  about 10,000 tannes of meruury are
released through these activities, of which 3,100 Lorees are from burning afl fossil
fuels. It has been eslimsted that man's acbivilies have caused almost a  Four-fold
increase in the flow of meipuery from tne land to bhe sea via rivers.

Mercury ain the ataosphere

Uwing to its bigh wepgur ACesSsuTe, meccury is  cirzulubed naturatiy 1m the
alausphere,  Eslimabes indieate that 20,000-1%0,000 tonnes per year are relessed to
the atmosphere by degassing from the earth's crust and fros Lhe occans.

Hercury 1m tne almospnore exists  predominantly > 99 par Snnt} 1N YEPULL
phase. The reported woncontrations vary grestly (0% - 80 ng/m™ 3. Calculations
of the Fluxes of mercury from the atmosphiere Lu the ocean are strongly dependenl on
ausumed average values arnd also on the Eype of input process assumed. In pne  modsl
of the biogeochemical cyele for mercury (MAS-®RE 1378} velues of 1-2 ng/n” were
used. Recent dalta give valuss of mergury in the atmogpherc oynt the open ocean  in
the nocthern hemisphere of -3 ng/m”, and 4-10 agf vver semi-cnclozed seas like
the Baltic, the Korkh Ses und the Westerm Medilerranean (EAMAF LYBL}.

Ever over urban areas Lhe coneentration may be only about ngfmj, bk
consideranly figher cunoentrations may occur focally.  Analysis of distribution data
for mercury enission has shown thal on the average only 20 per cent of Lhe mecoury
is irresversibly bounn after being deposited, while the rest  is  re-emitled Lo ihe
abmusphere.

ercury an soals
Hereury concentralivns in soils cover an exbensive rangs of 10 Lo 15,000

ngfus  for unecntaminated seils, the mean values are Letwesn 50 and 30 ngfg. 1n the
terrestrial environment, meccury may occur  in different  forms, but  mostly  in
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The Morih Sus

The North Ses essentially pocupies the continental  shelf of  ourlh-wesbern
furope between the Scandinavian countries and the United Kingdom and 1s bordered by
zight highly populated and industrizalized couvntries. The area nos rich biologicsl
resuurees,  wWikh annual  production of 3 fo 4 millien tonnes, and valuable mineral
resources,  including sand and yravel, potash, ecoal, ail and gas. The North  Sea is
characterized by s high salinity of about  35°/,., relatively coul water, good
expusure Lo the upen Allantic through a wide, moderately deep 100-200 m) channed, a
subatantial bidal range, which provides strong tical currenks and vigorous neatshore
vertical inixiry, snd Fregeent strang winds which aid Further in aixing the wgter.
The wvolume of  incoming  sea-water from the nockh may be as high ws £5,000 km® per
yeyr, while the English Chaonel - Strait of Dover inflow iz probsbly less than, 2,000
kin” per year. Freshwaber input from continental riyers iz eslineied ab 120 km™ per
year, and from the United Kingdom rivers ol 5 km” per year. Surface tempersbures
reach L4%-16°C during summer. A thermocline at 6°-7°C separates the bottom water
fram the upper laver in areas having e depth yreaker than 40 m.

Primary production of fshore 1n tha Yorth Sea is estimated ot 100 g varbon per
@ Eer yocar. In the Southern Bight, betwesn the soulh-east nf the United Kingdom
and the Low Countries, the impachk of man is must evident in emhanced nutrient levels
(e.g., 2 ug-at phosphate per litre} off the Dutch coast, compared with o winter
offshore maximum aof ©.3 uy-ab per litre. The total supply of phosphorus to Ehe
Sauthern Baght From all rivers hwes been estimated at 70,000 t per year, compzied %o
400,000 t per year entering with Atlantic water through the 5Strait of Dover.

Pollution in the Narth Sea can arise From three main sources - industrialized,
highly-popuiated coastal areas; oil industry activities ranging from drilling rigs
anG pipelines offshore to terminals and refineries onshore; and river inputs. Other
siygnificant svurces of contaminants are From dumping of sewsge sludge, dredge spoils
and industrial wastes, and, For certain conbaminenis, input from the atmosphere.

The annwal irpubt of orgahic mattor, expressed as  biological oxygen  demand,
into the Kaorth 5Sea has been zetimated at 546,000 t, peing concenkraled in cpastal
waters and unevenly dislributed accarding ta the location of aubfalis and valumes of
afflusnt discharged. It is alsu roughly estimated that  the Following  amounks  of
other materials are releasaed with the, municipal waatewaiers annuslly: nrgani&
pesticides, 1 t; PUOs, 7 t3 zine, 2.5 x 100 b; copper, 4 x 107 bt} manganese, 6 x 10
ti and mercury, 22 t. Over 5 milliop b of sewage sludye are disposed of  annually
inte the Korckh Sea, most of which comes feom Lundon and is dumpred aoutside tne Themes
gstuary.  Atmospheric  input  of metals inlo the Morth Sea has been estimated from
rain-out measurements as (in Lonnes per year): copper, 63 lead, 113 iron, 11003 and
manganese, 130. [xamples of congentrations of some metals in sga-water  and
organisms in the korth Sesa are as follows:

Cadmium Lead Lopper
Sea-water wg/l 2.8-6.0 - 0.004-0.005
LCod ug/kg wet wb.  Z0-%0 0.1-0.3 1.1-2.a
Herring ug/kg wet wh. - 0.2-5.1 0.6-3.6

The gverall annual input of oil to the horth Sea has  been eskimeled at 1.4
million t per vear, of which 41 per cent comes from urben cun—off and other
freshwater inputs, and 22 per cent comes from shipping and terwinal eperations. The
ronge of petroleum hydrovsrhons 1n the "clean™ water offshure in the Morth Sew  was
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MoTCury Cadoeivin Lopper Sne
Cod 20-Hdu 2-50 0.03-2.4 lod-uié
Herring 40- %0 - 0,3-1.% Fua-5i.0

There have been several significant oil spills in Lhe  Hallic S5ea,  in some
ceses  giving rise iu  ansiderable nwisance un besches  end  in archipelagos.
Long-term effecks on benthos nave been ddentilied in lucaliced wreas, For example,
after the TSTST% oil spill (Kineman et al. 19400,

Examples of arganochlorime vuncentrations in mg per kg wet weight are:

0T and FLEs
netabolites

Cod 1 - 230 2.00% - 0,22
Herring 2B - 3300 J.02 - 2.0

Reproductive failure in Baltic seals has Deen associated with the preseuce of
00T and PCBs 1n these mamoals. There has also psen a significant megative
correlation betwesn reproductive success of the white-Lailed eagle and the lovels of
DDT and PCE 1n their eggs. DO and PCB levels in Baltic herring and salmon have been
shown ta be an order af magnilude highcr than levels i similar species from  the
MNorth Sea.

However, there have been dorlines in JOT, PCBs and mercury 1n bpiota of  ihe
Jaltic during the last (ew ysars, following restrictions on the wse and relesse of
thesc substances. Lead levels in scdiments have exhibited o dramatic invrease during
the last century and show nu signs of diminishing.

Recently, en extensive co-operabive assessnent of the effects of pollution in
the DBaltic %Ses has been carried out by Lhe Helsinki Commission sod [CRES {Melvasalo
et al. 1981;.

In conclusion, large variations in the conditions, including long-term cnonges
uf nwtrient and axygen concentrations, nave opcupred in the Balkie Sea duving  ths

present  century. These changss are partly natural, partly due  to  human
interferences, and partly due to a combinatinn of natural and human influoences (=ee,
for example, Melvasalo et al. 19813, The importance of considaring fluxes  in

relation ta environmental variability and deteriecration, as discussed in chapters T
and III, is well demonstrated in the case of the Baltic Sea. Yarying river run-offl,
increasing  input of orgonic makerial and nutrients from kand, inereasing inputs of
substances from the atmssphere, releases of phosphorus From the  bottom  induced by
chemical changes in  the botlom wabters, and changes in the fluges botween the apen
gcear and the Baltic have all conkributed to tre  changing caonditions. Adeguale
protection and management of khe Baltic Sea as 3 natural resource reguires s good
understanding of the interaclicns and the variabilsty of the fluxes as well was of
Lhe relationship bekween Lhe variations ond changing environmental conditiona. The
Baltic case also demonstrales fthc grest  importance of  long-term series  of
observations and indeed the necessity of having data from such studies to explain
enyironmental changes.
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diological eycle for mercury.

