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PREFACE

Although the idsa of susmarizing the stats of marine pallution in the warld
oceans i3 probably much older than one might imagine, the epacific idea of raviewing
the health of the oceans seeas ta have firet ariaen in ths report of the

ACMAR/SCOAR/WHO Joint Working Party on Globai Dcsan Ressarch (Fonza and Rose, 2%
April — 7 May 1969). :

This ides wan taken up by the ACMRR/SCOR/ACOMR/LESAMP Joint Working Parby an
the Global Investigation of Pollution in the Harine Envitommant (San Marce di
Castellabatm ami Rome, 11 - 19 Octcher 1971).

The Action Plan mdoptad et the United Nations Conferance on the Human
Emvironment (Steckhalm, 5 - 16 Juna 1972) recomsnded that GESAMP should asaoet]s
scimntific date asd provide advices on  soientific ampects af garine pollution
agpacially thosa of an interdisciplinary natuze.

The IOC Internatiomal Co-ordination Group for GIPME at its firat seasion
{Lendon, 2 = & April 1973} recomsorded that the Secretary af IOC retaln s consultant
Lo bring togethar thm available data into a report o the Health of thes Ocsana.,
Frofeasor E. D. Goldbarg® of the University of California at Sen Disgo wam asked to
do this work, mnd hia report waa puliahed by UMESCO in 1974.

The fifteenth session of the Intar-Secretariat Committee op  Scientirie
Programmea Relating to Oceanagraphy (ICSPRG), rwcommanded ™....... that GESANP
shoild be lavited to wdviss agencias, and UNEP wan asaked bz taks the initiative, in
consyltation with other agencias, far the praparatlon of o detailed requeat o
GESAMP for a gritical examination of pressnt and planmed methods by which to
genarate a continvos  euthoritative raview and assesament af the hemlth of ths
gcaana®. The initietive raquested of UNEP was taken at tha meeting of the GESAMP
Joint jecretariat (Genmve, 4 - 5 June 1977) when it waa decided that tha proegaration
of "pariodic reviewa afF the state of thas marine enviranmant 28 regards merine
pallution™ should become one of the main terma of refersnce for GESAMP=e,

The tenth sesaian aof GESAMP (Paris, 25 February - 1 March 197B) sstahlished the

Working Group an a Review of the Health of the Ocemns, with tha objective of
providirg:

"a periodically updatsd raview of: +the atate af pellution of the world's

cceans;  the globel mass belanca of marines pollukicn; the trenda af
thanges in ocean-related natural processes (s.gq. climate) and living
redourcas, amenitiea and other legitimets uses af tha marine environment
4a well as on the land directly influenced by the oceana".

* [Goldberg, E. D, (1975). The Health of the Ocsana, UMESCE, Paris.
e Pravdic, V. (19Bl}. GESAMP, The First Dozen Years. UNEF, Ganova.
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The Warking Group wes given the following terma of reference:

(i) to provide succinct periodic {3«4 ymarsz} critical reviesws and acisntific
svaluation of the influenwe of pollutanks.on the marine anvironmant;

{14) to advise on tha sxtspt to which potentially harmful aubsterces, processsa or
pctivitiss may affect the health gf the oceans = the varicue usea of the
marire srwironment; '

£iii) to wdviss on aregs requiring further exmmination either becawse of thedr
relatively higher degree of contaminetion ar lack of detelled sccurate
inforeaticn. :

All CESAMP mo-sponsors {IMCO, FAD, UNESCO, wMD, WHO, IAEA, United Hatinne snd
UNEP) expressed their wish ta co-pperate and provide lnpute to the work of tha
Group. UMESCO wea ssked to be the Lesd Agency, providing administratives and
tachnical support for the Group, with major flnanclal support provided hy UNEP.  The
compoaition af the Working Group wes carafully aslected by the co-sponsors of GESAMP
ang the Chairman of the Group, teking into sccount the neceesity of covering most
scientific disciplines as well am having experta fram a9 wany cegions of the world
" ag paasibla. '

At the firat meeting of tha Working Group, held in Copsnhagen {3 - 11 July
1879}, the preliminery outline of the final report was discussed and agreed upon.
The follewing subjects wers selsctad far inteceeasional work by smparate Taak
Groupa: {&) Interfmce Flux Hedelling: (b} Toxic Substancea; {e) Blogecchemical
Cycloa, and {(d) A Reviaw of Geographical Aress.

The approach propoeed by the Broup wes approved by CESAMP at  ite slawventh
session (Dubrovnik, 25 - 29 Febhruary 1579).

The final draft report prepared by the Workding Group was reviewed and reviasd
by tha twalfth assaion of GESAMP (Gensva, 22 - I8 October 19261}, and the ravised
yarsion was endorsed by the GESAMF experts and all the aight co-sponeors of CGESAMP
for publication aa CESAMP's responae to the recomasndatiom af the 1972 Stockholn
Conferance om the Human Environment.
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EXECUTIVE SUMMARY

This presents the Findinga and conclusions of the Group, and in genaral is set
aut ececrding to the tsrme of refecence given in the prefaca.

1. Submtarces, activitiaes, procesase and el fecta

Man's activities contribute subatantially to the fluxma aft cartatin elements. in
the merine envirorwent. Far subotances such as carbon dioxide, cadnium, arsenic,
leed ard marcury, fluxea of anthropagenic meterial approsch ar  sxcsed the rneturml
Fluxes. Incressed concentrations of lead, some radionuclides and carban dicxide can
ba detacted in the open ocean. '

Hany contaminents, particularly carbon dioxide wnd aome metals, eciroculate
widely in the atoosphers, and antsr the oceana on a global scala primarily thraugh
the eir-sea interfses. Carbon dioxide is a significant environmental cantaminant.
Ita principal direct impact is expacted to be in the atmasghers and an the clisats,
ard since this is being intenaively inveatigeted by ssueral intaynatisnal expart
bodias, carbon dloxide has not received detailed attsntion in thia Fipse raporct.

Trends in concentrations of goms - pallutants can ba detectad in tha apsn  pesan
88 illuatratsd by the precenca - of hunmon-dercivad tritium at the Bahamas, of
caeaium-157 at the Arctic bourdariss, and of incressed leveis of laad in open-ccesn
surfanses layers. Incrensed contamination in tha form of tar-balis ang eil-alicks,
and, in some arezs, alsvaeted heavy metal lavele ape being sean along ahipping
routas, transportation hy sea heing a major use of the ocean, There is alsp the
sugoestion of decreaased trenda, for sxampla in DOT anct PCR concentrations, at highsr
latitudes af the northern hemiaphera. On the other hang, thers is tha wypsetatinn,

suppartad by some  evidence, of incressad concentrations of these compounda in the

gouthern hemisphare and Lower latitudes of the narthern hemisphera.

The wcean surface microlayst contrels tha input of many grams and iz a zome of
high concentration of agme subatzncas, including heavy matals, organochlaorinea, emd
petroieum. Mo sarious damage is known ko have been done ta Ehis important interfacse
by contaminants, although fhe potential existas For altering fluxea by the
infroduction of substances caysing surface Films, In this contaxt, data from the
Marinz Pollution (Petroleum} Menitoring Pilot Projact (MAPMOPP} of tha Integrated
Global QOcesn Station. Syatam  {IGOSS)  indicata that of the orea sonitored, which
included the mejor shipping lanes, between .0S ard 0.1 per cent af the se#a surface
was covered by oil films at any given time.

mwamﬂmuswmmunrmthawfmu.ﬂmmmwiMumtwﬂhtm
marina  gediments snd biata ot the sediment-water interfaca. . As yet, serioua damage
is krown to have occcurrad anly in very localized regions.

Some contaminanta, such se radionuclides, halegenated hydroearhons, and Erace
metals, can be detected at considerable distances from their BOLTCes, parTtly becauza
of their worid-wide transport by wind and gcean aystems, and partly becguse
sensitive methoda are aveilebla for their detectian. The controlied gisposal af
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low-level radicactive wastes in coastal and deep oceen wetera is governad by the
guidelines and prokection limits For the general public recommended by the
Internationzl Commizsion on Radialogical Protectlon (ICRP). Tha dumping of packaged
low-level waskes is governed by bthe London Dumping Converntion and khe guidslines and
recommendstions of the- Internetlonal Atomie Energy Agenmy (IAEA). Complimnce  with
the spirit and iptent of these ragulations shauld ensure thet tha redistion exposurs
toc humsn populations does not exceed internationally recognized stendards.

There i= na conficmed record of human iliness having bsen cawed by consumptinn
of merine organisma dus to thelr content of PCBs. Howevar, . the concentrations of
. PEB residues in some marina orcganlsns exceed the lewsl sat by same national
authprities in grder ko saFsguard human heslth. ©On the meological aide, it is
suapected thet eeels in some regione have suffersd  raproduction damage.. The
pathwaya and fate of 0BT end other organochiorines are beeoming Cecoonably  well
urileratood in the marine anviromwent as are the towic effacta of thair mestabolites.
0OOT residues in seafood are not  likely to plece man BE risk hut fear of
contdmination from thia amd obher apurces could damage the marketability of seafood.

Pollution ia gensrally most severe in semi-snclaasd margical eess and coastel
waters bDordering highly populated and induskrialized zones. Such  eresas have
submtantisl concentrations of contaminanta from land-based acurcas. The
ervirommental effects vary from onm part of the cosetal zone to another depending on
the typx and volume of the wastes, and tha nature of coastal activities., Many
pallutants introduced to the cosetal zone cemain there, atb least temporarily.

Mejor chronic irwhore marite pellution problems can often be attributed to the -

digcharges of largs wolumes of wastes that have a local impect. These include
matarials which are partially biodegradable, such ae reaw aswage, sewage aludge, Food
ang bayarage processing wastes, pulp and paper will effliuents, woollen wmnd cotton
mill westea, and suger cefinery effluents. Solid westes such as mine teilinga and
dredge spoils are also in thia category.

For sewege, problem aress are local rather than glabal, and coastel cather than
or#anic. Sewage does present a3 direct risk of infections to humens on some besches,
aspacially during recrsational seascne. Dischargea on or nesr shellfish beds
presentz a3 greater risk to human health thraugh the consumption of contamitated
amafood.

Mutrient increase is often associatad with sawaqe, and the impact of this has
been perceptible in wmany coastal regions. The oFfects of nitrogenous wastes are
usually moat obvious, but phosphate may advarsely alker the sgecies compesition of
regionzal phytoplankton.

Heavy matbal effects are difficult to detect in the field =imce Ehay may be
diaguised by the effects of other westes discharged simultaneausly. The heavy metal
concentratioma in ghelilfiah and fish which are genarally recordad do rot suggeak sny
threat to the average human consumer, and they rarely damege the scosyetem -
arqaniams s&em esbile to adept or withstand high environmente]l leavels, Marcury, 1in
the foot of methylmercury, hes caused damage in particular circumatances. Motcury
iz sometimes present st the top af the food—chain at concentrations considarsd koxdic
to man, but mercedey levels in the open poean are below tho=a Ehat ars  dnown o
demage marine 1ife. Selenium usually exigts at levels which can have an
antagornistic effect to those of mercury. "

Effects of oil released inta the warine snvirerment depend on the type of oil,
tha rakurs of the ecosystem affected, and on a yariety of phygical, chemical and
biologizdl procesess important to its fate that may ha gperative st the time of
release. Oil spill effeets on pelagic communitias ops raraly diematic and fecovery
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is mually & question of week= or montha. Impact on  intertidal, and aubtidal
conmunitiss may be severe with recovery taking yesra or decades particularly in tim
ahoraling communities where oil penstrates the gadiments, and 6il on be=aches can
serigualy affect their amenity =8 recreatianm] aress. Birds are particularly at
riak, but there la ra evidence that pil alone can threaten sgecisa survival.

The vamt bulk of warine fishery resources [mare than 90 per cent] is located in
continenta) shelf aress and in the upwalling regions of Ekhe aceans. The coagtal
Fimheriee ares particularly expaasd ko the effscta of pollution, since the highest
concentrationgz of metals, haelaganated hydtocarbons, petrolaum fydrozarbona,
suspended aolide and litter are found in these aress. Effscta of pollution on
Fisheriaa tand eo yat to be local or regicrml.

The transport af netural and anthropogenic subatanese through tha ncean dependa
an a complax syatsn of intsracting physical, geoohemnical, and biclogical procesases.
The tmportance af astmospheric fluxea acresz the air-sea boundary end the ccsanic
flux of particlsa hae only recently bean recognized.’ Knowledgs of furrementel
proceasea 1a not extsnsive enough for the identification or guantification of the
oceanic pathways For many substences. Other asaessmentz of the effacks of marine
contaninanta will depend upun incrassag knowledge of thess processaa,  and aspescially
thoae that can lesd to a rapic and sporadic exchengs from oane reqion ta another.
Particular emphasis reeda tg be placed on transfer mechanisem From the coeatal zane
to.the deep sea, auch aa can be causaed by sddies or sedimant 3 Lumpring.

Regional co-ordination of poiiution atudies im wital far effective development
of programme= and for assuyramnce of good quality deta that can bs compared from one
aram £t  anather, Co-ordination in the Morth Atlantic is pffactad by the
Internatlonsl Council for the Exploration af the Sea ¢ ICES) and in several ather
regiona by the UNEP Regional Sesm Programma. The progranmaa of thesa bodiea cen be
regardsd as madels for euch afforta.  There are now a number of Lnternational
conventiona, at the regional or globml levels, deaigned to protect the marine
enviromment, and the agreements farmulated in theas trmatles provids an sassntial
legal framework within which internationzl collaborabive programmes can  be
encouraged to operate.

2. Evaluastion of the presgant state of the health af I:hﬁ oCEang

We may now attempt to sssess the health of the gcesns at the present time, =ama
ten ysara sftar the Stockhalm Confarsnce on the Human Environment.

Tha prugressjve develapment of complex industrial technology produces large
amounts  of waske which must be dispozed of without ceusing intalerable effects,
Evan after recyeling and treatment there are wasts regiduss. Thiz generates g
continuing pressure on’ the matine environment and we must ask tg what extank
#vldence of that pressure can be recognized in the asa. '

in the open sea we have not detected significant offects on the acosysten.
Trands have lndeed hean cbaserved of the coneankrstions of several contaminanta, some
up, &ome down, but thees are rot reflected in anviiommental deterisration.

On the other hand, effects can be saen in semi-enclosed sess, shelf seas and
coastal zone$. Semi-enclosed seas, like bhe Gulf of Maxico, the Mediterranesn Ses,
the North Sea and the Baltic Saa receive substantizl contamination. In aome cases
Lthe " living resources have basp locally contzminated to such a degres that risheries
have been stopped in limited aress, scmetimes leading to cuspicion among consumsrs
that fizh caught oloewhers in adjacent areds may bm contaminated and thua causing
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problema for the marketing of fish from whole regicna. In s number of local “mot
gpots", the ecosystem balance has been disturbed, e.d., dum to eukrophication. 1In
one erea of the North Sea (btha Waddemsss), and in the Baltic Sea, pollution has besn
implicated in reducing tha populations of soms marine mammals.

The use af the coastal 2008 for sewage dispoosl is world-wide and the input im
increaaing. Incidents have occurred when humgn health hge been severely threatsrmd
g8 @ reault of the sewage load in the coastal zone, and in plecss the nature of the
hahitat has heen altersd snd the specits compoaition of pla'nt o animal populations
changed. There are alse records of ths ecvwystem recovering and returning to normal
when proper control has bmen instituted. A proper managemant of sawoge dispoeal and
8 re-axamination of gewage dispoasl practice are nacasmary, otherwise the combined
affscts of many local disturbences could become sarinus on & regional and perhaps
gradunlly on & global scale.

The lmportance of living marins ragpurces ss 3 protein =source is  increasing.
Fisheriea managapent has in Tecant years prevented completes destruction of several
threatanad fish stogka, gnd it 1s clear that the practice of menagewent muat
continue and devalop. Adsguste managemsnt requires an assassment of wll presaures
on the stocks - pollution as well as fiahing.

Mariculture ie expanding in meny cosstal zonez, and without proper management
itz effluents could pose & local threat bo environmankal conditions, although
mariculture is iteelf very dependent on good water quality, snd carnot be developed
unleze thie iz properly protected.

- It is not anly the living resourcas which are concentrated st the contimental
marginae of the oceans, but also the purrently wtilized non-living resources.
Several incidents have ocgurred during the Iast decede when large amounts of noil
have contaminated the sea from apills and blow-outa, However, na long-term damage
to open-ses ecosystems has been detected. Mineral esources ace being worked inm the
coastal zoune and effort will increasingly move into the deep sea in the future. At
present the effects mre logalized. Yariouz types of conatruetion (harbours, hotels, -
etc.} present anothar qrowing pressure on the cogastal Zorme. The hazard dus to
.ehipping iz 8lso concentratsd hera e2nd it is alang the ghores that mean Finds mast
use of the ses for recreation.

The impact of the many activities which affect the cozstal rone ie  increasing,
ard detrimental effects cean already be detected in the loesl disruption of nepitats.
Some types of ecosystem, such as coral reefs and mangroves, hay be perbicuelarly at
rigk. Proper management has often aucceeded in pressriying or restoring  the
ewirphment and thers is reason for concern  whera such management is lacking.
Adverse effects on the cnasta]l zone and shelf amas ooyld gredwally spresd, baoth
alony the ohelf s=sea-area and towards the open arean. Wae therefars stromgly urge
continued and incressed effort to protect the coastal zones amd  semi-erclosed =zeas
by epproprigte managemsnt and 2ontrol, aupportsd Dy rasserch and internetionsl
agresmanks. The marine enviranment of the cosstel zona is vital to markind, on &
globel &5 wall a3 on a local basis.

3. Probleme requiring further examinatlon

The pollution problems discussed in this report ariae directly or indiractly
from the repid incresse in industrial and sgricultural actkiwvity ao that a related
increses ln emiesians and effluents is expected. In particular, a larger wolume of
aemaqge may need to be dispoesed of, indwsirislizstion will spread, and further energy
productien will. be reguired, even if ecoromic faciors slow down development for a
time. : .
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It i5 important bhat the spreading of polluktion From the cpastal zone to  the

deep =#a and the dispersal of contasinants fram desp-ags dump sites be furthar
atudiad. One Important aim should ba to identify and quantify tha exchange fluxes
and pathways. In this connaction a balanced epproach ko tha development and use of
models and reaearch into the critical Furidamenktal processss should be encouraged.

'Thp anvirsnmental conditiona in the lesz deweloped regiona of the world such ag
the Arctic and the ooeans of the scuthern hemisphers need to be further studisd. It
iz important in thesa areas £5 ssmesa the sermaitivity of the physical, chsmicel and

. biplogical proesasss prevailing, a8 woll as to determine the kransgport, behgviour

and potantial impect of pollutants. Captain ecosystema like wanorove swamps  and
coral resfs nesd speciml sttention. .

Concarning energy, the extension of oil explorstion inta sxtranely hostile

0cean areds may give rise Lo major spills and gremter low-level Lnputs. Production

is expactad to incregse in cold armas wherg oil degrades more slowly. Nuglear power
is being developed in geveral countrims which sse this ss ssgential to their SNACgy
cequiremsnts so  that  increased discharges aof low-level radioactivity ang furthar
macime dumping of wastss cen be oxpactsd. If any of ths several attempts to win
energy from the ses by uncanventicnal methods ars Guccasaful, effscta of Ehis gust
also be coneldered, and proper control inatitutmd. . '
) 1f deep-aee minjng becomes econamic and IF an  actiye industry davelops,
potential offecta should be assessed, snd dgain any necsssary contral instituted.

Even in the pressnt economic climate, touriem s=esms to be incressing, am
peedicted by the Organization for Ecanomic Co-speratinn and Devalopment {OECD), and
this Will step up the pressure on the shaillow ses regionsa, not only by sewage imput
but also by habitat destruction in the coastal zone.

New technigues for weate disposal should be sveluated. Thus the imcireration
of chemical westes at sea, and the buriel of contaminatad solid wasts in the sem hed
under a cap of clesn smdimert should be kept under review.

The most demaging effects on the escosystem have heen recapdsd at  "hot =pata’,
These nay range in =ize from a few square metres round a discharge pipe to the full
extent of a major estuary, and they may encompass epeclfic habikests or acosayabems
such as salt marehes, kelp beds, mangrove swamps and corzl Tesfa. Most of these
futura threats, liks the present problems discuseed im this report,. will have Etneir
main potential imesct on the coastal zone. Thus the extent of the interchange
between the most impacted rwarshore zones, *he remainder of the continental ghelf,
and the open ocwan is  highly relevant. Although published wark suggests thet
NesI=N0TE ecosystems export significsnt quantitiss of makerial, thiz view iz n;ow
being re-exemined, and furthar werk on the topic is of ma Jjar impartance in asseassing
kthe spread of pollution. Initially this may be regarded as 4 restricted ar local
peoblem. However, if a high proportion of a givan habitat becomez arfeeted, than
Ehe poliutinn could becoms global in the context of that habitgt,

Han is becoming a dominent part af the ecosystem in many mering regions, due bo
his various uses of the marine ervironment, and the health of tha macine ecoayaten
ia an importent factor in man's own oxigtence. Man'a importance hes long besn
recognized ip terrastrial ecomystems. Studies to undmrstand the futurs developmant
and changes should be Interdisciplinary and include senloglats.

Mew chemicals are continuouely introduced in the commercial, industrial and
medical fields, and many of these will tnevitably find their way into the sma,
Chemicals in pressnt uge but nob pravicusaly found tn the marire environment cannok
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be ruled out as patertial contaminants of the oea. Among organic chemicals, s list
of some thirty compounds ar groups of compounds hes been noted, and in particular
phthalates, texephene and Iow molacular welght hydrocerbons can be smphasized @
requiring exeminstion.

Tha important iseue iz perhaps naot so much Lo nams naw potential pallutants bukt
rather to develop @ strategy for approsching the prablam. Continuing development
and standardization of analytical technigues is one impartant part of the probliem.

Over the past two decades methods have been employed tu regqulate the
introduction of radicactive materials to the sea. Theas arm bessd on  the concept
that there existz sn enviranmental capacity which can be caleulated uzing critical
pathway techninues, The wutility of tha opplication of this approsch to  the
contralled release of other meterials is worthy of caroful consideration.

It would elearly be diFficult if not impoaeible to search the sese For  all
potential rpconteminants and tc monitor thair concentreticra, & more ceamgrabls
appraach iz to Focus on thoee known toxic aubstences that are produced and used in
large quantities, ar ta concentrate the field effort on geographical aresa of knawn
irput, mrd to ohtain the data necessary to . achieve batter predictions of
anvirormental lmpagt. In thie context, thers exiats a strang case for monitoring
aalected substances in the geean.

Thers are sevaral inputs of pollutants, or potential mollutante, ang ooma
activities which are chacecterized by increasing trerds. Some of the res=gns Far
concern are as Followa:

input or ackivity Cancern
1. to, ' Climete shift, Lamperature
change, sea-lepvel changa ste.
2. Metals Potential toxic effects
. Micro-organisme Public health riak
4. Regioactive waate disposal Public heaith risk
5. New chemicaim ) Toxic effects an man and
' erganisms
6. New =nergy producticn Alteration or disturbence of
hahitata
7. Desp-gea mining Increassed turbidity, sea-bed
: dizturbancs

It should aleo be statsd that a gensral increese in conteminetion from various
gourceR will poze & threat to specific hsbitata.

4. Loncluding remark .

The Group noted that alkhough effects of pellution have not 8o fer been
detected on a globul scale, ganeral trends of increasing contamination can be
repognizad in aome areas, and thesa trends are warning sigrala. The signals are
noticeabls mainly in the merine arsas most lnkenaively uaed by men, viz. cosstal
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waters. The oceans are capable of absorbing limited and controlled quantities of
wastes and, as such, represent an important resource. But careful control of waste
disposal is necessary. Programmes must be maintained for this purpose and
initiative taken to regulate the entry of new contaminants to the oceans. The
effects of pollution should be carefully monitored, and our understanding of the
fate and effects of pollutants in the oceans must be improved. This approach makes
for more accurate predictions and assessments and therefore provides the most
effective means of ensuring that the health of the oceans is maintained.



CHAPTER I
SCOPE AND PURPOSE GF THE REPORT

This repact aeseeses the condition of the merine snvironment ten yemra aftsr
tha lnited MNationa Conference on the Huan Enwironment {Stocknolm, 19723. Since
then the humen wes af the snvironment have bDeen continuously incresaing and naw
technologiss heve been developing. Marine pollubion hma bean definéd by GESAMP ms:

"Introduction by man, dirsctly or indirectly, of substancea ar snarcgy  into
the marine environment {including eatuariss) resulting in such deleterigus
offects as harm to llving resourcea, hezards ta huwan health, hindrance Ea
marine activitias including fiashing, impairing aof nuality Far ume of
sag-water and reduction of amenitiea.” ’

Thia definiticn lmpliea that marine pallution ia caused by the intraduction
into the merina enviromment of substances and energy which huve mdverse sffacta,
that marine pollution may be relstaed to ita sources and that polluting substances
ara dispsraed through the marine envirorment by verious Arocesses.,

The aim of the repert la to svaluate the conditiona and quality of the marine
ewirormetit in relation €2 men's various uses of the ccesn; 1.s., to asgess the
health of the ocean. One requirewsent for meking an eccurata assesement is a
ressonably good understanding of how the oceanic aystem wWorks. The lack of
raliable, intercomparasbles data on pollution levels 1in the marine anvironment at -
presant moked such  asgesswentd uncertain exeapt in & few zitustions. Ideally,
affacts in the environment should be related Lo lavels of inputs which require a
knowledge of dose-reaponse Functiona. This knowladgs isa only gradually emerqging.

In asmasaing poilution af the sea, it 1ls ussful to coneldsr the anaiogy of
human haglth. This cgannot sasily bs defined in an exact or quantitative way., It
comprizas canaideration af morpholegy, phyelalogy and bekaviour, end although thars
is mo c¢lear "normel" to which every individual should conform, it iz peeaihls to
recognize good heslth s s conditien of gsmaral well-being end bad health as a
malfunctioning of kbe body. In datscking the symptoma af ill heslth and ralating
them to the underlying causes, an understanding of the atruecture and funotion af the
body is rsquired; amatomy and physiology sust be looked at before pathoiogy. By
arnalogy, the dataction and evaluation of adverse changes im the marine environment
reduire an overall concept of the various comporents of tha ocean and haw  they act
and intarsct. The open sea, the main body of the systsm, must be kept in good
health, but tha axtremities - the egtuariea, lagoons and shallow waters, cannot be
neglected, and deterioration thers, if sllowsd ta pragress, might affect the whole
body. The marine enviromment is a eystem whers phyesleal, chemical and biologieal
processea  interact and which, when operating satlafsctorily, mainteins a belanced
range of diverze plants end snimals and iz available to man for a variety of uUzes.
Thie is the senses in which we define tha hsalth of the opesns and this philosaphy
actounte for the the spproach and the struckure of the cepart.

Thua, the marine enviranment is bsken to include estuaries, cosstsl waters and
the opan ocean. It is recognized a3 an area where man extracts living and
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non-living resources, which is used for recreation and waste disposal and which
"plays a fundamental role in maintaining present conditions for life on the earth.
The report also pays attention to possible detrimental effects of pollution on the
global marine ecosystem' as it relates to climate and atmospheric conditions
essential to man's survival. Global aspects are emphasized, although the importance
of local problems is accepted and several geographical areas have been examined and
used for model studies and assessments. '

The ocean cannot be regarded as an isolated entity since it interacts
intimately with the atmosphere, the sea floor and the continents, from all of which
it receives inputs. In view of this, the consideration of processes that affect the
fluxes both within the marine environment and between the ocean, continent and
atmosphere has been given a major place in -the report. This constitutes what has
been called here the interface-flux model approach. The basic philosophy has been
that it is necessary, as stated earlier, to take into account the interaction of
physical, chemical, biological and geological processes in order to understand
changes in the marine conditions, their causes and effects.

A flux model approach, consisting of two parts, namely the formulation of an
interface-flux model followed by the modelling of biogeochemical fluxes of selected
substances, must be supplemented by consideration of individual substances and
geographical regions. Accordingly, the production, input, distribution and
characteristics of individual pollutants have been considered. Rather than treating
a long list of substances, five categories have been selected for this first report:
sewage, organochlorines, petroleum, metals and radionuclides. In this first report
on the health of the oceans, a limited series of problems has been considered,
others having been left for subsequent reports. The carbon dioxide problem, whilst
recognized to be significant, has not been dealt with here since it is currently
being examined by other specialized bodies such as the Special Committee on Problems
of the Environment (SCOPE) and within the World Climate Research Programme (WCRP) of
the World Meteorological Organization (WMO).

Considering that most marine environmental studies have been done in coastal
zones, it was also decided to assess the situation in various geographical regions.
Many pollution problems, e.g. eutrophication, have been localized to restricted
areas of the coastal zone. Although generalizations can be made as to the function
of the natural system, pollution problems should be considered on a case-by-case
basis. It is unwise to extrapolate results from one area of the globe to another.
It should also be recognized that man's use of the resources of the ocean can have a
profound influence on the natural systems, as shown by the effects of
over-exploitation of commercial fisheries. '

The report is addressed to scientific administrators and decision-makers
concerned with the state of the marine environment and its protection. It is
accompanied by a Technical Supplement (IOC, in prep.) to be published by the United
Nations Educational, Scientific and Cultural Organization (UNESCO). This volume is
composed of papers which have been written by individual scientists, and which were
used by the Task Groups mentioned in the preface. It provides background material
and working papers, including references to the open literature, that were
considered by the Group when making the statements and judgements presented in . the
report. The following chapters are factual and technical, and the main conclusions
have been drawn together in the executive summary which precedes this chapter.
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CHAFTER 11
BASIC PROPERTIES OF THE OCEAN SYSTEM

11.1 Introduckicn

The Graup recognized the mneed to eorsdder Furdemental processes in  thair
examination of the hsaith of tha oceans. In this chaptar the hshaviour of Ehe ocasn
systan la discusssd to provide a scientific basis for the later consigeration of
particular problama. Much of whet la presantsd ig given in greater detail in the
Tachnical Supplement (IOC, in prep.]. '

The aeean envirornmant is a complex cystem controllmd by a waristy of physical,
chemical and biclogical processea. The uderstanding of thesz procesaes s g
prerequigite of any consideration of men's paet or future impact on the sea. For
example, 4 substanes introduced into the-ocean at some location will be transpgrted
ta other arsss whare it may cause effects harmful £ men or the snvironment,
Intarpratation of limited data on the subptanca's tnitial spread, or pradiction of
ite long-term kranspert, is anly poasible if the procseses causing ite trensport apa
reagonsbly well undarstood. In this context it is often importart to datsrmine the
maat significant processes so that simplifiad modsls for the substanca's transport
may ba develpped.

The need to wunderstand how the Eotal system oparates whan  agazeasing
fluctuationa in environmental rasources hag baan exemplified by etudias of changas
in fish ylsld in the North Ssa (Cushing - in press) snd of detarisrating
gnviranmangal conditiona  1n the Haltic (Melvasalo ot al. 1981} and the
Mediterranean. Tha ssme, of course, holds trua for marine scosystems in geraral
{Steela 1974).

Of particuler intereat in thia conkext ia tha deseription of. the procsases,
and their spatial and temporal sralss, which ara important in differant aceanic
area’ and for different pollution situatiors. Along the cosst, whars fnen's impact
is preatest, £he shoreline is varigd, riverine inputa influenca many aspects of the
anvironment, physical processes are relatively fast, and, in generai, biclogical
activity im high. Some of the matarial introduced inko the coggtal zona is
trangsportad to the deep sea whmre it is added to that which hag crossed the air/sea
intarface, amcther important boundacy of the dcean system., Here intarior geean
procassed control bthe large-scals flux of gases to the ocean as well as the pate of
introduction of  atmospherically-horne  substances such 2m  trace metals  and
argargchlorines. Within the ocean, maksrial ig swept by the lapge-scals ourrent
fields to gther regions while being 7ixed into adjacent watar masass. Much will
reach the ocean floor, zewetimes relatively quickly by adhering to ainking
particulate matter. At the sediment-waker interFace strong dradienta lead to
intenze . exchangss of substanees with the sediments, some of thase invalving the
livipg benthic commonlty. :

Thus, in tha peean interior and at its boundariss with tha Land mAsSgEs, the
atmosphere and the deep sediment, material lntreduced into the marife soviromment is
subjectad to various physlcal, chamical and biological procesges that demtarmina its
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ultimate fate. The following sections lhar.'ril:-a in more detall what iz known sbout
sach of these occonnic compartments, Figure 11.]1 provides a schematic cepregantatian
of many gf the sore impartent aceanic reglonz and processes. :

L

I11.2 Tha coastal zone and nmtinantal shelvea

At the toundeary batwssn tha ccsan and the land wmesaes of the world, physicel
and biogeochemical pracesses occur that detsemine the naturs of tha transition From
land arnd fresh water to & maerlne enviranmsnt. They lead to the condibions that xmke
ths continental shalves, with theiz embayments, estuaries mnd lagoans, sa useful to
man. Here many of Lhe worldfa important fisheries ewiotp ports and harbours serve
as. transportation centres, and muach of the hupsn populatiaon living cloae to the aes
use the rcoestal rone for industriael -activitiss, rmuntm and ag & disposnl area
For municipal and induatrial westes.