Figure IL1.2 :



Fluxes of mercury within ot into the open ocesn
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CHAPTER VI

SPECIFIC PROBLEMS OF REGIONAL SIGNIFICANCE

¥i.l Introduction

Regional studies which are necessary for the management of inshore wabers can
contribute informakion on bhe state of Lhe mealth of the ocesns.  The ampurtence af
co-ordinaking such studies to provide relisble data on pollotion in these areas must
be emphasized. LCo-oroinated programmes ensure that essential region-wide daka  are
acquired Lo g@ssess marine pollutien and  thab  participating laboratories wilt
intercalibrate their analytical and sampling procedures se Lhet data from different
parls of a2 region are comparable.

Although studies are completed, under way ot planmed in many regions of  the
world, thc Geoup did nut ponsider it either practicable or necessary Lo examine each
of these regions. Lnstead, a selection was made using three criteria: 71 Some
marine pollution studics, which could serve os models for use in en assessment,
should have heen conducteds (2) bthe selected regions should represent o wide
spectzum of natursl conditions; and (3) taken togelher the selected regions  should
provide & wide yeographical voverange.

Some of bhe selecled areas have been much  more  intensively  studied than
otfiers, ore explanstion being the svailable mechanisms for co-ordinatien as
gxerpized by such bodies as the Intermational Council fur the Exploration of the Gzs
{ICE5), by the Regional Seas FProgramme Activity LCentre (RS/PAC) of the lnited
Nations Ervirormenl Progeamme (UNEP), and by the Intsrgoverrmentsl Orceanographic
Commission (IOC} of the United WNations [Cducationel, Scientific and Culkural
Organizabion (UNESCDY. The guality of data warlss from region to reglon sccurding
toc the analylical expertise svailable and to the degree of  intercalibration of
anzlyses by participating lsboratories. For this reason, il is not possible at
present Lo Lreat the oceans uniformly in the presentation of dats on  distributions
of contaminants and their effects on the magine environment.

It should be moted thal. there are sone excellent sources of data from  certain
international scientific  inwestigations  providing  a reliable refercnce on
concentrations of parkicular contaminents in oceanic areas, Mo separabte  open-ocEsn
ragian has, howsver, hren specifically dealt with here.

¥1.2 Methodology in regional skudies

Marine pollution studies vonducted in the Norkh Atlantic and the Markh and
Baltic 5ems huve been co-ordinsted by the Inlecnational Council for the Explaration
of the Sea [ICES 1977p; 1977c). Baseline studies were conducied and invalved all
the countries bordering these marginal seas. ULuidelines derived from Lhese studies
and applicable tn other aress were outlined in tho Comprehensive Plan for the Global
Investigation of Pallukion in khe Marine Enviranment (GIPMC) ([LOC 197&).
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quantified 1n cash terms is tainting of the wdible tissues of commercial species,
produeing an unpleasant taste and colour change which can result in  the affected
produce being unmarketable. This can be caused by a variety of contaminants, but
wetyls such as zine and copper in shelifish and oil in fish and shellfish are
probably the most common. Unfortunately, even & rumour that a particular stock is
bainted ean injure the reputetion of 8 fishing area or a merchant so that sales are
affected. As a result, the suspicion that a cutch might be tainted could pe enough
tu persuade a supplier bto withhold his landings from the market. There is no doubt
that the possibility of kainting wan be Lhe immediate impact of a large oil spill on
fisheries and there is equally no doubt that significant financial lasses can occour
and have occurred in this way. However, the taint can be lost by depuration in
clean water and again the affecks tend to be restricted to a specific gesgraphical
location and not to affect a whole stork.

Public nealth threat

Contamination by micro-organisms derived from sewage give rise to a significant
public health risk. This threat is most relevant to shellfish beds in  shallow
wuters in the vicinity of sewage outfalls and the correct spproach is bo ensure that
such outfalls are properly positioned, although if is usually possible to kreat
affected shellfish so that any numan heaith threat can be eliminsted. When sewage
sludge is dumped offshore there is potentially a similar threat, but in mosb cases
the rapid dispersion and die-off of micro-organisms foreign te the  marine
environment ensures tnat there is little risk.

Perhaps the most common Form of residue is the accumulation of a  contaminang
which, although nol delectable by taste, is measurable by chemical analysis and is
cansidered to be potentially dangerous to human consumers. Examples of this are
mercury  in owerdfish and tunas, and PCHa and organochloripe insecticide rosidocs in
some fisn, This type of contamination is not derived from a single incident but can
affect fish stocks on a long-tecm basis and over o wide area. However, it is
increasingly  suggesked that the brace metals in oceanic situations often arise From
natural contamination rather than pellution, and that the effect of such natural
contamination on  consumers may be negligible; however, neither of these arguments
will apply to organochlorines.

Sub-lathal effects

Apart from dirvect mortality, there is the fear that contaminants in the sea may
produce sub-lethal effects which would have an impsct on commercial  species.
Experimental studies have shown that fish cggs and lervae exposed to certain metels
do not develop normally and, if they suryvive, may produce adulls with skeletal
anomaliss that must reduce the survival rate of the affected individuals. Field
observations in polluted areas of the Mew York Bight sugyest Lhat developing steges
of Fish may be damaged, vesulting in  abnormal embryos. Fimally, the relationship
between diminished cnvironmental quality and various forms of disease in fish  and
shellfish is of increasing concern, and a positive correlation has been suggested
for at least sgme diseases. Howover, most of such effects are likely ko concern
individual arganisms or, at most, limited portions of @ stock, so thet a significant
threat to a whole Fishery is unlikely. Neverthcless, tho dissppearancc of fisheries
From contaminated estuaries, which has already been refarred to, cannot be ignored,
and tho possible risk of general sub-lethal effects reguires further investigaktion.

Aquaculture

The increasing growth of marine aguaculture throughout the world demands  thabt
any asssesament of pollution effects on fisheries should include a consideration of
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ko assess. They arise from a large number of diverse sources and are nob dirsctly
controllable. Along coasts exposnd to the open sea, rapid dilution and  dispersion
are likely, so that hiyh concentrations of contaminants would not be expected in bhe
wyker. The =situation may be diffecent in more enclosed areas where land and river
run-off mingle wWikh @ variety of discharges, and in  industrisliced situations the
muximum  opporbuniky opecurs for s build-up of contamimants, In Fack, estuariews,
lagoons and beys are usually the sreas where significant decline of  environmental
quality is recorded and where reductions in fisheries have been documented (see also
chapters 11 and W¥I}. Vevertheless, even though there is circusstznbial evidence
linking incresved contamination with reduced Fisheries, it is wsuslly difficult to
demonstrate  an  unequivecal quantitative relationship and  furtner study of such
8ituations is required. Pernaps the best confirmalion that general contamination of
estuaries has had en adverse impact on fisheries comes from those focations where a
progressive  c¢lean-up has  baken plags over a peraod of years and an assaciaked
improvement in fisheries has been recorded.

Flankton blooms

Apart from the normal cycle of plankton growlh and decay, shart-term blooms,
usually of single species of phytoplankton, may occur  1n areas uwnaffected by
contamination. These wust be recognized as natural perturbations in the ecosystom,
and althouyh Ltheir coause has nof been eatablished, it seems reasonable ta suggest
that they accur when a particular comzination of physical and chemical circumstances
provide conditions to krigyer the bloom and Lo allow it to  develap. However, in
recent years, there has been increasing documentation of phytoplankton blooms that
may be connected with contamination end might therefore be controllable if  the
conditions that yenersted them were wall anougn understood.

The blooms vary yrestly in character, end may be toxic or non-taxic. Several
genera and specios of marine algae can  yive rise to toxic blooms, and several
specific toxins haye been identificd. Some of these are lathol to marine organisms,
whereas others are simply arcumulated by them hot cen cause distress or death to the
human consumer of affected fish or shellfish.  Such bloems have been  recorded  From
many parts of the world, and indeed in some places they occur regularly, follewing a
seasonal pattern which ¢an be predicted for w given coastal area. In these
situations, precautions can be taken to protect puplic health by aurveillance of the
shellfish species usually involved and by prohibiting swles of lhese species 1IF they
become affected. Unfortunately, however, prior warning is ofben impussible so Lhat
iilness from this couse 13 not infreguent and death somefimes results.

Kot all blooms are due to hoxic oprgenisms, and while the affects of ron-toxic
blooms are of less direct concern tu public health, they cen have s significani
impact on the environment and somebimes on fisneries. This impact operates malely
through the bacterial decomposition of the large quantities of organic matber
produced, which can impose an immense oxygen demand on the water column and on the
bottom when the matsrial is deposited. Anoxic conditions wey bthus be generated
which can kill plankton, Fish and bottom-living organisms in the affected area. The
most spectucular recent evenl of Lhis kind took place in 1976 of € the aast coast of
the United Stétes, where hundreds of sguare miles ware affected and a massive
mortality of comnercial species was recorded {(Swanson and Sindermann 1979).

Further effort could usefully be directed towards understanding the eonditions
which giwe rise bo plankbon blooms so that predictions cun Le msde and appropriste
control measures adopted.

Tainting

One type of effect that can be clearly recognized and can often be resdily
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CHAPTER IV

POLLUTANTS IN THE MARINE ENVIRONMENT

I¥.I Introduction

& study of the bealth of the oceans requires consideration of  many
contaminanks and potentially toxic substances. Howeyer, since time limited the
Field that could be covered, the group selected for Lhis firsft repart  soveral
contaminants that are at present perticularly relevant ko man's impingement on the
vceans because of their distribution, quantiby or impact. Thesc contaminants are:
sewage, some synthetic orgenics, petroleum, "trece metals" and radionuclides. This
chapter reviews what is krnown of their effects on the marine environment. Other
chapters 1in the report identify the mechanisms of transport of contaminants, their
flusas across criticel interfaces, their distribution patterns, their bipogeochemical
cycles and the geographical areas where they have a major impact.

The statements presented here sre supported by papers on each category of
contaminant in the Tecbnical Supplement; they refer to the basic literature and
reporkts, and provide a more detailed scientific and technical discussion.

I¥.2 Sewage

The word “sewaga™ is used heres to refer to the product of municipal drainage
systens conteining dumestic wastes with or without the addition of discharges from
industry, storm water and surface tun-off. Spgwage is thus extremely heterogeneous,
and its composition highly wvariable. It gontains a large proportion of organic
matber and nutrienls, ws well es numerous migro-organisms (bacteris and  viruses,
somg  of which are pathogenic) and parasitic worms. (il and mekals are vsually
prasent from s veriety of sources and when significant guantities of diascharges from
industry are mixed with the domestic material, a wide ronge of additional chemicals

may ba included. There arc several options for the disposal of sewage, including
deposition on land and incincration, but, for coastal communities, sea dispusal 1is
clearly convenignt. Sewage may reach the sea untreated, discharged directly into

intertidal or subtidal zones by outfalls. However, various degrees uf trestmenk may
be applied befare discharge, ranging from separation of solids and  settlement  of
heavy particles followed by comminution, to chemical or biological Ereatment
designed to break down organic matter and thus reduce the oxygen demand, producing
an effluent rich in basic nutrients end probably conteining soluble contaminants.
As o result of treatment, sewage is divided into lwo pheses - a liguid and a sludge
- and these may be disposed of seperately, bhe sludge sometimes being shipped to
dumping grounds at sea. Marine pollution problems arising from sewage are therefore
coastal and correlated with the distribution of human populations.

Ecosystem effects: [he main impact of sewage from pipelines that discharge
into relatively deep or well mixed water is in the immcdiate vicinity of the outfall
where turbidity depresses phytoplankton productien, and the benthic environment is
altered by sedimentaticon. On the periphery, the effect iz ususlly orne aof
ebhancement of biclogical comnunibies by the input of inerganic and orgenic
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nutrients. If the pipeline discharges on  to the shore, growth of seaweeds and
intertidal animal species sdapted to high nutrient levels may be encouraged. Sueh
enhancement of limited groups of species is one of the important effects of sewage
input, which disturbs the energy transfer through food webs, eventually leading to
greatly reduced species diversity. The impact can be considerable on some natural
communities, such as coral reefs, or in low-nutrient habitets, where the
long-established balance of species is easily upset. In general, howewver, kreated
sewage From a properly designed and well positionad ouwtfall is unlikely to have a
significant detrimental or beneficial cffect over a wide radius.

When sewage sludge is disposed of at sea from dumping vessels the effecks will
depend not only on the rate and volume of dumping but also Lo 2 large extent on  the
physical characteristics of the disposal ground (see chapter 11}, In areas where
the dumped material is rapidly dispersed by water movements and does not  aceumulate
on the bobttom, long-term effects are not detectabie. Even on grounds where the
material can accumulate, effects on the water column ave wsually transient, and it
is only on the bokktom that an impact can be clearly detected. Since sewage consists
essentially of organic meterial and nutrients, usually aleong with potentially toxic
components such as metals and organohalogens, eutrophication and toxic effecks might
be expected. However, although there is sometimes a2 build-up of toxic substances in
gediments, adverse offacts From this alore on the ecosystem have not been detected
on dumping grounds, and the main changes can be attribuked to organic enrichment
leading to speries-poar but often biomass-rich benthic communitiee. Bnly in  the
worst cases are the structure anmd condition of the sediment substantially altered,
2.9: when deposition af organic material leads to anoxic conditions on the bottom
and in overlying water, and the benthic macrofauns may be reduced to a few resistant
species of worms. The most significant economic impact pecurs when the habitat
becomes unsuitable fur benthic erganisms of commercial  importance, but even then
mubile species such s Fish and marine mammals, which are able to avoid unfavaurable
conditions, &sre not directly affected, whereas birds are attracted te sewage
disposal sites end clearly thrive there. Finally, since the organic component of
sewage is lergely degradable, it cannot be regarded as & long-term contaminant iF
its introduction to the sea 13 properly controlled, and affected grounds may be
expected to recover after the input ceases.

Human health effects: Visible sewage material on besches and in shallow water
can causa an offensive odour and s deterioration in amenities, but a mwre important
congideration is the possible health risk. There is a continual flow of pathogenic
bacterias, viruses and parasites into coastel waters around urban areas, reflecting
the range of diseases that are present in the human population. These organiems can
survive for hours, sometimes days, in the sea, and viruses can survive longer than
becteria particularly when they become sttached to bottom organisms. In parts of
the world where plumbing or drainage systems are ineffective or absent, Faeces may
be deposited directly on the besch, with obvious dangers of infection. Recenkt
studies tend to support the asssumption that bathing im sewage-contaminated water can
regult in disease, particularly in aress where the endemic enteric diseese rete is
high. Further, the consumption of Ffish  and shellfish  haryested  from
gewage-contaminated water can csuse bacterial and viral enteric infections. Thus,
whan disposal of sewage sludge at sea is planned, the disposal ground should not  be
in an area from which water movements could transport sediment to beaches or
shellfish beds. Treatment of sewage, particularly secondary treatment with
chlorination, rfan substantially reduce the bacterial numbers but viruses are less
affected. Chlorination can, however, give rise to increased guantities of
chlorinated organic compounds.

Discussion: The evldence suggests that, given the controls outlined balow, it
is posaible ko dispose of sewaga at sea ao that it dees mot constitute o threst to
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and transient affects and thers is no documented case of a total Fishery being
destroyed or even of a whole year-class baing eliminated by an o0il spill. While the
definitive assessments of long-teem affects of the AMOCO CADIZ incident and the
IATOC-1 blow-out sre awaited, experience to date suggests that, in general, oil does
not pose a long-term threat to Fisheries.

Dumping

The effects of dumping on fisheries ran also be assessed, often with some
confidence in those situstions where the dumping ground is isolated from other
inputs and the composition end amount of material dumped are accurately known.
Since dumping grounds should be selected with bthe intention of limiting adverse
envirormenta)l effecks, and since the method of disposal should be arranged also to
further this aim, it is not unexpected that in many ceses correct choices are made
and the effects are acceptable {see chapter II and GESAMP 1975). It is only when
the dumped material accumulates that a measurable deterioration of the environment
may ocour. For example, in some sewage sludge disposal sites slow  alterations are
caused to the sediment, making the ground uninhabitable by commercial shellfish that
were previously present. Alsoc, the benthos may be changed to a community which is
lesa acceptable as  food for  fish. Other types of dumped material can have
comparable effects, Thus, the dumping of dredged spoils may result in both
smathering amd toxic effects, while even the most chemically inert meterial can
blanket the ground, bury fauna and change the character of the sediments.

However, even where an effect can be c¢learly demonstrated on an  isoleted
dumping ground, this effect will usually be restricted by the nature of the dumping
operation to e relatively small ares, so that only a small part of the commercial
Fish stock will be exposed to contamination. The mast serious situstions are those
where several dumping grounds are elose together, so that the pollution scurces may
then coalesca spreading the impact over e wider area.