Frem ruisa the ooeen raceivaa some th:].l‘.ll'sﬁ3 per year uf [resh water, an
asatimated 2x]l0™“kg par ysar aff auependad matier and dissglved salts including less
woll determinad smounta of motal and organic contaminents bokth diaeclved in  the
water and adhering to the suspended material. In the smbayments and estusries or on
the open rcontinental shelvea, these interact with water ang substances of agsanic
origin. Some portion of the suspendad and diesolved mtnriu.‘l., often in modified
fora, aventually reaches the open ocsan.

The freah water has a major impact on the nmarshore enviromment.. Whers the
input is strong senough, weotumrine systemm are formed that usvally raeult in tha
inflow of sallne oceanic weksc ab the bottom snd an outflow of less saline water &t
the surfaca. The interaity and nature of this artuarine cireulation dependa on many
factors including the sxtent of mnixing, usumlly by tidal curreats, mnd tha
dimenzions of the estuary.

The freshwator run—off alsa aftan produces seasonal variatios in the nearshore
atrakbification in both tha sstusries and on the continental shelvas. Tha masa of
relatively light Freah surfece watsz ewanating from large eatuaries on ko the bpen
shelf cen also lsad to complicated circuletion patterna with vertical current
gradiants near Lthe moutha. Away Ffrom the source reglan, the Frash water ia
gntrainad by the local shelf circulation but ite bunyansy often ceuaes varlatioms in
#ea surfaca slevation mt tha coest and compenmating offshore variations in  the
dansity Flsld. The typical resulting alongshore transport of fresh water and other -
land-derived matarial from the astuar:r ia then concentrated naar the surfaca by the
gtratificakion.

The averags and slowly-changing eireulations on the shelf are waually forced
by the surfacs wind which, because of the Corialia effect, drives a surfacs
tramasport water to the right of the wind in the northern hemisphsre avd to its laft
in the aouthern hemiaphers. Alangehora winds thus transport surfece waterz on or
offghore and force a compsnsating transpaort in tha cpposite direction at depth. In
tha coss of peralstent alongashore winde, an associatad alongwhore surTant, which can
ba gtronger and more peraiatent than the flows across the shelf, ism also drives in
the direction of the wind. The large-ecale open ocman cizculation ean alac  have
important, indirect effects on mean cosstal trensperta. On some continental shalvea
tha gea gurface alopas asmociated with Ehe major offahore oceanic gyras can be
transmitted across the contimentsl shelf, resulting in a ﬁ.angahura transport that
may hs oppgosite in dirmection and stronger than tha tranapurt driven hy the local
mesn windg.

Traneisnt currents, including the tides, on the continental sholf sre usually
stronger than the mean and mey Tesult in the mixing and tracepert of water and
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dissolved or suspandad material in the herizontz! and wvertical directions. Thma
non-linear intaraction of tidal currents, for sxample, often leads to residual
circulations in ambayments, in regions of merked coastline curvature, amd around
submarina barksa. Tidal flows zlao contribute to vertical mixing af thm water column
in shallaw arsge and coan caves the destrustion of the usuel summer thermocling in
regions whers the mixing is stromg enough to overcome the gtratification cauwsed by
surface heating or freshwoter ilnput. At the adga of the shelf, internal tidesa
create strong current gradisnts asnd localized vertical mixing, often leading to the
axchange of materiel and wakar with the ocpen ocean.

At the sdge of the continental shelf the coastal wind systems can causs
large-scale wupwelling. Impinging offshore currenta and eddies slso pramote
lurge-acaje ewchanges bekwesn the cosstal and offshore water messes. These
processas can lemd Lo signiTleant sharaward fluxes of salt, heat and rutriente, as
well as pffshore fluwxes of contaminenta. In aome places, canyomns cut through tha
oubar banke of the anelf and serve as zitas of etrong mixing and axial flows that
transport shelf water end sediment across thm shelf,

The coastal waters can sometimes be considered as somewhat isolated from the
open ooean and as having relatlvely diatinct properties over large areas. This has
led to congiderationa af a Flushing or residence time for a cogastal zome which can
be defined ee the spprosximats time required for the replacement of the total voluos
of coasial waters with water from offshore or From other diskinct ragiora of tha
shelF. Estimatea of typical Flushing time for continental shelf regions vary From a
few months to & few years. Any extension of this gsimple concept to substannes
introducad inte the coastal regions must take account of all  the blogeochemical
proceases to which the substance ls subjected. Even then the concept of a rasldence
time must ba trested with caution,

0f the particulats meterial that enters tha smwbayments and estuarias along
With the freah wetec, it hes besn estimsted that ooly ten per cent reachas the desp
ocean. The remainder secumulatss in the cosstal sedimerts. The behavicur of
individual elements dissclved in the incoming water -depends on & complex interpliay
of a numbar of chemical, phyeical and biologicsl processes which vary with the
estuary and gecgraphical region. A substonce may undargo various simultanecus or
consecutlve changes. An  ionie or melecular speciss mpay undergo oxidaktion or
reduction, or be adsorbed on particles. The particies may grow by interpenstretion
and/or hs aggregated by adhesion - {flomeulation) resllting in  accslarated
sedimentation, especially in stratified msstuaries. There can be deanrpiion of
adsorbed species either as a result of raduesd surfece availebility or thraugh a
change in  adsorption equilibria. A& changs in solubility of zome surface-sctive
material oecurs with changes Lo salinity.

The situation is further complicated by variation in the contralling
parameters through tha msatuarine zTone and -Ehe continental shelf, Salinity
influences the rates of floceulation, s well as many of the chemical properties.
The suspended particulate losd waries not only with the remsval of introducad
meterial but alss with the intensity of resuspension by physical proceasse. The
redox  potential or owxygen concantrakion veries horizontally and verticelly in many
sgtuaries so that alemente or substances that exist in two or more oxidakion staktes
dspending on the redox potential, mey do so in differant parts of the seme system
(Jenne 197%). Saoma elements'mﬂy be rapidly sdsorbed an supperded particulate matter
and released mors slowly in & different form. The pathways of many materials, such
88 trace meials, are only beginning to be understood ss analytical techniques have
racently reached the state that allows measurements made 8t variou= times and places
to be compared. :

The peimary seadimeantation zone probably nevsr  reaches aguilibrium amd its
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chemical mnd physical transpart propertiss involve difForent tima scales that are
still to be determinad. Cansmquently, it ia difficult to make pradictions about tha
Eotzl amount of a contaminant that will reach, or has been raaching, the open acean
(Burton and Liss 1977).

Humens can medify the concentration and Flusxes of chemical elements k3 the
acean. This often oecurs through incrasses in the discharge of sclids and dissolved
material by rivers. For example, as a re=ult of pollution a relatively small river
such za the Rhine at present exparts ten times gore chloride than at tha baginning
af thia century and now equals that of the Amaron river (UMESED 19817,

Ceforeatatlon and overgrazing heve gersrally increasad the riverine solid
diecherga aithough in some instances river outflows have besn reduced by dasming or
by withdrawal of water For irrigation. This can alan aFfect the dissolyed load
through earbonata precipitation and falt retention in seils. The exampless of the
indue and Nile ore well known for their detrimental effects on cosatal zona ercsion
and a4 drastic decreeae in the productivity of Fiaheriea.

Human influence may sevarely affact speciation of chemical elspsnts and
biogecchemical processes., - The increasing amaunt of nutrientz and organic matter
discharged into piverine and estuarine watmrs can enbance nearshore productivity.
In extreme cases the subsequant dagradation of organic matter resuits in an anoxic
environment and snhanced disanlution of some elements, such a8 manganess.  Some
organic contaminants such ag detergenta can modify  the  alectrical charge of
particulsies and subsmquent ionic exchangas ag well ass tha pate of ecalogical
makabolizn. The diacharge of chlorinated watera intc the coaskal zune can generaka
new chlorinated and brominated urganic subatances, the poasibls consequences of
which in marine watars are only now being understood (Block and Helz 1977). Mon'a
influance at the lLand-see interface is discussed ln mare detail in later chapters.

I1.3 Tha ocesn surface

At the surface of the ocean a thin layer, in general lesg then L mm thick, and
2 micrg-erwironment in itself, plays a dominant role in contralling the rates of
sxchange of a3olids, liguide and gases, including contaminants, between tha
atmosphere and the gqessn. It aleo supports a unigue community of organisms. Being
the intersection between the air and the sea, itz physico-chemical propertias and
limited volume maks it the site of important concentratioma of waterials, especinlly
trace elements and orgenic moiecules, including petrolsum comstituents - ana
nrganochiorines. ’

It la now recognized that Ffor sowe subatances the atmospheric input  is
quantitatively similar to or greater then rivar inputs. For exanpls, it i@ known
that the infiux to the open ccean of zine, cadwium, lead, mercury and seleniun by
aercecls is wmore than 50 per cent of ths total terrastrial influx. A significant
fraction of subatances eyntheaized by man are alse transportad to the oeean via the
atmogphera.  Thase include fluorochlorocarbons, high moleculap-weight chlorinatsd
hydracarbong, and the redionuclides of plutonimm and  americium.  Mask gubstances,
bokh arganic and incrganic, meve in boih directions batween the ocsan anhd stmosphece
bubk  thers is a pesultent net Fflux into the cossn.  Knowledge of the Fluwea of
arthropogemic sulphur, carbon dicsxide, and some of the low melecular-walght
chlorinated hydrocarbong ie compiicated by relatively large natural sgurces af thmas
makterials {GESAMP 1980c},

In both the ocean and the akmosphares, gasea are transporied acrusa. turbuient
boundary layers to a thin near-surface region whers molecular proccases ars
daninmnt, The rate of transport of geoes across this  toner molecular layer . ia
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controllad aither by their diffusion in the gasecus phase (s.q. H,0, 50., NO,, NH.)
or in the aquecus phase (e.g. CO0,, 02, CH,, M,0). For gases whose exchinge is
contralled by the gaseous phase, it is possible to calculate eschange rates using
knowiadge of the concentretion difference betwsan the ocean and atmosphera, the
atrength of the surface winds, and certain empirical ralationahips which teke into
aceount  important processes in the turbulant  boundacy layers- For khese qasss
controlled by their diffusion in the aqueous phase the situation is more complex and
their possible reaction with the water must be taksn into accownt.  Certain
phengmens of ges sschange remain unmxplainsd, Quantitative calculstions af 'e_::r:hange
fluxes are usually unreliable except perhape on a global scale whars the process of
averaging may tend to sliminate the effects of scme of the unknown factors.

Aeavy metale, sulphates, radionuelides, orgenics, and #icro-organiems  are
trangferred from the atmesphere to the oceen in dry fall-cut and precipitation. In
the ocemnic surface mixed layer these substances san bm  trenzported bock bo  Ehe
gurface by air bubbles, which scavenge interfacially-active meterial during their
rige Lhrough the water and ejeet scme of the adsorbed matsrial into the atmosphere
wher they burst at the sea surface. The enrichment of contaminents on the bubble
gurface and in the surface microlayer cen lead to the eanricheent of the adsorbed
conteminants in tha atmosphers relakive to their concentrationa in sen-water.
Bubblea &lsa incraass the ourface ares available for gas exchange but most evidencs
indicatms that gas exchange via bubhles is fot s8 important as other mechanisms
discusasd abovs, )

The physico-chesical properties of the sea-surface have 3. fundanental aeffact
on the procesaes that move chemicals acroes the air-sma inkarface. Organip cheamical
reactions determine the selective complexation of metal lons, and their accumulation
at the ormean surface. Exchenge reactions ococur hetwsan amlne ascld-metal compleses
and fatty acids, or their calcium and magnesium smeapa.  These ™ are not well
underatood in sea-water but mAy be the key tn sgpeesiation in the interfecisl
transport of metal ionm. Simple models of trace-metal binding by organic material
in Ltha wetar nmor the agz surface have been developed to predict the enrichment of
metals in a wiernlayer and tn  asrosole. The agreement bebtween the predicted
enrichment and Ehat megsured in the field is generally satisfactory, except far iron
and lmad in khs microlayer and mercury and cadnium in sercscl samples. Other
processes are expectad to be importent For these metals.

Marine plants and animals may be involyed in sir-ges interchanges in a  numbasp
of significant weys. They produce aurface-active organic material which car altsr
exchange through the formetign of Films at the mir-sea interface and on air bubblas
and particles moving towards the intarface. The organic phases and films may
accundlete oleophilic contaminants, such as hydrocarbeng, chlorinated hydrocarbans,
and ourganic compounds of heavy metals. Through tha ytilizaiion of carbaon dioxide
#nd ralease of oxygen by marine plants as a result of photesynthesis, and through
the comporable processes related to respiratisn by bacteris and marine animsls,
merine organizwe pley @ principel rols in mainmtaining a belance of these gases.

Tha auycface microlayer is snriched in polliutamts compared to  weters directly
beneath it; relatively little infommetion exists on levels of pollutants in the
organiame inhabiting this zone - tha pleyston that live on the surface and the
neusion that * live iomedistaly hansath it. OF importance is the potential of these
organiame to tranapart sontsminents oub af this highly entiched layer through
predation end by the sxeretion of particulates. oo

it has been demonstreted that backeria cen be enpiched 4in the surface
microlayer by bubbles, and projscted into ths atmosphers by hubbla bursting and from
surf spray. There is now evidenge that some pathogenic micro-organisms are
tranamitted through the atmosphere, but it is wuncertain how epidemiolsgically
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aignificant the tranafer of these micro-organisms from the sas to the larnd through
the atmospbers might be.

Thers are three known types of organic contaminanta thet eould modify the
chemicel and physical properties of the mir-asa interface: detergents, the complsw
mixture of organies in mlnicipal wastes and sawage sludga, and peatroleus
hydroparbone,  Of these, some detergents are short—lived in tha ses surface becauge
of their high golubility and relatively high bio-degradability, and there ia np
dacumantation af coaws 1o the open oceen where detergents have glgndficantly
influenced see-surfacs properties. Surfacs Ekeneion peduction dus to arganic
contaninante has been sssoclated with marine duwp gites For municipa] wastes. The
potantial for accumulgtion of oleaphilic pellutants in the surface Tilms associatad
with such dump sites and of thelr pamssible tranaport intb the marine atmesphere havs
bean identified (NRC 1974),

Fetraleum hydrocarbens and  their derivatives influemce  thw phyaice and
chemistey of the air-msa intarface in numerous ways. Petrolewn Filoe not anly
affsct matarial  traneport and physical parametsrs, but alss  influance  the
abaorption, tranemiasion, and reflectian of alectromagnetic radiation. Petrolauw in
and on the wea may affect the pathways of contaminants by dissolving aother
alscphilie  substances auch as halogsnated hydrocsrbona  an By reducing the
intarfacisl contaminant iranafer rate. Exchange rates sre decrassed by oil filma,
through stteruation of wavez snd by the altapation af breaking wavas, spray and the
number and aize distribution of bursting tuwbbles, although the =igqnificance of such
affscts on an opesnic scale remeine to he demanstratad.

The sssesamsnt of the regional and global impack on interfacial pProcEssed
raquirea  knowledge af the extent of sea-surface coveragm by petrolsum filme, which,
bacause of the great influence of wind and wavem, is likely ta be a fuiction of
average Wind coanditions. In the summar a broad band from the equator to a latitudse
approximately 40 degrees =mouth is relatively calw and has  tha potential for
persistent ees-slick Formation. In tha northern hemisphsre low wings exist during
tha aummer in some regiona of the rnorthern mses, the Black Sea, the Meditspranean
Sea; and in a few zones along the Tropic of Capricarn. Although recsmt analyses
indicats that, ai the pregent time, petrolsum films dg  rot modify +the global
exchanga of mattsr or ensrgy aignificantly, in certain coastal aress and smas,
espacially along shipping routes, such films mgy ba more prevalent and could bave
local affects (GESAMP 1980e) . :

Caleylation of the air-ssa sxchange fluxes For heavy metala ia comolicated by
their natural iniroduction into the atmosphere from crustal weathering, the
terrestrial blosphers, volcaroese =nd tha ==a. Many . heavy metals have mapine
atmospheric goncentrations exceeding those that can bs expectsd from consideration
of cruatal wsathering or bulk ses—water composition (MAS 1978). These relatively
high concentratiors may be related either to human actitivies op natural gecchanigal
procesges Ehat are not vet underatood. Yery signifleant gquantikies of these metals
are Dbeing tranaported in beth directions scross the slr-sea interfacs, meking it
very difficult to svaluste their net total Flux ko the scasn  from  the atmoephere.
Tha nret flux of material from the land to the ocean alao remaine #o be properly
avaluated.

All the substerces that cross the atr-sea interface ere subject to mixing
throughout Ethe upper—acman mixed laysr and subsequent dowrmacd transport mikher in
aolubie form or adhering to particulabe matter. The rate st which this transpark
tekas place, removing potential pollutents from tha Uppar Scean, dapands not only on
the dynamica of thes mixed layer itself but also on the procsases taking place in the
ungerlying occeanic water column (section I1.4)., Soom subskances eventually re-snbar
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the oaurfece layer through simllar processes as well ss by rising bubbles apnd upward
biological transpart. .

[1.4 The open ooman

Physical, chemicel and biological processes in the opsn  ocean detacmine the
ratea of tranefer of energy, momentum and substances to amd from the land, the air
and the zedimentary boundarise and control their distribution throughout the ocean
basdneg. Because of the difficulty of measuring these procsages directly, much of
whot we krow about them is inferred from studiss of oceanic properties and their
diatributions.

_ The-ocean is charactariZed by large-scale temperaturs end salinity gradients
which arige from the diffarsnces in the fluxes of heat and water scropas the aurfacs
in the polar and sguatorial reglons. At the polee, the heat loss leads ta  tha
formation of eold dense water masses that sink into the deep ses and apread
throughaut tha ocean  basims, determining the tempereture wnd =alinity
characteriatics of the deep waters and ceusing sbrong vertical gradients in these
pruperties st aquatorial and mid-lstibudes. - Associated with khis  thermohaline
circulation are wverious deep baundary currents and a gradual return of tha desp
watars towards the surface at en ocean-wide average rate of only & few metres =
¥BAT .

The pcman is also deiven by large-scale atmospheric wind-systems. These 1mad
to extensive gyrms in all the ocean bagins between the equator snd mid-latitudes and
the astrong westarn boundary currents, of which the best known examples are the Bulf
Stream in the Atlantic and the Kurocshic in the Pacific. Theae strong current
aystmma shed warm- anc cold-core eddies that can tranafer heat and meterials snd may
impinga on the continental shelves causing ewxchenge= with the cvastal zone. Other
Features of the ocesnic circulstion such as cometsl upwelling along the cortinental
gheives {e.g. on 2 large segle off Paru), the Antarctic Circumpniar Currsnt, end the
gEgl-west current systamg near the equetor are also primarily wind-driven.

. Fluctuating motions o various temporal and epatisl scales exist  throughout
the ocesn basins ond almeat everywhers have amplitudes greater than tha mean.
Dgminant among these fluctuastionz are the meso-scale "“eddies" that kypically have
horizantal acales of the order of & hundred kilometres end variowe yvertlcal
Expresaiona. HWast are thowght to erlees from. the dinstability of the large-scals -
current and density Flelds, although some are forced directly by the atmosphera.
Masn-scale addies provide the strongest horizontal mixing or stirring, oftem giving.
transfar rates axceeding those from transport by the average oceen currentis.
Although they exist throwghwut the ocean besing, the eddies wvary greatly in
intenaity over several hocizonksl sceles, end thuz result in a non-unifarm transport
mechanism. '

Thare are also smaller-acele gpatial end temporal features thraughout tha
gcean. Examples includge the tides, imerptial and internal waves, and thin lavers in
the temperature or salinity fislds. All but the smellsst of these are conatrained
by the ocesnic stratifipation =a that they hsva mweh grester borizontal than
vertical scales and currenie which lis more or lese along the dersity surfaces.
They do, however, lead o mixing acrosa density su_:facaa, especially around the
ocean's mdgee. Tha magnituds and nature of thiz vartical . mixing remamins obscure,
althpugh it is known ta lead, on the average, to vertical exchanges no greater than
those arising from the alow upwelling of deep waters.

iOf importance to the transfer of oceanic properties is the fact that the
physical transfer by Che mesn currenta and verious sixing mechanisme in the open
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ocgan is primarily along demsity surfaces, which lis almost horizontally. Whers the
denglty surfaces intersect the mixed layer at the ocean's surface or at  its floor
and sides, exchanges between the mixed leyers and the ocaan's interiop nay aetur,
but substances onee inkreduced intm the interior are atrongly comstrained to stay on
the density surfaces. This may ba seen in the oceanic distribution of various water
magees which may bs traced in some case from a gingle sourgm along density surfaces
throughout the world's oceans. DOnly in the northern asnd  anukhern OCEans,  whara
water mags formetion takes place through desp oyarturning processes, is tranaport
icroga density surfaces substantial. Tritium was introduced into the surface acesn
ag a result of nuclear weapon Lkesting in the 19808 and waea samplad by the
Geochemical Oeman Section Study (GEOSECS) expedition durlng 1972-73. The waatern
Atlantic distribution (figura I1.2) claarly shows the propertiss discussad sbove;
namely, inflow at wmid-latitudes along demsity surfaces which jntersect the ocsan
surface, and desp penetration in martharn latitudes where ths syrface input wes aleg
particularly strong.

Although mueh is known of tha physicdl propertims of the ocesn, some basic
balances ara poorly understood. Ona may note that the ocean's rola in transfarring
such a fundamental quentlty a2 heat betwsen the squator and the polea, a mettsr of
great importance to  the world colimete problem, i3 the aubject of intensive
acientifie resaapch but remsins unquantified. Our ability to pradict Lthe tranafor
of @ contaminant subject to the sams processes is tharsfore alsg limited.

Tha intaraction of physical, chewical snd binlogical procssses in the apen
ocsan ie axceedingly complex. [t is increseingly recognized that the gross Featurss
of the depth distribution of nutrisnts (phosphats, nitrcate, silieats) and trace
matals (e.g. copper, cadmlum, zinc and nickel) arise from s combination of the
traneport by physleal proceasea and the tesnapart by oceanic particles.

Most suspended acsanle particls= are in the gmize range af 1-100 um. The
smallest getile st rates of only several hundred metres 3 year, whareas the largest
can reach the ocean Flaor in i few days. The Finer particlas are compoaad primacily
of biological skalstal and Inecganic detritsl material. Larger pariicles which
aeegunt  for tha wvertical mase-flux are mainly Tascal pellets and other blogenic
material. Their abundance dependa on the introduction of inorganic matarial at the
g#a surfaca and edges and, more importantly, on the level of biological activity at
their source. On their descent to tha ocean Floar, particles add to or remave
dizsalyed elements from the water column. This sffect wes clearly to be sasn in the
rapid introduction to the marine sediments of the redicactive lzctopes of strantium,
eaggium amd plutonium from stmospheric nuclesr testing. :

Quantification of khm role of particlea s diffieult. Dirgeoct usma of the
observed distribution gof nutrisnts or trace meksls such == cadmium, zine, nickal and
copper, or of the sirong corrmilstions between them or with ocmenic nutrients, would
require greater knowiadgs of physical processea than iz  ayvailahie. Direct
measuremartts of partiels concepkrstions and Fluxes are difficult, but are beegming
availabla. In sddition, the chemical processes involved in Ehe water-particlas
interactions are wvary complex. Particles as amall sa clays are involved in
biclogical aycles. Chemically-ackive elementa underge complex mineralization -
golucilization processss. Those =lementa involved hislngically, recwvels betwesn the
particulate and saluple phases within the water columm dowm to difFerent depths,
depending an thelr chemical and biological behaviour. Escause of  the gqapgraphical
variztiom in biological activity, ihe vertical transpact of elementa by particles
should produecs horizental gradients in the watar column. The sgituation i=s
complicated, ‘however, by the strong horizontal physical trarsfer mechaniams  which
Will terd to amooth out the horizontal differences. Some elementz, such as
phasphoris and cadmium, are released as their grganic cartiers are dastroyed during
sinking. Regenerstion of varioua alsments also takes place at different depths:
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cadmiun in the upper 300 m, zinc at were than 1000 w, and nickel aver a grestsr
depth range. Copper, which increases in coneentration with depth, is scavengad by
fine particles in the deep water.

The input af some trace elements from tha land or the atmoaphere is smsll
-compared with the internal ocean fluxea and these slementa must bhwe be rscyeled
gevaral timea through the weter column before being loat ta the marine ssdiments.
Their remobilization in the water column or at the sediment-water interfacs
parallels that of tha nutrients and organic metter which alao re-entar the desep
watar colum. The upward Flux of all these subetancea is by tha vartical physical
prucesses which, ss explained above, are relatively alow. The strong horizontal
phyaical procesaes tand to reduca horizontzl gradienta during the retum phase and
help tetain the overall similarity of tha wvartical profilaa of most substances
throughout the pcean basins.

Matural and man-mades substances in the ocesn are alsn cerried by  living
organizms. For the most part bhe resulting kransport= are small comparsd with thoss
by phyeical procesgea or particulate matter and have littls effect on the overall
diatribution of the substances inwolved. In certain cases, however, eepecially when
blosccumulation oecurs, biological transfars can  pesult in Bringing contaminankas
from the ocean back to men o some critical part of the scosystem where its impact -
ie important. In this context, one can note tha coss of ODT and tha need to
conaider the poasibility of the transfer of meterial From deep-ees duaping to man'a
Food-chain.

I11.5 The gcesn Floor

Tha gea floor serves as the uitimste depesitory For moest of the conservative
material that wantera the warine environment, and this interfaca is 4 pegion of
complax physical, chemical and biological ectivity. Microbial processes pley o
majer role. OF the matezial which reaches the sea floor orly o amall part cemeins
a8 sccumulated sediment. Fimal buriel may take place only after repeated recycling
between deposition, remobilization, incorporation inkg pepticulats ametter, snd
redepostbion.

The aea Floor ipcludes tha contimental shalves, whose often broad, slways
rolatively shallow, regione adjoin the land messes. Seswsrd, they drop off into tha
catinental =2lopes that plunge to the great depths of tha abyssal tegion. Much of
the abyse copslsts of broad, Flat zedimentary plains, but approaching the centra of
tha peean besine a considerable sart of the sea Flooz iz covared by submarine asa
mounts angd desp-as3 ridges., As the great Esctonic plates of the earth slowly
spread, new Sea floor forma at tha centrs of bhe tidge svabems. As it Forme, very
hot rock iz brought from the earth's intarior. inks pontact with sea-watosr: Ethis
cools =and cracks the new tocks; vigorous physical and chamical activity Follows.
Thuz,; active hydrothermal vents appear which heave a profound influsnes on deep sea
geuchemical processss and rcepredent major sources or sinks for many slaments in
gea—water. Assoclated with the yente are exptle communities of marine organioms
whose primery Food supply is besed on the chemlcal energy emanating with the fluids.
The vants reptesent intense sgucces of local chemiczl anowmalles and can be used to
improve our understanding of how contaminsnts wolld te dlatributed in the deep sea.

Except whare thyg ges Floor ia vary naw, tha deap oceen bottom is covered by
gedimankts  which heve accumulated slowly, oftemn over many millions of years.
Frincipal sources of this sedimentary meberial Include orgenic materizl created in
the upper oeeen and  ipocgenic metarial of - land-ba=ed origin. Slumping brings
sediments from topographie highs on the continental shalves, effecting etrang
horizontal tranafers, accasianally over large distances.
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Material which reachea the ocean floor is altered by a variety of physical,
blological and chemical proceases, rteferred to as diggenesis, which may cantinue
ever millionmg of years. Chemical activity 4includes decompaeition, disselution,
axidatien-rceductian, adsorption- degorption, and authigenic mineral formstion. The
rete and nature of this artivity are greatly influsnced by the exchanges betwean the
nemly arriving material, overlying water masess and the gediment below.

Materials that return ta solution and escaps From the sediments are mixeg by
the botiom current systems. Usually a well-mixed boundary layef some tans of metres
thick lims sbuve the sea floor. In 3 thin layer, right st the Floor, harizontal and
vertical currents tend to disappear and moleculsr procssses dowminate, but over most
aF the boundary region strong verticsl exchanges exist snd hopizontal transfers MEY
be comperable to those in the body of the ocean. Mixing within the boundary layers
around the edges of the ocean besine way provide the principla contribution to  desp
mixing across dersity murfaces. The removal af water from tha boundary layer, which
must alsp control the transfer of substancea out of it, iz prabably intermittent and
localized.

in the abeence of Faster processes, tha material that is addsd to Ehe
Sedimentz would simply bury material arriving esrlier - averagm accumulation ratas
beiny a faw millimeires per millaniym. Chemicsl reaction producte caen then only
diffuse through tha gediments and the encloged pore watars at retes contralled by
molecular diffusion amd adsorpeion-desorption procesdes. The incpessing walght of
overlying sediment tands to compect the deeper layers mnd peduce the pars-water
fraction, rewsing soms ralative upward movement of pore waters.

Two exchenge processes can disturb the slow accumulstion of andiments. The
firet is simple resuspension of the pear surface sediments in areas of relativaly
strong bottom currents.  The resudpended sadiment can then interact with Ehe
overlying waters. In some areas, a layer of suspended matercisl - the nepheloid
laysr, may be several hundred metres thick. Newly arriveg material may be partially
mixed intos the sediments and buried by this stirring procesa.

The second is bicturbation - the mixing of meterial by organisms living in the
sediments. The wenthic hmbitet is variable but far the maat part consists of s=oft
sadiments. It =uppgrte & community consisting eniirely af gnimals that depend For
food primarily on the supply of detritus from above, Only between 1 end 3 per cent
of the surface organie material is estimated to reach the battom of the deep Zea and
to be available For thies purpose. Althsugh binlagiesl activity iz most intense on
the continentgl shelvea, it can be gignificant in the deep sea, The infeune not
anly stir the sediment but may pump significant amounts of weter into and thraugh
ity thee enhancing the exchange of pore waters,

Information sn sediment mixing and accumulation rates hes bean obtained from
obaervations of the profiles of netural radigactive tracers; auch s5 carbon-14,
thorium=-230 and leed-210 or of anthropogenic substances such gw Flutonium-239,

While bicturbation snd resuspen=ion of sedimants enhange the exchange batween
the upper mediments and the overlying water masses, final removal of a substance to
the sedimente ia contrelled by tha much slower rate at which 1t can diffuse into
the deeper sadiments by meleculsr procassss or by tha net accumulation of zediments
lesding ta burial. 3ioturbation and resuspemsion can  introduce  an aftthropogenic
subgtanca into the sadiment relativaly rapldly, and can erthance its removal From the
overlying water mass or the vary nmar surface soediments. But unless the aubstance
then undergoes chemical or radicactive change it will, for ths mgst part, be
available for futurs interaction with the avarlying waters end may, tn some cases,
act as a spurce for £hem later. Co
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The nature of the sediment ie affected by the rate and cobposition of arriving

. material. In the abyssal reglons, whare materisl arrives slawly, Ehe sediments

sccumylate under oxidizing conditiona and dissolved oxygen entsre tha sedimants ag
rapidly as 1t is coneumed Ly orfgenic decompoaition.  Under regigne af high
productivity, or in shallower waters, more organic matter reaches the bottom. When
decompasible organic metter entsrs the sedimenta at a rapid rate, decomposing
matarigle significantly alter the pore waters; associated chemical changea ars
anhanced. When organic mmtter is shundant, microbes will congumes all availsbla
axyoern, them turn to other substencea. Under thass conditione, hydrogan sulphide
and methane are produced. from shallow sediments tha latter can oven lead to hubbls
Formation and savolution. Redax conditions at and in the sediments Lenfluence the
behaviour, remobilization and aven Eoxicity of many contaminents introduced by man's
activities.

Celearmous ahells [Eaﬂﬂj} ara completely disacived at Lthe floor ofF the
deepeat ocesn basins, but tend to accumulate in shallowar watera. This distribution
according to depth zesulta from the effset of prassure which lnoreasss Call
aclubilibty. Silica and ealeiunm carbonats may sceumulate on bha =ea floor, even
where the adjacent waters are undersaturstad, if the input tate of dissolving
material awcseds the dissaoluticn rats, In particular, dissclution must stop if porm
watars become saturated, which occurs when  the egcapa rate aofF tha Jigsolution
products  is no greatar than the dissolution rate of materlal. Proper understanding
of the outcems depends wpen a dnowledge of reaction ratas, input rates and the
exchangs machenismz in the sediment and at the sadiment water interface.

Silicenus or calcarscus shells EArTY natural tracs cowporents to the opeosg
floor. Thess can be left behind, adeorbed on the residual clays, when tha shells
dissolve and disappear, Such pathways mey also orour for contaminants.

Adsorpticn is an important phemamenon in diagenesia, significantly influsncing
the mobility end  redistribution of paterigls entering the sedimenta. It ig
dependent on pH. Stroang interactions exist batween adsorbed organics and metala.

Authigenic mineral formation can occur at the sen Flaor, aa shown by the
formation of manganess or phosphorite noduies, both of whish may become economlcally
impartant, although the slow rate of nodule growth makea it wery unlikely that
Aodules will tnearpofate significant guantitiss of contaminants.

Az mentioned ebove, benthic organisme are  inetrumental  in varigus
biogeochemiral proce=z3ss occurring at the sadiment-watmp interface. Their health
depands on an adequate supply aof uncontsminated food matarisi. Adveras effscks on
the large scale would ba difficult to recognize beesuse of netural varisbility, but
changas in the pelative numbers of variqus trophie or taxonemic groups might ha used
to indicate stress by contaminants. 3enthic animals, as accunulatare of some
Substanc2d, could be invalvad in pathways transfarring contaminantz from the deap
g2,

II.& Final remark

In the remeindsr af this report many situations are discussed where the

‘setentific framewark developed in Ehis chaptar has been implicitly or explieitly

used to datermine the siate of contaminants in the marine snvironmemt. In many of
these situstions substantially increased understanding will only be possible thraugh
detaiied sfudies of the procaessa involveq.



CHAPTER III
BIOGEDCHEMICAL CYCLES

I1I.1 Introduction

The sumary of oceanic procasses given in the preaceding chapter indicatas the
coanplexity of tha ocemn syatem and tha need to copsider the combined affacta of
physical, chemical and hiological mechenisms when modelling cyeles of retural and
man-mede subatances. A balanced approach is reguired betwesn (i) development of
large-acale ctude modeis for the biogecchewical cycla of various sybetances and {ii)
irveatigakion of tha details of the prosesses affecting them. A classical,
scolagical approach could ba employed uging aimple models at the lavel at  which
fundamental procsages operate. Theae =zerve to davelop an understanding of the
dynamies of the syetem af gromssr levels. Faor many substances, however, our
knowladgs of fundamental processes ia  inedequats  to develop usaeFul global ar
regional modsls. '

Ta understand the blogeochemical cycle of a material, - the envirorment 1a
often divided rconceptuslly into a number of compartments pr reservair= in which
material ia assumed to behave relatively uniformly. The beheviour of tha substance
is then deacribed in tarms 5F khe interactioma within eech resarvoir and the
transfers batwean the resarvairs. The socesez of such an approech dependa on  being
able to defipe reservoirs appropriataly and on being able to giva simple foarma o
tha interactions and transfers.

Attempts t9 detall these interectiona may includs differing empheaia upan
equillbriun effecks or kinetic effects. In reslity, biogsochemical cycles do not
reprogent stehle aystams, but rather involve a constant saciess of perturbaticna
includirg daily oyoles, eessonal variations, effects of elimatic shifts and randem
fluctustions. Thes2 kesap the gystem in a constant state of resdjustment which might
be percaived end described on a wide range of tims scales. In practice, most
descriptions  of biogeachemical cyeles have emphamised the "steady-atate" or
time-avarags cnnditinn. These descriptions Includa, a® far sa possibla:

(1] Ehe nature and quantity of meterial entsting the t.'}'clu from naturﬂ_l anum:aa
and froow human activibiesas _ -

¢ii] the uptaike by, and the concentrations in, tha Riota:

(ii4) the pringipal conversion reactions that the material in the environment
_unidargoes ;

(iv) tha role, with respect to biologicai symiems, of the transfer processes
- deaeribed in chapter I1.

Although our knowledge of these biogeochemical eyclss is. fap  from percfect,
the guantitative degcriptiong provide models againat which idems and theorims can be
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developed and tested. Thass models offer the best availahle wechanism to guide
dacizions an the effects aof pollution.

Man's affect upon & biogeochemical cycle inwolves relatively short-—term
changes in Some resepvoire. This normally mekes it necessary to takm ints escrount
Processes within the reservoir and perhaps to break down the reservair inta several

parts. Far example, the cceanic raesryoir can he divided as described in chaptar

LI. Although men's effects are relativaly recent, their magnitude ia not  always
small, Some of the man-mede fluxms epprosch or excead natural rates in the
environment. Examples include: the ralssss of carbon dioxide ta the atmnsphere by
the burning of fog=ail fusl; the relssse of arsenic ka the atmosphere through
ore-omelting or burning of Fossil Fuel: the releass of lasd kg the atmosphera
through tetre-sthyl laad in gasolines; end the mobiliration of cadmium by mining aend
imdustrial activities.

The cyclic movemant of koxic elements in the snvirorment 1s iliustratad
conceptually in figure III.1. Details of biogeochemical cycles are kagwn in varying
degreea of completeneaa for a number of elements and compounda. Moat attentian hge
bean devoted to tha major conetituents of argenic mattser and to the more threatening
pollutants. ’

In this chapter cycles are described {in differing degress of completensas)
for 2 nutrient element (phospherua}, and fur two metals {mercury and cadmium.
These are of fared == examples of asubstances which may threaten tha muality of aour
anvironment. The biageochemical cycles have been under sfudy for some time (e.g.
SCOPE 1576, 1977, 1979; and Skumm 15977).

II1.2 Metals

Wood and Goldberg (1977) divided wetals of blological concern into  thoee
groups:

{1} lght matals, rommally transported aa mobile cations in equeouz  solutione
te.g., Na¥ and K*); :

(1i) trensition metals, (e.g. iron, coppsr, cobalt and mangansse which may be
toxie at high coneentretions and ssmsantial st low concentratinns:

(1ii} haﬂﬁy wotais or metalloids, that mey be required for metabolie activity at
low concentration, but which st alightly higher levals are toxic ta the cell:
€.9., mercury, selanium, lasd, tin and arsenic.

Several factors must be considersd in relation to the movemant of metals in
biggsochemical cycles: chemieal form (solution, colicidal, particulate} and
spaciation; reactions with inorganie and organic matter (including bictal; the
magnitude of sourcee and einks; and their location or distribution (Wood snd
Goldberg 19771, :

Motale may be clesgified in termm ofF their ralakive toxicity  and
availability. Taxic metals forming organo-matsllic compaunds, like metolalkyls, are

of special corcarn, Thesa inglude mercury, tin, arafnic, galenium, cadmiom and

lmsad.

Man's activities also play a major role in the Tmarine envirorsent. Tha
raimase of metals by man iz most evident in enastal waters and anallow sap aress, sa
hee been demanstrated im the Baltic and the Morth Ses {see chapter ¥I).
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Morcury in the environment

Hercury has a low abundence in the sarth's gruat. It is not krown to ba an
sssential element for any specims, but it plays an impoctant role in man's
activities. Industrial discharges of mercury et Minamats Bay led to one of the mors
saricus marine pollution events on recard (sse chapter IV}, At the tima of that
avent  {1956) it wes commonly belisved that mercury would be innocuaug in the marine
srvirorment owing to its chemicel properties. The Minwmts incident showed Hhat
methylmercury can be a health hezerd. Most induatriml and matural jnputs of mercury
to the aguatic =ystem are in Ehe irorganic  farm, but JFollowing its relesae,
inorganic mercury cen be traneformed to mathylmercury. Methylmercury is the most
hazardous form of mercury rot anly becoauss of its high toxiclty, but aleo becauss of
its 1lipid wsplubility, which aliows it t9 be accusulated rapidly within ozganisms,
and leads {op the posaible sccumulation in the fopdechain. Filgure IT1.2 illustratss
the biogenchemical cycle for mercury.

The pocurrence and uas of mai:::ury

Mercury occurs in rocks es the red sulphide, cinnasar, naarly puce HgS and in
lasssr emounts as the black sulphide and mé the metal quickailver. Mepcury is alao
found in a8 rumber of minerals as @ subatitute For athar elements, @.g., cappar. The
average sbundance of mercury in the rocks of the eecth'em crust ig in tha ngfg range.

Man's activitiss ganerating emiseions of mercury to the environment inciude
combuation of fomail fuels, weste dicposel, various induskrigl applicationa (most
importently from chioralkali plants), mining opsrations, the uss of biovides, dental
fillings, etc. It hag been wetimated that about 10,000 Eorneas of wetoury  are
releaped Lthraugh these activities, of which 3,100 tonnes ere from burning of fo=gil
fusls. It haa been estimeted that man's activitiss heve caused almost a four-Fald
incranse in the flow of mercury from the lend to the sea vie rivers.

Marcury in kha atmosphare

Owing ta its high vapour preasure, mercury ia circulated netura]ly in  the
atmagprere. Estimates Indicate that 25,000-150,000 tornes per yesr are relsased ta
the atmosphere by dagassing from the earth'e crust and fFrom the acsans.

Marcury in the atmosphere exists predominently (> 99 per cenptl in  vepour
phase. Tha reported concontrations vary greaetly {0.5 - 50 ng/w” ). Celculations
of the fluxes of wercury from the atmospherm to the ocman are strongly dependent on
gsgumed averaga valuea and alao on the type af input process . assumed. In one _madel
of the bingmochemical coyele For mercury (NAS-NRC 197B) values of 1-2 ng/m” were
uged., Raceant data give valuss of marcjur}r in tha atmugphera vver tha opan. ocazn  in
the northern hemiephers af 1-3 ng/m”, and 4-10 ng/m” - over semi-ericlosad samse like
the Baltle, the Morth Ses and the Western Mediterransan (IAMAP 1981%.

Even over urban arass the concentration may be only about 5 ng..-"mj, but
coneiderably highse concentratiane msy occur locally. Analysis of dlatribution data
for marcury - emission hag ghown that ont khe average only 20 per cant of the METEULY
1= irreveraibly bound after baing depoaited, while the rost i  re-salbbed to the
atmosghers., '

Mercury in auiis ’ =
Mercury eonesntrations in soils cover an .axtansi\re range of 10 to 15,000

ng/gr for uncontaminated eoils, the mesn valuea are batwsen 60 and B0 ng/y. In the
tertestrial environment, mercury oEy ocour in differsnt forms, but moatly in
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complexss or associated with particles. The differsnt forms &ll underge
tranaformation reactione eouch as metbylation, de-methylation and reduction,
Elemantal mercury kands to vaporize and cecape to the atmoapheras.

Maprcury in the aguatic environment

The concentration of dissolved mescury in Fresh weter rangass from 0,02 to
0.068 ug/ly oceenic valuea are Ffrom 0.001 to 0.0l ug/l. The weccury content of
unpallukted freshwater sediments varies between 0.0% and 0.3} wugfg: whersas marine
gediments show 2lightly higher levels.

in the envirgrmant. marcury may be preasant in diffsrent oxidstion states both
in the condensed phase and in khe dissolved aqueoum phass. The thr inorganic
formz ara: slamental (Hg®); mercurous (Hg *): and mercurie {Hg" ) wmercury.
An eguilibrium tands to sxist betwssn them, Metallic mercury ocecurs under amoxic
conditipna, but is rapidly oxidized in the presence of oxygen. Mearcurous mIcury
undargoes disproportionstion to wmetallic and mercuric mercury. It iz also
relatively unatabie in the pragance of biological material. Mercuric mergury Forms
stable complexes with imorganic and erganic ligends, especially those containing
sylphyr ang gselanium. It forms atrong complexes with halides, or may be hydrolyssad.
The predominant soluble inorganic mercury apecies will be either HgI:IJH]2 or chlz
depending on pH and salinity. In the marine envirommert, the chlorinatad marcury
Gpecies predomingte.

Saluble mercury cpeciee are to o large extent acgoeciated with particulate
matimxr. Adsorption im  affectsd by: the pH; the lonie strength; the amount and
nature of complexing and adenrbing agents pressnt: the resdox potertlal; eto.
Mercury is kmown to form: stable complaxex with a number of diFferent types of
organic coepounds found in natural waters, such a= sulphur-containing proteime  and
Rumic materials. Mercury hes also he_en found to be strongly absorbed by planktor,
and adgorbed by hydrated Ferric and manganess owides, and by clays.

Chenges in the redox potential of the environment -can affect marcury in  tweo
wayss by direct rchange in the oxidation state of the metal ipn, aa slresady
mentioned, amd by redox changes in availsble and competing ligands and chelates, 4ar
both. The sediment-water interface; where intense redox activity oecura, influences
the behaviour of mwercury in sguetic systems. Sediments with & high content af
grganic matter gererally contein large guantities of ceduced material - esgpecially
aulphides. Interactiona in heterogensouws zulphids syetems are important -processes
wheraby mercury is retained in or celeased Ernm the sediments. In anoxic sediments,
.Mercury may occur as Hglaq), HasS(s), HgEE' {aq) and methylhetcury.

Mercury is meinly discharged into wetsr as divalent inorganic mercury, or as
tha phanylrsrcuric ion, Biplogical and non=biologicsl processes can tranaform all
farms of marcury to mebhylmercury, thersby increesing tha toxde effect of the metal.
Microbial processes are particularly important. Methylwereury may also  ba
microbially demethylated.

in unpolluted areas, mercury levels in aguatic biota are in the ng/g range.
In polluted environments, the concentration may be several ugs/g. Methylmercury may
be biomegnified in the food=chain. High levels of mercury {several ppm wet weight)
have baen found inm sopme top predatorz and in  some of the bil;ages't and pldest
commercial fish species, aven though many of these were “taken far from polluted
ACEHEE4

Ti:anspurt in the marine syatem

In the coustal zone the major soyrces of mercury are from rivers, from waste
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dischargad through outfalls, and from waskes dumpad direckly inta tha ssa, In
estuaries mercury is affscted by: .

(a) adeorption on to particulates;

{b) deposition of particulates into sadimenta;
(c)  resuspension of sediments;

{d) ingestian by arganisms;

(e} losa by volatilizatiop:

{f)  tramefer to the apen asa.

Adaarpticn ant depeoition cominate, lesding to am accumulation aof mercury
clasz to the input. Estusrias that act sa sediment kraps say serve as afFfective
"sinks" for meccury. :

From the sedimant, bicta can concentrats the marcury, but little aktompt has
hesn mada to quantify the effects of this pathway back ta the merine acosyatem at
lazge. In one study it wes estimated that 0.5 per cont of the total METCUTY in
sedimenta wag tranafarred annuelly to wecro-invertsbrates through fesdlng on bottam
datritua and benthic algee: no methyluestcury wes detected Ln sedimants or plants hut
" 18-12 per cent of the total body burden of marcufy in  the wmacro-invertebrates waa
present aa mathylmercury. PBody burdena of mercury in muaselz reflact thae
conesntrations in overlying watera and auspended matariala in & contaminatad
estuary. Fish also reflect the laval of contamination in the waters {ICES 1981).

in estuariaa phytoplankton miqght remove as much as 20 par cent of the maccury.
annually but such losses would be hard o detect in the premsnce of other Fluxes.
Exparimants atow that volatilization lesses are related to the amount of "reactive®
marcury. In the presence of abundant suspended watter, most mercury will be
adsprbed, and thua not "reactive®, and accordingly volatilization losmss chould be
amall.

It hea baen calsulatad that no mare than 1L per cant af the mercury 4in the
upper 100 o of tha ocmsn can ba rewoved each year by phyboplankton (ICES 19813, The
same investigetion concluded that branafers amsneldbed wikh particulate matimr muat
be an affective mechaniam for eemoval of mereury, but lewa than 5 par cent. af the
Mercury ln the water column is lost to sadiments over a pariad of 100-10J0 ¥EETH.
Table LI1.1 ashows the Fluxes of MACCUry in open ocean regervoirs.

Caomiwum in the marine environment

Information on fluxes and bahaviour of cadiium in tha marire environmant has
been swmarized in  ICES (1982}, and tha concentrstion ranges and Fluxes preasnted
are given in table [II.Z apd figure III.3. The global Flux of cadmium ta the -
due Eo men'a activities has bmen estimated to be about 50 par cent of the total flux
to thm oeean. The atmospharic deposition of cadmium is of the game order as the
rivar input. :

About 0 per cvent af the suspended particulsta material cacried ta the acean
threugh river run-g9ff iz zsdimsmbed on the ahslf areas, which impliea khat only ld
per cent of the cadmium firmly bound ko the parkiculate matter reaches the apen
ocasn. But some of tha "particulate” cadmium appears not to oe firmly Bound, rather
it is remebilized from nearshors sediments, and eventually lransported to the deep
" amz, Most oF the cadmium entering the ses in dissolved forwm sppsars to  reach Ehe
OP&r OCEAM.

Elolagieal pronessaes greatly influence the distribution and tranaport of
cadmium in the ocean. © A remarkahly =trong relationahip has been Found between
disgolved cadmium and phosphata. This reflects removal of cadaium during primery



Table III.1 : Fluxes of mercury within ar iuko the open acean
{modified from ICES 1981}

Compartment Total Mass Fluw Cane. of Marcury Flux
Marcury { Tonnes /ennum)
PLANKTON 50 g C/m>/yr 0.05 ppa 1800
FisH ' 240 10° tannes/yr 3.1 ppm 24
SEDLMENT* 4 % 10” tomnes/ye 0.1 pp 400
RAINWFALL 4.2 % ll:l'ul litres 10 ngf) 4200
15

HIVERS 3.2 » 10T litres 10-3) ngfl  320-1000

#5edimentation rate taken ea i rlg.fcmzhrr.

Yolume ) Total Mercury

SEAWATER 1.37 x 102 litces 5 ng/1 6.85 x 16% tonnes

- -



Table III.Z2 1

Cedmites dietriputian 1n the enviromment (from ICES, 1982)

Concentrat ian
Phaae randgea Comeente
Rivar-water+ 10 - i0d ngsl Coneidarahle variebility
expected
Caastal ces-water* 10 - 200 ngsl
Pelagic sou-watar# 1 - 100 ng/l Cavariant with phosphate
Rain/Snow 10 - 1000 ng/l Upper part of khia renge

Hatine sediments

Ignenus rocig

Sedimantary rocka

0.2 - 2.0 ug/yg
Average 0.4 ug/y

G.1 - 0.3 ug’g

0.94 - 4 ug/g

% denokea.diasolved,

probably reflecta pollution
or sdmple contemination

Excepting phoaphoritea that
62 heavily enrichad in
cadmium

_iiu



The following dlagramn shows contaiporary estimates of the
anpual Fluxes {(kafa) of cadmium into and out of the ocean
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Depoaition
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Figure I11.3 : Fluxea of caduium through the marins enviranment {from ICES 1582)
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production and its relesse during decompeaition of organic matter at rates clogely
correaporkding to Lhose of phosphorus. The residence time of cadwium  in the mixed
laysr of the north-sast Pacific has besn sstimated to be about 0.1 year. The supply
is wmmintained by  atwospharic tinputa and by recycling From below dus to varkical
mixing. Detritus and faecal material asinking below the regenaration zone are
Aources of deep and bGottom water cadmium. The ramoval of cadmium from thw deep
water calumn is nat well understood, but it hes been astablished that the flux of
cadmivm  entaring the ocean ia grester than tha meagured ramoval from the water
column to the sediments. Dther known sinks for cadmium do not sppear to ba adeuate
to balance the marine budget. Thug, the caomium content of tha oceen mey be slowly
increasing.

II1.3 Phosghotus

Hon's activitias also introduce vast amounts af the "nutrisnt" elements into
estuaries &l cometal watars. Nitrogan and phosphorus are of parcticular intmpmst
gince shortages of thess slementa may limit merine productivity snd their rslative
abungance can affent the specica compoaition of tha phytoplankton community.

SCOPE (1976 snd 1777) haa reviewsd the biogeochemiatry of these slements, and
we focus here on the phosphorus cycla as a sultable example. Obyiously tha eyeles
of all futrient elements are atrongly Lnterrelated.

Figure 111.4 showa the resscvoirs and Fluxes. The atmosphere plays & minor
role in phosphorus cyeling. 50il and mineable resources rapresent md jor reservoirs,
but the {luxes to end from thess rosarvoirs ars substantially lees than the fluxes
lrvolving marine biota.

Mithin the aea, the phoaphorus concentration ranges up ta 0-4 umol/kg. It
hao & variety of inorganic and organic specias. Gesperally, it ls in short supply in
uppar «efares, whare it is nesded to auppart growth, but is abpundent in despsr waters
whare abssnce of light preventa primery production. As tha flow chart {figura
111.4} suggesta, most of tha phosphorus taken up in the near-aurface waters by
primary production " is recycisd ko these watesps as organisma are eaten angd digested
or dia and decomposa. But seme phosphorus is continumiiy lost to dosper wators aa
organisme and Faecal meterial sink out of the surface zone. Thesa los8ses are
replaced by vertical mixing, upwelling, or fresh inputs from land.

Marina sadimenta reprasent sn  important =aimk  for phospharus, and marine
phosphats deposits are 2 mejor scurce of our mineable depoaita. Han raquires large
amoumts of phogphate for fertilizers. Phosphats ia also Found in datergents, many
industrial chemicsls, and hwmen end animal wastes. Fertilizer phosphates are
retainad in the sails to a conaiderables extent, but those in detergsnts and other
sewage effluents ars not. Aa 2 Teault, wa have substantially elavatad the levels of
phosphorus  in some coastal regiors. In gome rivers, lskea snd estuaries the
artificially high levela of nutrients have caussd eutrophication leading to amoxic
conditions, and anhanesd eoncentrations in coastal watars may have other affacta.
Such eutrophication has nat been found it open ocean waters.

Commonly the nitrogen/phosphorus retio in ssg-water is 15:1 {by atoms}. This
ix yery close to the averaga abundance of thesa slapents in martoe biota. It is not
the ratio foumd in sewege effluents, howaver; these ofterm contsin 3:1 ta 6:l
avallable nitrogem:  phosphorus. Moreover, phogphorus tends to regenerste more
guickly than nitrogen when arganic matter i= decompoaing. These factora combine to
causs 2 surplus of phogpharus comparad to nitrogen in some coastal waters, oo thet
nitrogen appears to be the main limiting slement and therefore the one to watch  in
tha context of eutrophicstion.
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However, the increased phosphorus may also have an effect. Sea-water
composition can play a very important part in altering the nitrogen/phosphorus ratio
in phytoplankton cultures, and in changing the species composition of the
phytoplankton community. Such alterations might be responsible for increasing the

frequency of undesirable effects, for example, the red tides that can disrupt
coastal waters (see chapter IV). . ‘

111.4 Concluding remarks

The example of the geochemical cycle of mercury described above together with
studies of other elements undertaken by the Group, and published in the Technical

- Supplement (IOC, in prep.), enables certain general conclusions to be resched:

(1) Man-made sources have substantially increased the flux of many elements to the
marine environment via the atmosphere, surface run-off and direct discharge.

(2) The increased fluxes to the marine environment (except via the atmospheric
route) give rise mainly to increased local concentrations.

(3) Direct acute toxic effects may result from these increased concentrations,
especially when they are accompanied by changes in local conditions. In
extreme cases, these may give rise to local problems that may reach epidemic
proportions, as for example, at Minamata, where the sequence of increased
mercury flux, increased local concentration, and increased production of
methylmercury, combined with a special human diet, has been unequivacably
‘quantified.

(4) Chronic and other longer-term effects are more difficult to - substantiate as
occurring on any major scale in the marine environment, although specific
effects such as the inhibition of enzyme metabolism by reaction of heavy metals
with particular enzymes have been detected. ’
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CHAPTER IV
POLLUTANTS IN THE MARINE ENVIRONMENT

I¥.1 Introduction

A study of the health of the geesns requires consideration of  mamy
contominents and potantislly toxic substances. However, since time Limited the
fiald that could ba covered, the group =alected for thiz Firast report esvaral
contaminanta that gre at pressnt particularly relevant ka man's iwpingsment on the
oteAns hecause of bheir distribution, quentity or impact. Thess contaminants sre;
BEwage, Some oynthetic orpanica, petrolsunr, “troce matals? and radionuelides. This
chapker reviews what is known of their affects on  the marine environment. Jther
chapterz in the report identify the wechanisna of transport of contaminanta, their
fluxea scross critical interfacss, their distribution patterns, their hingeochemical
cycles and the geographical armss where thay have a major impact.

The statements presented hepe arm Supported by papera on  sach category aof

" contaninant in the Technical Supplement; thay refer to tha hagic Litasratura and

reporta, and previde 2 mofe detailed scisntific ang technical diacuesion.

Iv.z Sowaga

The word "sewage" is used hare ts rafer to the praduct of municipal drainage
Eystems containing domestic waskes with or withouk the addition of discharges from
indusiry, atorm waier and surfaca fun-off. Sewage 15 thus extremely heterogeneous,
and jte compesition highly warisble. Ik containg a large proporticn af grganic

matter and nutrients, sa well as numergua micro-organismz  {becteria  snd viruses,

acqe of wshich ara pethogenic) and persaitic worms. Oil and metals ate ugually
presant from 2 variety of sources and when significant quantities of dizcharyes from
industry are mixed with the domestic material, a wide range of additional chemicals
may ba incloded. Thare are seversl optiome far the dispozal of sewege, including
depasiticn an lang and inginerstion, aut, for cgastal communibies, ses disposasl is
clearly conwenient. Sawage mey reach the sea untreated, discharged dirsctly into
intertidal or subtigal zaonss by outfalls, Howsver, various dagqrees of krestmmnt may
ba applied kefore diecharge, ranging from Sepatation of galids snd sstilement of
hemavy particles Followed by comminu{ion, Eo chemical or biclogieal treatment
dagigred to bresk down organic matter and thus reguce bEhe axygen demand, producing
an effluent rich in basic nutrients and probably cantaining soluble conteminants.
Rs a result of Ereatment, sewage is dividad into two phases - 3 liquid and a 3ludge
- and thess iidy be disposed of separately, the sludge mometimes Seing shipped to
dumping groundge at ssa. Marine pollution problemz arising From sewage ara thacefore
coastal and corcelated with tha distrioution of human populations.

tcosystem efferts:  The main impact of sewaoe from oipelines  thaet discharge
into relatively deep or wall mixed water is in tha immediate vicinity of the aukfall
whare turbidicy depresses phytoplankton Production, and the benthic envirorment is
altarad by sedimentation. On  khe periphecy,’ the effect Iz usually ana of
enhancement of bioclogical comsunities by the input of irorganic and orgamic



- 40 -

mutrients. If the pipeline diacharges on to the shors, growth of segweeds and
intertidal animal! species adapied ko high nutrient levels may be encouraged. Such
snhancemant of  limitad groups of dpecisa ia ane af tha important effects of sewsge
irput, which diaturbs the anergy transfer through food webs, eventually lsading to
greatly reduced specles diversity. Tha impact can be considerable on some natural
coomunitiss, auch a3 coral reefs, or in  low—-rwtrient habitats, where  the
long-gatablished balance of specias i es=ily upsst. In general,; however, treasted
gewage from & propecly desigred end well positiored sutFall ia wnlikely to have a
gldgnificent detrimental or beneficiel effect over a wide radius.

When sewage sludge 1s disposed of at asa from dumping vepsala bhe eFfects will
depand not only on the rate and volume of dumping but alsc to & Iarge sxtent on khe
phyaical ohatacteristics of tha dizpomal ground (sas chapter IL}. In areas whete
tha dumpsd materisl 1s repidly disperasg by watsr movemnents and does not  scorumdlate
on the boticm, long-term affecta arms not detmctablm. Eyen on grounds whers the
metarisl can accumulake, affectes an tha waker column are wsually tranmisnt, and it
is only on the bottom thab an impect can ba claarly datectad. Sipce sswage conoists
easentielly of organic meterlal and ruitrieni=, usually along with potentially texic
companents such az metals and organohalogens, eutrophicetion and foxic effects wmight
be axpected. However, althougn thara iz sometime= a build-up of toxie substances in
sediments, asdverze effects from this alons on the ecosystem have not  been detecksd
on dumping grounds, and the main cheanges can be attributed o orgenic enrichment
lesding to sperles-poor but often biomess-rich benthic commonities.  Oniy in  khe
worat cases are the structurs and condition of the sediment suhstantially sltered,
e:g. when deposltion of urganic material leads to anaxic condition2 on the bobiom
and in overlving water, and the benthic macrofauns may be reduced tn a faw resiatant
spegies of worms. The mast ajignificant economic impect oeocurs when the habitat
bacomes Unsititabls for benthiz organisms of comoercial  importance,  but  even then
mobile species such as figh zand macine mammals, which are ahle ta avoid unfavourable
conditipra, are not directly affacted, wheress hirds are attracted to sewage
dispusal aites and clearly thrive there. Finally, since the organic component of
sewage iz largely degradeble, it cenpob be regarded as a long-term contaminant if
its introduction to the ses is properly controlled, and affected grounds may be
expected to recover after the inpub ceasas.

Human beaith sffects: Visible cewags meterial on beaches and in shallow water
can rause an offensive odour and 2 doterioretion in amenitiss, but 3 more importamt
consideration is the poseible teslth riak. There iz a continual flow of pathogenic
bacteria, viruzes and perasites inte coastel waters around urban areasa, reflecting
tha range of diseases that are present in the human populiation. These orgeanisms can
. supyive for hours, sometimes dave, in the sea, and vireses ean survive longer than
bacteria particularly when they becoms sitached to bottom organisme. II'II parts of
the world whers plumbing or drainage systems are ineffective or absent, Fasces may
bz deposited directly on the beach, with obvipus dengers of infection. RAecent
gtudies tend to support the assumpticon that bathing i sewege—contaminzied water can
regult in disemes, particulerly in areas where the endemic enteric diswamms ratm is
high. Further, tha conguppiion of fieh and  shelifish  hacvestad  from
sewage-cantaminated water can cause bacterial and viral snteric infectione. Thus,
when dispesal af sswage sludge at sea iz planned, the disposal ground should not  be
ln an arems from which water wmovements could trensport sediment to beaches or
ghellfish hade, Treatment of sewage, porticularly sscondary treatment  with
chlorimekion, cam substantially reduce khe besterial nusbers but viruees sre lesa )
affected. Chlorination rcan, however, glve risa to" increased quantities of
chlerinated organic compounds.

Discussion: The evidence suggests that, given the contrela outlined below, it
is poepible to dispose of sewage at sea @0 that it does not comstitute a  threat fo
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the marine ecoayatem. Although there are "hot spots™, these are uaually reastrictad
to a few square kilometres adjacent to outfalla and on aludgs dumping grounds. A
public health risk From infectiona exiats on som bathing beaches, especislly o
vigitor= Fram other countries who have low lesvels of dvmunify to the loca)l endemic
disamsss, and the discharge of untreated sawepe an shellfish heds can posa & thraat
of mora serlous disesses. Ths volumaa of gewsga to be disposed of are greatest
whare the highest population densities exiat, buk problems that arise are at preaent
local father than global, and cosstal rather than oceanic. Over-snrichment of soms
ceastal waters through axcassive nutrisnt input has led fo  extsneive blooma af
algaa, some of which are toxic to fish and athar marine arganisma, and somstimes to
hunen consumers. However, if the diapasal of samage to the sea ia sdequately
cortrolled and if the aitea ape praperly mslectad so thet the aseinilative capaclity
of the ervironment is not exceedsd (sam chapter ¥11), then the fertilizing naeture of
sawags may ba Pegarded ss more significant than ita potential foxicity. It is worth
noting that full trestment of sowege i= not necesdarily the aptimel procadurs.
Indeed, where deep water i3 availabla closa to the shore, disposal through lang
pipelinea after minimal trestmant may bo sstisfactory. Forturately, thare la
incraasing . awsren®sa, at Iocel and national lavela, of tha problem of sewage
" dizposal and the estzblishment in recent yeara of various intermaticral conventlona
provides mechanisms For cantrolling discharges and for documanting effeats.

I¥.2 [Organochlorines

This sectian demis with only two of the most widely usmd organgchlorines -
PCBs and DOT.

Polyehlocinated biphenyls

PCBa consist of a large rumber of hamcioguss and lsomers of chlarinsted
biphenyls, The nunber of chlorine atome per moleculs variss from 1 ko 10.
Pulychlorinated biphenyls can be used For s witds variaty of purposss and the
mixtures of isomers produced by the various manufocturers may rcarge from those
containing abput 20 per cent by waight of chiorine, averaging about one chlorine
atom per moleculs, to some containing sbout &0 per cent of chlorinm, with differsnt
percentages of chlorinated biphenyla with 3 to & chlorine atoma per molecule. The
physico-chemical propertiea of the mixtures, s wall 28 their toxicity ko living
organisms, vary widely, bsing relatmd to the actusl spount of the several isomars,

. PEBa are widespreed in surface wateras and bottam ssdiments in the mors
industrialized regiona of the warld. Beéing transparted to the open ooean nainly hy
air, their ultimate sink iz tha marine sedimentsz whars they are adecrbad and anly
wvary  alowly released ta  the water columnt  and living organisms. Recent
investigaticna indicate that macine micro-organisme - can transform LBz, bhut the
procass la very gldw.