Cutfalls

QJutfalls as distinct from dumping operations, will, for the most park, be of
concern only in imshore eress. Land-based pipelines diseharging into the sea cen be
located at wites most likely to aid dispersal; they should be fitted with adequate
diffusers and the diacharge can often be arranged to suit the best tidal conditions
to achieve optimal dilution and dispersion. In view of this, it is possible ta
confine any adverge effects on fisheries to the immedgiote viecinity of the discharge.
OFffshore discharges, as for example from oil drilling rigs end productian pletforms,
are usually controlled. Enhanced concentrations of contaminents are unlikely except
close to the source, so that again any effect will be local and confined to
organisme which are sensitive and react rapidgly or which are unable to move away.

Diffuse inputs

These may be general inputs te the sea from land run-off and rivers, or from
the atmosphere. Recent measurements have shown that in some cases the atmospheric
route can aceount for a eignificant proportion of certain contaminants (see chapter
11), particularly organochlorines and some metals, but because of the diffuse nature
aFf the inpﬁts, effects on biota are difficult to detect. Although atmospheric input
is 1likely to be relatively more significant in open-ocean situations, there ia no
indipcation that it has threatened the ecosystem or put cceanic fisheries at risk.
Enhanced lewvels of some contaminants have indeed been recorded For a few opceande
species, but (as discussed below under 'Tainting') follow-up studies of, for
example, mercury in swordfish, tunz and halibut have suggested this is natursel.

Cortamirants present in land run-off and river inputs are even mare diffirult
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Creat coneern hag been exprezsed  on the aibuation ariaing fram
ovor—exploitalion of marine mammals, in particular whatecs, and esperially in arcas
wners theie has appeared ko be o risk of extinction. FAG (1%8la) econmiders that the
marine mamnals mosl Lhreatened are the three species coff monk seal, the Caribbean
monk  seal heiny prohbably already extinck and the Meditcrrancan and Hawailan spercies
being scarce and declining. It has alrsady besn noted (chapter IY) that in  sume
areas f{e.g. the Baltic and the Dubch Waddensez) adverse effects on marine manmals
have been linked to pollution by vrganmochlorines. 5ome othar seal stocks have  been
increasing since catching was slopped or controlled.  Faor anstonce, the narp seal
siock in the northewest Atlapbic now shows  an incressed abundarce  Following  Lhe
inkreduct ion of guolss In 1972,

Finally, the rising importance of aguacuiture  is  evident. This inludes a
range af activities Ffram hatchery-based rvestocking and sea ranching projects ta
wvarious forms of intensive culture. Animals such as  oysters, mussels and mullet
which are  part of short focd-chains are particularly econcaic. Marine aguaculture
at prescnt amounts to about > million tonnes annwally, but could double in the next
decade.  Among its attractive features are better management opportunities compared
with the increasingly overfished wild stocks, and the better national contrel that
cun be exercised in coastal wabers.

Effects of pollution

Ihe effecl of pollution an fisheries may range from the immediate, such as  Lhe
sudden  death of a substantizl number of fish, te the more peolonged e.g., defective
development ar reproduction. Effects may be directly on  individuzl fish {eggs,
larvae, or adults) or andirectly, theough the food. Ln atiempting to assess the
impact of environmental deterioration on fisheries, it is uwseful Yt scparate  the
consideration af effects of wuwingle spills or incidents on Ehe one hand from the
pussibly longer-term effects of vcantinuois discharges or diffuse inputs on the
ather, In  the paragraphs below thesc subjecls are briefiy discussed; however, a
nunber of obther pperstions can have inpacts on fisheries.  Dredging for  sand  and
gravcel, faor exsnple. van pose a serious threat te those species bthuet depend oo Leds
of these scdiments as spawning or nursery grounds; the activity of  the dredgsrs
alone can  interferc with  fisning, throush the prescnee of kEhe vessel and through
pnysical alterations to the fishing aground by its operation, teosulting  in
difficulties in the use of demerwsal Tishing gear. The problem of intertocrence with
fisheries i1s, of course, a more genersl one and 13 particularly acute in  regions
w#here vil exploitation is in proyress. The presence of drilling rigs and production
platforms on fishing banks and the laying of miles of pipeline on tha sega tloor all
reguit in "no go" areas (or fishing vessels and the operations in general tend to
praguce soeumulabtion of debris on the sea floor. These effects, together with the
increased shipping beaffic, are all of immedisbe concerm to  fisheries (GEZAMP
19770).

Inoidents

Frobably the most commeon and ceglainly the most spectacular pollution incidents
have been voused by cil - either by shipping sceldenls or by pipeline aor  wellpead
mal fune tims. Az 4 result of inecreasing requirsment For petroleum throughout the
world, transpott by sea and explaitation of resources under the sea have multiplied,
and in recanl years sone incidents have beon exkensively studied so that the effects
can he evalualed with some confidence. As discussed i chapter IV, =ffects on local
sections of the ecosystem can he disastrous, but adulf Fish are mubile and can avoid
high concentrations of oil. Eggs and lorval stages can be exposed inmedisbely under
a glick to levels of oil that nave been sbhown experimentally tu be lethal, and
indeed high mortalities hawve been recorded under fresh siicks, but these are loecal
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the warivme scosysten. Albhough bheee sre "hol spols'", these are usually restriclec
Lu # few syuare kilometres adjacent to outfalls and on sludge dumping grounds. &
public health risk from infections exists on some batning bBeaches, especially to
visilourg from other countries who have low levels of immunity to tne  local endemic
dJiveasas, and the discharge of untrested sewage on shel1fish beds can pose a threat
of nure serious diseoses. Fhe volumes of sewage to be disposed of are greatest
where the highest population densities exist, bur problems that arise are at present
ivcal  rakther than global, and coastal rcather than oceanis.  Uvcr-enrichsent of some
coastel walers through excessive nutrient anmput has ied to  extensive blooms  of
algan, some uf which sre hoxic Lo fish and obher marine organisms, and somelimes to
human cansumers.  However, if Lhe dispussl  of sewage ko tne sea is  adeguately
cunbielled and if Ehe sites are properly selected so that the assimilative capacity
of the emvironment 13 not exceeded [see chapker YEL), then the Fertilizing nature of
sewaye way be regarded as more significant then its potential toxicaey. It is worth
noting that full Lreabtment of sewsye is nob necessarily  the opbimgl  procedure.
Indeed, where deep weber 15 availsble close to the shore, disposal through long
pipetines after minbnel  Lrestment say be  sablsiactory. Fortunately, there is
increasing awarcnoss, at local  and  national  levels, of  the problem of sewage
disposal and the establishment in eecent years of wvarious inlernalivnal  convenbions
provides meehanisms for controlling discharyes and for docomenting effects.

V.5 lirgunochlorines

Thiv section deals witn only twe of the most widely used organochlorines -~
PCas and DOT.

Folychlorinated biphenyls

FCOs consist of o large rnumber of homologues and  isomers of chlsrinated
hiphernyls., The number of chlerine atoms per molecule varies from 1 to 10,
Fulychlorinated biphenyls can be used for a wide variety of purposcs and  foc
mixtures of isomers produced by the wvarious manufacturers may range Frum Shasc
cuntaining about 20 per cent by weight of chlorine, averaying about one  chilorion
atom  per molecule, bto some containing about &0 per cent of chlorine, with different
percentages of chlorinated biphenyls with 3 Eo & chlotine atoms per  molecuge. The
physico-chemacal properties of the mixtures, as well as their boxicity bo living
arganisng, vary widely, being related to the sctual amount of the several isoacrs.

PLES are widespread in surfoce waters and bottom sediments  in the more
industrialiced regions of the worid. Being transported ko the open oncan maindy by
air, their wvlbtimate sink iw the marine sediments where they are adsorbed and only
wvery  slowly  relessed Lo bhe waker column ond  living arganisms.  Recent
inyestiyations indicate that marine micro-organisms can  transform PESs, but  the
process is wvery slow.