In organisma the highest lsvels of PCB residuss scour iIn or rmear wuwrban ang
imdustrialized aresa. In Ffish, vaives of leaa thap 0.1 ugkg wat weight (I ug/kg
extractabla Fat) are reported From unpolluted srea’s buf where there arm large PCB
inputs, rasidues are well ahove 1 ug kg wet weight, and values up ta 300 mgskg
sxtrectable fat heve been found. The level of rCesiduss  ig often related Eo the
veganism's pogition im the food-chain, but this is ot alwaya the case and care must
be taken in axirapolating daka., The isaders with three or Fewar chlorine atoms are
metabolized slowly and thiz leeds in mest spenizs to progressively higher levela in
the food-chain of the Eatra-, penta-, hexa-, hepta-, ar scta-chlorobiphenyls.
Monitoring gtudies suggest that PCB residus levels in  some areas gre deoreasing,
following the restriction of their usas in seversl countriss ¢OECD, 17803, but the
rate of disappearasnce seems to be slaw, and is ngt firmly demonatrated. In many
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aread, however, although inmputs &re knawn to haye decreseed, residus levels srs
stationery or increasing, presumebly being derived from scounalation sitss,

Ecosyatem effecis: Fer fiah and other marins organisms the acute toxicity is
higher for mixtures with a2 low chlorina content and there i=s & cumulative effect.
The walues af lethal! coneentration for rainbow trout range from 33 wug/l (Aroclar
1248) to 32 ug/l (Aroclor 1280} for a l0-day sxposurs, whersas for a 20-day
exposure the LC50 {the concentration thet kills half the teak animalz) For the same
mixturas are respectively 6.4 wg/l and 4%/ug/l. Fish arm more eensitive in the
garly atagea of life, and the seme applies to mexine invartshrates which are, as
adults, more =mensitive than fiah. i

Several effects of PCBR in oarine arganisma have been identified and described
from laboratory atudies. At high concentratione, these effects rangs From mortality
to reterdetion of growth, Impairment of reproduction in fish and invertebrates,
incremse in fish thyroid activity and reductlon of natural cempensatory reactione to
atress and digmeams.

In mammals, it baw been suggested that PCB ingeation may lead to disturbance
in the agaual functione and recently reproduction defects in ssalg in the Baltic and
Uuteh Waddenses have been linked with high PCE levels in tha parants=.

Marine organisms, ineluding fiah, cen tske up PCBs from water and from the
ingested food. The relative impartance off the two uptaks rowtes in nature 1s
diffleult tt mesess soplely From analysing field samples; hance ,
anyvironmentally-determined concentration factore reflect PCB imput from both routes.
Howaver, with carefully designed isboratory experiments, PCB accumulatian from water
ard Ffrom food can be separated and the relative contribution from each rouke
agssessed under s given set of conditions. This information cer then ba  applisd ko
Field dete and estimetes can be mede of the relative importance of FCOH input yia
food and water under natural conditiana.

The sccumulation of PCBs, like that of other organic compounds, is dirsctly
related to their lipid solubility and registance to enzymiz dagradation, and
imveraely related to their water aplubility. The main in vive netsholic procsass  is
hydroxylation, convarting PEH= to water-soluble phenolic gompounds, which are
aventually excreted. The rate of hydroxylstion depends on the activity of enzymea
(the bhepatic microsomal mixed-functlon oxidases), which is wery low in Tigh [in
contrast to mammalis) end decreases with increased chlorination of the contaminant.
The dependence of this reaction on chlorination explains why only the metabelites of
the lower chlorinated PCBs can be identified in fish, and why clearance halF-bimes
genstally lncreese witkh the degree of chlerinefion. However, bivaccumulation iz rot
clearly correlated with the number of chlorine atoms since wetsbolism is only one of
tha relevant factors.

. Human health effecto: Since man is one of the species moat suageptible to
PCBe  (WHO 19767, rosidues in marine organises ussd ag food could reprossnt & publlc
health problem. Soms countriss have imposed concentration limita for the residues,
amd if these wvalues ars expeeded, the =zale or importation of the contaminated
seafood is banned. However, there appear to be no confirmed records af illneas From
this source.

BDT ard its matabalifas

LDT iz the best known example of & poarsistenmt eynthetic organic chemical. It
and 1its main metabolites (OO0 and ADE} are relatively stable upder environmantal
comnditions, highly lipophilic, and resistant to complete breakdown. DOT has  besn
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the most extensively used pesticide on a globa! ascale snd, in 1574, world-wide
production was around 80,000 tornmes. It 1a applied in forssts and ko almeat BVEIY
type aof sagricultural ecropland, as well aa For public health protemtion. It is
widely uesd at present in developing tropical countries but in northsrn latitudas
hes bean restrictad For ecological ressons and hecause talscance by insect spepiam
has developed.

ODT has been detacted .in rain-weter, in Antarctic gnow, and in soils end lakes
far away From arems whers it i3 used. Like PCBs, BOT is transported in the
etmaaphere and in wetsr courses. [t cycles in the Food web and can be magnifieg in
certain Food-chaing, The ultimstm aink of ron-degraded residurs ig tha merine
ervirarment. There are still gaps in knowledge of the cireulation and Fate of OQT
and its analaguas in the environment as a whole. Bsgradation and metabplism seam to
be influsnced by sunlight, tsmparature and humidity, possibly leading ta highec
tates in tropical climates with Formation of ssvsral still wunknomn metabolitea,
¥ary little is kpown of the toxicological propertisa of these canversion progucts
{except Fur the major metaholitea)l and thia has to be kept in mind when evaiuating
affecta, Howaver, it shouid be noted that evan leas infarmetian Bxigts an the
environmantel fatm of many other pestinides, including those that ars now being
suhatituted far ODT, such e toxaphens, which ia used, far example, in
eotton-growing arsas. HResiduse af this pagticide, which ia & mixture of chlorinated
compounda, are being reported in marina fish far away from whera it iz applied.

in view of the largas amounts  that have besn used, =nd recalling Ehe
persiatence and atability of ODDT, it i not surpriging that its rasidues are now
found widely in samples From the netural snvironmsnt.

Ecosystem effects:  Concentration of CDOT in ILiving orgeniawa masy he the resylt
of absocptian from water, of the filtkering out of microeorganisms of detritus
containing the ecompound 9r of biological concentratian through the Food=chain.
Residues in animals ahow a dynemle equilibrium related bo intakm 35 that kthere iz an
incresae or decreasa depending on 1lsvela of BXDOSLUTA . Accumulation  and
detoxification ratea vary widaly between spascisa. The higheat toncentration Factors
irmsigue in the organism divided by residue in its enviranment or fogd; of sbout
70,000 heve been recordad for mullusEB such od oysters and clams, while for fish or
crustaceena these factors are 10° to 107, Sea-bird concentration factors are
lowar, spproximstely 10 or lass.

Residuz levels of OOT and ita metabolites range widely depending on the
species of arpganism and on  the sampling leestion. The highest values have been
repartad  in  fish-ssting birds From Yorth America  and Europa, Most of Ethe
information fur ths marine environment relatss to  opastal areas, thaugh fthe Ffew
published results on species from Ehe open oowan show that DDT and its metsholites,
as well e PCBs, find their way to the demp-orceen speciss. Residues in fish muacle

- from  coastsl arsas have been raported in tha range of 0,01 ko 10 mg/kg (web weight)

and are higher than in similar apecies From the open  ocgan.  Assidues  in  fiah
tisgues differ greatly From organ to organ and Ehe solubility of DOT in Fat iz well
illustrated by the high regiduez in Flash oil and adipnas tismayes.

Residue levels of DDT in sea-water are usually much [ower Lhan 1 ngsl  but
higher waluse have bzen reported from coastal eress. Residues af DOT and other
oTganochlorines in birde are primerily related to food intake, alkhough gpecies
diffar in their abillity to atsorb, congentrate and metabolize chemicals.
Fish-asting hirds usually have higher residums than those species that sat sasde op
vegetation. In view af the higher levels prsesant in freshwater or estuarine fizh,
birds preving on these aspecies have higher levmls than thosa feeding aon marine fish.
In evaluating effects, Lt must be Tecognized that chemical chengea of orgenachlorines
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insmcticides uithih the animal body may draati'cally alter the toxieity end storage
cf the parent compound.

The moat impartent effect is in birds - eggsnell thiming coussd by
interforence with calcium metebolism. This has been recorded for mmrine birds in
which magnification of residues in the food-chain eccure. Merine organisme show
large differences in eensitivity to DDY. Thus, for zooplankton, tha lethal
concentration starts at 0.01 ug/l; for Fish {including fry) 0.1 ug/l is boxlc;
phytoplankton, crustacesns and molluecs are affected by concentrations ahove 1.0
ug/l. However, as the scological impact may depend on the most sansitive species,
the oargin of safety is mot more than & factor of ten at cancentrations of 1 ng/L.

Effects of high residus concentretions due to continuvous or repeated exposure
have been detected in marine enimala. Mortality may gocur after zome Lime sven Lif
tha fish are transfarrad to cleen watetr. FReprodurtive auccess iz low when rasidues
In the fish eggs and Fry ars high {ppm lavel) and when thas adult spawning fish has
high DGT in the diet. Organochlaorine tnsscticides, being lipid-soluble, accumglats
in egge and rcan lead to desth of larvae =28 the ynlk seec in shecrbed at m critism]
stage of growth. DOT residues st sublethal levels may alae affect behaviour and tha
cepacity to reset to axternal stress such as water temperaturs changea. Laboratory
studies and fiald observations chow that deleterious offects may be csussd hy QOT,
but mast of the sfFects identified so far heve heen praleted ko residoe lsvels much
higher than thoee found in the open oeean, aither in weter or in fish food
crganiems.

Human health affadks: It ia unlikely that tolermnca lavels for man will
generally be excesdsd by conouming marine food, but thears im the risk that in some
nogatal zanes, residus levels ere being resched in some marine vrganisms which might
make them unacceptable as human food.

Dimcus u.inrl_

Although geansral trends in the environmental eorcentrations of chlorineted
hydraocarbong  ars spparent, there are still problems in comparing the concentratione
ceported by different authore, particularly in the cass of concentrations of PCBa in
sea-waker. A9 the analybticel problems become better undsrstood, it is elesr bthat an
adequate asaagsment of the impact of organochlorines on the  marine environment
requires fucther study of their transport and fatm, particularly their mobilizstion
from sedimants. IF the environmental pathway of PCEs can be quentified this could
be usad 28 3 model For ofhet persistent chemicals.

I¥.4 Patrolaum

Fallution by crude -and rafined oil arisss from tanker accidents, deballaating
operations and tenk  washing, refinecy effluents, municipal and  industreial
discharges, losses from pipelines and offshore production. 0Oil also sntsrcs the asa
Feom natural seepages.  The impuk of petroleum to the marine environment from all
agurees is thought to range from 2 to 20 million tonnes per annum, with the best
recent estimate around & million tonnes, about one-tenth of which is probably From
the atmosphersa.

Dil from rivers and terrestrial run—off poaes a problem in the assessment of
biological effects. Most of it rmachss the coast in a comparatively dilute fuorm,
adsorbed on suspendad matarigl, and 1t has been subjected to weathering so that patt
of the more acuiely toxis compounds has bmen loet.  On the ather hand, in the
geatueriea where it meets thm sam, most of this suspsnded meterial is deposzited and
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such aresa ape frequently important breeding and Feqding growsds far s variety of
marine organisws. 0il entering the acean directly From spills is Lmmadiately
subject to g varlaty of phyeical, chemical and biological proceass= which detmrmine
its diatributlion and fete, Following a Bpill, spreading and evaporation, slong with
photochemical end other oxidative processes, aere important for the first fow daye.
After this, dagradation by micro-organisme becomes gignificant, particularly for the
paraffinic and olefinie Fractiona. It should be noted thak marine becteria sre not
capable of completely destroying hydrocarbons. Thus, soms qil conpanants {a.y,
PNAH=) are oxidized ta a form which is o longer amenahls to further bacterial
breakdown, although bacteria can destroy up to 50 per cent of such molscularly
stable compounds ws  banzo{a}pyrene (Ilzrael and Tayban 1981}, Even for those
fractiona of sil which can be degraded by aicro-organizms, adequats Oxygen and
rutrisnts are raguired.

Particles of pil residues of varying asirm and density ara diatributed
throughout. the oceana, mostly on the sea surfaca. Sowe are Farmed spon after gil is
diacharged by tanker washinga, others matarialize gver a longer period of time in
the asa from weathsring of spilled crude or heavy oil products. One pecent ezbimate
of the particulate vil reaidues on the aurface of the WNorth Atlantic wae beiwsen
15,000 end 20,000 tonwes. The laval of contamination is closely connected wmith
tarker traffic amd other shipping. This was shawn by a project which arcue from the
1977 Stockbolm Conferencs, the Pilat Project on Marine Poliukion Fatroleun
Monitoring (MAPMOPP), which comprised s study of sucface sligks, Floating tar,
dizanlved/disparaed petrolaum reeidusa at 1 m depth, 2nd tar stranded on  beaches,
Further work suggests that petrolewnm films on the ees aurface could contact and
cancentrate other oleophilic contamingnts such as organochlorines and organic fTorma
of trace metala. Thesa have been detsctad and measured in btar balls {Suney at al.
1979 —_—

Fetroleem fa = complax mixturs nof campounds  with different physical and
chemical properties, and gpecial attention must ba given ko the collection of
3amplea if thay are ko ba cepresentativa snd uricontaminated. Thecs  ia M)  gingle
method For tha analysis of total oil which would he scceptabls in all situstions.
1t should be noted thet hydrocarbons ars synthesized by living arganisma, and that
the eowponents of this biokic production are very different from thosse of petrolewn
that cause congern - light ar polyeyclic apomatic hydrocarbana, light alieyelices,
heteroeyelic nuclei and their alkyl derivatives which are not koown to he produced
through recent bilosynthesis. Biotic production of alkanea greatly sxcesds the
patroleum discharge inte the 2ea, and ik ig ioportant ko be aware that game

-analytical methods lump hydrocarbons From the twe sourcss.

Ecosygstem effect=: Marine organisme ahsgTd 0il, but thers 1s  litkle
convineing evidence of accumulatien or biomagniflestion. In general, urganizmg From
higher trophic levela sahow lower concentrations of hydrocarbons. Effecta on the
geosystem include those arisimg from toxiclty and From siothering and clogging.
Lethal effects and hsbitat destruction way have long-term ecolagical impact but,
dxcept perhaps  in some bird species, whole populations are =zeldam at risk.
Aszsessment of snvironmental effects is bassd om obssrvationa of rumbers and spe:ies
of opganianms killed or obviously demaged by oil dischapges, couplsd with laboratory
measurements of toxicity through bioassays. Tomicity ig lergely amsoviated wikth Eha
aramatic-hydroeazhon .content  of  tha ail, although for sems organisms tha
non-Rydrocarhan components are most toxic. In asddition tg thair acube toxie effects
on marine life, 2rude and refined oils affect marine prganisma at concentrationa
that do not’ regult immediastaly in desth. Included in these chronic effecta are
interference with Feeding and Peproductian, abrormal growth  and  behaviour,
sugsceptibility to predaticn, and interfersnce wikh chanmical communication betwasn
animais and with the chemical senses used in migration., Thass effects can lsad o
changee in the aburdance and distribution of individual specles and to shifts in
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gpecies composition within ths ofl-affacted srea. A graat nuwber of factors, acting
individually and in eombinstion, govern the effects thst en oil discharge may have
on marine life. In genaral, ths biological damage is more severe if the discharge
gopurs in 2 coastal or estuvarine envirornment rather then in the CpEN &8, aRpacially
if the intertidal zone is affected. The special circuwmtances of the polar regians
muect be recognized. As a result of low temperaturss in these arsss, deqradation of
ail ig slow and crganiems are exposed to toxie fractions for langer periads.
Laboratary tests of acute toxicity provide little help in making sccurate
predictions aof what heppens in the field, partly because the simplicity af
labarataopy ayatems a2 compared with the eomplexity of marine systems can give rise
to ewaggerated results. However, the study of populations in large controlled
anclosures has attemptad to bridge this gap (Davies znd Gambie 1979).

Sea birda are ane group of parine organieme that have been effected by oil
pollution &t lsaet tn an sxtent sufficient to jeopardize local populations, but syen
in this case it is difficult to correlate overall populstion trends with pollution
becausa of the matural variability of ecosyatema. Extenaive effects on marine
mammals dur to oil pellution have seldom been reported. Crude and heavy fusl oila
do nut seem to cause widespread morkalities of adult fish axcapt  in  shallow,
enclosed watera, byt light and refined cils are nore damsging. The uas of fishery
statigtics to demongtrate the effects of oil is difficult, owing to the potentially
great number of unknown factore, ecorwmic and ecologiczl, which could influence the
data. However, wharm adequate pre-apill Iinformation exists, this spproach can be
usafyl for localized apillagee or discharges. Subtidal end intertidal benthic
organisms have suffered partlcularly heavy losses from accidental apillages of oils
and from their trestmant. Complets recovery of affected populations may -take years
or deeades and repestsd ailinge are particularly dsmaging. Destruction of marine
grazing enimals upsets ecclogiesl] belance and this typs of secondsry effect has b
ba conajderad when demage dee to oil is ewvalusted.

. The introduckion of oil hydrocarbons to thae merine envirooment  favours the
bacterie capeble of utilizing thiz food aource at the sxpense, at leest initially,
aof the rest of the population, and the number of garhan-dmgrading mioro-organisms
incresges From clean Lo oil-contamineted arsas. Suscspblbility of micro-algae bo
ails varies snormously. Laboratory studies show that higher cobcentrations lead to
reduction of cacbon fixation, arreat and finelly mortality, but the growth of many
micro-algas 1s stimulated by wvery lod concentrations of oil. Mecpo-elgas, if coated
with sil, may ba more eaeslly stripped from their substrate mechonically. Some are
resistant to oll and thrive in polluted environments, while low concantretiaona of
ail bhava heen shown to depress the growth of others. 0il peretrates the higher
forme of plant life, blocking interesllular spaces, increesing respiration end
reproduction. Some litteral or salbt-maroeh plants may tolsrate raspesated light
0llings but heavy fouling often leads to morkelity, although these effects may take
several ysars to appear.

0il =licks at gea kill or edversely affect =zooplankton, including totslly
plonktonic species like copepods; as well s» the planktonic eaggs and larvae of fish
and benthic invertebretes. Copepods ere an  important component of  merine
food-cheina and it has been =shown experimentally that their population lavels can be
eeduced by 0il at concentrations Found in the immediatme wvicinity of offshors

_platforme (IEES 1980a). The poasible long-term effects of this in the sea have yat

to be sessesssd. Egos and larvee which occur near the aea surface are barticularly
mxposed, and are sensitive especially to light oils, but it is unlikely that thm
moctalities from = single apdll would affect more than one year ‘rlass of adults, and
avern than the natupal wvarjabllity in yesr clase stremgth is such thet effects wouid
be difficult to datmct, as jillustrated by at least ane study of commercial fish
populationa {ICES 1577a}. In all thess passa of aFfects on rooplankbon, the
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long-term or ecological significance iz mot clear. In general, effects aof oil
should be etudied at the ecosystem leval, rather than by singla-gpeciss bipassay.
Attention shouid also be paid tn chronde and aubisthal effacts, uaing, Far example,
histopathological techniquam, end to genetic alterstione and other effscks on
spacies inm the Field.

Human heaith offects: These are considared under the headinga wof
cerelnogenaais and tainting.

Carcincgenesis: Polynuclesr aromatic hydrocarbgre (PMAHE) of known  masmalisn
carcinageniciky oecur in crude and, particularly, in refined cils. Reported lavals
of nemed compounda, such g 3.4 benzpyrens and 1.2 benzanthracane, vary widsly from
0.00% ppm to over 3 ppe, but the residuss from catalytis eracking and pyrolysiz may
contain aver LOOD ppm. Compazed with other sourzes, oll daes nat Provida =z
eignificant proportion of the PMAH ipput to the marine enviromwent on & global
ecale, but cen be & major contributor locally, particularly in aswage dischargms ond
refinery sfflusnta. There iz a substantigl input of PNAH to the see via the
atmosphers am Fall-out from the combustion of organic material, but this is globelly
distributad end the concentration is low. Relatively high levels of PNAHs can cccur
in living resocurces, egpeciaiiy in mollusca and algae, and thase high levels are
frequantly, but not necessurily, asaociakad ‘with known sournas of tarrsatrial
Pellution,  including weil. The accumulation of PMAHe in marins produse rafzes two
public health questions: Do they present & cancer risk to the congumer, and do they
combina with other carcinogens of non-marine origin &nd Iipcresas the rlak of
additive or aynergistiec effecta?

The concentration af PNAHa in marine orgenisms depands not only on uptake hut
2l3g on the ability of the crganism to stora and metabolize thiz group of compounds.
There i’ a greater storage and perailstence of aromatice ant PNAHs in lipid-rich then
in lipid-poor fish and, within one species, mores PRAH accumulation in lipid-rich
than in lipid-poor tissuea., Fish and crustaceana can metabolize PNAHs and axcrate

them as the more water-soluble hydroxylated producte. Molluses are less able to do
thia.

Marine fish and shellfish tend to concentrate PNAMa within their tissues when
exposad to  oil but do not retain thess levela indsfinitely. Iniktial rates of FNAH
elimination are high, but some 1 to EO per cent of tha iptake remaing after a period
of daya, which may still be I0-30 times khe background level and which is diseharged
andy slowly, if at all. The slow rate of discharge of the remaining 1 to 10 per
cent hydrocarbons, particularly in shellfiah, provides s potentigl for zooumulakion
by predation, but this has not been documented. Thars is evideres tnet molluscs do
not depurata pil hydrocarbone which  have been slowly concentratad under chronie
conditions aa quickly as those segquired from acute, if tewporary, elevations of
ambient concantrations. Molluses accumulate PNAHs to highar concentratioma than any
other marine orgeniems, but as these shallfish form anly & very amall part of the

~tokal human disk, their importance ss contributors to carcinogenic riek might hbe

small., The risk is Ffurther reduced because PMAHE have Law gesiro-inteatinal
absoeption.  While Gthere asppaar to be no epidemiclogical studies thak link
gaatra-intestinal sancers in man with PNAHg or other gil constitusnts accumulaked in
commarcial epecies of marine Fish or ahellfish, there is avidenes Ehat the Frequency
of stomach cancer is significantly inermased when the diet iz dominated by smoked
figh (e.g. in Iceland and Newfoundland) enriched wikh PNAHs by the emoking pracesa.
Thug at present it seems reascnahle to supposa that PMAHs  aceumulsted from  the
ghvizomment inm warine produce do not  cauyse cancer without addikipnal ESXpOSUTE,
although they may add to the risk presemted by all other soorces.  Hedicsl and
toxicologicel consultatione are needed to: (a) asssas the degres by which FNAHz in
marine products incresge the carcinogenic risk by an  sdditive affect and (b
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avaluate the extesnt of the shift in the total expomire towards or above tha
threshold far cancer caused by marine praduce. These considerations can help to set
any PNAH levels above which a fishery should be closed and which muat ba regained By
depuration in-tha fisld or under transferred atock-holding conditions before such
produce could agein be mede available for conawmption. Medical conmultents in tha
field of axperimental carcinogenesis should - review tha evidenes and prepare
svaluations and eonclusione, recognizing that the necessary experimental dats, such
a8 hietopathological and detailed chemical analysle and Chmir correlations, are only
fiow becoming evailable. Such s task must imclude & decision as to which "indigektpo®
PNAH  compound, or spectrun of. compounds, should be measured, and by which methaoda,
in a asmple of produce suspacted of contamination. This lesagde to Lthe importamt
consideration of the relstionship of oll "taint™ to PNAH levels in tisaues. Taint
in itself may be a resean for rejection of produce but it=s presence or abaence im
not necessarily &n  indication af the PNAH levela. The comcentration of =zelected
carcinogenic FNAH compounds or assemblages must be determined by dicect analysis.
Thass laysls should form the basis For closure or re-opening af a fishery ar the
relpnas for conoumption of marine produce that has been affacted by oil pollution,
but which has subseguently been trenaferrsd to cleaner wabter=.

Tainting and loss of marina fooda: {he axtent of loeees due to oil pollution
has been imposaible to evaluate owing to inadequate documentation of incidenta,
claime, closures or condemnations of produce.  However, thers are examples of
produce being rendered unacosptable an Ehe grounds of altered sppearance, and of the
clogure af fisheries on the grounds of officially determined heelth risk, and most
of the information refers te tainting, that is, to the prmssnce of an  unpleasant
smell or flavour. It weae astablianed Ehat: {a) crustaceans, Fish and molluscs
sxpoged to oily conditionz can acquire an oily teste; (b} the taste i  intimately
aagsoointed with the pressnce of volatile compounds gerived from ails or dispsreants;
(e} the range and guantity of odorous compuunds vary with the natura of thae ail.

Expogurs to oil ean initiate or promcte the spréad of some diam=aas orgeniams
in marine fish wslthough such diseases can alsa ocour in areas unpolluted by oil,
Serious losses of produca oould arlse in this way, owing to mortality or
urmarketfability, but no proven inatancss are known. When contaminated organisrs are
placad in elmen waksr, soms of the acounulated oil and ¢il componssts cen be
eliminated. The ype of diepersants facilitates tha uptake of oll by argenisme, and
the use of oil-baped diapersants incesases the likelihood of flavour being affectad,
since the solvent frastions of older dispersants contein tainting compgunds aimilar
te those Found in diesel and crude oils. '‘Externel contemanetion with oil does not
necessarily impart a taste to flesh, olthough vipible external contamination may in
itself be a reason for rejection of producs. Even ingestion of oil by marine
orgenisme does not always taint the flesh, but some sgpecies of orustscesns  and
molluecs are consumed together with their gut contente, which mey lead to rejection
of produce. Cooking of whole mnimals that have bean internally or externally fouled
with il may lesd to tainting of the meats. There have bmen too few studies on the
tizaue levels of vil components in affected pruduce feor tainting khrashold lsvels tg
be wmskablished flemly. A threshold of 10-30 ppm in tismpe spiked with a Narth Sma
erude 9il tmo been ceparted, with an upper limit of 200-300 ppm, bavand which no
Further incraasss can be sensed by a trained tsste panel. Thraeshold lavels of 5 ppa
gae cil in splked wussel tissues, and 4-12 ppm extractahles from diesal ail in
lnbstars heve zlen besn reported. Exposurs to ambient water comcentrationz as  low
ga 0.01-0.02 ppm oil can lead te tainting of meshi‘ts. The rollated avidence
illustrates the impogeibility of wsing the paraffins to predict the behaviour of the
aromatic fraction of oils in waker and tissues. The poseibility of eelective upkake
snd accumulation of PMNAHs with their howmelogues needs examination.

A mors axtansive discuszslon and litaraturs ra'u"iaﬂ ia provided in a 'reput-t of
GESAMP (1977a3.
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I¥.5 Mmials

The terms "heavy metals” and "trace metnla" are umed very logsely. They
includs & wide range of elements which are mgk all "haayy® metals, or even metala.
Tha concept of toxieity iz usuamlly associatad with theas teroe and the fallawing
elementa are included: Hg, Cd, Cu, ZIn, Co, Mn, Ma, Ni, Pb, Fa, Ag, Al, Cr, 5n, Ti,
¥, Ag, gi, Ba, 5a and Te. From this list the present report dmals i soma  detoil
with mereury and cedmium. :

A3 discusaed in chapter II1, trace metals enter the ocsan am s resylt aff
natural processes and himen activitias via rivers, Jland run—off, dumping, the
atmoaphere and the zea bed. MWajor ratural sources ars Tock weathsring, degasaing,
releases from ferrsstrial and subdarine volcances and disaplution From mazine
sedimerts. The duminant inputa for most trace matals aps through rpiver and land
run-off, but for 2 few elsments, such as mercury and laad, the atmagpheric routs is
important, particulsrly in the open ocean, although even for thass slements local
discharges and rivera can dominate the coeatal input because delivery ia from a
point source.

A4 in the cass of other pollutants tha accuracy of trace metal analysia ia
alsp uncertain. Recent chargea in  Ehe sampling technigues and in the analytic
proceduras have chown thet open-ocean water congentrstions are  guch lawaz  then
previoualy thought (ICES, 1980b). Al=o the coneantrations of cadsium and lead in
unpolluted hicta are jower than previously reported. In nenrly all cases these low
levels are many crdera of magnitude below the levels at which effscks an biota wauld
bs expectad, althaugh in Lthe coaetal zone especially near weate releases, toxic
cancentrationa are reachsd. )

Whan iptroduced inta the cea, some trace metals do motb remgin in tha watep
colum. They may be concentrated im the surfams ¥ilm, gr become adaorhed bg
siopended mattear ag that they sediment out on the bottom {aee chaptar II1. Although
sedimentz arm sinks, the troce metala may Te-snter the wakter calumn by various
phyaical, chemical and biological processea. In this way, the sedimsnt serves az g
buffer and may be able to keep Ehe metal concsntration in weter and biots above the
background levels long after tha input has been discontinued. The genlogical
digtribution of individual trace metals ang congequently the regianal inputs to  the
anmvironment apre not wuniferm.  Envirommental levals are ugually high aroundg
non-exploited metalliferous armss and even higher round minss whers waska discharge
adde to the westhering affect. The contamingtion of tha Faj estuary in England by
copper and zing thiough mining waste discharges: the ineressed coppar  lavels inm
water, sediments sand biota (185 mg copper/kg wet weight of gvetera) in Ehe Spanish
Ric Timto estuary, and the higher environmental mercury levels along the southarn
Tuspeny cosst amd  in the northern part of the Gulf of Trisete !sediments up to &7
PP marcury dry weight) serve as examples of incressed levels due to mohilization of
trace metals by minimg sctivities. The natural mercuty comncentrations in certain
Mediterzanean fish euch as large tune snd striped mullet (o.g., & ppm wet weight},
is probably the reault of a combination of twa factora: long biological half-kime
snd the age of Lthe fFlsh. High levals, particuiarly in marine mammalsz, have alan
been obaarvead in other apeas.

Many lndustriss relesse trace metals into the enviromment, which csn reach the
ges threugh 3 variety of routes. Gersrally, troce metals are dimcharged together
with othar wastes such 2a gsewsge, datargents and other inorganics. Intsraction with
these ather wastes and the various components of the sea-watasr slters the original
physico-chemical forms of the trace metals. In wmost cases it is difFicult to
determine the individusl physico—chemical furms separatesly, but thege Forws lergely
datermine kthe fate of the metal in the envirormant. Far ezample, particulata forms
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are more reedlly eccumulated by filitmr-fesding organiems and ere taken out of the
water column mare guickly. Trace metals complexed by detergents and other arganics
contained in sswige are much less absorbed thanm metals in ijonic Form. On the other
hand, matal alkyle such as methyl end sthyl mercury are mors sxtsnsively absorbed by
biofta than inorganic mercury.

Obsarvations in the field are tmportent for an adequate understarding of the
distribution of trape metals after waste reiesss. Thus, in one English astuary,
{tha Severn}, it has bean shown that %the levels of cadniun  erd Copper  1n
invertebrates such as limpats and shrimpa wers correlated with concentrations in the
efvironment, incressing towards the contaminetion sources.  Similar  incressas
towgrds @ gource have been raportad for an Itslian chloraliali plent, where althaugh
ahbout 25 kg of wmercury per day wers relsssed before 1974, the concentretions in
sea—nater, sediments and bigpta returnmd to background lewels at about 10 km from the
relmgoe polnt. dbviously, the trece metal concerned and the amountz discharged,
together with the natural tramsport econditions in the area (=mm chapter I[1), wiil
largaly determine the extent of the influoence, but it im worth roting that euch a
lerge digcharge had only 2 wvery limited impsct on  the mercury levels in the
arvironment.

Ecosystem effects: The mers presencs of trasce metale does nak  indicste &
potential to produce demage. Seyeral (Fe, Cu, Zn, Co, Mo, Cr, Mo, ¥, 32, Mi and Sn)
gre known to be sasential nutrients. An inaufficient supply of an egwential element
will cause daficisncy disease. Whether a metal ie essential or not, expoaure above
a certain level may cause adverse effects. For some essential elements the body has
& Wide tolerance, whereas for others the safsty margin hetween adequate supply and
toxic expaosure is relabively nercow.