In organisms the highest levels of PCH residurs gecur in or near  uraan  and
industriatized arpas. In fi1sh, values of less than 0.l wafkg wet weighb (1 ugfiy
extractable fat} ara reported from unpolluted sreas bul whers there are  large POB
inputs, residucs are well above 1 ougdkg web welighl, and wvalues up Lo 50U agfcog
exbractable fat hawe been found. The level nf residues is often related to the
nrganism's position in the feod-chain, but this :s not always the case and care must
be  taken in estrapoleting daba., The isociners with three aor fewer chlorine atoms sre
metabolized siowly and this ieads in mosl species to progressively higher levels in
the food-chain of the tetra—, penta-, roexa-, hepto-, or octa-chlovobiphenyls.
Honitoring studies sugyest thak FUB residue levels in some areas are decreasing,
following the pestriction of their use in several countries {0OECd, 19807, oul Lhe
rate ol dissppearance =ecms to be slaw, and is nul  firmly denuosiraled. In  many
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inmticides within Lhe anusal body may drastically alter Lhe luxivity  and  shorage
ol tne porcnt compound.

The wmost  important  effect is  in bards -~ egyshell Ehianing caused by

interfercnoee with caleiom metabolism.  This has bopn recordrd for marine  birds  in
whicn magnification ot eezidues  in the food-chain areurs.  Marine oarganisms shbow
large differences in scnsitivacy to DOT. Thus, for  zooplankton, fthe  Llethad
concentration starts at U.01 wgfl; For fish {including Fryl 0.1 ug/l is toxic;
pivboplarkton, crustaceans and molluscs sre affected by concentracions abave 1.9
gL, However, as the ecologicel impacl may depend on the moskt sensitive species,
the margin of mafety is mat more tnan a factor of tem st roncentrations of 1 ng/fl.

Effects of high residuc congentrations due to conbtinuous cr repeated  cxposure
nave been detzcled in metine animals. Morbality may occur afbeg some time cwven if
Ehe fish wre transferred to clean water. Reproductive suceess ts Iow whon residucs
in the fish eyys and iTy are hign (ppm level} and when the aduit spawning Fish has
high DBT in the dict. Organechlorine insecticides, being lipid-soluble, occumulate
in eggs and can lead to deslh of larvae as bhe yolk sac is absorbed el @ crilicsl
stage of growth. ©DT residues ab sublelhal levels may also affect behsviour snd Lhe
capdclity to react to external sbress such as waler Lemperature changes. Leburaloey
sbudies and field observalions show that deieterious elfects may be caused by DOT,
buk most of Lhe effects idenbified so far have bren related Lo residur Ileyels  much
higher than those Found  in the open ocean,  either i water or in fish Food
arqaniams.

Human health effects: It is unlikely that tolerance levels for man  wilil
generally bhe oecceded by consuming marine food, but there is the risk that in some
coastal zones, roceidus levels are being reached in some marine organisms which might
rmake them unacceptable as human Cood.

Bispussion

Alehough genersl trends in the environmental concenbrabions of  chloripwted
hydrocarbons  are spparent, there are still problems in comparing the concentrations
reparted by different authars, particularly in ©the case of concentrabinns nf PUBs in
sca-water.  As Lhe analytical problems become bebter understood, it is ¢lear that an
adequate asscasment of the impact  of  organochlarines on the marine  environment
requires further study of their transport and fate, particolarly their mobilization
lcom sediments. IF the envirommenlal psthway of PCBs can be quantified this could
e used as & model for obther persistent chenicais.

IV.4 Petrolcum

Pollution by crude and refined oil arises fron Lanker sccidents, debsllusbing
uperstions and tank wazning, vefinery  effluents, municipal and  induskrial
digenarges, losses from pipelines and offshore production. 0zl also enters the sea
from natural =eepages. Toe inpul of pelroleuan to thne marine environment from ail
sosrars 15 Lhoughl bo pangs from 2 to 20 million toomes per grounm,  With  the  best
recent oatimate arvound & million tannes, about one-frenth of whieh iz propably from
the atmosphere.

il from rivers ard terrestrial run-otf pnscs a prnhlem in the  assessment  of
biological coffects.  Most  of it reaches the coast in a comparatively dilute form,
adsorhed un sispended material, and it has boen subjected Lo weathering so that parh
uf the more acutely baxic compounds hag been lost, On the other hand, in Lthe
retugries where it meebs lhe sew, most of Lhiz suspended material 1 deposited and
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CHAPTER V

USES OF THE MARINE ENVIRONMENT
IN RELATION TO POLLUTION

V.l Introduction

Uses of the marine envicunment by man  inelude  exploitation of  living and
non-living rcsources, recreation, Lranspori, wWeshbe disposal and coastal development
for various purpases. Some of Lhese operabions are affected by contamination while
others couse it; mome can co-exisht without intorfersnee, while others are mutually
incompatible. In this chapber, Lhe uses of the marine cnvironment are  briefly
reviewed and their susceptibilitics and interactions discussed.

V.2, Exploitation of living resources

Fisheries, in the broadesl sense, may be taken Lo eover the exploitation by man
of any Form of marine life, incluoding not only pelagic and  demersal  finfish and
shellfish, but also & wide ranye of other plants and animals -~ ssaweeds,
irwertebrates and marine memdals. Explaitation refers to the hunting of wild shocks
amd the vonbtrolled operations of mariculture.

The latest Foud and Agriculture Organization of the United Nabtioma (FAD} Reyviow
af the State of the Warld Fisheries (FA0 19Glal based on catch statisties for 1978
and 1979 shows  an annoal incresse of sboub I million bonnes in reported iandings,
giving an average growth of aboul 1-2 per cent per yeso. Ihis fits the annual
average catch increase recorded since 968, which is much slower than the average
qrowth of &7 per cenl per year during the previous two decades. Examples uf
catuhes, extrscted From the FAD Yearbook {FAQ, 139lb; are presented in bables V.l
and ¥.2.  Table V.2 demonsbeates the small  increasing trend in catches  in most
areas, The Perivian fishories are a noticeable exception to this, and the dramatic
change in khesc catches as mast likely due te makural wariability in the stocks  as
well as to overfishing, demonsirating the large yield an upwelling arca can give and
the vulnerability of such an ares to natural Tluctuations.

Accarding ta the FAD report (FAD 198la), increases in Lhe cgatch rates are
diminishing because "there ars now few unexploited stocks of ahundsnt species which
can readily be caughbt and marketed by conventional methods, snd which provided the
cpportunities for rapid espansion  in bthe 19505 and 1%60s". Prospects for future
growth therefore primarily depcnd upon the potential in the oceans to  produce  wone
fish, a potential which must be related to the conditions in the marine ccosystem.

Figures for the potential yiedd should, however, be used with qreat caution
since & number of factors will influence the realizabion of this potential. Taking
these factors togsther, FAD (198la) concludes thot the rete of growkh of world catch
during the next fow years will remain smell. This, however, does not  imply thab
geowth of the bencfits received from Fisheries will slso remain small. Greslly
increased bemefits could come  from  improved  manayemant of  the fisheries, from
rebuilding depleted stocks, reduging economic loss through excessive fishing effort,
and from better distribulion of fishing between different interests.



such areas avte frequently Dapoctant oreeding ang feeding grounds faor & varieky of
marine organisms. Uit rmatreing  the pcean directly  fron spills 1s immediacely
supject to a wvarviety of physical, chemical and binloyical processes whnich  debtormine
its distribution and tate. Following 4 spill, sprescing and evaporation, along wikth
photaciemieal  and  other oxidealive processes, are important For the first Fow days.
Afeer tris, degrodetion by micTu-organisms beconos significent, particularly for the
paraffinic znd olefinic fraclions. It should be nated that marine bacteria ate  not
capable of completely  destruying  hyarocarbons. Ihus, same pil components {c.g.
PrfHa) are owxidized to a Enrm whish is no longec  aeenable b further bacterial
breakdown, alihougn  bacteria  ean destroy up to S0 per cedb af such nolecularly
stable compounds as  oenzojaipyrene  {lersel  and Toysan 19810, Fven lor  those
fractions of o0il which can bs  degraded by micro-organisms, accquele oxygen and
nutriznts are required.

Particles of oil residues of varving size and  density are distributed
throughout the oveans, mostly on the ses surface, Yume are formed soon aftor oil is
discharged hy  fanker wasnings, otherzs matarialise over a longer peciod of time in
the sea from weathering of spilled crude o heavy oil producls. dne recent estimate
uf the particulate uil residuey on the surface af the Norbtn Atlontic was  hotweon
153,000 and 20,000 tonnes. Tne level of contaminatliuom is closely cornected with
Lanker traffic and afher siiipping.  This was shown by o project which arose from the
1972 Gtackholm Conferance,  the Pilot Project an Marine lollukion  Petroleum
Mynitaring (MAPMUPF}, which compriszed a  sbudy  of sucface slicks, Floating tar,
dissulved/disperaed pebruleum residuss ot 1 m aepbh, and tar  stranded on  besches.
Furtiter work  sugrests  thol  petroleum  Films on the ssa sucface could comtact and
concanirate ather oleophilic conlaminesnts such as organachlorines wid organic  forms
of lrace aetals. These have been detected and measured in bar balis (Sunay et al.
la79s.