Effects aof metals on marine gtganisme zre difficult to deatect in the Fisld
because fthess contaminentz are seldom discharged withowt okher wastes, and any
getarioration neer & discharge site cannot woually therafors be sttributed sulely to
excesgive metal inputs. Mare data on the effects of substantial concentrations in
conjingtion with other wastes are needed, and correlating effacks with realdusa in
biota wonld halp in the interpretation of results. Howewer, it igs clesr that many
banthiz invertsbrates can withetend high environmental levels of some metals, as
shown by atudims in matelliferous areas where run-off iz contaminoted.

fny attempt to sseess the affacts of metals on marine organisme  muet  includs
controlled exparimental studies.. One approach iz to use bigassays carried out under
laboratery conditions and in the enviromment to predict toxic efFacts. Far axampls,
ionic copper is more toxic tnan copper complexed by a detergent, but arganic marcury
is more toxic then inorganic mercury. For many trace metale the juventile atagee of
Marine arganiemz sre more sengitive by one to bwo orders ef magnitude than  tha
aduits, and often phytoplanktor end invertebrates (eg.g., shellfish} ara mora
affected than fian. 3Some trace metals will resch higher body lewels when offered
through the food=chain then when present oniy in  the surrounding water. The
prasence af one metal cen reduce the toexlcity of snother tantagonistic effectz), as
haz been snown in some cases For eelenium and mercury. Although bicassays allow us
to examine many factors and saraketsrs of toxieity, their use in predicting toxic
effects under environmental conditicns is limited because testa are ofFten carried
out with the ionic form of the metal and without considering the exposure through
food organisme, and alsg because exposure time is limited and often doss not exceed
four days, so that only short-term lethal effecks at  uneeslisticslly  high
concantrations ara examined.

A second approach is to sxtrapolaie from detailed laboratory studies in  which
organisma sre exposed to sublethal coneentrations of metals. Many reaults From such
studies are availakie and soms of these sugosst bhet sub-latbhsl effects way be
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expectad on the wmorphology, physiology or boheviowr of nerine orgenismes at
concentrations not many times.higher than thoss Found in contaminated sea sress. Tt
iz usually Jifflecult to extrapolake these results to the zaa with confidesnce, aincs
the conditigns of the axperiment ars bound to ba artificial. A etep towards mors
realistic experimentation hsa been made recently by bthe uam of enclosad BcoayeEams,
e.g. floating bage in the sea or underwatsr benthic chambers. OData from such
experiments tand to confirem thet relativaly low concentrationd, sometimes within  an
order of mmgnitude of the background lavel, could have sublethal sffects on
organisma andg be detrimental to their survival. Ffurther work is required to
svaluata thess resuits in terms of tha sma, and the use of exparimenta an
blochemical and phyeinlagical affsct® on organisms is relesvant (GESAMP 1980k},

Human health effecta: In Minamata Bay, Japan, methylmsccucy from a  chemical
plant waa discharged to the bay For at lemet 30 yesata up ta 1968. Severe TAECUsy
intoxieation affected human consumers of fiah and there warm 2 number of deaths.
After the Minamata ineident, particular attentlon has been paid %o the
concentrations of aoma metals in sdible Fish and shellfish. Extenaive guryeys have
been made, particulsrly in the NMorth Atlantie, and intercalibration exercizes have
been carried out to enaurs that the collection and anelyticel metheds parmit
comparison of data from differsnt laboratories. Interpretation of data is nok
always atzamightforward because of high natural variation, but this iz reducsd by
careful salection af the age, gax and condition of the specimens analysed. Results
of such gurvays do nut suggest that there 1s any qenerel threat to average buman
consumera fram mestala in tha sea. A threat can be evaluated by caleulating the
number of megls which would bm required to sxceed an upper intaka lavel beaed on
environmental criteriz alaboratsd by FAQ and WHO for =ach matal, the praovisional
tolerable weakly tntake (PTWI). If the number of meale required is high in ralation
to ‘the consumption rate, then tha chancea of sxoeeding the PTWI are low.

Only for mercury and only for certain groups of consunsrs wio eat larger than
norsal amount= of flsh i= there a significant risk. However, spidemiclogical
atudies emong fishecwen and thair familiss heve shows thaet, although mercury lavela
in their blood and hair are much higher than avarage, intoxication from mercury
could not ba diagnosed. Further resserch iz required to assess these data.  Thers
iz clearly at present no genersl public health risk.

Mocussiom  Mgtural and human inputs oF trace metala to tha 2ge are caflactmd
in elevated concentratlons at least in the immediate viginity of the acurce. The
increased concentrationa are uzually le=s svident in sea-wekar than in sediments and
biota. Examples of damage to ecosystams by mskals are rare, and some organisms ssam
ahle to adapt to high savironmental levals, such sa those found In mining ersas.
High leveis in imdustrial zones are 4usuglly sessociated with oo many athar
contaminants thet 1t is rot  possibie to attribute sny adverss afFfacts to metals
alone. From the public nealth viswpoint, surveys of edible tissum do ot suggest
cause for general alarm, but slsvated levels in eritical populakiona need attention.

IV.6 Redionualidss

Expoaurs ko radlation is not a new phenomsnon. Over aenlagical £ime the ocean
ecogystem has besn swposed to low-level radiatlion From netural radicactivity present
in sea-water, in sediments ang in biota. The types of radiation, their energises,
and their physical half-livea span a similar range to those of the artifleial
radioruelides. [n the sgquatic environmant, satimated dose retes from the natural
backaround range up to spproximately 0.4 uGy (40 /y rad) per hour.

The mgjor source of artificlal radionuclides in the oceans, inuluﬂing thosa
from fisaion, nuclear activation and fusion, has come from  the uncontrolled
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Introductiony resulting from the testing of nuclear weapona, Thiz has produced
low-leval corcentrations of redjenuclides throughout the world™s ooesns. Gilobal
fall-out from this soures is now declining and the resulting doas rates to eguatic
organisms  are ealculated to ba in the same range as those dus to ratyrsl background
ragietion.

In mora recent yeara the neclear Fuel cycle for powet production has becoms g
gignificant =mource® and will continue to merit greater attention in the sbaenca of
further lorge—ecale weapon testing in the atmosphears ar  under wetar. Falpams of
radioactivity from fuel reprocsesing plants is a major saurce in this eycle and the
materiaiz raleased are more restricted in their geographical distribution and
therefore exist at relarivaly higher concentretions in bthe immediote sres af a
diacharge. In the case of tha longer-lived radiomnuclidesa, az a result of tranaport
processes, lower conpentrations may exist over large geographical armas. In general
it would seem thit, excapt for accidents or other abrormal aperating conditiorne, the
dose rates to agquatic organimms in the vicinity of waate discharqes will ot
significantly exceed tha natural backoground rates. Whare higher wveluss have been
recordesd, the meximum is in  the reglon of 0.25 Gy {25 rad) per hour and this is
unlikmly to be exceeded.

By comparison with the contributions from weapon fall-out and reprocesaing
plants, the contribution from controlled disposal of low-level solid wastea and
ragdioactive wagtes From nucleer power plants has sa far been relatively emell.
Nuclear accidenta of wvarious kinds have resulted in radionuclides entering the
gceans but have made only small contributlons to the total artificial radionuelide
inventory.

Controlled disposal of low-leval liquid wastee is strictly superviaed by
national suthorities. In the cess of low-lsvel s0lid westes, & rate af dumping,
rhich should not be exceeded, haa bean defined by the Intsrnstional Atomic Ensrgy
Ageney (IAER) for the Landon Dumping Conwention. In both cases the guidelinae amd
recommendations of the International Commiasion on Rediological Protection {ICAP
ars taken Into account.  Thess recommendations rafer to the limitstion of human
radiation swpesure eince it has baen sstablished that this consideration will place
tha most restrictive limits on the jntroductlom af ertificial radiometivity to the
ernvironment.

The potential exposure of marine biota and man depends on a number of factors.
The radiotoxicities of the artificial radionuelides ‘vary widely and  Lheir
significance in e particular envirorment depsnds on the quantities ralesssd, the
transpert and distribution of the individual rtadivnuclides after release,
reconcentration in  the snvironment, and the uses made ofF the environmant which May
lewd to radiation expesura of man {aee chapter II).

Ecomystem effect=: Ionizing rediastion can have a girect impact on Organisms
themselves {somatic effacts) or, by lrradistion of the germ cells, can affect the
progany (genstic effects). There is a large body of literaturs on the effecta of
ionizing radiation {IAEA 197V8) on aguatic arganiams, but much of this ressarch ta on
tha affecta of scute doses of radiation. Agute lethal rediation doses for various
groups range From 1-10 KBy (100-1,000 kred} for becteria, algae amd protozoans  to
0.00-1.0 KGy (1.0 & 100 krad) For mollusca, cirustsceans and Fish. Experimental
evidancm is Iimitad, but the most sensitive equebtic organismas appear to " be teleost
fish, particulerly the develaping eggs and young of soms pecies. Same mortaliby has
been okaerved at ecute doses of 1 Gy (100 rad). Under experimental ronditionz of
chronic exposucs, a doge rate of 0.02 Gy {2.0 rad) per hour produced completa
sterility in one apscies of Fish after four monthe, and come effects on physiology
or metabglism are recorded at doas ratss of about 9,01 Gy (1 rad} per hour. There
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ta some exparimentel evidence thet one result of Lrradigtion strasse at low lavalsa
cauld be incremsed fecundity. Extrapolation af heee laboratary-dscived efFects to
thase that could opecur at  dopse rates currently possibla in the envicomment hag
praved diffleult aven in the moet contaminatmd areas, o8.q. Bikinl atnoll in the
Pagific and at the discharge arsas at the Windsrale fusl pracea=sing plant in tha M E
Irish 5sa. Asasssment is further complicsted bacause, even at the levals found at
thesa mitea, it is difficult tao distinguish betwesn the extrapolated effects of
radiation 2nd changes in gopulation denaity due to matural environmantal paramstars.
A further complication im that with chronic expoaurs at low rates, theres will be sn
opportunity for the repair of cameged tissue, and at sowe rates ©he damape and
repair way balance sa that no gpronresaive sffect would bo chaspyed.

A consideration nof genatic effecta 1s beset with smms of the samg difficuities=
- lack of swperimental deta that can he extrapolated realistically, and abaerce af
wffects data from field observations. The concern hars iz that an increazad
mutation rata, reaulting from exposura tg chronic low-level radiation {or avme othar
carcinogen For that matter), could affect tha Fitnese aof a population. Hawever, it
should be noted that, in general, aquetic populaticns have high reproductive rates
on which salsctive preasures are strong and tha valus of a faw or even thousanda of
indlvidua) orgenisms is inaelgnificant as far as the long-term well-taing and
etructure of the population ia concerned. Thue, in aquatic populations whare, fop
example, leaa than 1 par cent of the Fastilized #0ge &re normally expectsd to maturs
toc reproductlon (i.e, tu comprise the sffactive gens paol), and with tha
congervativa assumption that all rediation-induced mutatiorm are harmful Eo the
population, it has hesn predictad thet no significant dalatericus effects are likely
to be produced at the low dosa rates in exiating contamingted environments { IAEA
1975).

Human health effects: The assesament of public health risk from radicaetivity
haa probably receivad more sttention then any ather type of contamination, and the
critical! pathway approach hag been most widely wused (see chepter ¥II]. The
objective of thia apprmach ls to detarmine the permiasible discherges rate for each
radionuelide,  Site-spacifle hydrographic data allow the equilibzrium conceantrations
in the raceiving watsr maas to be aatimated For unit rates of introduckion. Thess
are combined with the appropriate secumulation factors to determine bhe probeble
concentrationg of radipnuelldes in thoss eompartments of the amvirorment identified
83 being likely to engénder the greatest degres of human exposyre. Informaticn on
the conaumption rates of contaminated esafoods or cccupancy  times of contamineted
beaches is fhert used Es calculats the daily intakes of the radioruclides or the
dailly radiation exposure. These radionuelide egneentretions in organiame, sedimest
and water ape then tranalated into padiation expisure rates baged aon hahikekt or
conaumption rateg, either directly in the case of extmrmal expasute, ar indirectly
in tha rcaee of internal exposurs, and compared with ICRP-recommeandsd dese limits.
This then sets limibing rates of rmlesse for individual radignuolides.

To ensura that no member of the gensral public receives BxMIsure in gxeess of
the ILBP dose limit it is necessary to identify individuais or groups of individuals
with exceptional habits which would lesd te the highest potential degree aof sxposure
(crikical groups).

#han post-operationel programmes of environmental manitoring are carried out
at disposal sites, thare are two abjectives. The first is to provide data ta
cenfirm that the exposure via btie criticsl pathways does not exceed the doss limite
and to develop sppropriate estimstes of collective dose g large populstion groups.
Thiz is normally achieved by perionic gampling and radioanalyais of environmental
materiale, including those that ars directly responsible For pxposurs {khe critical
materials) and by & comparison of theee results with thuse used to calculate the
darived working limits. . )
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The aecond objmctive ls to validate the original model on which the sssesamant
is based. These programmes will, where necessary, alsn provide the bace data +a
validate the predicted exposure of organisms. The major concern in relatisn to
degp-goean dumping of aolid radicactive waate is whother we have adeguate data to
compute  the distributlon of radionuelides on ghort to intermediate time scales,
particularly when we are dealing with Ionger-lived redicnuciidas.

Repantly pyblished data on human  rediatier exposurm as a result of the
Windscalm discharges to the Irish Sea are relevant. The limiting radiological
situation is posed by the eritical pathway invelving the sonsusptilon of marine Food

cand shellfish contaminated by the radlonuclides of caesiom, The individuals
comprising the coriticel group in thls pathway received during 1978 24 per cent of
the deas limit. (The collective dosm in thie psthway for the UK populetion as &
whole was 113 men-5v. in 1978, wheraﬂa the collective dose to the population of
Western FRuropean countriss - 1.4 « L0° parsons - was somewhet lower). Thesa
figures repressnt exposurs resulting from the largest eontrolled diacharge of liquid
radigective materials dirertly ta the marlme environment, ang dosss from all cther
direct dimposals are emall fractiona of "thess Figurea; for example, doses to
individuals rteeulting from desp-sea disposal of solid wasts into the North-Esst
Atlantle are less than 0.1 par cant of the ICRP doas limitas.

Diacussicn: As long s the disposal of low-lavel liguid and solid radiomctive
wastes to the octeans iz conducted within the intarnatiansl radietion protectian
recosmendations of ICRP and tha guidelinss of IAEA and the London Dumping
Convention, no public heslth problsm should arise. With regard to marine orgariams,
the eetimeted dose rates, mven in thoss enviromments mopgt  conteminated by
radigactive waste, are not sxpecksd, beaed on extrapolations fram laborstary
rassarch, to reeult in significant somatic or genetic effects.

I¥.7 CGCarmral discozsion

The foregoing sectinons considar tha sffects of five oroups  of . conkamimants.
In e¢ertain situations, for sxampla immedistely under an oil slick or at Ehe centre
of a sewsge sludge dumping ground, any one of theee oroUps may he ths dominsnt agent
of pollution, but frequently the probleme arise from the combined effectz of
mixtures of the various groups. The comblnation of different types st the disposal
Stuge is a feature of some industrisl westea. These combined wasbes mey incluae
solid metter, containerizesd meterial pr liquids, any of which may be relatively .
irert or highly toxis. The mthod of dispomal will to =ome axtent depend on  the
meterial, but may be vie en outfall, by dumping, or ir some caees &y incineration
from ships &t sea. The careful selection of disposal wites im impoartant amd this is
the subject of an sarlier GESAMP repart which is et present being updated [zews
chepter 113. '

Miximg of contaminants alsg occurs after input to the gez and this iz perhaps
ane of the major problems of merine pollution. Detsricration of envirormental
quality oen arise from the mingling of many inputa from different saources.  Aress
particularly suscepkible are industrialized sstuaries end coastal regions such as
the well-documented Mew York Bight where plumes from diffsrent dispowal operstions
can overlap (Gross 1976). The effects mey be subile - slight reductions in growkh
or other physiclogical or biochemical processes, or they may be manifest at  the’
population level in terms of changes of the speciss atricture of ecosystems. Such
affeacts, whether subtle or obvious, ape often difficult to link directly to rpecific
eontaminants, even to attribute unequivocally to pollution, without careful study.

Ona apprnﬁ:h to sesessing pollution effects which is peceiving increesing
attention i= the study of fish end invertebrate pathology as an indieator and a
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meaaura of environmental degradet ton. Dieesass and abnoemalitles, lnoiuding
chromesomal damage in  egge, ultrastructure chenges in gill epithelivm, tumours,
infectious dissases and skeletal anomalies may mll to some extant be comnected with
polluted habitats. Apart from using patholagy in this way as an indicator, its
posaible adverze effact on natural resources should e racognized. Pallutian
#ffects may also be detmcted by applying a wide range of experimental approaches and
Field obsepvations invelving astudies of bicchemiatry, physiology, morphology,
behaviour and pematice (ICES 1980w). This could Isad to a batter undarstanding af
the long-term offects and of their genersl acological implications {GESAMF 19806,
Thage matters are further discussed in later chaptera.
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CHAPTER ¥
USES OF ﬂE MARINE ENYIRGOMMENT IM RELATION TO POLLUTION

¥.l Introductiscn

Uses of the marina anvironment by man include axplaitatien af living ang
non-living resources, racrsation, transpart, weate dizposal and cosatzl development
for various purpoues. Some of these operations are affected by contamination while
othera cause it; soms can cc-axist without interfarence, while others ars mutually
incompatible. In this chapter, the uses af thm marire environment ars briafly.
reviewsd and their auaceptibilities and Interactions discusasd.

¥.2 Explaoitation of living resources

Fighariea, in the broadest sense, may ba taken to cover the exploitation by man
af any farm of marine life, including not only pelagic and deamersal finfish and
shallfish, but also & wide range aof ather plant® and animels - asewooda,
invertabratea end merine memmala. Exploitetion refers to the twnting of wild stocke
and tha controlled operacions of mariculturs.

The latest Food and Agriculture Organization of the United Matione (FAD) Reviow
af the State of the World Fisheriea (FAO 198la) based on catch statistica far 1578
and [57% sghows an annual ineresee of about 1 million tonne= in cepoctad lamdings,
giving an averagm qrowth of about 1-2 per esnk per year. Thiz Flte the annual
avearage catch increase racorded mince 1958, which is much alowsr than the avarage
growth of 6-7 per cent per yeer during the previcus two decadss. Examplea of
catghes, extractad From the FAQ Yearbook {FAJ, 1381h} are pressntad in tahles V.1
and ¥.2, Table V.} damonstrates the small increasing trend in catohes in most
areas.  The Peruvian fisheries ars a roticesbls exception to this, and the drametic
chsnge in thsee catches is mast likely due to natursl variability in the aztocks as
well s to gverfishing, demanstrating the large yield an upwelling srea can give and
the vulrerabllity of such an arma to ratural Fluctuations.

According te the FAD report (FAQ 194la), incrsasee in the catch rates are
diminishing because “thers are row faw unexploitsd stocks of sbundant specieg which
can readily be ceught and marketed by conventional methods, and which provided the
opportunitiea for copid expansion in tha 1950s and 1950s", Prospects for future
growth therefore primacily depand upon the potential in the goeans ta produce more
fish, 3 petential which must bs related to the conditions in the marine ecoavatem.

Figures for the potential yield should, howaver, be uzed with great caution
since & number of factors will influence tha realization of this potantial. Taking
Ehess factors together, FAO (198la) concludas that the rake of grawth of world catch
during the next few vears will remain small. This, owever, doas not imply  Ehat
growth of Lthe beneflts recaived from fisheriss will slso remain omall. Greatly
incrassed bhenefits could come from impraved manazgement of the fisharisa, From
rebullding depleted atacks, reducing economig losa through excessiva fishing efForct,
and from better distribution of fishing between diFfsrent interests.



Table ¥.1 : Morld nowinzl cakchea of Fleb in thousands of metric tone;
exoaplos from various aress (from FAD 1981h)

Division/area . 1975 1576 1977 1978 1979
World total 56 487 5% B0 69 170 - 70 548 71 237 :
Merine areas . 59 294 62 757 &1 BOG £3 421 63 807 ':.g
Atlantic, Nerth-East 12 015 13 163 12 576 11 675 11 708
Mediterranean snd Black Sea 1 294 131 1 145 123 i3
Atlantic, Antarctic 39 an 265 723 §52
Pacific, North-Mest 17 254 17 558 16 198 I8 440 1B 317

Pacific, South-East & 3Bl 5 780 3 937 541 & 999



Table ¥.2 : MNominal catches of fish, oxemplias by countrias (from FAD 1981k}
’ in thouvaands of mekric tona
Countiy 1970 1971 1372 1973 1974 197%. 157& 1977 1974 1975
Japan a B2% 4 Jad o J09 10 092 10 101 9 495 3 594 10 123 10 iBg 9 966
China J %9a 3 358 3 &80 3 783 & 134 4 241 4 330 4 453 4 394 4 D54
Peru 12 535 - 10 529 4 723 2 329 4 155 3 448 a 344 2 537 3 359 3 &b2
. Indig 1 154 _1 B22 1 &37 i 954 2 255 2 206 2 174 2 312 2305 | 2 343
World total catches 462 B24 66 597 66 487 A9 BTO &% 170 0 s 7L 287
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Grast concern haa hbeen  expressed on the  gituation ariaing from
over-exploitation of marine mammsls, in particular whalse, and espacially in arcas
where there has zppgared to be a risk of extinction. FAQ (198la) conwiders that the
marine msmmals most threatened apes the three speciss of monk amal, the Caribbean
mork  @eal heing probably alrsady extinct and the Msditerranean and Hawaiian mpecies
being scaree and declining. It has already been noted {chapter I¥) that in  ecme
areas (e.g. the 8altic and the Duteh Waddeness) sdverse effscts an marine memmals
have been lirked to pullution by organochlorines. Some other ssal atocks have been
increasing aince catching was stopped or controlled. For instanes, tha harp asal
stock in the north-weat Atlantic now shows an  incressed sbundancs following the
introduction of quotes in 1572%,

Finally, the rising importance of egueculture is evident. This imcludes =a
range of arctivitiss from hatehery-besed reatocking and sea ranching projects to
verious farme of intenaive culture. Animels such e oysters, musssls end mullet
which are pert of chort foad-chains wre particularly stonomic. Marine mquaculturs
at prasent amounts to about 5 million tennes ennuelly, but could doubls in the resct
decade. Among its ektractive features are better managament opportunitiss eompared
with the incressingly overfiahed wild stocks, and thw bakter netinnal econtral that
can be ewercismd in cosatal wetars.

Effects of pollution

Tha effack of pollution on fisharies may range from the imnediaste, such aa  the
suddenr death of 2 subetantial number of fish, to the mors proionged e.3., defective
development. ar reproduction. Effects may be directly on  individusl fish {eqgs,
larvae, aor adults) or indirectly, through the faod. In attempting to assess the
impact of smnvirommental deterioration on fisberies, it is useful to saparate the
vonsideration of effects- of single spills ar incidents on the one hand From the
pozsibly longsr-tetm effectz of econtinucus discharges or diffuse inputs oy Lthe
other. [n the peragraphs below thess subjects are briefly discuased; however, a
rumher of other operations can hava impacts on figheries. Dredging for sand and
gravel, for exsmple, cEn pose a sarious threat to thosa opseies that dépand an beda
of theze sedimenis as spawning or nurzery geounds; the ackivity of the dredgmera
alone can  interfece with fishing, through the presenca of the vesasl and Ehrough
physical alterations to the fishing grownd by its operstion, resulting in
difficulties in the use of demersal fishing gesar. The prablem of intarference with
fisheries is, of courge, s more general one and is particularly escute in regions
where oil sxploltation ie in progress. The presence af drilling rigs and production
platform= on fishing banks and the laving of miles of pipalims anm the aea floor all
result in "no go” areas for fishing vesgsls snd the operationa in general tend to
Produce accumulation of debris on the sea floor. These affects, togather with the
increased shipping traffic, are all of immediate concern o Flsheries (GESAMP
1977 ).

Ineidents

Frobably the most common and certainly the most spesteculst pollution incidents
have been caused by oil - mither by shipping accidente or by pipeline or wellheag
malfunctione. As a result of increasing requirement for petroleum throughout the
world, transport by ams and swplailtstion of resources wnder the sea have muitiplied,
and in recent years soms incidents have been extensively studied so that the affests
can be evalusted with aome confidence. As discussed in ::Fn’api‘.er I¥, effects on loeal
gections of tha ecoaystem can be dissstrous, but adult fish sre mobils and ecan awnid
high coneentrations of oil. Eggs and larval stages can be exposad iomediataly undar
a slick to levels of g9il that hawe been shown esperimantsally to be lethal, and
indeed high wmortalities have been recorded under fresh alicka, but these are laeal
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and tranaient effects and there is no documentsd cease of a tatal fishary halng
destroyed or even of a whole year-class heing sliminated by an ail apill. While the
definitive agssessments of . long-term -eFfacts of the AMOCO CADIZ incident and the
IATOC-1 blow-out are awatted, experianca ta date suggests that, in general, oil doas
not pose a lang-term threat to Flsheries.

Oumping

The effects of dumping on fisheries can aloa be asseesed, often with S6E
confldence in those situstions where ths dumping ground i isolated from other
irpute and the compaoaition snd amount of meterial dumped are accuraktely known.
Since dumping grounda should be salscted with the intantion af limiting advaras
environmantal affects, and since the mathed of dispossl whould be arrenged =lso to
further thia aim, it is not unexpectad that in mEnYy cazes cartact choices are meds
and the effects are scceptabls (aee chapter II and GESAMP 1975). It is anly whan
the dunped mateciel accumulates that a measurable detecioration of tha snvirarment
may accur: For sxemple, in some sewage sludge dizposal gites alow alteratiorm are
cansad to the sediment, meking khe ground uninhabitables by commercial sballfish that
were previpualy present. Also, tha banthos may be changed to & community which is
lees acceptaile az fond for Fish. Othar tygea of dumped materiai cen have
comparabla  sffecta. Thue, Ehe dumping of dradged apoils may result in both
smothering and boxic effects, while even the mast chemically inert materisl can
blanket khe greund, bury fauna and changa the cheractar of tha asdipente,

Howaver, aven whera en effect can Ge clesrly dewonstratss on an  isolated
dumping ground, this effect will usually be restrictsd by the rature of the gumging
operation to a relatively small area, sg that only a amall part of the commeccial
fleh stock will be expossd to contamination. The most sericus sityations are those
where several dumping grounds are close togsther, so that the pallution zourcea may
then coaleace apreading tha impact over a widsr area.

Outfalla

Qutfaila as distinet froe dusping operations, will, for the moat part, be of
corcern only in inshore aress. Land-basad pipslines discharging into the s2a can be
located at sites most likely to uid diapsrasl: they should be fittsd with adequake
diffusers and the diascharge ean often ba arranged to suit the best tidal "zonditiong
to achieve opklmml dilution and dispersisn. In view of thiz, it ims poasible ko
confine any adverse effects on floheries to the immediate vicinity of the diacharge.
Offashore discharges, aa for exampls from oil drilling rigs and production platforms,
are woually controlled. Enhaneed concentrationg of contaminanta are unlikely except
cloes to the source, 2o that again eny effect will ba loesl and conflned to
arganisme which ape sensitive and react rapidly ar which ars unable to mave away.

Hiffuze inputs

Theos may ba general inputs to the =zea from land run=-aff and rivera, or from
the atmosphere. FRecsnt messurementa havs shown that in =ome cases tha atmoapheric
route can account For a significent proportion of certain contaminsnts (%2 chaptar
II}, particularly organachlorines and some metals, but becaums of the diffuse retucs
of tha inputa, effects onm hioks ate diffieylt to debeck. Although atmospharic lnput
is likely kLo be relatively more significant in apen-ocsan situations, thers is no
indication that it has threatened the ecosystem or put oeeanic Fisheriss af  pisl.
Enhanced leveis of sowe contaminants have indeed been rzcorded for a faw oomante
specims, but (as discuseed below undar 'Tainting') follow-up studfise of, For
sxanpla, mercury in swordPiah, tuna and halibut have suggssted this is natural.

Contaminants prasent in land run-off and river inputs are sven mare difficult
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to aessass.  They arles from a large rnumber of diverse sources and are not directly
gontrollable. Along coasts axposed ko the open sea, rapid 4ilutfon and dispersion
sra llkely, so that high concentrgtiors of conteminants would not be expected in the
water. The gituation may be differsnt in more enclossd arssa where land and river
run-off mingle with a variety of discharges, and in industrialized situstions Lthe
maximum oppurtunity ococurs for & build-up of contaminants. In fact, estuaries,
logoona end baye are usually ths areas where significant decline of environmental
guality is recorded and whare raductions in fisheries haye been documented (=es aleo
cngpters 11 and VI). Nevarthalsas, svan though thers is circumetantial evidesnce
linking inereased contaminetion with reduced Fisheries, it is weuelly difficult to
demonstrate an uRequivocal quantitative reletloriship and  further study of =uch
situations is reguired. Perhapa the beat confirmation that gereral contaminaetion of
mstuaries hes had an sdverse impact on fisheriese cumes from those locations where a
progresalve clean-up has teken place over & pericd of ysara and en associated
improvement in figheries has besen recorded,

Plankton bloome

Apart from the normal cycla of plankion grewth and decay, short-term blooms,
usually of aingle apecies of phytoplankton, may ocour in arsas unaffected by
contamination. These must be recognized as natural perturbatlons in the ecosysten,
and althaugh their cause ham nat bman satablished, it sesma reasonable to zuggest
that they ocour whan a particular eombination of physicel end chemical circumstencea
provide conditiens to trigger the bloow and to allow it to develop.  However, in
recent yaary, kthere has been incrmasing documsntatlon of phytoplanktan bloome thak
may be connected with contamination and might therefore be controllabla if  the
conditions that generated them ware well enough undezstood.

The blooms vary greatly in character, and may be foxic or non-toxic.  Sevaral
genera and speciss of wmarine algee can give rige to boxic blooms, and several
specific toxins have bean identifisd. Sowme of these are lethal to marine orgeniama,
whereas cthers are simply accunuletad by them but can cause disbresa or deasth to the
humen consumar of affactad Fish or =hallfish. Such blooms have bean recorded  From
many parts af the world, and indeed in some places they oceur regularly, Following a
seasonal pattern which can be predicted For & given coastal arsa. In these
gituations, precautions can be teken to protect public health by surveillance of the
ahellfFish speciea usuelly involved and by prohibiting sales of thass spacias iF they
becoma affepted. Unfortunetely, bowever, prior warning is often impoasible ag  thet
illmess from this cause is not infreguent and death sometimas resulta.

Mot =1l blooms ere due to towic organiams, and whils the affacts of non-toxic
bloomz are of leas direet concern to public heslth, they can have a significant
impsct on the enviromment ard sometimes on fisheriam. This impact operatss mainly
through the bacterial decomposition of the Jlarge quantities of organic matter
pooduced, which can impoae an immense oxygen demand on the watsr column snd on the
bottom when GEhe material iz deposited. Anoxie canditions mey thus be genacated
which can kill plankton, Fish and bottem-living organiams jn khe affectad arsa. The
mest spactasular recent event of this kind took place in 1974 off the east goast of
the United GStates, where hundreds of sguare miles were affected and 2 massive
mertaliky of commercial zpecies wes recorded [Swanson and Singsrmann 15979).

Further affort could usefully be directed towerds understanding the’ conditions
which pgive rize to plankton blooms so that predictions dan be made and appropriate
control mezsures adopted.

Tainting

One type af effact that can be clearly recogniZed and can aftem he raadily
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quantified in cash terme i3 talnting of the edible tissuas of cammerciazl apeciss,
ptaducing an unpleasant taste and colour changa which can result in  tha af fantad
produce heing unmarkstable. This cen be caused by a variety of contaminants, but
metala sueh aa zinc and copper in shellfish and il in  fish avd smhellfish are
probabiy tha most common. Unfartunately, sven = rumour that a particular stock is
taintad ean injure the reputation of a fishing ares or a marchant sa that sales ars
affected. Ag a reault, the suspiclonr that a catoh might be tainted could ke ENQugh
to persuads 2 supplier ta withhold hia landings fram bhe mackat. Tharas is no doubt
that the pesalbility of tainting can be the immediaia impact of u largs oil spill on
fisheries wund there is equally no doubt that significant finanecial Losses can occur
and have occurrad in this way. However, the taint can be  Igst by depuration in
clean water and again the sffacts tend to be restricted to & apacific geographical
location and rot to affect a whols stock.

Public hmalth threakt

Contanination by micro-orgenisms derived from 9swage give rize kg a aignificant
public health risk. This threat la most rcelevant to shellfich beds in shallow
watars in the viclnity of sewage outfalls and thm correct gpproech 13 ko anaype that
such outfalla are properly positionsd, although it is usually possihle to kresat
affectad zhellfish aa that any humap health threst can be eliminated. Whan asewage
ludge iz dumped offshors there is potentially a similar threat, but in most cazss
the rapid dispersion and dia-off of nicfg-ozganisms foreign to the marine
enviromment ansures that thers is little risk.

Perhaps the most common form of residue 12 tha acewmilation of = cortamingnt
which, although oot detectabla by taste, is measurable by cheamical analveie and 1ia
cohwidered ko be potentially dangerous to human consumars. Exempies aof thia ape
fercury in ewordfish and tunas, and PCBs apd arganochlorine insecticids pesidues in
gome Fish, Thia typs of contaminetion is not derived from a single incident but can
affect fish stocks on a long-term basiz and cver 2 wide arms, However, it is
tnoreasingly suggesmted thet khe trace metals in ocesnic situations aften srise from
naturel contamination rather than pollution, snd thak the affsct of such naturaj
contamingaktlon on coneumars may be negligible; howsver, neithar of theas arguments
#ill apply ta organochlorines.

Sub-l1athgl =ffects

Apart from direct mortality, there ia the Fear that contaminants in the ses sy
pToduce mib-lathal effacts which would have an  impact on commercial opegies.
Experimental studies have shown thak Fish egge and larves exposad to certain metals
dn not develop normally and, if thay survive, may produce  adeltz with askeletal
anomalies that must raduce the sucvival tate of the afFectaa individuzla. Field
obesrvations in polluted armaa of the New York Bight suggeat that developing stages
of fish may be damaged, resulting in abnocmal emhryss. Finally, tha relationship
betwean diminished envirormenizl quality amd various forma of dissage in Fish and
shellfish is of {increasing eoncern, and a pesitive correlation has baan suggested
far at lesst somm dize=ases. However, most af such affects ara likely to rconcern
individual grganiams or, at mosk, limited portions of a stock, =0 that a aignificant
thrast to a whola fishery is ynlikely. Neysrtheless, the disappesranca of Fisherias

- From contaminated estuaries, witich has alraady been referred Ea, cannot be ignored,

ard the possible risk of ganeral sub-lethal affects taguires Further investigstion.
Snpzculture

The inereaging growth of marine squaculturs theoughout the world demands that
any asaesemant of pollution effacts on fisheries should include 3 coneiderstian of
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this mapect. The externwive development of sea enclomures of varioua kinds makes
marine fish Farms highly vulnerabla to pallution from many of the sources zlready
discussed. Thua, an oil =spill can result in direct mortalitiea or cen taint the
stock and impmir fecilitims, while sawags discharges may produce s public health
rigk. Egually dangarcus may be the devalopment of plankton blooms whish can  damage
the mtock by oxygen reduction or by direct toxicity. Aguaculturs itsalf may also
give rise to nutrient celeases if not properly managed. It should be noted that
aguaculture mey beneflt from the resulis of other human ueas of the envirorment such
as heatsd affluents and artificial reefs.

¥.3 Exploitation of non-living reacutces and other vaes of the sea

Mirarals

Offehore oil and gae production secounts for about IBIJ per cent af the velus of
wineral reeources recovered from the ses bed. In 1973, about 18 apd 10 per cent of
the world petroleum and total gas production, respectively, wers derived from the
ges. By 1977 offshore petroleum production reached about 20 psr cent of the botal.
Expioration iz moving farthar offshore and investmentz are increasing. It can be
sxpecited khat offeshore  productisn will eontimue 2 ingrasss congidsrably and will
expand to new arsaz of the world ocesns. '

Am an sxample of tha rapid develapment that ean oeecur, ssplocstory deilling for
oil aterted in Secottisn waters 1n 1987, and increesed drameticalily in 1570
Production began in 1975 with proven reserves of oyer 1,000 million tonnes, and wes
afound 100 millian tormes per yeer in 1980.

Mireral resources in supscficial deppsits {i.es., unconsolidated eedimerts on
the sea floor} imclude asnd and gravel, tin, hesvy mineral sands, metallilferous
deep=8aa muds, iron sends, diamondm, phosphoriks nodulea and mangansse  nadules.
Currant axploltation im limited mainly to deptha of 30 to 50 m, and the materizl ia
recuvered by dredging (GESAMP 1377b). Sand and gravel exploitation ls particularly
impartant and demende for offzhorse soucces arm increasing in certain ereas {e.g.,
the Morth Sea; in Japan, and in the United States). Certain metals are being mired,
tim in Easbt Asian areas being an  impartant oxample. Technigques For recovering
deep-zea menganese nodules and metalliferous deep-eea muds on an industriel besia
have been developed. .

Effects of sand and gravel sxtraction are largely eonfined o the axploited

mites and include =lteration of bottom Ctopography, wave conditions, weter

eirculation and sediment trenmeport, and incressed turhidity. Cogztel proteciion
muat be considerad since, otherwise, besach changes and efFects on cosstal stiructures
can ba sarious.

Miraralsa are alap axkracksd from sea-water, the main ikems being aalt,
magqresiim ard bremime. Desalination plants are important for the water supply in
many arMas. '

Energy

In recent yeara there has been considsrable intsreat ip obteining enapgy From
uoesn  wWeves, currents, tides, and temperature and salinity gradients. Haowever, the
only major breskthrough has been in the field af tidal energy. Potential
congequances of davalopmesnt of large tidal power plants for the local coastel
snvirorment have been investigated, and ocean  thermal ensrgy conversion (OTEC)
plonts are being studiad in resssrch programmes and  in experimental plants.
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Howevar, it i prematurs to give an assesament of implications for the marine
snyiroment of a large-scale deployment of such plants. A GESAMP Working Group ia
currently atudylng this problem.

GESAMP (1977b) pressnted a review of potential causes of pollution arising from
mxplaration and exploitation of the sea bed. The preserwe of offshore structures,
auch sw platforma, wellheada, and pipelinas, will restrict Fishing sctivities in the
yviginity of the aits and may also lead to locsl redistribution of fish rescurces.
Fisharmen alaim that their operations ars significantly affectad by various items af
debria discarded on the ses bed, UOisposal of formetion cuttings and lasses of
drilling muds may affect flgh feeding in the arsa by giving rize to tainting, but
thare is no documentary evidence of this. Dumped drilling nuda and cuttinge wffect
merine organisms by altering tha sediments, blankating the bottom fauna, and
introducing toxic mmtarisls. Effects that have so Far been demonstrated are highly
localized, and thair time-scale in American watees is 10 to 20D years.

Other usas of tha marina snvironment

Transportation and essociated operations are major umes aof ths ocean, thae
reverue being conaiderably larger than khat of tha fishing indusiry and comparabla
to that of the offshore il induatry, of about $40 billion in 1975. In the pericd
1955-1%15 tha maprchent flest of the world nearly douwbled in tonnage, oll tanksr=
comprising @ large part of the fleet (about 40 per cent in 1975). Thars im
contamination oF the ssa by shipping. Much of the sometimea large wvolumes of besch
litter, For sxampla, i® derived from thiz asource, and profiles of chemical
maasurensnics acrosa shipping routas indicate higher levels of some #etals in the
traffic lares. It is calculated that a lerge vessel may contribute ore ton of
copper ta tha =ea sach year from the antifouling peint., Oil contamination from
ships an pammags has already been discugsed. Ships mey also trapafer bioclogicsl
apacisa whigh jn thair new snvironment mey poge a threst to the indigenous speciss.

In reeognizing problems related ko the polluktion of certain s=a  arsas by
digchargas af bellaat watera and tank waehinge from chemical tanksrs, detailed
requiremants For tha control of these discharges heve bheen developed. For this
purposa the evaluation af the anvironmentsl hazards of bermful substancea carried by
shipa hea been a task of BESAMP since 1972, Due to the increasing number of
chamicals transported at sea, GESAMF =agreed to underteke the angoing task of
avaluating tha envirprmental hazards of additional substances carried by shipa, amd
a comprehenaive report contsining hezard prafiles of more than onme  thousand
substances is being prepared. Discharge of sewage and disposal of garbage Feom
shipa are atrictly contraiiad.

Port developmants have bean npecesasary for receiving large special carriers, and
thars haye bean two trenda. To avaid traffie cgongestion at established parts,
offghore terminals and artificial islanda hawve bGesn  developed to Tecaiva, For
axample, vary large cruge carrier tankerz. Few astablishsd ports can recaive thass
largs tankars. Spacialirzmd porta have also been develnpad as part of transportabion
networks, and uasd, for example, to re-distribute eargo to smaller unita. It is
evident that the increassd transportation hes required such development, but it is
also evident that this places considerzble etrainm on the local enviromnment. Careful
planning in the conetructicn phase, including site evalusiion, is necessary, and the
condltiona of *the marine enviromment in the region must be assesssd and kaken into
account, a2 alap must the effects of port dredging for navigetional and gther
purposes. The poselbility of changes in the coaatal erosion pettecn a= a
conasquence of ooastal eontructions must be conaidersd. It mey he expectsd that the
construction of artificial dislande will increase, not only as port facilities but
also for proosssing plants; e.g9., in manganese-nodule mining. Relisbla examples of

i
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impacks of such structures on the enviremment cannot as yet be given. Developmant
of harbours however implias several sources of pollution, frem land, from ships and
in dredging operstiona. Racent studies of trace metal contamination in the mussel,
Mytilus edulis, suggest that & numher of trace elements (e£.§., coppsr) ere
introduced  tp  the rcoastal zone a8 a  result of ship activities and that
harbour-ralated activities can be an lmportant soursa of tontamination, toeparable
to wastewster discharges. '

Canling water

Industrial developmants along the coaat include pover plants, gss and chemical
planta, rafineries and pulp mills, all of which use gsea-water for cooling purposes.
Although 311 these ean contaminate heavily on & locul basis, it is clear that they
will continue to be developsd at the coast. Caraful planning, managemert and
contrnl are therafore nesded, imcluding appropriate affluent treatment for liguid
Bnd gazsous emisgions. Partieular attention should be peid ts ron-degradable
chemicels that may accumulate in sediments end tiota,

Effects af cooling waters from power plants hava been demongtratsd Jocselly and
include  increesed toxicity of ehlarine and chioramine due to the elavated
temparature, the effect af the heat itself and the potential effect of closing down
Lhe heat supply. In the tropics the temperaturs effect alone may be important.
Also the intske has heen shown to have damsging effect® on fish lervas and
zooplankton.  Thua there ars zoveral factors which ean glve rize o ioeal
disturbances by epaling water systems far power plants, but it is still considersd
to be a local proeblam. A& significant effack may be thet pollution, inciuding heet,
can prevent migrating species such as salman reaching their spawning grounds.

Recreation

Recraation is another major uae of the marine snvironmsnt and nany conflicts
can arisa betwean this and industrial uaes,

Soveral examplez of coastsl ares davelopment including their potential impmets
on  the cozatal zone are discussad by GESAMP  (1980a}. In that report bagic
progranmes for ohtalning part of the information required for pfoper planning aras
2lso given, as well az ¢ strategy far sfgesaing the environmentzl effacts of cosstgl
aree deyelopmant.

Mante

Fimally, it is recognized that men has for long used the seg for dispo=al of
mmeh  of his wgates, and indeed a wajor pert of this report deels with an asssssment
of Lhe impact of that usage. The ovcean has & substantial (but not infinits)
capacity to dilute, dicperse and degrade wasts material, but it is clear that an
aceurate record af input iz pequired and that reqular ayrveillsncs of snviranmentsl
lavels of contemination is necassery. Given these conditions, and that Ehey can b
coupled with experimental and field information iinking doses ant residuss with
recpansza of organisms, it should be possibls to construct an scoupate pictups af
the lwpact and to resch a decision aa to whether the disposal iz accepkable.  Sinee
we are dealing in thiz context with point sourpes of input, the criteria for

acceptability of affects will wary gqreatly from case to case, They will be rmlated’

to local envirorwental emnditians, to other uses of the ‘area, and to its resources.
Poeaible interaction batwean ratural variehility in Eime of the consumption and  the
feequency of dispossl should also be taken into sccount. Taking inta considaration
the outline above, the use of tha sea for waste dispasal should be geesptabcle,
Pprovided that auch Introductions are carefully regulated and controllsd end take
intn acewunt the concepts autliped in chapter ¥il.
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¥.4 Diacuasion

From this brief raview it can be concluded that man's uss of the merine
aenvironment <ocould both threstsn snd be threatensd by deteriorstion of the haalkh af
the oceana. Whila thera gre sxtreme opinions at bath ands of the spectrum on  how
this should be assessed, the current consensuz  ia that centamination can kill
lndividual organisms amd adversely affect athers at the sublathal level, but so far
whala fish atocks du not seem to be significantly affected. However, impact ma}r be
especially adverss on perta of & atock or on particular geographical sreas. & ma jor
part of the sea’s llving resourcea dependa directly or indirectly on comatal ZOONEG,
B0 thet diminished weter quality, destrucklon of habitats end interfersnca with
food-cheins cen imply serloua threats to thess resocurces which, if integrated over a
lirge nurbar of aites, could become eignificant on @ global semle.  Paint saurce
inputa ta the a=a, from dischargea or dumping, can be controlled, and an increasing
numbar of national and international regulatory bodiea are now in opsration with tha
wim of protscting the marine environment and enasuring coexisterce of its wvarisd
Uuges. 0On the ather hand, =atmospheric inputs and substances in land and river
run-aff are lergely unattzibutable to a specific source, and since they ars a metter
of mors than juat marine concern, their control requires a more widespread depand
for good environmental practicm. Finally, slthough netural inputs of cantaminants
cannat be controlled, thay can be documentad and their effecta datarrl.mad, 30 that a
realistic asseaosmemt aoff the problems may ba made,



- A% -

CHAPTER ¥I
SPECIFIC PROBLEMS OF REGIONAL SIGNIFICANCE

¥1.1 Introduction

Regional studiea which gre necegaary for the management of inshare waters can
wantribute information on the state of the health af the acemns. The importancs of
co-grdinating such =tudies to provide raliabla data on pollution in theae apsas muat
ba emphesized. Co-ordineted programmes snsure bthet seasentis] region-wide data are
acquired to saepess marine pollution and  that participating leboratories will
intercalibrate their analytical and mampling pracedures sa that data from diffsrent
parts of a region are comparabis.

Although studies are complsted, under way or plemned in many tegiona of the
world, the Group did not congidar it sibher practicabla or necammary to examine aach
of thess regions. Instead, a selection wis mads using thres ecritecia: (1) Some
marine pollucion studies, which eould serve as modela For use in an aassgsmant ,
shoyld have been conducted; (2} the selected reglons should copreaent a wide
spectrun of natural conditiona; and (3} tsken together the celected regiona shauld
provide a wide geographical coverage.

soms of the selectad sress have besn much more intensively studied than
nthers, one explapation being the available machaniams far co-scdination as
mxarcised by such bpdies as the Intermationgl Council for the Exploration of the Ses
(ICE5), by the Reglonal Seas Programae Activity Centre {RS/PAC} of the United
Nations Ervironment Programwe (UMEF), amd by the Intergovernmental Oceanographic
Commizaion (IOC) of the United Mstione Educatignal, Scientific and Cultural
Orgenization (UNESCD}.  The quality of duta varias from cegion to region aecarding
to the analytical sxpsrtise available and to the deqrms of intercalibretion of
amalyses by participating leboratorisas. For this reason, it is not possible gt
pregsent bo treat the oceans uniformiy in the preamntatfon of data on diptributions
of coptaminants and their effects on tha marine envirorment.

Ik should be noted that there ara sgme excellent sources of data from certain
international eecientifie  investigations providing & relisble refspsnce on
concentratigns of particular eontaminants in ecmanie sreas. No separate open-ocean
region ham, however, been specifically dealt with here.

V1.2 Methodology in regional studies

.

Marine pallutlen studies conductsd in the Morth Atlantic and tom North  and
Baltic Gems have heen co-ardinated by the Interraticnal Council for the Exploration
af the See (ICES i977h; 1577c). 3Zaseline studies were conductsd and  invalved all
the countries bdordering these marginel seas. Guidelines derivad from thesa studias
and epplicable to other areas were nutlined in the Comprehsnaive Plan for the Global
Investigation af Pollution in the Marine Envirorment {GIFME)} (I0C 1574).
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Intercalibration of eanalytical technigues i3 & wiksl component of such
reqional exarciges go that the results of participating laberatories can te comparad
wikth confidence. It is, for example, only wery cecently and after several
interealibration exercises that date from the majority of ICES=participeting
laboratories 1 resching an  acceptable atanderd. Even now iImprovemsnts are
nacesssty for certain contaminants. [t ia also a fact that at low  concentrations
mary laboratories atill sxpsrisnce difficultiss in echieving a desirable level of
competence . :

Bzgsed on experience gained it is apparant that to obtain data of sdaquats
quelity on contaminent concentrations in  the marine snvironment is an axpenaive
spergtion calling for highly trelned personnel and in some casae  sxpensive
equipment. It i essential therefore, that before thess resources are daployed on g
programme of sampling and measurement, the objectives of the programme be clascly
dafired, alnce the econtimusus collection of data without a elear defipikion of
purpags ig unlikely to bes & useful exercise. Expariencs in the Nerth Atlantic and
alsswhers hes shown it is recessary to design sampling etrategien diffarantly to
sngire that objectives such as trend sasessment, eompliance with . health standards
and pollution rcontTols, or the tllustration of geographical distributiens, sre met
with the minimum of effort and the maximum degree of cartainty.

For the evaluation of the maas balance of contaminants in any atea, it is
impartant to have relisble estipates of their input from various socurces through
different routes. . )

A review of the regional contributions on merine pollution sohowa that thape
are few areas whers a concentrated effort has bezen made to follow sll the essantial
procedures for conducting high-quelity bassline stodiss. Even in the davaloped
countries whare the analytical capability is svailahle, the co-ordinating mechandism
to harmonize differsnt cozatal atudies to provide a broad pleture of conditions  in
tha region ims present only for aome areas, such am those covered by ICES, UNEP's
Co-ordinated Mediterransan Pollution Monitoring and Research Prugramme (MEDPOL) and
the coastal areas of the United 5tates. For soma regions this iz perhaspa cna of tha
major deficisncesa; £he other deficiemcy i= the lack of detsilep infermatian an
transfer procesase for contaminants aa they leave the source and move through
different media ang acrosa different interfaces, as discussed in chapter I1I.

¥i.3? Selected geographipal areas

Thia section contains & brief résumé of some marine ragions Ehef have been
considered by the Group., The reader is referred to the original eontclibutions on
sach region which are published in the Technical Supplement {IGC, in prep.). Ik
ghould be poted that particular attention is not paid to the different types aof
ecosystem present in these aresas. However, it ashould be recognized that all
gcogygtems are more or lssx  sansitive o pallution sktress. For example, an
weozyatem which is streased by low aalinity as in the Baltic Sea or by high
tempareture as in the tropics may be more sensitiva ko the effects of pollution.

The Baltic Sma

. Tha Baliic is a gemi-encloeed body of brackish water surrounded by edgit
moderaiely densaly populated States of rorth-eastern Eupopa. IE i3 separsted from
the Morth Sea by sills 7-8 m deep in the Oresund between Sweden and Denmsrk and
17-18 m desp in the Belt Sea at Darsser.
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Typically an area whara run-off and pragipitatiun together sxecead evaporation,
the anmual river inflow emousts to 440-4B0 km” or about 2 par cent of the volume of
the Baltic Sea. The precipitation bslances tha svaporation on an ennuel basdis.
The mxchanges teiwezn tha Baltic and the opan ggcsan ia driven by river run-off and
weteorological conditions, with a sanward surface outflow through the Oresund and
the Belt Ses, and a subsurfacs inflow over the silla. The averegs resldence time for
the water in the Baltic has besn estimaked at abouk 35 years. ) '

Thece have bezen long-term oceanographic changes in tha Baltie that, coupled
with inguta by man, have led to &n oxygen decresse in ths bottom water since 1900.
The ares of bottom watar containing measurehle amourts 5F hydrogen aulphidi ia
satimated fto have incresaed Ffrom zera in 1929 to 26 » 107 in 1959 and B4 x 107 km
in 1275, the latier value being the maximsum se far. Quring 1969, the hydrogen
sulphide zone exitsnded inta the GulF of Finland. Althaugh hydrogan sulphide was
obmarved only in tha aastern Gotland basin in 1975, the situation does not appaar ta
by improving significantly. -

Tha total input af arganic mnbzar, axcluding primary angd benthic production,
hea begn autimated at about 5 x 10 tornes of carhon per year, which comparss with
Z6 % 10° t from primery production. Only ebout 10 par cent of the organic matter
can be oxidized by the oxygen that is treneferrad to the Baltic deeg water.

Ouring sercbic conditiens, the Baltic scts s a nutzlent trep, inesmuch o=
both phoephate and nikrate are teken up by crganiams and deposited in ths sedimentas,
During rsducing conditiaong, the inorganic phoapharus 1s relwesed from the ssdiments
and addged to the bottom water. Yertical wixing can tranefer the phosphate to tha
suphatic zons, whare 1f will heip ko inm:-aaan primacy peoducticr. The avarage
primary productivity la about 100 g varbon per m™ par ysar, Obzervetiaons for the
paciod 1961 to 1274 suggest that primary productivity la incremsing.

Fish catch in the Baltic has bésn increasing aince the 1330s owing primarfly
ta increasad fishing offozt and impraved techniques. In 1979 the tatal fish harvest
was 800,000 €, meinly of herring, aprat and cod. Fish are affected by reduced
oxygen lsvals, and cod generally avaid arsss whara concentrations ars leas khan 2 ml
per litre. Eml, salmon, flounder, sprat and plaices are alao imporkant PRaltic
dpaciss which may be affected by pollutants or unfavourable changes in water
characterlatics. :

Pollution problams fn the Baltic stem from sewage discherges from 17.% millian .

people living around its pacimatst and from assorted industrisl wastes, auch ss pulp
and paper effluosnt=. Anptial 1nput  From  domestic ang industrial sourcea of
phosphorua 1s about 7,500 kE, and of nitrogen, 5 x 10 t. Abouwt 18,000 t af
phoaphorus and 50,000 £ of nikrogan enter via rivers, annually. The snnusl input of
-argagic material, glven an aguivalent biological oxygen demand, i3 estimatad as 1.4
=% 10 . :

Dats an inputs to the Baltic indicate an annual mercury input of 30 £, with 2&
t coming from domestic and industrial discharges and & b Feom rivers. Much of the
mercury appesrs Lo be deposited in the sediments, leaving ralatively low
concentrations in the water [about 8 ng per 1litre;. Most of the leed anters via the
itmaphare {abawt 7,400 t, annually} and La largely removed from bhe waker column by
sedimentation. Annual atmospheric dapoajition of other metals was also eatimated to
bes moderately high: =zine, 4,000 t) copper, 1,800 t; cadwium, 80 £; and marcury, 35
t. The kotal ma&al ceatent of tha Baltic hes been sstimated as: copper, 27 0« IO
Ly zine, &2 x 107 t3 and lead, 14 x 107 t. The metal corcent of Fish ls illusiratad
by the following values, glven in ug par kg wet weight:
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Meroury Cadmium Copper Line

Cod 206-680 2-50 0.03-2.4 I.2-9.2
Herring 40- 9] - b.5%1.2 3ub=32.0

There have been saveral significant oil spilles in the Baltic GSeas, in =owe
cases giving rise to considerable ruissnce on beaches and In  archipalagoa.
Long-term affscts on benthos heve been idemtified in localized aresa, for example,
after the TSESIS oil ®pill (Kineman et al. 1%80),

Examples of orgarochlorine concentrations In mg per kg wat welght are:

0T and FCBa

maetabolitas
Cad 1- Z30 a.00% = g.22
Harring 28 - 35 n.02 - 2.0

Reproductive failure in Baltic sesls has hean associated with tha pressnce of
DOT and FCEs in thess mammals. There haa aslso been & significant nagetive
eorralation between reproductive succeas of the white-tsiled smgis and the lavals of
DOT and PCB in their eggs. D07 and PCB lavels in Baltic herring and salmon have bsen
shiown to De an order of magnitude higher than lawvels in ailmilar apecies: from the
North Sea.

However, there have baen declines in DOT, PCEs and wercury in hiota of the
Baltic during the last few years, following rastricticre on the use and peleaae af
thess substances. Lead levels in sediments have sxhibifed a dramstic incTesse ducing
ths laot century and show no signe of diminishing.

Recently,; an ewbensive po-operotive assessment of the efFfeets of pulluilz.j.un in
the Baltic ZSes has been carried out by the Helainki Commission and ICES (Melvassln
et al. 1941).

In conclusion, large variations in the conditions, including long-term changes
of nutrient snd oxygen concentrationa, have oceurred in Eke Baltic Sea during Ehe
presernt  ecentury. Theaa =hanges are partly nmetupsl, gartly dus ko human
interferences, and partly due to a sambipation of matural and human influences {eee,
for example, Melvasalo et ml. 1981). The importanca of coneidering Fluxes in
relation to environmental wvarlability and defericration, as discussed in chgpters II
and II1I, ig well demonstrated in the czse of Ehe daltic Ses. Varying rciver cun-ofF,
incrmasing input  of organic meterial and nutrients froe land, incressing inputs af
submtancas frem the stwosphore; releasss of phosphorus from the bottom  induced by
chamical changas in  the bottosm waters, and changes in the fluxes between the opan
ocaan and fhe Baltic have all contributed to the changing conditions.  Adequate
protection and marsgement of the Beltic Sea s3 5 metural resourece requires a good
understanding of the inktersctions end the verlebility of the Fluxes B3 well az of
the relationship between the varistions and changing environmenial conditions. The
Baltic case al=0 demonstrates the great importance of long-term =eries of
observations and ingeed the necessity of having data from such studies to sxplain
environmental changes. '
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The Marth Ses

The North Soa sgsentially occupiea the conkinental shalF af north-western
. Europe betwmsn the Scarwdinavian countriss armd the Unifeq Kingdom and is bordered by
sight highly populsted ang industrialized eounkriea. The ares haa  rich biological
resources, with annual productien of 3 to 4 million tornes, and valuable minaral
resourcesd, inciuding send and gravel, potash, cesl, oil and gas. Thw North Sea  is
cheracterized by a high salinity of about 35°/,,, ralatively cool water, gaad
axposure to the open Atlentic through a wide, moderatsly deep {l0G-700 m) channal, a
suhstantial tidal ranga, which providea strong tidal currsnts and vigorous nesrshore
vertical mixing, and frequent etrong winde which aid Further in mixisg tha water.
The volume of ifcoming aes-water from the north may be as high as 45,000 km™ par
yagr, while the English Channal - Strait of Dover inflow is probebly lesa than32,ﬂﬂﬂ
km” per ysar. Frestwater inpubt from continental riyers iz estimstsd at 120 km par
yaar, and from the United Kingdom rivers at 5 km™ per ymar. Surface temperatures
reach 14%-16%C guring oummer. A thermocline at 5°+79C geparatss the bottom water
from the upper laysr in sresa having a depth greater than 40 .

2 Primary production offahors in khe Morth Sea is sstimeted at LOO g carbon  per
™ per yesr. In the Socuthern Bight, between the south-egat of the Unitad Kingdom
and tha Low Counkriss, the impact of man iz most avident in sahmenced nutrient levels
{#.9.; 2 ug-at phosphate per litre) off the Outch coast, compared with 2 winter
offahora maximum of 0.3 ug-at per litrs. The total supply of phasphorus to the
Jouthern Bight From all rivera hae beesn estimated st 70,000 t per yesr, compared tao
40,000 t per ysar entering with Atlantic water through the Strait of Dover.

Pollutlon in the Morth Sea can arise from thres main sources - induatrializad,
highly-populated coastal arsas; oil industry activitiss ranging from ~drilling rigs
and pipelines offshorm to terminals and rafineries anshore; and river loputs. Other
-significant sourcea of contaminants are from dumping of eewage sludge, dredge spnils
and induatrial wastes, end, for cartain contaminants, input from the atmoaphara. .

The annual input of organic matter, sxpresasd aa blological oxygen demend,
intm the Morth Ses haz been estimatsd st 5,000 t, being concantrTated in coastal
watars ond unevenly distributed accarding to the locatlion af outfalls and volumsa of
effluant diacharged. It is also roughly estimated that the following amounta’ of
other materislz are relessed with Ehe municipal ﬂaatewaEBrE annually: nrganis
pesticides, 1 t; FCEm, T k; zine, 2.5 x 10 &; copper, 4 x 107 t; mangansee, 4 x 10
ti and mercury, Z2 t. Over 5 million t of sewsges sludge are disposed of annually
intn the North 5ea, most of which comes From London and is dumped outside tha Thames
estyary, Atmospharic input of metals into the North Sea has been sgtimated From
rain-out mecsurements aa (in tonnes per ysar}: copper, &; lead, 11} irom, 1100; and
manganesa, 130. Exemples of concentrations of =ome metals in sea-water and
orgeniamz in Khe Morth Ses are sa follows:

Cadmium Lesd Copper
Sea-water ug/l 2.8-6.0 - 0.004-0,00&
Caod ug/leg wat wk.  20-53 0.1-0.3 1.1-2.4
Herring ug/kg wat wt. - 0.2-5.1 2.6-3.5

The gyerall annual input of oil to tha Morth Sea has hbesn  estimated at 1.4
million t per year, of which &l per cent comes from uress run—off and other
freshwater inputs, and 22 per cent comes from shipping end terminel operations. The
range of petralsum hydrocarbons in the Yclean™ watar offalore in the Naorth Sea  was
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reported to ba 0.5-Z.5 ug per litre. Surfsce waters around drilling rigs were Foumnd
to have concentratione of up te 18 ug per litre, and in the Thames satuary,
concentretions rangsd up to 7.1 ug par litre. Sediments in "clean™ offshore ereas
had nydrocarbon concentrations af 1-4% ug per gram dey weight, but near =oma
eilfields they ranged up to 12 ug par gram, and in eatuariea where there are regular
dizchargea of olly wastes, concentrationg as high a8 1 mg per gram dry weight have
peen measured. Concentrations of n-alkanea in Fish muscle from the North Sea ranged
from 0.1 to 1.7 ug per gram anrd in invertebrates D.1-l& ug per gram wet -welght of
Fleah. HMixed plankton gave values higher than in fish by an ordar of magnitude in
opan-gea sawples and by a fector of 25 to 50 in coastal weters.

Under normal operating conditions of nuclear power stations and  fusl
reproceasing plante, diecharges are not  eaxpectsd to  incresse Tadionuclide
concentrations in the Morth Sea  significantly above background levels.  Pressnt
tracea of radionuelides in the arse come From the outeide, wmainly from Windecale and
Dounreay, affecting the northacn Morth Sea, and froum Cap de la Hague, affecting the
gouthern Horth Sea. :

Daapite thase various inputs, zome of which are of ronsiderable magnitude, the
extent of pollution in the Morth Ses is not large. It can be concludsd thet adverse
effects are confined mainly tn coastal arsas with "hot spats", ouch aa dumping
grounda and polluted estuaries. There is evidence of alevatag lavale of metals in
Fisb and shellfish on or near certain dumping gqrounds in the Morth  5es, but
generally the levals faund arm nat much highar than in mast specimena from the
coagtal zone. Studies on the distribution of sbnormal fish gre begloning to suggest
an agsaciation with aress of lowered environmental guality. Inveetigstiona of the
dab, Limanda limanda, for exemple, caught in the arss ganerally subject to titanium

"digxide dumping in the German Bight, have suggested that wepidermel papilloms and

related lesion= may be higher in-the dumping zome. There hes been no detectable
effect on mecine fiah populations due to pollution, even in those aress of the North
5ea whiph are subjset to the highest inmputa of contemlnenta. However, shellfish
stocks in =ome estuesries have probably been affected. Additionally, seals end
porpoizes living in some parte of tha Waddenass have high concentrations aof PCBe and
marcury in thair eiesuss, and papulatlons of these mammals have been deeliring
continocusly in recant years. '

Ag inm tha Baltic Sea, ICES has co-ordinated meny of the pollution studies
conducted in the Marth Ees snd in the Moeth Atlantic. Monitoring and more basic
aeientific studies are being continued and the resuits are reported in the [CES
Ca-operative Research Report Series.

The Mediterranean Sea

The Meditercanazn Sea  (including the Black Ses3) has an area of 3 X lEl6 kmz5

wnijrh iz 0.8 per cent af the total ares of the oceans, and 3 voluma af 4.25% % 10
km™. Lt hee a mean deplh af 1,430 m. The coantinental shelf is generslly narTow
gxeept in the Adriatic Sea, the northern cosst of the Black %ea, the eastern Spanish
cosst, the Golfe du Lion and petwaan Corsica and Tuseany. Yirctually enclosed, bhe
Mediterranean's aonly connection with the Atlantic is through the Strait of
Gibraitar, a comgtricted opening 50 an in width and 300 m in depth.