Pebtroleom is a complex mixtuee of  conpounds  with  diffecent  pnysical  and
henival  propertics, and  special  sliention must be  given Lo the collection of
samples 1Y they are to be representalive and uncontaminated. There 1s no single

mothod  for the  analysis of tatal oil which would be aceepiahle in all situstions.
It shnuld be noted that hyorocarbons are synbhesiced by living organtsms, aml  chat
the comporents of this biotic produstion avs very different fram those of pottuleum
bnat cause conoeen - lignt or polycyclia aromatic nydrocarbons, light  alieyelics,
heteroeyelic nuoclel  wnd tneir alkyl derivatives which are nob known to be produced
Lhwough reccnt biusyothesis. Hiotic production of  alkunes greatly exceeds the
petroloun  discherge into the sea, snd it is  imporlent  bo be aware that some
dimalybical methods lomp hydrocarbons from the tws sources.

Foosystem offects: Marine organisms absorb ail, bul  there is iittrls
conwincing evidence of accunulalion or biomagnification. 1n gereral, organisms from
higher trophic leyels  show  lowsr concentrations of hvidrocarbons, Fffecks on the
cengystem include these arisiny Frum Lowicity and  from  swolbering  aed  clogging.
Lethai  effects and habitarn  destruction may have tong-term ccological inpwct bul,
except perhaps  in  swne bird species, whole popuiabtiuny  are seldom at  risk.
Agoeasment  of environmental effecls is bused on observations of nunbers and species
of vrganisms %1iled or obwiously dedsyed by o1l discharges, enupled with  laboralocy
measrenents of toxieity through bicassays. Toxicity iz largely associabed with the
arumatic-hydrorarban  rantent  of  Lhe o©il, althaugh for sone organisms  the
noR-hydracarbon conpononts are most Loxic.  In sddition to their acute boxic nffonts
on marine life, erude and refined oils affect marine organisms at  concentrations
tral do not  result dmmediately in dealh. Included in these chranic effects are
interfercnee with  feeding snd  reproduction, abnormal geawbh  and  behaviour,
Ausceptibility to  predation,  and inlerference with enemical communication beotween
aniingls and with the chemigal aonses used in migrakien. These effects can  lead to
changes  in  the  abuodsoce  wrd distribution of andividual speeies and to shifks in
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rvaluate the exkent  oF  the shift an the §otal exposcre towards or above {he
Livesho bl Far cancer caused oy marine produce.  Theoo cansiderations can bhelp Lo set
uny FYAH luvels above which w Fishery should be closed and which must be regoined by
depuration in the field or undir transferred stock-halding condicions befores  such
praduce could again Se made Available for consumption. Hedical consultants in the
field af experimental cercinogencsis  shauld  review  the evidence and  prepere
evaluations and conclusions, cecognizing that the neccssary experimental dala,  such
as histapathoiagical and delailed chemical analysis and their correlations, are anly
now becoming available., Suen a task must include o decision as to which "indicaknr?
PhaH  compourd, or spectrum nf compounds, should be measured, and by which methads,
in @ semple of produca suapected of coantamination. This leads to Lhe important
considerabion of  ihs relationship of oil "taint™ ta PNAH lavels in bissuss. Taint
in itself may be a reason far rejection of produce bul ibs presence ot absence  is
not  necessarily  an indication  of bLhe PNAH levels. The concentration of selected
careinogenic PNAH compaunds or assenblayes nust be determined hy direct anmalysis.
These ievels should form the basis for closure orv fe-opening af a fishery ur the
release for consumption of merine produce tnat has been affected by 0il  pollutiun,
but whirh has subsequently been itansfarred to cleancr waknrs.

Tainting and lass of mecime fonds: The extent of lasses due to cil pollution
has  been  inpossible to evaluste owing bo inadegusbte documentabion of incidents,
c¢laims, closures or comdemnations of  produce. However, there are wexamples of
produce being rendered unacceptable oo the grounds of altered sppearance, and aof the
closures  af  Fisheries an the grounds uf ofFicially detersined healkh risk, and most
of the informatian refers bo Lainbing, that is, to the presenec of  an unpleasant
saell  ar flawaur. It was esLablished bhab: {a) orustaceans, fish and mollusscs
exposed to aily conditionms con scquire an eily kasiey (b} the taste is  intimabely
associoted with the presence of volatile compounds derived from oils or dispersants;
fe) Lhe ronge ard guantity of odorous compounds vary with the nabure of the oil.

Expasure to oil can iniliste or promots the spread of some disease crganisms
in marine Ffish although such discases can alse occur in areas unpolluted by oil.
Serious lasses of produce foukd arise in this way, owing te moctalily or
unmarketability, but no proven instances are known. when contaminated organisms are
placed in clean water, sume nof Ethe accumulated pil and oil components can e
eliminated. The use of dispersanks facilitotes the uptake of pil by ovrganisms, and
the use of wil-based dispersants increaeses Lhe likelibood of Flavour heipg affeeted,
since Lhe solvenl fractions of older dispersants contain tainting compounds similar
ta  bhose fouwd in dizscl and crude oils. External contaminalion with oil does not
necessarily impart a taste to flesiy, allihough visible external contaminakion moay  in
itself be & reasan for  rejection of  produce.  bwen fagestion of oil by marine
organiams daes nat always tainb the Flesh, but  some  species of cruskascesns  and
malluses  apre consumed together wikh their gul conbenbts, which may lead to rojection
of praduce. Cooking af whole animals tnat have been internally or externclly fouled
Wilit il may lead Le tainting of the meats. There have been ton few studies on the
Lissue levels of oil compurents in affected produce for tainting threshold levels to
nee establisied Tirwly. A taresnald of 1CG-30 ppm 1n tissue spiked wikh s Wurth Sea
artide uil has been peparked, with an upper limit of 200-300 ppm, beyond which no
further inceeases can be sensed by & brwined taste panel., Threshold leyels of 5 ppm
gas wil in spiked mussel tissues, and 4-17 ppn oextrzctebles frow diecsel oil in
lobstors hawn also oeen reported.  Exposure to smbienl waler concentrations as  low
as 0.0L-0.0Z ppm okl can lesd Lo tainbing  of  mests. ine nol lated evidence
illustrates the impossibility uf using the paraffins to predict the behaviour of the
argmatic fraction of pils in water and tissues.  The possibility of selective upbake
and occumulation of PY8lis wikh theic homologues needs examination.

& mire exbeonsive discussion and literakurs review is provided in a report of
LESAMP {1977a).
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15 mome  exporimental  evidence that ome result of irradiation stress sl low levels
coukd be increased fecundity. Extrapolation of these laboratory-derived effecte ko
thoar  that gould oecuer a2k dose  rates currently possiole in the envicomment has
provea difticult even in the most cantaminated areas, e.g. Obikini atoll in the
Pacafie and at the discharge oress at the Windscale fuel processing plant in the N E
Irish Sea. Agsessment 1s further complicated because, sven sl the levels found at
trese sikes, it is diafficult to distinguish between the extrapolaked offceocs of
radiation and changes an populslion deasily due boe nelursl envieoomental parameters.
A further complicaticn is that with chronic exposure at low vakes, there will be an
epporbunity for Lhe repolr of <damaged tissuc, and  at  =ome  rates  the damage  snd
repalr may oolance so that no progressive effect would be obsereed.