The Mediterraneazn receives drainage from a number .of rivers [in Eurcpe and
Africa. There is a net i.nflgw 31’r|:|rl the Blgukjﬁea af & x 107 m” per second and
precipitation variaes from 13 x 10" m” to 33 x 107 m” per secand, but - on an annual
basis, evaporation excepds precgipitation and run-off, and thers iz an 'Eiinf}nw of
syurface Atlantic wakter through the Strait of Gibrajtar of 40 ang 75 x 210" m™  per
SECond.
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The surfaca aslinity of Lhe Megiterramman is high, and in the opgen  ses it
incregeea from west to east, wikth summer salinities ranglng from sbout 38.% to
39.1%/,,- The surface eirculatrion exhibits a net esstward flaw along the African
coest and a net - westward Flow along tha Luropean cogat, wikth a saries of
counter-clockwise eddies in tha Aegamn, Adriatic and Tyrrhanian Sess,

Becausa of its narcow continental shelf and greak  mesn  depth,  the
Msditerranean 1z genarally nutrient poor and primacy production and the fisheries
yield are low. 1In 1979, the kotal fiah catch wes 1.3 million ty which was 1.8 par
cent of the world catch. The apecies btoken in graatest abundance ares sardines and
amchoviee, and most of this cabteh comes from the Black Ses.

The matal that has been the subjact of greatsst concern is Nercury, which haa
axhilbited high concentrations in several cwmercielly impoctant speciea, ineluding
the bluafin tuna (up to 4 ppm}, atriped wullet {up ta & ppm} and the Norway lobster
caught far away from anthropoganic mercury sources. Thass high mercury levala lip
fisheriss products axcesd the limita lsgel in weny Mediterranean couwntries, and
anforcemant of thase Limlts would lsad to the confiacation of a large part aof Ehe
catch. Elevated mercury levels have been found in the blood and heir of critical
groups such a8 {ishsrmen, Fiah vendacs and thair families, and although no adverse
health effects hava bsen absarved, the potential risk of these high lavels has still
to be asaegsed. High aresnic lavels have =iso besn reported. Most of these high
meroury and arsenic concentrations ars considered b0 be darived from natural
HOUTCRE,

Eutrophication has been obsarved in many parts of the ¥adlterranesn but it is
genarally a very local problsm mainly geused by impropsr sevage dicposal. The
continenksl sheif of the Meditarransan is for the most part YETY narrow and thus
disparaign into desper watars is relatively eamay. However, in & Few Ereas thm
sutzophication is of reglonzl importance. Prebably the largest area affected is khe
ghallow northern Adriatic which receives large amounts  of organic wWaates and
nutrients directly through the sewsge outfalls of coastal cities and tndirectly
through the Po river. The anticlockwise circulation moves these westas along the
Emilis-Romagna coast where algal blgoms are frequant and oocasionally martality of
benthic organisms has sssn observed. [t has besn sstimated that the phosphate level
in the wastes has te be reduced by 80 per eenk to prevent these biooms.

Sewage ailag contains a full spectrum of snteric micco-organismd  excreted by
the population in which many cases of clinicel and subclinical enterie disemsea
often exiat. While the commonly used indicator organiewa (faecal coliforms) sre
sxcreted in fairly constant amounts the incidence of pathogens dapends on the nwiber
of clinical and subelinical cases. (Owing to its climste and socio-scanomic
conditions thae Mediterrarsan has =z higher incigenge of bactarial, wviral and
parasitic enteric cases than, for exampla, northern Eurape. For inskance, typnoid
is about 10D times more freguent in the Mediterraresn tham in northern Eurgpe.  The
higher frequency of pathogera in sawage-contaminctsd weters and the longer immersion
of swimmers in the warm watar will caorsiderably incresase the cisk of infectionm. &
greater risk possibly results fram the corsunpticn of mussals. The cholera outbreak
in Italy wes most probably camused by infection from these organiams which are
thought to kave baan contanirated through sewage discharge or releases from shipa
into illegal musssl bads,

Dil kransported through the Mediterransan accounts far 13 per cent of all oil
traneported gqlebally. About 1 million t of various oils are discharged annually
into the Meditmrramean. Racent enaiyzes of dats o surface oil globally "show Eha
Mediterranesn to be among the more contaminatad arsaa.

-
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Weat Africe

The ares conaidered here extends from the coest of Western Smhara in the north
to Mamibiz in the south. The continental shelf in this ragion s generaily narcow
and a rnumber of submarine rivar eanyong, such as that of the Congo, incise the outer
pontinental ehelf and slope. There ere ten major rivera and rumerous streomm
draining into these waters, but only a few, [&.9., the Miger) snter the sesa through
a highly developed delta s=ystem. The shoreline includes mahy stretches of sandy
beschew some of which bordar mangrove awemnps.

The Gulf of Guinea ix affected by the three equatorial currsnt systems: tha
westward-floWing MNerth Equetarial Current coming out of the Canery Current, the
eastward-flowing Equetoriel Countercurrent and the South Equatorial Current smarging
from the Benguela Current flewing from the south. #4a a result of the winds and
pcean cuirent systems, there ars areas of ceesonal and of parmanent upwelling, whers
nitrients brought into the surfece leyer comtributs £o high productivity. The two
major upwelling areac ara in the Benguela Current system aoff £he cogat of MNamibia
ard the Canary Current ares off the coest af Western Sahara.

Among the commercially impartant fish in the northern upwelling zone ere  such
pelagic specias as sapdines and trumpet fish, sardinellas, horee meckerel and scads,
as well as demeraal apaciss aych as sea breams and hake. Crustaceans, octopus end
gguid are alsu abundant and intsnaively flahed., The area of the Gulf of Guines
between 10°N latituds and the Congs River is less productive, except in areas of
geasanal Jpwelling. Felagic fish regources include =srdinellas, bonga, haree
mackerel and scads, but their potential i3 less than in the northern erea. Demersal
apecies have a potential of 300,000 ¢ ennuelly., Surface schools af yamllowfin tuna
amd skipjack accur pelatively close to  the coast. The pressant annual cakeh
egtimated by FAO's Fishery Committes for Esstern Central Atlantic Fishariss [CECAFY
iz 3.5 millian t.

The most important mineral resources af the region are oil and gas which Gare
exploited in Gebaon, Congo, Zairm, Angnla, Cameroon, the Ivory Cosst ard Migerie, the
latter being the ares's largeet producar (& per cent of world production in
1970-74).

Marine pollution in the region arises from petroleum transport, industrial
wastee, domeetic sewage and agricultural wastes. Some oil pollution arises from

loeal exploration, ewploitation, refining and poutise handling of petroleum at

parte. But most of the contamination by petroleum originates from heavy maritimae
trangport of crude oil through the region, as a3 resylt of the discharge of ballast
water from tankers, accidental espills and tenk weshinga. Tar balls on beaches
reached & maximum. accumelaticon in 1973-74%, with a subssguent decresee 1n 1975
folloewing bthe reopening of the Suez Canal and the re-routing of tankers.

- Indugtrial wastes are diacharged into %the zea, without treatment, from
aggaorted manufacturing operations for such producta as sugar, soap, baveragas,
textiles and wood pulp, and from esxtractive industries, such sa those For  aluminium
gand iron. [Domestic sewage and household refuse ars freguently dumped into the =es,
on beachea, and into coastal lagoong. They create amenity problems  that interfere
with recreation and tourism. The extent to which they poss blological and health
problems iz not known. .

Agricuiture i= an important esconomic base for all pouniries in the region.
Fertilizers and pegticides are uvsed widely, but little is known sbout their impach
an the marine snvironment. .
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The Gulfl af Mewioo *

The Gulf of Mexico i3 a' relatively shallow acssnic basin lacatad st the
south-sastern boundary Ef Marth America. The basin la semi-enclossd and ENCOMpasSses
about 1.7 willien km™. A rumber of major American, Maxican and Cuben cities
surround the Guif, and sevsral major rivers including tha Misgiaxippi drain inta it.
Tha Missiseippi carries almost two thirds of the total digsslved and suspandsd
golids - transported to the ocean from the United States, and, since it dradins
Amarica's industrial and agriculturel heertland, it must alag curry a large
parcentage of the contaminanta that sater the ocesns from that country. The
following sdditional facts on the ragion emphenize the potential for pallutian of
the macine snvirorment of the ares:

- 65 per cant of the totml 1975 US cruge-~oil production was From Gulf cosatal
Statea, and a large portion of this was offshore. .This covatitutes alseat 15
par cent of the warld's offshare production and comes from mwore than 20000
Flxed offshore structures, or two thirds of the warld kpeal,

- A mjor development of Mexico'a petroleun resarves is accurring on the Yucatan
Peninsula and offshocrs in the Buy of Caspocha.  Some aiparta estimate that
reaerved in this area exceed those of Sewdl Arsbia.

- The weatsrn Gulf producad &0 per cent of US sulphur in 1972.

- Crude=oil refining czpacity of the Bulf coast refineriow was 37 par cant af US
capacity in 1977 with a cspacity under constructiosn which, whan gparational,
will bring thes total to 58 per cent of the U5 total.

- In 1972, Gulf coeat chemical plants produced 40 par cent of overy hasie
petrochenical ang 80 per cant of US synthetic cubbar.

- Sixtewn Gulf comst ports, including the Unitsd . States’ second wnd thirg
largest (Mew Orleana and Houston cespectively), handlsd £22 million tunnea of
freight in 1¥77: over 50 per cent of this tonnzge wes petrolaum and patroleum
producta.

- 33 par cent of the US commercial Fish cateh (1.75 billion paunds annyaily) is
caught 1in the GulF, with a simllarly important catch taken by Mexico. The
annual dollar value of this US cateh is $389 aillion, and the ifncome from  tha
recraztional fishary 1a conaidered to be at laast ag great. ’

- The coastline and coasktal weters of tha Gulf sapve sa & cecragtionsl area Fuogp
a significant pertion of the US and Mexican popuiations. Building af new
recreational facllitiss along the coast is proceading rapidly.

- Fepulation growth In the five US Gulf coast States has sxeseded  all previous
projectione. The present raks of growth is sxpected to continue till Ehe ¥EAT
2000 with 8 concomiktant incresesa im induatrial developmant and urbanization.

When the above facts ars congidered in conjunction with the natural setting of
the Gulf of Mgxico, eapecially ita semi-snclosed structyrs and the naturs of  water
movement within it, a2 2eal caoncern over the extsnt and potential increaaa in
pollution of the ares seems justified, ILb is mot yet clear whether the impact will
be immediately and oovicusly harmful to the marine ecosystew, or be too subtle to
agoees or even detect in bEhe short term. Many of the snvizommental problems of the
Gull region are comwon to ukher geograghle avess, while sthers are relatad to the
urtique charactsr af the region itself. )

*Baeed on  Frocasdings of & Syeposium o Environmental Reasarch Meeds in_the Gulf af
Mexico {GOMEX], 1979 U.S. Depactment of Commerce, 1581. :
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Morth American Coastal Watars

The: North American comstal waters are conaidered in thrse broad rmgions
(1) Atlantie; (Z} Pacific; and (3) Arctic.

Atlantic Region: Several rivera run inte the Atlantic alang the eastapn
maaboard of the United Statea and Lanads, the main frsahwater source being the 5t.
Lawranca which drains the highly populated and industrialired States on the American
micde of the Great Lakea and the slightly lesa populatad and industrislized areae on
the Cenedian aide. Other sizeble and polluted rivers, such ga the Hudson, Delaware,
Susquehanna, Potomec and Jemes rivers dischargs Into Atlantir moagbsm] waters.

Except For the extreme scutharly maction of +the Atlastic Coast of Ngrth
Amarica, positiwe eatuarine circulmtions prevail soet of the yesr. Tha tidel range
decrezasea From nezth to south, with a cange of more than % & at the head of the Bay
of Fundy, to lessa than o metze in the Gulf of Mexica.

The eastarn seaboard -of Morth America is heavily populated alwmoct from  Ehe
Earndian hordar ta the southern tip of Florida. There are populutior centres,
sepuratad by considereble distances, on tha Canadian 3ide in the maribime grovincss
artd in Quabec along bhe St. Lawrance eatusry.

Although the Atlantic coeet of Morth America is not a major saritims route Fop
the tranaport of oll, there are occezionei tanksr accidents with @ subatantial
amgunt of 0il spilled. Fostruleun rafinerisa ars scattsrsd all along the Atlantic
coaat. Thay typically have oily diascharges which csn comtribute ta oil giicks ang
gthar umdesirable conditiora in  receiving watsys.  Normally howaver, oil
concentrations are rtalatively law (<10 ppb) in sma—water along the Atlantic coset of
Morth America, even in came of the moze confined margimal swsa, such sa the CGulf of
St. Lawrancs. )

The dense populations of the east cowet of the Unitad Statms and in parts of
Canada contrpihote a substantial volume of sewaga, which reaches coastzl waters via
direct gutfalla or through rivers after vsrying dagress of treatment. This say have
uidesirable effagts in a nuwber of ways. Living rescurces have beer afTectsd in
gome  aress by  g@wege  discharges. Oyeler production oan be affectsd by
over-fertilization and excwasive algal growth, s demanetrated in Great South day of
Lang Island by excessiva input of nutrisnta from duck farma. Frequently howaver,
oyaters are simply rendered unmarketable due ta their aesumulatisn af faeeal
roliforms to levels which exceed those aat by North Amsrican hezlth standercda.

Diaposal of asaorked westes by ocesn dumping off the samt cgpast of Narth
Anarica hes included low-level radicective wastss, indumtrial wamtsa, sawages sludgs
ang dredge =poils. Dump zites off the New York Bight hava hesn ussd far a lang time
and concern has besn axpressed shout the ecologlcoal damege that cumping in thiz arss
1z cauaing. :

Metal-containing wastes from  such  opsratione 8 - alsctroplating and
mertal-«processing plants are discherged from most urban csntres along the Atlamtic
coast of Morth fmerica. I[n the Canadian maritimm provinoas, metals are relsased
from mines and smelters. Leschdng of lead and zinc from mins tailing pilms in Ehs
HWiramichi River drainage basin has affected the important Atlantic =aimon run in
thiz atraam. -

Chloro=-alkali plants using mepcury cells and pulp miils using merouriai
alinicidas contributsd marcury to -some of the stresms and coastal waiers af the
Canadlan meritime provinces and Quebec befocs 1970. Action was tmken kg stae thece
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sourcas  in 1771 and the discharges of mercury are row very law. However, sediments
cantlnug to eshibit high mercury concentrations in some areas.

Other problems on the Atlantic coast are due, Tor exampla, to logging,
sawmilla, pulp and papar mills and other foreat producks operations. Particulate
vood golide settle on the bottom near theee mills, changing the banthic scology.
The dissolved organic congtituente have a1 high biochemicel oxygen dsmand and deplete
the oxygen content of receiving waters. Some of the inorganie conmtikuscts and
sspecially tha sulphur-containing compounds, sre toxic to aquatiec life., In general,
the effects from pulp and peper mills are local, '

Pazific Region: The coestal configuration af the Pacific coast of Morcth
America varies from the convoluted fjord eommkline, fringed with iaslanda of southern
and aouth-gastern Alaska end British Calumbia to the rathsr sxposed, relatively
unindented coaatline of the Statas of Ormgon and California, Mex<ico and Central
Americe.

The Pacifle coast tida]l range incressea from saubh te nocth, with a rangs of
negrly 10 m during extreme tides in the inlets of south—sast Alaska. The tides
conkribute to otrong currents and mixing in many of the coastal inleta, bays and
charmels,

In general, tha Pecific coast of North America is lesa induatrialized than the
Atlantic comst, end the population density iz also lower except in the CGrastsr La=
Angelsa area. Although at ona time it was fesred that the large volumes af sswage
dizcherged froa thia aras wers destroylng the kelp beds of the Southscn Califarnia
Bight they now appear ko be recovering in apite of gontinuing and incressing smwage
dischargaa. One problem that hes beon sspociated with the memage outfalls iz Fin
ot in bottom fish, However, despite continuing study, the cauvse-effect
ralationahip of thia phenomencn haa rot yet been fully resolyed:

Industrial dlecharges stem largaly From Fforest—preduet  industrles  and
metal-processing plants in the area of Puget Sound in Waehington State. Most puip
ared- paper mills have sacondary treatment For their affluants, and this has been
genorally regerded as ong of Eha clsaner marine arema in the United States.

Alang the coast of British Columbiz and south—enst Alaska, there are numercus |

pulp and paper millzs, amd most discharge their efflpent without treatment into
coaatal waters. The probismm crested in receiving wateps ape generally local, bBut
can affect Fisheries if effluents are discharged into rivers or sstuaries earrying
important rune of salmanids. The mining induatry also gives riss to some pollution.

Arctic Reglon: The Aretic Region represents the cold environmsnt of MNorth
Amarica which is Ffrezen over for most of the yser From October until duly and ig
impagsable for most vessels except with the assistance of lce breakars. Papk-ics im
preeent in virtually all areea during this period. Icsbarga which break ot of
glaciated Fjords on the west coast of Greenland and the Carsdian Arctic izlanda
during the spring and eerly summer present s hazard to gas or oil rige which operate
affehore at that time of yeer. :

The buman population is zmsll in the Arctlc ad there are no  Iand-based
industries to speak of. However, there is the prospect of oil and gas exploitation
in the Canadian Argtic, and the Prudhoe oil Field an the north slope of Alaska has
besn in oparation aince 1977, Expleration has been sctive aince 1960, Exploration
hes been partisularly intemnsgive in the Besufort Zea. Therm has alwayz been concern
apout the effect of a major oil spill on the fragile Arctic ecosystem.
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South=-Weat Atlentic

The South-West Atlankic, which includss the Brazil Besin end the Argentine
Bagin, i3 a very extengive region, with highly populated as well 28 almoat
unpopulated apeas. Industrializatiom ie at a relatively esrly gtage, having startsd
about 70 ysars ago.

Two of the mogt importent rivers in the world enter the coastal ares of the
region.  Firat the Amazon River system dralns an immense =rea of the South American
Continant with little populatiom and no polluting industries or large urban centraes.
It carriss 2 large amount of matural substances from inland and its influence i=
falt far into the ocean. Second, the Rio de Ia Piata éysfem is alsn vety extensive.
Arlunl_:_] its scources arm the following rivers: R{in:r Grande, Paraguay, -Pilcomaya,
Bermejo, Parana, Salado and Uruguay, and five countries aspe within thia =ystem:
Brazil, Bolivia, Paragquay, Argentina and Uruguay. It is used as an international
waterway. IL carrias from inland & large amount of matural and mar—made substances
from the most populated and  industrielized ares of Seuth Amsrica. The river is
kraown to be polluemd amd ite influence is detecteble on the wide continental shelf.

The greatest populetion densities in Brazil, Uruguay and Argentins sre located
on or near the Atlantie cosst. They are concentratsd im  relatively well defined
rogiona sround a few cities that alse have highly industrisl sctivitiss.

Municipal waates cguee only minor problems, except in three aress. 0One of
those . is the corridor from the clty af Netal (Ric Grande do Morte, Bp) south to
Selvado (Bahia, Br), whare the coast has more than 50 inhebitants par km~, ane of
the highest in South America. The second is the cosat of the Brazilian States of
Ric de Janeiro and Sag Paulo; with a total population of more than 10,000,000
directly or indirectly relsted to the coast. In the third, the mouth af Rio da la
Flats with the cepital of Uruguay, Monteviden, on the coast, there iz, directly or
ingirectly, tha sffect of about 15,000,000 persona Living in the srea.

Aithough locul inm character, the Lagpa dos Patos connected to the sas near the
city of Ric Grands, la in itself an important cemtre of municipal wasies wikh the
cities pf Porto Alegre and Pelotas on ite coast.

Therg ars important concentrations of heavy induskey in the region. One iz an
the coast in the re2qicn of SantosAolta Redonda/Sac Paulo, with il refineries,
chemical and petrechemical factories, iron and skesl mills. The other is indand,
but affecta the cosat through the Rio de la Plata discherge. The heavy industry of
Argantina 1s inland on the coast of the Parara Aiver (Rosaric, Zarate) and on the
west cooast of the Rle de la Plata {Buenaos Aires, Gran Buenos Aires, La Plata). ‘The
main industrial activities are oil refining, chemicals, steel millz, paper mills and
food proeessing.

The most important (actual and potential) source of marine pellution in  tha
entire region ia oilfgas explorstionsexploitetion an the continantal shalf, offshore
from the States af Ric de Janeire end 3s0 Peulo in Brazil and offshore from the San
Jurge Gulf in Argentina.

The Soguth-East Pamifis Coast

The South=-gast Pacific Coaat .aSctunds apprdximat.alykl,aﬂﬂ km and includes three
countrims: Eouador, Peru and Chile, with a population of more than 32 million.
€limate varias from tropical in the north to very cold at bhe tip of Sauth America.

The main inputs considered as dangéruua for the marine acgeystem ars domestic
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and Industrial discharges, pesticides, and ail and petrochemicals. There ars Faw

plants for sawage treetment in the ragion snd many towns and industriss diecharge

directly intp the ocean or to rivars. Serlous pollution iz uniikaly to be present

in large areas becauee of tha opean geegraphical location of the thras countriea, and
the relativaly low urban and inmduatrial conesntrations.

In Ecuador the most sericusly polluted arses sre the Guayas estusry {inciuding
the largeet city, Guayaguil), Eameraldes. and Manta. Discharges from land, and ail
gpills, are khe maln sowrces.

Paru'a coast iz poliuted in many locallized aremm by domestic and  industrial
discharges, generally whare towns are lecated. Saome il spills have ccourred
partiguiarly from drilling platforms. Ite Bay ism a typical example of pollution by
mining wacstes end Chinbats Bey, of organie pollukion From Fishing plants.

Chile presenim a similar picturs regarding inland discharges and nining
wastes, for exawple in Chanaral. The Magellan Strait, & fragils scosystes, has
sufferad heevy oil apills and is e potentially endengersd ares bscauss of qil
poilukian. Little research, control -or manitoring af marine pollution hea taken
Place in thia region aithough 2oMe studies hava bssn done on gil spilla and sewage
dischargas. : :

Fishing la a major activity in the thraa countries. This provides nat anly
for direct human consumption, but also for canning and fishmeal in Pery and Chile.
Shrimps end malluscs ara important resaurces in Fcuadar, nocthern Peru and Chils
where they u=re captured, generally near shore. Peru's par cspita consumption of
fish ia epproximatmly 18 kg per year, about 74 per cent of the meat consumption.
The 1379 Peruvian fiah yisld waa 3,580,000 tonnea, of which 2,850,000 wars usad for
fishmeal, the remainder going for human consumption, distributed meinly bakwesn
thras spacies; anchovy  with 1,880,000 tonnes (66 par cant); sarcdine with 210,000
tonnea (32 per cent); and meckerel with &0,000 tonnes {2 per cent). Thim yiald
ropreaents a serious decline of 30 or 40 per cent of the cetch during peak yeara of
bhe 1963-1275 decada, although this cannot be attributed to poilution.

The Indian Ocean

The Indian Ocean stretches from the Guid of Owam snd the head of the Bay of
Bangal in the rorth to the Ezat African Coask, in tho weat, and to the coastlines of
Burma, Thailand and Malayaia {ewcluding the Streits of Malagza), Lo Ebe sset. The
tidel range varies from 1 ko B m and there ia g tWice-yearly revargal of monsoon
winde and surfaee currents. These halp conaiderably to raducsa the impact of
pallution by dilution end disperaion and even affect bottom currents and setilemant
of suspsnded material.

zl‘iinataen countries border the Indian Ocean. Their kotal a.r:ea. is about 9,86 =x
107km™ and they age inhabited by sowe 20 million pasple. The average population
danaity iz %9 par km". "

Agriculturs, induetry, and in =ome cases mindng, form tha economic base of
countries surrounding the Indian fOcean.  EFffecta of pollution in the marine
envirgnment from Eheee activitie= have bagun to sppesr. These aFfecta are so  far
confired Eo cosstel area=, bBut owing to  the preveiling wind system, the wakter
circulstion pattern, and tha bottom topography, they may have far-reaching
consequanced on several countriaes,

Uwing to inerfeasing urbanization and industriaslizstion all over LEthe region,

have large rivers flowing through them end many are badly polluted. Substantial
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sewage mfflusnta are discharged untreated or after only primary tresatment. Howsyver,
no depietion of fish =tocke or large-scsle mortallty have been recorded so  far,
although periodiec fish moptaliky hes besn reported from some of the countries.

Aesthatics represent ancther problem in these countries. Herdly 50 per oent
of tha FEotal population in this area has sanitation arrangements. Large coastal
aress are exposed, owing to tidal fluctustions twice a3 day, and during low tige
thess places becows very unplessant. In many ecountries, high coliform counts ara
often reporked from cosatel waters.

Concentrations of toxic metals, like mercury, copper and lead in plarkton and
fish are still much lower thanm lavels recorded in mamy Lredustrialized countries,

Fertilizars, pemticides and insecticides are abundantly uaed in  counkries
round tha Indisn Ocean, in agriculture, pest comtrol and disacse-vector control.
The quantitiss of peasticides wasd annually very From 30,000 metric toone= in India
ko 3.5 meiric tonnes in Bangladesh (NIO 1976). In many countriss, howaver,

arganachlorine pesticides are either totally banned or are gradually being replaced

by organophoephorous and carbamate pesticides. Although mo detailed study of their
aecumdletion and nazmful effects hes been carried out, efforts are slowly being
increased and ® survey has indicated thet plankion in the Arabian Sea, off the
Indian Coast, has 0O concentrations ranging from 0.05 - 3.21 ppm wet  weight
(Kureishy et al. 1978).

In ecountries of the region, power generation is woostly thermal, but  some
nuclear powsr is generated. So far, no harm has been reported from theas aources,
Asdipactive wastes are disposed of in conformity with internetional convention.
Wherever coal is used in the thermal power plants, the fly ash creates problema in
the enyironment but axperienca with cooling water discharges suggeats thet if
proparly sited these do net csuse & problem.

Touriam is being promotad in all the countriea of the reqion. Large modsrn
hotals hava bhesn conztructed on tha =aa shorss.  In some couniries likes the
Ssychaliss, HMauritiue and S5¢l Lanka, refusa from such hotels has spollb some of the
beaches. Waate waters aleg cedse problems, at times gesnerating hydrogen sulphics in
watar.

0il pallutieh is a chranic and sometimez acute problem {0 and  around the .

nerboura -of ell the countries in this region. In 1979 the global merine transport
of oil was 1,753 million tennes, 38 per cent of which wea gshipped from the
Middle Esst countrieg (BP 1979), much of it abToss the Arabian Sea. One of the main
routes 13 through the Mozambigque Chamnel) round South AfFrice to  the Wesktern
Hemisphere, whils the gthar is round 5ri Lanka across the southern Bay of Bengael
through the Malaceca Strait to the Fer East and dapan. Thiz, coupled with the
incraaxing emphagis an offshore o0il exploration in many cowuntrieas of the region,
makes the northern Indian Ocean very liable to oil pollution. Fortunately, few
tanker disasters have so far occurrsd along theae routes. The eFFect of oil spillse
i3 gseem an the beaches of every counkry 1n £he form of deposite ofF tar-like
residues. The freguency and intenaity depend on the ocurrent patterna szleng the
coasts., The amount of floating ter in the Arebian Sea heg been sstimated szt 5,700
tonnes, and about 1,100 tonnmes along tarker roubes across the ecuthern Basy aof
Bengal. This is roughiy proportional to the differsnce jn tunker traffic.

Caral Teafs and mangroves occur widely in almost all the Indian {cean reglone
and -are important to the sconomy of msny regions. [emage can occur to them dues ko
avar-sepleitation and affaets of pollutants.
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The growth rcate of Indian Ocean corals may ba assumed to be of the same order
a8 that of corala in the Atlantic, sbout 0.1% - 0.5 cm per vear. Several reefs have
almost disappesred, owing to their exploitation to supply raw metarial to the coment
indugtry. Some reefs have died owing to ths impact of pollutants, particularly oil
from apills. Exemples of thiz ara the Kavaratti resaf in the Laceadives; the
southern part of Great Nicebsr Island in tha Andaman group, and the south-westarn
purt of Madagasear. Dredging for harbour conatruction has destroyed some coral
reefa of tha Mahé island in the Seychelles.

Mangrovee constitute m diverse resvwrce in the region, they contribute to
nutrient suppliss, and are important spewning gtounds, nurseries and feeding grounds
for economically significent aquetic specles. They provide protsction to sensitive
commmitias like coral resfs, and control the characteriatics of bottom sediments,
local mean water leval and water coursea. Mangroves constituts a substantial part
of many countries and a aignificant part af the populstion ia daperdent on  them.
For example, cne—aighth of Bangladesh is mangrove land and onecthird of the total
populaticn of the country is dependent, diractly or indirectiy, on this mangrove
ervironaent {UNESCO 157%),

The Indian Ocean receives agﬂut ‘32 x 10 tannea of suapended sediment
annually, of which sbout 16 » 107 tonnea come from the rivers flawing through the
Indian sub-continent. This guantity i3 inefeasing owing to human activities, aych
38 . sea-bad and fterrestrial mining, land clearance for sgriculture, lumbering,
urbanization and dredging to deapen harbours and astuarisa.  Moabk of thia ailt
settles near the river wouths and 1n the cosstal areas. This can be sxpected to
veduce praductivity and deplete fisheries, These effects have been felt in mMROY
countriea, but no sttempt has yet been mede ta satsbllsh a direct correlation
between ailtation and Plzheries..

Auatralian [gestsl Waters

Augtralia ja a Faderation of six Skatms and two Territorisa, with s numpber of
external Territoriee. The Constitutisn provides for certain powers to raside with
the Federal Goweroment and all othars fall to the States. Envirooment protection
resides larqely with the Statea, sxcept For the assessment of envirormental impacts
of proposals requiring export ar other Federal Goverrment aspproval, and thoss areas
covered by imtsrnational cenventiona. Recent Australian leglalation provides For
State responaibilities ta the three-mile liwit, whils the Commorwsalth rcetaina
uffahore righta ko the. internationally  agreed Flzshing zone with joint
tespomaibilitien for fisheries and mineral development.

Major studies have been rarried out, by the Cowmonwealth Scientific and
Industrial Research Gremnization (C3IR0) Divieion of Fisheries and Oceanography, on
hoth the egetarn and weatein coastal systems. The genersl picture of ocean
cireulation, based on akwdles of the HNorth Pacific amd Nockh Atlantic, ia not
reflected in the syskems described for Australis'e coasts to the I[ndisn and  Seuth
Pacifle Oceans. The past eosat is charactsrized by large addy systems rotating
anticlockwise with diameters of 200-300 kilometres gpd maximum =yrface welocities
of 3.5 - 4 knota. Individual sddles may have a lifstime of et least onm yaar and
they have a southerly drift which mey be intecrupted or reversed for ahort periods
of tims. There is no clearly dafinsble southern strean.

~On the western seaboard, thera is gt times a net nactherly iransport of water
which 1s alsoa characterized by large eddy structuree. However, datailsd work has
indicated that a southerly set may prevail for part of the vear. In late autumn a
strorng pulse of werm freah tropical water moves aouth along the continental shelf
and alopa.
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In tha north, in the Gulf of Carpentaria, @ clackwise flow has been detmctad
by soatallite-tracksd boay. In the south a ssasonal chythm with a summer-winter
alternating system haz been proposed.

Availabie pollution datz are largely from Ehe nearshaora wateps or coastal
inlets of Auatralls located near major cities, whers mamt of the pollution atudlns
ta date hava hesn carried cut.

Published deta indicate localizsd pollution in & nnber of aress, Corio Bay,
the Oerwent satuary in Teammnia, Cockburn Scund  in Weateron Mustralia, and the
Brishane River satuary are typical of snviromments neer major industrialized cities.
Botany Bay snd the Parramatts River satuary at Sydney, NSW, are not listed, more due
to lack of reported measuremmnta than £o their cleanlimesa. Thiz must alss be true
of ® number aof other ilocations around the cosst of Australis.

Two arsas, the Decwent Estuery in Teamenim, and Corio Bey in  VWictoria's Port
Phillip Bay, show indications of hsayy pollution, while Hoboons Bay, alse in Port
Phillip Pay, shows indicetions of medium to heavy pallution.

Mew Zanlend Weters

New Zpaland comprizes thrss sgin elongated islands and several amall, mostly
uninbabited, offshore islamds. The country lies in the South Paeific with the
northern island extending to about 34°5 and the southern izlard to about 4795, The
climete renges from subtropicel in the north to oubentarctic in the south. Its
coagtline is about 8,000 km long and the islands act a3 a barrier to the gensral
sastward movement of the wate: in that part of the South Pacific. Part of the werm
subtropical waler of the Esst hustralian Current Syeten passes aroundg the Nocth Cape
of the North Island givimg rise to the East Auskland current. Anticyelonic eddies
from this subtropital current {low south along the coast of ths Mopth Isiand. Thera
is also the Westlend Current, arising from the subtropical Tesman Current which
flows northward up the west ceast of the Ialands. These major ctrrent oystsms are
in general bettsr known than the shallow water circulations closes ta the cosst.