A consideralion of genetic effects is beset with some of the same difficullies
— lack of experimental data that can oe extrapolated realisticaily, and asbsence of
effects data from field aobnservations. The concern heee is ihal an increascd
mutation rate, resulting from exposure to chronic low-lewel radialion (or some ofher
carcinogen for that matter), could affecl tne (itness of a population. However, it
snould pe noted that, in genersal, aouatic populacions have hign reproductive rates
on whien selective pressures are strong and tne value of a Few ar even thousands of
individual organisms 1s ingignificanl as Far as  the long-kterm well-being and
seructure of the population is concerned.  Thus, in aquatic populations where, for
example, less than 1 per cenl of Lhe fertilized egys ace normally expected to awiure
to  reproduetion {i.e. to comprise the offeckive gene pool), and with  Lhe
conservative assumption that all radistion-induced mutations are hormful to the
population, it has been predicted that no signiticant deleterious effecks are likely
to be produced &t L low dose rates in ewisting contaminated environments (LAEA
13747,

Human health effects: The assessment aof punlic bealth risk From radioactiviby
has probably recelived more attenkion tnan any other type of conlanination, and the
critical pathway spprosch has  heen mast widely used (see  chaplber VIL). The
abjeclive of this spproach is to determine the permissible discharges rate for each
radionuclide. Sile-speeific hydrographic data allow cthe eguilibrium eoncentrations
in the reeciving water mass ta be eslimaled for wnit tatles of  introduction. These
are cvombined with 1he appropriste accumulabion facboers Lu determine the probable
concenlrstions of radianuclides in those compartments of the envirenment idenkified
as being iikely ta engender the greatest degree of hunan exposure. Informabion on
the consumpkion rates of contaminaled seafoods ur occupaney times of contaminated
neaches  is  rhen used to calculate the dally intakes of the radionuclides or the
daily radiakion cxposure. These radionuelide concenbrations in orgonisss, sediment
and water are then tramslated into radiation exposure tates based on hubibtat ar
consumpkion rates, either directly in the case of external ewposure, ur  indirectly
in the rcase of internal expusure, and compared with ICRP-recomnended dose limits.
This then sets limiting rales of release for individual radionuclides.

Ty ensure that no member of the general public receives axposure in excess of
the ICAP dose limit it is necessary to identify individuals or groups of individuals
with cweepticnal habits which weuld laad to the highest potential degree of cxposure
{critical groups).

When post-nperalionel programmes of environmental moniloring are corried out
at dispnsai  sites, there wsre Lwo ohjectives.  The first iw Lo provide data to
confirm that the exposure vie the critiral pathways does not exceed the dose limits
and to develop appropriate estimabes of collective dose to large population groups.
Thiz is notmally achieved by periodic sanpling and  radicanalysis of  environmental
materials, including thowe that are directly respensible For expusure (the critical
materials) and by @ comparison of these vesults with those used Lo ecaleulabte  bhe
derived working limits.
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introdustions resulbting from the kesting of nuclear weapons. This has  prodoced
low-leyel  conmcentrations of  radionuclides  throughout the world's oceans.  Llobal
Fall-put From this source is now declining and the resulting dose rates Lo aquabic
organisms  are palculated tu be in the same range as those due ba natursl hackground
radiation.

In more recent years the ournlcar fuel cycle for power production has become  a
signifivanb soutce and  will conlinue to merib greater attention in the shsence of
further Isrye-scalc weaspon besting in the akmosphecre or under  water.  Helease of
radicactivity from fuel reprocessing plants iz a major saurce in this cyele and the
matnrials relrascd are more restricted in their  geographical distribuetion  and
therafore exist at  relabively higher concentrations in the immediate area of o
discharge. In the case of bthe longer-iived radionuclides, as & result nf Eransport
processes, lower concentraiions may exist over large gevgraphical arcas. In general
it would scem that, excepl for accidents or other abnarmal operating conditions, the
dose rates ta aguatic organisme in the wicinity of waste discharges will not
significantly exceed bhw natural background rates. Where higher values have been
recurded, the maximum  is  in the region of U.2% Gy {25 rad) per haur and ihis is
unlikely to be exveeded.

By comparisen with the contributions from weapon fall-out  and reprocessing
plants, the contribuliun from controlled disposal of low-level solid wastes and
radicactive wostes from vuclear power plants hes 3o far been relabively small.
huclear accidents of various kinds have resulled in radionuclides entering the
vceans bub bave made only small contributions bu bhe totel artificial radionuclide
tnventory .

Conkralled disposal of law-level liquid wastes is  strictly supervised by
national  authorities. In the case of iow-level solid wastes, a rale of dumping,
which should not be excecded, has been defined by the Internabional Atomic Energy
Agency (IAEA) for the London Dumping Corwention. In both cases the guidelines and
recommendations of the Inbernational Commission on  Radiological Protection {ICRP)
are laken into account. These recommendstions refer be Lhe limitation of human
redislion expusure since it has been eslablished thal Lhis consideration will place
the most resbtrickive limits on the inkraduction of actificisl radicactivity to the
crviranment .

The potential exposurc of marine bieta and man depends on s nueber of factors.
The radiotexicaties of the artificial radionuclides wvary widely and  their
gignificance in & particular  environment depends on the guanlities released, the
Lransport  and  distribution of the individusl radionuclides after release,
recongentratinn  in  the environment, and the uses made of the environment which may
lead te radiatinn ecxposure of man {see chapter LL}.

Ecosystem effects: lonizing radiation can have o direck impsch  on  organisms
themselves [spmatic effects) or, by irradiation of the germ vells, can affect the
progeny igenstic effects}. There is a large body of literature on the ceffecks of
ionizing radimtior {LAEA 1%76) on ayualiv organisms, but much of this research 1s on
the effects of agute doses of radistion. Acute lethal radiakion doses for various
groups range from 1-10 KGy [100-1,000 krad; for bacteria, algae and protozosns Lo
0.Ul-1.0 KGy {1.0 ko 100 krad} For molluscs, crustsceans and fish. Experimental
ovidenpe is [imited, but the mosl sensibive aquatic organisms appear to be  teleosi
fish, particularly the developing egus and young of some species. Some mortaliky has
been observed at acute doses of 1 Gy {100 rad). Under nxperimental conditiuns of
chronic cxposure, A dose rate of 0.092 Gy (2.0 rad) per hour produced complete
sterility in one species of Fish after Four montha, and sume offeets on physiology
v metabolism are recorded st dose rates of apbout G.01 Gy (1 rad) per hour. There
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1¥.> HMetals

Thz terms "heavy metals” and "trace metals™ are used very loosely. Thay
include A wide range of elements which are not all "neavy"™ melals, or cven metals.
The concept of toxicity is usually ascociated with these terms amgd the follpwzng
zlements  are inclused: g, Cd, €u, £&n, Co, Mn, Mo, Ni, Pb, Fe, As, Al, Ce, 5n, Ti1,
W, Ay, Bi, Ge, Se and le. From this list the present repurl deals in some  deleil
witn mercury and cadmiom.

45 discussed in chapter LI, trace metals sabter Lhe ocean as a  resull of
natural processes and  human  activities wia  rivers, land tun-ofl, demping, Lhe
atmosphere and the ses hed. Hajor natural sources are rock weathering, degassing,
releases from  verrestrial and  submarime  wolosnues  and  dissolutios Fros aaline
sediments, The dominant inputs for most trace mebals ate chrough  rciver and  land
run-off, but for a fow elements, such as wercury and iead, the abmospherie route is
imparlant, particularly in the open ooesn, although cven far these  elements  local
discharges and rivers can dominate  bhe cosstal inpuk because delivery is freom a
puinl source.

As in the case of other pollulants the wecuracy of  trace mebal analysis is
alsg wungerivain.  Recent changes  in fhe sampling technigues and in the analytic
procedures have shawn thab opsi-geean wWater concenkrotions  are mush lower  chon
previously  thought (ICFS, L9HOD). Alzo the concentrations of cadeium and lead in
urpok luted hiota are lowsr ihsn previously tcported.  In nearly sl rages these  low
levils are many orders of megnituds below tne levels at which effects on biota would
be swpected, although  in bhe  coastal zone especially near wasto releases, toxie
concentrations are resched.

Wnen introduced into tne sea, soine Lroce mebals do not remain in the water
column. Tney may e oconcentrated im the surface  f31m, or become sdsorbed to
suspended matter so that thoy sediment oub on Lhe oottom {see chapter IT).  Although
sedimants are sinks, the brace metals may  re-enter bthe water column by wwericus
ohysical, chemical and biolngieal processes.  In this way, the sediment serves as s
ouffer and may be sble to kesp the metal concenirstion in water and biola shove the
sapkground  levels lang after the inpui has  heen discontinued.  The geological
distribution of individusl tracc metals and consequently the regional inpuls tu  the
gnvironment  are nol  unifaorm. Envirormersital levels arc usuwally  high  around
non-esxploited metalliforous areas and even higiwer rownd mines where waste discnarge
adds  Eo  Lhe weathering offect. The conlsmination of the Fal estuary in Emgland by
copper and zinc torough mining waste discharges; bhe  increased copper  levels  in
water, sedimenis aznd biota {165 mg copper/kg wel weight of oysters) in Ehe Spanish
Rio Tinko estuury, and khe higher emvironmenlal wepcury levels along the  southern
Tusvarry  coast  and  in the northero part of the Gulf of Trieste (sediments up to 47
ppm mercury dry weiahb) serve as exsnples of incereased levels due to mobilization of
trace melals by mining activities. The natueal werpury concentrations  in certain
Mediterranean fish such as largs tuna and striped mullet (e.g., & ppm wet weightl,
is prubebly the result of a combination of two factors: long biological haif-tbise
and Lhe sge of the fish. High levels, particularly in marine mammals, have alsno
been ubserved in ather areau.