Mew Imaland has a population of only 3.2 willion, about twg thirds of which
lives in rcoamtal communities. The aconowy ls largely agricultural and most af the
maring pollutien problems arise in connection with domestic sawsqm and wastes From
induatries producing agricultural products. About 77 per cent of the population iz
served by piped sewage aystems and although these often discharge to  estusries,
harbours and coestal waters they are not belisved to place any swxcessive burden on
the essimilative cepacity of the environment.  However, although the  human
pepulation is small, the animal population of  the countly is in ewxgese of 250
million human aquivelents, and the wastms from the many factories proceseing meat,
milk, beiter sand chesse and other animal produsts such as leather and wool do give
rise ko effluents with high organic loadinge.

The agricultural mconomy aiso gives rise to other dischargea which might
affect the qualiky ofF coastal waters. Fertilizeras are uwsed in  substantial
gusntities (superphosphate 2.4 million tonnes) lime 1 pmillion tannes and nitrogsn
fertilizers 24,000 tornes annually). Some of these fertilizers are produced in
factories which discharge effluents to coastal watsrs. Pesticides are alse used
exten=ively althougn scme of tne- more paraiztsnt compounds such as OBT ars = longer
permitted.

0il pollution is not 2 serious problem in Mew Zealand. The country iz well
away from the main tanker routes and there is only one oil refinery sited in the
Nerth Island. Transpert of cil is therefore meinily crude to this refinery or as ofl
praduczta from it for domestic use. GSpllls so far have besn on a emall ecale only.
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There are no major industrial discharges containing metals and no operating
metal-ore mines. However, arsenic arises in the water from geothermal developments.
There is one aluminium smelter in the North Island and one is planned for the South
Island, and fluorides are thus discharged both to the air and in their 1liquid
effluents.

Fishery production has increased in recent years and now amounts to 60 -
- 80,000 tonnes/yr. Since adoption of a 200 mile EFZ in 1978 the catch has included
an increasing proportion of deep water species such as skipjack tuna. Catches of
rock-lobster, mainly in coastal waters, have declined in recent years but this is
believed to be due to fishing pressure rather than pollution. Generally, the levels
of pollutants found in marine organisms have been found to be low, except close to
known pollution sources, e.g. average mercury in snapper (30 per cent of catch 1975)
was 0.25 mg/kg. '
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CHAPTER YII1
METHDDOLOGY FOR THE ASSESSMENT AND CONTROL OF MARINE POLLUTION

¥Il.l Introduction

In arder to provide @ busia for the asssmssment of merine pollution, it im
pertinent to consider the implicatiorm of the GESAHP definition of merine pallution:
nawely, "Introduction by wan, directly oc indireetly, of subatances ar energy into
the marine anvironment (including eatuariss} resulting in auch, deleterious effects
a8 harm to living rasgurces, hazards to human health, hindrencs to merine activitjes
inciuding Fimhing, impeiring of aquality for uwes of ssa-water, and reduction af
anenities.” Implicit in thim definition is the underatanding that:

{1} marina pnllution is caused by the introduction into the marine environment of

subatances and energy which have advarse affects;

(i} warime pollution can ba related to its sources, it is created by man and can,
in aome instances, result in the increaeed flux of aubstances in  exlating
natural cycles;

Eiii)_ polluting substances are dispersed through the marine enviranmeant by warinusg
pracesses, whersupon they affect organiams including man, particulatly a3 a
uaar of the ocesn systems;

{iv} tha wignificance of the pollution depends wupont iks =ffects on  diFfferant
targats, and sociel wvelues mrs often involvad;

{v] the guentification of the sffect and hazard of pollution im a questinn that
must usually be anawarsed before a judgemsnt can be mads af whether ar not
pollution le scceptabla.

The definition and its implicatlons pgive guidance on haw to  anewer the
quegtion: What do we need to know to be able bo carry out an sssesament of marine
pellution; that is, Lo sesese tha "heaith® of the oomana?

Information must clearly be available on:

{i) wmources of substances and energy, their sxlating and predicted quantities,
and their distribution in the envirorment;

(ii) the processea leeding to dieperzion in the marine anviparment, whare
supstances from g particular soures will g9, and what tergets may be
affected)

(iii) effects of pollution on vericus targets and the asignificance of ‘these
wffects.
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The infurmation prﬂ'snntad in the previous chapters is relavant to theae Lhree
aroes,

The mxiating deta base for an assecsment of global marine pollution is
extremely limitad, although for some local geographical regione ib is subsgtantial,
sopecially regarding the input and distribution of contamicants. One aim of any
aagessment  should be to relste lavels of inputs to effects in the anvironment. This
often depanda un knowledge of tha dose-response function of targets affected by the
contaminent in guestion. Unfortunately much of the availsbla information on
doje-reapanae  functions has peen obtained by lahorstory studies whera conatderably
higher concentrationa of the substence have been used than will be aneountered in
the environment.

An attempt is made in the Following sections top present the basic principles
ard limitstions of current ly-gpplied aasssement techmiques.

¥11i.? Environmental datz haze

A buaic requirsment For tha cessssment of the extent of marine pollution is &
reasonably well arganized datz bank on the conditiana in the environwent. The data
bank can caonsist of:

{1} data on input of contaminants, including informetion onm the distributien of
gources and tha gquantities introduced to the region in question;

{ii) data on the matural eonditioms in the region as rmgards physical, biological,
and chenical cceanography; sedimentary conditione, and river run-off)

{1i1]) information on the interaction hetwssn the rcontaminant and the marine
environment including, for exampls, informetion on the geochemical ar
biological processes which may leed to its removal from the marire
environment or comesntration in parte of it;

(iv) informetion on  concentrstion levals in various compartments af  the
anviranment, For instence obtained through a3 co-ordinated hassline study
whereby samples are collscted in an agreed way and analysed by means of
common and intarcallbrated analytical technigques.

In many imstances sama slamants of this dats base are not available. This
pay grise because the complexity of the systsm ar the cost of cbeervations make them
impractical to ophtain or because thars is a lsck of understanding that a petential
poilution hazard exists. Omspending on the nature of the ewpected hazabd or aof the
marine environment affected, it may be most effective to concentrate on obtaining
somes slegents of the data base. In some instances, for exemple, ik will be difficult
to nbtain infurmabtion on inputs and be easier to infer them from messurements of
arvirommental concentrations and knowledge of the importent envicermentsl processes.
In othar ceses it is more safficient to concentrate on  geasuriny inpuis and
anviconmental effects. In general, howaver, seme information on all slements of the
data base will be necessary.

bBage-tine studies may identify aress within a2 region, often referred to am
"hot sputs', where elevated concentrations of a econtaminant occup. Thess may
raquirs pepiodic eurveillance or wmonltering and better infommation on the rate of
imput of contaminants to the ragion,
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¥i1.3 Environmental capecity

It has bean atated earlier that the oceans have a fipitas capacity to receive
many contaminanks. .The “health" of ths ateana must to some extant depend on whether
or not  the limit of this caparity iz being approached. Unfortunataely, the
methodulogy for the determination of such a capapity remains camplex. One way of
establiahing an environmental cepacity rests with datersination of the target{s)
moat at risk 38 a result of the input of a contaminant and the use af atandards
appropriate for their protection (Goldberg l979: Preston 197%).  The anviroomental
capacity may then be definad as that rate of introduction of the contaminent which
will mot reault in s rate of sxposure to tha target Lthat excseds the sstablished
atandard. The exposure routes and targets are kmown as the critical pathways and
critical tergets. Thia approach to obtaining an  environmental capezity has been
used axtensively in the Fimld of radiztion protoction, with man =3 the usuel primary
critical target.

The utility of this approach for regulating the relssse of = contaminant
dependa on several key features. [t must, for axample, be possible to identify the
critical pathweys and targets. The latter oay be gensrelized to include, whers
neceasary, effects on orgunisma in the marine ecosystem, the hemlth of the ecaayatemn
it=slf, gesthetic affects, otc. This aspsct is further discussad in the next
saction. Calrulation of relztionship batwsan the input af a contaminant and its
affacta -om a gritiesl terget must wsyally rely on consldersbls urdarstanding of the
transfar of the contaminant through the various pathways in the svatem and on  the
congtruction of a madel representation of this transfer. The fluxes in the orean
envirorment inclwding thoge acroaa the land-sea, alr-eea, and ssdiment-water
interfaces discussed sarlier in chepters II and III will be one aspect of . suph 2
madel. In zome cesea, e.g., shart-lived radionuclides, when the important proocesasa
are known to be uniform in time, the distribution of a contaminant and knowledge of
ita input may be sufficient to form the basis of a caleulation of an  environmental
capacity. In other cesea, e.g., long-lived raglonuclides, where o number of -
different procesaes that have time scalas longer them the perind of releass aras
often important, calculation of tha snviranmental cepacity will require knowledge af
the primary procasses. '

Implicit in the conespt of envirorwentsl czpacity la that there im some level
of contaminant, perhepe a threshold for e significant effect, which muat mob  be
exceeded and that such a level (or levels in differsnt parts of the syastem) will
limit the anvirormental capacity. In many situatisne, however, concern over
aub-threshald or eub-lethal effacks result in the desire to keep the level of
contamdnants in the snvirorment as iow 32 la reseonably achievabla. This cen be
implemented only through the uze of 8 cost/bensfit or cast/risk type of assssament.
1n radiation protection this spprosch is taken formally intd account by  attempting
te kesp the health detriment ag indicatsd by the collective dome.coomitment ba Ehe
expoeed population as low aa pogsaible, besring ralavant social and cost/risk factars
in mird. There are as yat insufficient data to apply such an approach ta many other
types of pollutants, and egpecially so autaide the canktext oF public health. It
still remeins a desirable abjective far which the necessary additiongl daka should
be sought. Fpr the time oaing an alternative way of ‘Gtaking such concepte into
aucaunt involves the principle Ehat it ia omly reasonable tg use the oesan For waste
dispasal where, after careful eonmsideration, it appears to provide the best averall
enyirormental option. Ameng the eonsiderations which will have to ha  takan fnto
accounk  before such a comelusion is reached is a careful assessmant af the ralative
signifirance of the affects of such disposal on land or at ssa. This cossideration
of Ehe uyze of the aea may only involve national suthoritiea but ik may am oezzsion
introduce agzessment on a regiorel ar even a3 global seale.  The great varisky of
diffarent aocial and acononic circunstances 1in different regions meens that bhe
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acesptability of contsminants in the environment must involva some value Judgenents.
In this rmpart valus fudgements of this type have been avoided as much az possible.

¥IT.4 Critical targets and stengepds for protection:

The idpal asaesasmesit depends on being able to identify those tarqets moat at
risk as a result of the input of a contaminant and on the development of standards
appropriate to their protection. Hesed on an adequate model, thess stenderds nay ba
used to caleculate the upper limit of input for a contaminant at which a target 1s
not sndangared. The critieal target may be man, an element of the merine hioaphars,
tha marine scosystem, a sansitive qgqeochemical or physicel mechanism, or aome
sesthatic nquallty whose protection iz required far effective ragulatiun of the
contaminant in question.

When man is tha critiecal target, the aim of primapy standards is to  keep
human sxposure to a toxic compound below an  scceptabls lsvel. For practical
purposes; releted to the eass of standardization, regulations usually limit the
concentration of & toxic compound or slement in products suitable For humen
consumption, even though the accsptabla intake approach {which considers the
contribution of & toxic canstitusnt in & certain type of food to uptake from tha
total diet) iz toxicolagically more justified. The setting of such a stendard may be
besed ort human spidaminlogical data, or animal ewxperimentnl dsta extrapolated o
man, or both. The aim is always the protection of tha most sensitive papulstion
dgeirmet edverse effects. The atandatds thet limit the introduction of toxic
materials into the ses or into products of the sem in ordar to protect wman are
usually achieved ectocding to the principiles of general toxicology.

While For humans & stendard i required to enaure the protection of the most
sensitive population groups or et least to decresse risk to an acceptable level, the
marine emvironment iz nobt usually given the same degree of prokection. With marine
organisms, the primary concern is with the protection of the sea a3 an ecviogical
aystem. In thia case the etarting point for & standard depends on environmental
skudims, or toxicolugical ewperiments, or ooth. The ecomplexity of the merine
enviranment, the lsrge number of species and the interacticn between zpecies make
atandard metting For the protecktion of the marcine anyironment as yet 2 wary
difficult taask.

Althpugh it is often poszible to relste the concentration in water ar in  tha
food af 8 glven apecies to effects on a2 certazin percentage of the population under
gtudy, the extrapolation of such datz to the neiural envicronment may have inherent
arrors. For sxample, aub-lethal affects experinmentally determined for marine
populatigns may be of sufficlent severity to carry with them, when extrapoclated tao
the environment, a high probanility of desth or reduced reproductive capacity. In
the matural struggls for sgrvival, thess weuld Rave a similar esignificance for the
whole exposed populacian sa talativaly prompt direet lethal effects to substantial
rumbers of individual mamhars of the population.

The direct monitoriog of environmental zituations to determine the presence
or absence of biological - efFfects atkribukeble to pollution is often inconclusive
because aof tha background of mormal natursl veriakion. In addition, levela of
pollutent concentration likely ko be deemed acceptzble in the enviromment will alsa
ueually limit the possible observemce of emvironmenkal effecks in unequivocal bterme
sxcapt in the immedlate vicdimlty of mejor disposal operations. Aquatic experiments
which alm not only at the estsblishment of 3 dose-response curve for mortality  but
tey to identify morphological or biochemical abnormalities st sub-lethal exposurs

lavela and try to éxplain the kinetics and metabolism of toxic substances mey lead

to improved sterdards for the marine envirorment in the future.
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¥1I.5 Centrol of discharoes

Once acceptable levels for tha introduction of econtamirants to the marine
erwironment bave been derived, the contrel &of discharges requires some form af
monitoring. Howevar, it is customary, and in some casas nsceesery, becauae aof the
nature of o pollutant, to sek limlta to the rate of colesss well below thosa
dictated by the use of a standard for a crltical target. Monitoring im appropriate
For the wverification af the modesl upon which the relssae cate caleylatlon hea heen
based and for the provision of assursfces that the situstion is indewd acceptabla.
It i= uesful to distinguish batwesn monitoring the rats of input and monitoring the
lavela of contaminante ar their effacts in the envirorment. In somes coses more
sffort has been placed on environmentsl monitaring than on input rmonitoring, which
has led to the situation whers observed levels in the snvirorwent cannot be aenaibly
related to input rates, Verification of & caleulated environmental cepaciby will
require monitaring of both inputs and diatributions.

. Monitoring the lsvels of pollutants in the snviconment may astart with a
baseline survey tn satahlish mxisting levels. This will be aof perticular importance
whers previous introductions of the pollutant heve not been precedsd by . an
envirormental assmsssment or dccompanied by sny neeeasary controls. Ideally, the
objectives of subsequent ragular environmeantal mopitoring conducted im the  context
of regulation should be directed towards the assesement of the actual or potsntial
axpagure of the critieal target(a) resulting from the introduction of the pellutant.
In come cases the objective may be the estimation of tha probable upper limit of
such exposurs. It may be posaible on opcasion to look for the agtunl sfFecta of
pollution: sc-cglled "biolegical effecta® and "acalsgical® monitoring {see GESAMP
1980b). The afficient implementation of -environmental monitoring programmes ia
often limited by a lack of understanding af the pritical targets and impacts on  the
population being conaidersd.

Monitoedng in this contaxt, which invalves the ability to interpret the data
obtained in &srms of the derived envirormental quality stenderds, will aftsn heve
requiremsnts Jifferent from those needed in equally valid programmea designed to
establish aspatial amd temperal Erenda. Pollution distributicns in tha marine
erwironment often provide ipFormetion om the besic physical and biogeochemical
processas  which control  Cheir spread. Experimantal programwea deaigned to axploit
thiz fact can provide lnput Foe the verification of mpdels in uee and for the
construction of new and better models.

¥1I.& Tha rale of intearnational a_greements

- Although contaminants from coastal point sources have localized . impact
ipitially, there may be subsequent axtenmive dissemlnation, arnw this, together with
input from land run-off, rivers, ships, and ths atmoaphers, can rasult in problama
thar ars mot conficned to natiorel boundaries. Admquats surveillance and control thus
require international agresment and concartad ‘ackion. Bilataral, regional and
international conventlona provide a logal Framework for such co—operation. An- eacly
example ia the convention of 1902 which established tha Internetionsl Couneil for
the Exploration of the Sea, a body which row co-ordinates scesnogrephic sctivities
of 13 esuntrisme bordering the Morth Atlantic.

Intarnational anvirommental law for the oceans oust deal with the multiple
nature of tha problem. The oceans are threatened by pollution and degradation from
& nunher of yaried sources, and a strategy to manage the marine snvironment must be
comprehenaive if it is to pe effective. In sddition to providing megsyres to contrml
asllution, it has baen racognized thet leqal sgreementa shauld alas sncourage States
to adopt policies for long-term rescurce managameant and conssryvetion.



- 92 -

The progregaive elaboration of environmental law has been a dirsct reflsetion
of Goverrments® perception of the thraats to, and the need for an sppropriats
strategy for maintaining, tha health of the oceans. When discussions on a rew ocaan
regime first began within the United Mations Cowmittee an the Peaceful Uses of tha
Ses-Bed and the Deean Floor beyond the Limits cof Netional Jurisdiction (1%69),
international awarenass of the nesd to menage the rescurces of bhe ocasn wag in an
esrly stage. In the snsuing yesra, substantial progress has besn achieved towgrds a
comprenknsiva legal regime on environmental protsetion and cesoupce mERagemant .

Since the early 1970s, Governments have contirued ths negotistions ta
establish a new legul regime for the oceans under the suspices of the third United
Natiana Conference on the Law of the Sea (UNCLOS}. Although & final, signed legal
agreement has not yet been achleved, regotistions of UNCLOS have a beering on many
flanned and sngoing marine invearigations since they envisage 8 global poliey for
ocean  management. From the snvirommental perspective, one of Ehe aignifirant
achievements of the confarence is the inclusion, in treaty form, of a general
ebligation of all 5tatea to protect and greserve the marine envirorment as 3 whola.
There are alsc general pravisions end articles drafted on alwost )l issueg of ocean
environmental management. While admirable in their general import, thoss gareral
principles will require a great geal of concentrated and detailed future work, at
global, ragiosnal amd mational levels, For thelr effectuation.

The LUNOLO5 negotistions have hemefited from the lsgal agreements that hed
praviously been adopted for the purposes of protecting the marine envirorment. Eazly
international agreements Focuead on pollution from ships, and in particular, oil
pallution. One of the Ffirst international marine environwent sgreemants was tha
1%54 Cgnvention for the Frevantieon of Pollution of the Sees by Oil. This wam the
firat internations! agresment concerning prevention af pollutign from normal
shipping ackivities.

in 1758, the Convention an the-High Sess wes adnptad. Two articlas of the
agrasmant were concerned with the control of pollution. Article 24 of ths High Ssaa
Convention calls upon States to “drew uwp reguletions to  preysnt pollution of ths
sm03 by the discharge of oil From ships or pipmlines or resulting from tha
explolbation and exploration of the sesbed and ita subsoil®. Acticle 25 commlts
States "to prevent pollution of the sezas from the dumping of radicactive waste™ amd
to eo-operste in taking measurss “for the prevention of pollution ... resulting
From any activitiss with padiosctive materials".

Two important agresmentes concerned with compensetion  for ship-generatad
polluktion were developed at the Intapnationsl Legal Confersnce on Merine Pollutian
Camage [Brussels, 194%): the Internetional Convention Aalating to Intervention on
the High Seas in Cases of Qil Pollution Ceswaltiss, which aliowsd States to take
necessary maasures to prevent, mitigate or eliminate “grave and imminant danger to
their coastline of felsted interests"™ from eil pollution follaowing a maritims
casuslty; amd the Internationel Convention on  Civil Liabzlity for 0il Pollutlon
Damage which provides for coopensaiion from demege end ezteblished s limit af
liahility. The latter Convention was later supplemented by the 1971 Convantion on
the Establishment of an Intecnational Fund for Eompensation For 0il Pellution
Damage., A

In the sarly 1970s, two sdditional global conventions were adopted aimed at
eontrolling pollution by dumping snd ship-generatad pallution., The 1972 Convention
on the Frevention of Marine Pollution by Dumping of Waste and othar Mattar groups
substances into categories according to the grawvibty of the riska they prasant to the
marine environmsnt. The dumping of "black" list substanees 1z prohibited while the
dumping of “grey™ list subgtanees iz permitted only aftar the .issue of =& Bspecific
parmit.
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The 1273 International Convention for the Prevention of Pallution From Shipe
{MARPGL.) extenda the 1954 0il Pollution Convention to all types of veasel-sourcs
pollution, with the ohjectiva of eliminating completsly pollution of the marina
Bnvironment by il and aother harmful substances caused by intentional dizcharges
from anips. The MARFOL Convention hag recsntly besn extonded and upgated by a
protaccl adopted at the IMCO Conference on Tanker Safaty and Pollution Pravantion
{London, 1978}, '

In parallel with tha global agreemants, cosstal States haye co-oparated an
the regional level ta develop agreements for the protection and devalopment of the
marine anyironment. Regionsl agreements provide States with a mechanism fap Focuzing
un spacific probleme of high priority to the region., On the one hand, regional
agresments may permit Statea to adept more stringent standards and requlations in
the light of the characteristica of the region concerned. Dn the other hand,
regional agreements may mofe readily take into arcount the scomomic, social and
cultural priozities of ths cosetal States concermad, and, thersfore, may raflect
more realistically the needs and capabilities of the States of the regign,

In the North-East Atlantic Region (including the North Sea) thrsa agraaments,
each dealing with a =sparata aspect of pollution conkrol, have beer adopteg:

- Agraement. for Co-operation in Dealing with Pollution of the Marth Sea by 0il
{Bonn, 1989);

- Lonventign Fur the Prevention of Marine Pellution by Dumping from Ships and
Aircraft {Dale, 1572!; ang

- Convention on the Pravention of Marina Pollution Fram Land-Bassd Sourcaes
{Parix, 1974),

In 1974, the States bordering the Baltic Sea adopted bhe First agresgant with
a comprehensive scopa for the conbrol of marine pollution: +he Conwvention on  the
Protection of the Marine Environment of the Baltic Sea Area (Helsinki, 1974), In tha
Helainki Comvention, obligations for contralling pollution From various sources are
contained in ong comprehensive agresvent and its annexes.

Far the Mediterranaan Saa, the cpastal States also adopted & ecomprahensive
view of pollution contrsl and tescurce menagement, hut £he Farmat of the regional
agieement is diffefent from that of the Helzinki Convention. The Convention fur the
Frotection of the Mediterranean Sea againat Pollution (Barcelon=, 1978) i an
umbrella agrasmant. providing a general ahligation to  contrel pollution.  Gpecifio
tochnical proteaeals elaborate gbligations ta  eontrol pellution from a discrete
sourte or to co-opearate on some aspect of  enyironmental management. Frotocols
dealing with dumping, co-operation in pellution smargencies, and land-based sourcas
of poliution have been adopted to-dats by bhe Mediteersnesn Skatas.

The Kuwait Regional Convention For Co-aperation on  khe Praesetign of the
Marine Enviromment from Peollution {Kuwait, 1978] is similsr in Format to the
Harcelona Conventicn and has been supplementad by a protoceol soncecning co-operstion
in combatimy pollutiom by o0il and other harmful subetances in cazes of EMAT ZaNCY .

The States of West enmd Central Africa likewise accapted the pattern of an
umbrells - Convention and related protococla es may be ssmn Fram the Conwvention for
Co-oparstion in tha Protsction and Developmenk of the Marima and Coastal Enviromment
of the West and Cenmtral African Regiom {Abidjan, 1581} and ite related protocsl on
co-operation in pollution amargoncies.
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The Statea of the South-East Pacifiz, the Wider Caribhean Reglon, and tha Red
Sea and Gulf of Aden are alsan co-operating on the adoption of Corventiona for their
regions gimilar to the thres conventlonz mentioned sbove.

The proliferation of regional conventions with a comprahereive ohjsctive of
protecting the marine snvirorment from pollution whataver the source and of enauring
the long-term mensgement of rescurces illustrates the importance of reginnal
agreements as a mechanism for elaborating wpon and effectively snforcing thae
principles and general reguletions adopted on the global level.
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GLOSSARY

Thia list provides guidance on a salsction of tachnical terma and on some avaryday
worda which are used in e apeciziized ssnee in bhe report.

ADIPOSE TISSUE

ADSORPTION

AEROSIL

ANGXIC
AN THROFDGENIC

AUTHIGENIC
{of & mineral}

BENTHIC
BIDGENIC
BIOTURBATION

CHELATE
COMPLEXATION

CORIOLIS EFFECT
BEPURATE
DESORPT ION

BETRITUS

DIAGENESIS

A typa of connective tissus specialized fur atorage af fat

The aurface retention of golid, liquid, ar gas molaculss, atoms ar
iana by a salid or liguid as oppoeed to absarption, the penatrat.l.nn
of substances into the bulk of tha solid or liguid

A gasegus suspenaion of ultramtcroecople parkiclsa of a ligquid or a
aalid

Devoid of fres oxygen
Man—mara

Formed by sedimentary processsa es a crystallographie unit at the
place of ite occurrence

Of, pertaining to, ar living gn or in the battom of the =es
Produced by the action of living arganisme
Disturbance of zedimentz by the activibkiss of living organisms

A molecular structurs in which a hetsrocyclic ring can be Formed by
the unsharad slactrons of neighbouring atoms

Formatien of 3 chemical compound in which part of Ehe mnlﬁcular
bonding iz of the co-ordinats kype

The daflection relative to the saTth's aurfuce aof any objact maving
above tha earth, caused by the Corisli= Force; an abject moving
horizontaily iz daflected to the right in the parthern hemisphers,
to the left in the aowthecon

Hecowe Fres from contaminants

The process of removing a sorbed substsnce by  the
adsorptlon or sbsorption

reverae of

akrictly speaking, loose particles produced by  wearing away of
larger material but the tarm is often uwesd more generally to cafer
te fine inorganic or organic matter suspended in the water or
eettled on the sea bad

Physical and chemical changes ocourring in  sediments during and
aftar their depesition but before their cormelidetion



DIVALENT
{matal)

ENTRAIN

EUPHOTIC ZONE

EUTROPHICATION

FLIBSHING TIME

GRADIENT
HOMO LOGLE
{chemical)

HYDROXYLATION
(chemieal

I5GHER
LIGCAND
FORE WATER

PYCHNOCLINE
SCAVENGING
SFECIATION
(of & chamical)

TECTOWLC

THERMOCL INE

UPWELL ING

- 100.-

Ona whose atoms are sach capable of combining with two atome of
hydragsn

Carry along in tha flow (of watsr}

The upper level of the sea down to tha limits of effective light
penetration For ghotosynthesis :

The procees of nubrient enrichmant of water which leads ko
enhanced organie growth but which 1f cerried too far {hyper-
trophication} causes undesirable affects

For sa= eress, this usually rafers to tha tigs takan for the yvolums
of water in a desigreted location to be replaced by water from
outsida; 3 concept which engenders highenergy discussions botwean
Phyalcal oceencgraphers snd enginsers

The rats of changs aof & property with raspect to distencs
{horizontal ar vartical) "

One of the compourds in a sariss which shows graded chonges in

strueture and properties

An oxidation reaction which introducss one or more hydroxyl groupa
into & argenic compound

One of two or more chemical substances having tha same alementary
percentage compgsition and molecular weight, but differing in
atouctura and therefore in propertiss

The molecule, ion, or group bound to the central atem in 2 chalate
or 4 co-ordination compound

Watar filling the small openings sand channels within rocke or
sedimenta

A density gradient - ses tharmocline

Removing = solid, liguid @r gas from a liguid or gas by its
adherange to a third substance

Rafers to the various forms in which a chemical can exist

Said of rock atructures which are directly attributables to  eacth
movementa involved in fnlding and faulting

A temperature gradient, as in a layer of gea-water, in which the

temperaturs decresse with depth is greatar then that of the
averlying and/or underlying water

The procass by which water rises from a deeper to & shallower _

depth, usually =8 a reault of divargence"nf offshare currants
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PUBLIEATIONS INM THF: UNE-F' REGIONAL SEAS REPIRTS AnD STUDICS SERIES
UNEPT  Achievements and. planned Jdevelopment of UNER's Regional Seas
Programme amd comparabis progroswss sponscrad by other bodiss. {1982)

UNIDODAINEP:  Survay :31." marine pullutant=s from industrial sources in the Wast
end Cankral African Reginn. {1982

UNESCG/UNEP1  Rlver inputs ta the Weat and Central AFrican wmarine
ermv iTorment. {1582)

IMCO/UNEP: Tha status of ail pollytion and oil pallution control in the
Waat end Cantral African Region. (1982) s

IAEA/UNEP:  Suivay of tae, ail, chlorinakted hydrocarbons and - trace matal

pellution in cosstal waiera of the Sultanate of Oman. (196%) :

UN/UNESCIVUNEP: Harine and coastal ecaa development in the FEast AFripan
ragion. (1932}

UNICOAINEP; [ndustrial saurces of marine and coastal pallutian in ktha East
African region. (19823

FAD/UNEP: Marime pollukion in the Eaat African region. (1992}

WHOYUNEP: Public healkh problama in the coeatal zone of the Fast Afpican
ragion. (1982) :

[MO/UNEP: Qi1 poliution control in the Emak Afrigen region. {1982)

IUCN/UNEP:  Cansarvation of coastal end mapine ecagyatems and living
reagurces af tha Eaat African raglon. (1%a2)

UNEF:  Envirormental grablems of the Eaat AFrican region. {1982}

M. PATHMARAJAH:  Pollution and the marine enviromhenk in tha Indian Ocean.
{1982}

UNER/CEPAL: Bavelopment and enviconmant in the Wider Caribbanr fAegion: 4
Synthasis. (1982}

UNEP: Guldelinea and principlaa for the preparation and imglamentation of
caongrehonaive ackign plans far thae protection and davalopwent of parins snd
eraatal armss of regional seas. (1982)

GESAMP:  The haalth of the ocmans. (1982)

LMEP: Regionsl Seas Pregramwme: Legislstiva authority.- (i greperakinn)
UNEF: Regidnel Seess Programmer Warkplan. (19321

UNEP: Reqlonal Saes Programmes: Lompendium of prajects. {1582}

CPPS/UNEP:  Action Plen For the protection of tha marine envirgrment and

cuastal arzas of the Sauth-East Pacific. (1933)
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CPPSAUNEF:  Sources, levels and effects of marine pallution in ° the
South—Caat Paciflc. (1783} [Im Sqanlah anly)

UMEF: HReglonal Ssas Programme in Latin America and Wider Caribbesn. {(1583)
FADSUNESCO/IOC/WHC/ WO/ TAEA/UNEP:  Co-ordinatsd Meditsrransan  Pallution
Manitoring and FResserch Progromms (MED POLY = Phase I: Programme
Degorigtion. (1983)

UNEP: Action Plan far the protection and development of the marine s
cogatal areas af the Cast Aaian Region. {1983) :

UNEP: Marioe pollution. (1963)

UNEF: Aection Plan For the Caribbean enwiromaent prograse=. [1983)

UNEF: Aetion Plan for Ekha protection and development of the osarine
snviroment and coaatal aress of the West and Cemtral Africen Hegiom.
(1983}

!.HEP.. Long=-term gprogeamme for pollution monitoring and ruanmh in the
Haditecransen {#ED POL) - Phese II. (1983)

SPL/SPEC/ESCAP:  Action Plan for nanaging Ehe nstufal ressurces and
svironeent of the South Pacific Region. (19583) .

UNDIESA/UNEP: Ocman enargy potantial of the Weat Africen Reglon. {1933)

A. L. DAHL and I. L. BAUMGART: The stets of the enwircmesnt in the South
Paciric. (1983}

UNEP/ECE/UNIDD/FAD/UNESCO/WHO/TAEAt  Pullutanta From land-based asources in
the Maditerrarean. [(19%84) :

UNDIESA/UNEP: Onshors impact of affshore oil and nstural gea developmant in
the Weat African Region., (1994)

WEP: Action Plen far the protecktion of the Mediterrenean. (1594)

iMEF: Action Plan For the protsction of the marire envipomment end  the
coastul armas of Bahrain, Iran, [reg, Kuwalft, Omen, Qatar, Saudi Arabia and
tha Unitad Areb Emirates. (198a)

UNEP/CEPAL: Tha atats of marine pollutloe in the Widar Caribbesan Region.
{1934}

UNDIESA/UNEP: Envirsrmental mensgsment problmms in resowrce utilization and
survey of resources in the Weak Africen Region. (1984}

FAQ/UNEP: Legal espects of protecting and meraging the marine and coastal
erwiromant of the Caat African pegion. {1%83) -

IUCNAUNEP: Marine arxt coestal conservation in the East African ragian.
(1984 ’

SPC/SPEC/ESCAP/UNEP: Radiometivity in the Seuwth Pacific. (L1384}
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No. 41 UMEP: GSocio-ecemmmit activitiea thet may have an impact an the narine and
caastal envirerment of the East African ceglon,. {L%E4}

Na. %2 [CESAHP:; Principles for devaloping comstal watar quality criteris. [13792)