Many industries release troce metals inlo Lhe enwironment, which can ceach the
sea Lhrough a wariety af roubes. Generally, troce mebsls are  discharged  bogether
wilh olher wastes such as sewaye, detergents and other inorpanies. IntecscEion with
these sbher wastes and the varivus conponents of the ses-water alters the original
prwsive—chemical  forms of  the trace mecals. In sl cases it is diffieult to
determine bhe individual physico-chemical forms separately, but these furws largely
delermine Lhe fate of the metal in khe eovironment. Fur example, particulate Farms
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are aore reddily sccumulated by filter-feeding organisms and arc taken ouk of  the
water rcolumn more quickly. Jrace metals complexed by deterygents and obher organics
contained 1n sewage are much less apsorbed than mecals in ionic form. On the other
hand, metal alkyks such as methyd and ethyl mercury are more exlensively absorbed by
bivka bthan inorganic mercury.

{bservacians in the field are imporiant for an adequate understanding of  the
distribukian of  trace mekals after waste release. Thus, in one Cnglish estusry,
(the Severn), it has been shown tnat  the levels of  cadmium and  copper  in
invertebrates such as limpets and shrimps were correlated with concentrakions in Lne
erwviramment, increasing kowards the contamination sources. Similar  increases
Lowards a soures: have becn reported for an Italian chlaralkali plant, where althaugh
about 23 kg of mercury per day were releascd before 1374, the concentrations in
seg-water, sediments and biata returned to background levels al abouf L0 km from tho
release point. Obviously, the trace metal concerned and the amounts discharged,
twgether with the natural transport conditions in the area (see chapter LI}, will
largely determine tne extent of tne influsnce, but it is worth noting that such a
large discharge had only a wery limited impact on  the mercury levels in the
erwirunment.

Fovuystem effects:  The mere presence of lroce metals does not  indicate a
potential to produce damsge. Several (Fe, Cu, Zn, Co, Mn, Cr, Mo, ¥, Se, Mi and Sn)
are known Lo be esseniisl nubrients.  An insufficienl gupply of on essentizsl element
Will cause deficiency disease, Whether a metal is essential or not, exposure above
a certain level may cause adverse effects. For sune essential elements the body has
a wide bolerance, whereas for ovthers the ssfety margin between adequate supply and
toxic expusure is relabively narrow.

Effects of metals on marine organisms are difficult to  detect in the Field
because Ethese contaminants are seldom discharged withoub other wasbes, and any
detarioration ngar a discharge site cannot usually therefore be abttributed sclely to
cxeesgive mebtal inpubks. More detas on the effects of substantial eoncentrakions  in
conjunction with other wasles are needed, and correlating effects with residues in
biota would nelp in the interpietation of resulis. However, it is clear that many
benthic invertebrales can withstand high epviroomeonlal levels of some webalws, as
shown by studies in metallifcrous areas whnets toen-off 1s conbaninated.

Any atbenpt Lu sssess the cffects of metals on marine orgarasms  must  include
controlled experimental studies. One approoch is to use bioassays carried out under
lahoratory conditians and in the environment to predict toxic effecls. For example,
ionic copper is moro toxic than copper complesxed by a debergent, bub organic mercury
is more towic than inorganic mercury. For many trace metals the juvenile stages of
marine ovrganisms ore more sensilive by one Lo lwo orders of magnitude than  the
adulls, and often phytoplankton and invertebrates {z.g., shellfish) are more
affected than fish. Some krace metsls will resch higher body levels when offered
through the food-chain than when present only in the surrounding water. The
presence of one mekal cen reduce the toxiciby of another {antogoniskbic effects), as
haz  been shown in some cases for selenium and mercury. Although bioassays allow us
En examine many factors and parameters of boxicily, their use in predicting toxic
effects under environmentsl conditions is limiked because teats are often carried
out with the ionic Form of the metal and without considering lhe espusure  Lhrouyn
food wrganisms, and also becsuse exposure bime is limited and often doss nob exceed
four days, sp that only shorl-teem lethal effects at  unrealisticolly high
cuncentrations are examined.

A second approacn is Lu extrapolate from debasilsd laboratory studies in which
organians are exposed to sublethal eoncentrations of metals. #ony resulis From such
studies are availsple and some of  these suggest thab sub-lethal effects may be
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expecbed on ihe morpholeay, physiology or  behaviour of marinc organisims  at
concentrations not many times higher than thoss found in contaninaled sea aress. 1t
is wsuslly difficult to extrapolate these results o bhe sea with confidenee,  since
the rconditions of the experiment are bound to be artificial. A skep bowards mnre
realistic experimentation has been made recently by the use of enclosed  ecosystoms,
#.y., Ffloating bags in the sea or wunderwater benthic chambers. Bata from such
expuriments tend to confirm that relatively low concentrations, sometimes within  an
order of magnitude of the besckground level, could have sublethal effects aon
arganisms and be detrimental to their swurvival. Further work is required to
eyyluate these results in terms of the =5ea, and ©he use of experiments on
bipchemical and physiological effects on organisms is relevant (GESAMP 1980b;.

Huarr heslth effects: In Minamats Bay, Japan, methylmercury from a chemical
plant was discharged to ihe bay Fur al least 30 years wp to 1P68. Severe mercury
intoxication affected buman consumers of Fish and there were a number of deaths.
After the  Minmngba inciderk, perticular attention has been paid to the
concentrations of some mabals in edibla fish and shellfiah, Extensive surveys hawve
been madr, particulscly in the North Atlantic, and intercalibration exercises have
besn ecarried nut to ensure that the coollectioh and analybical methods permil
comparison of data from different labaratories. Interpretation of data is not
dlways straightforward because of high natural variation, but this is reduced hy
careful selection of the age, sex and condition of the specimens analysed. Rosults
uf such surveys do not suggest tnat there is any general threat to average human
consumers  from metals in the sea. A threast can be evaluated by calculating the
number of meals which would be required to exceed an upper intake level based on
enwirvnmental criteria elaborated by FAD and WHO for each metal, the provisional
tolerable weekly intake (PTWS). IF the number of meals required is hagh in relation
to the consumption rete, then the chances of exceeding the PTWL are low.

Only for mercury and only for certain groups of congumers who eab leryer  than
normal amountz of Fish is khere & significent risk. However, epidemiological
studies among fishermen and their families have shown khat, although mercury  levels
in their blood and hair are much higher than average, intoxication from mercury
could not be diagnosed. Further resparch is required bo ussess Lhese data. there
is clearly at prezent no general public health risk.

Discussion: MNatural and human inputs of troce metals to the sea are reflected
in eclevaled concentrations at lesst in the immediate wvicinity of the source. The
increased concentralions wre wsually less evident in sea-water than in sediments and
biota. Examples of damage to ecosystems by wetale are fwre, and sume oFyenisms seem
able to adapt to high enyironmental lcvels, such as those found in mining areas.
High levels in industrial zones are usubally wsssociated with so nmeny other
contaminants that it is not possible to atkribute any adverse effects to metals
alune. From the public health viewpoint, surveys of edible tissue do rot suggest
rausn for general alsrm, but elevabted levels in eritical populations need abfention.

IV.& Radicnuclides

Exposure to radiation is nol a new phenomenon. Owver geological Eime Ehe ocean
e:osystem'hns been expozed to low-level radiation from notural radicactiviby prosent
in sea-water, in sediments and in biola. The types of radiation, their energies,
and their physical nalf-lives span @ similar range te those of the artificial
radionuclides. In the aguatic environment, estimated dosc rates from the mnatural
background range up bo approximately 0.4 uby (40 /fu rad) per hour.

Tha major source of artificial radinnuclides in the oceans, including  those
from fission, nueclear activation and fusion, has come from  the upcontrolled



