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GUSAMP is an advigory body consisting of specialized experts nominated
by the Sponsoring Agencies (IMCO, FAO, UNESCO, W10, WHO, IARA, UW).
Its principal task is to provide scientific advice on marine pollution
problems to the Sponsoring Agencies and to the Inter—governmental
Oceanographic Commission (ICC).

This Report is avallable in IInglish, French, Rugsian and Spanish from
any of the Spongoring fAgcencies.

The Report contains views oxpregsod by experts aocting in their
individual capacities which may not neccgsarily correspond with
the vicws of the Sponsoring Agencies,

Pormigsion may be granted by any one of the Sponsoring Agencies for
the Report to be wholly or partly reproduced in publications,
provided that the source of the oxtract and the condition mentioned
in 3 above are indicated,
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GESAMP VII/9

TCO/FAO/UNESCOAMO/MWHO/TAES /TN
JOINT GROUP (F EXPERTS ON TIE SCIENTIFIC
ASPECTS OF ‘MARINE POLLUTION
Report of the Seventh Sassion

(IMQ Hoadquarters, London, 24=30 April 1975)

oxgmmm OF THE MEETING

1. Tho Joint Group of Ixperts on the Soientific Aspects of Ma.rine Pollution.
(GESAMP) held its seventh pession at IMCO Headquarters, London, from
24~30 April 1975. The C}minnp of GESAMP, Dr. G.. Berge, opened the sesa:ll.on.

2. lire Y. Sasarura, Director of the Marine Dnvironment Division of, IMCO and -
Adnindgtretive Sooretary of GESAMP, on bobalf of ‘the. Socretary—é—cneml of . M0,
weloored the experts, the mprosentu.tivee of .the . .sponsoring agencies and the .
obserVem froti gther qf@animtions uttend:mg the sesaim}. .

' iing- agenda of the’ awenth 5esei<m, a.q adopted by he Grqup, i,s attached a0
Annax I. A 1igt of the docurients comsidered by the. Group wndexr each agenda iten
is"shown at Annex II. Thie alao :ll-'t}oludeﬁ 4 1ip¥ of infor t,ion pepers. sWky iing
the rocent activities of the s ordng’ az;epoies :ln ‘the field ‘of, mrine poiﬁution,
or relating to nétters under disdtssion,

4. L 1ist of participants, ownpriging the axperts, the repregentatives. of the,

uponaorine Baﬁhziesi and’ okgérve:;a f;rpu gther qrmpj.;uﬁma, is. shown. at- ez I,
to unfonbsesn dipowristancan, Mry L. Ge;'ﬂ.rd was obliged to. ;t:etire ‘fron 'the

seaa:tOthZBAprﬂl95andm plnpedby Med Cratkeba:

nmam St INE. ENVIHONERT

was su‘bsequem:l,/ re;)ectad by an agenoy thug causing a long de

8
tmed, delex in, the publishing of . the, Appreved

¥t cn ‘Bl bt a oo, Wbt g
"gc&ﬁm ﬁfeé and ’ t3“ . fs% 145 agpeots’ «
been congidered by oomsultunh ) VB‘J :Ln the mter-eess:lcml period asd
innoarete or nialead.tna
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7. The ad hoc worting group presented the results of its deliberations which
included a series of anendmonts to GESAMP VI/10/Supp.l.  The Gmroup expressod its
appreciation to the working group for having reached a successful conpronise.
Further cormeonts of both a detailed and a general nature wore subnitted and were
considered. Some of these were ineluded 'in the anendments and the remainder,
vhioch were of a nore.general nature, were. renitted to the Chairnan of tho Working
Group on tho Evaluation of Inzards of Hariiful Substarces in the Marine
Enviromment for further consideration in the course of the contimued updating of
the Reviow. The Group approved anendments to GESAMP VI/10/Supp.l as chown at
Amnex IV and agreed that the Neview should be published by UN as o GOSAIP Study
as goon as possible, in accordance with the decision taken at the sixth session

(GESAMP VI/10, paragroph 7).
(b) Tvaluation of tho hazards of harnful substances

8. The Group tuok note of tho decisfons made by the IMCO larine Environnent
Proteotion Committce (MEPC) at {ts soocond session (18-22 November 1974), with
regard to arrangenonts for contimuing the tagk of evaluating tho hazards of
harnful substances carried by ships. In pairticular, the Comnittee, having notod
tho establishnent and terms of reference of the Working Group on Ewvaluation of
the Iazards of Harmful Substances in tho Ivhrine Environnent, agroed that the
Group!s prlncipo.l function would he to asgess inforration received frori various
gourcos ond to gdvise IIXO as to what particular data would be appropriate for
evaluating substances in accordance with tho egtablished rationale

(CEsAMP IV/19/Supp.l).

9. The Group noted and approved the Report, introduced by the Chairmon

(Dr. Jefféry), of tho firat sossion of tho Worlking Group on Evaluntion of tho
Ilnzaxds of larnful Substonoss in the larivd Emvirerment (GESAMP VII/2/1) which
was held at IMCO Headquartors on 14 ond 15 November 1974, As ono of its principal
tasks the working group had preparced advioce for IMCO on the hazard ovaluntion of
substonces considercd for inclusion in tho Amox to the Protocol Relating to
Intervention on the Iligh Seas in Cases of Marine Pollution by Substanoes Othor
than 0il. The Group approved of the action taken by the working group including
cortain views which it had expressed regarding the nmethod of selocting. substonces
for inclusion in the Amgex to the Protocols It was noted that all this infommation
had boon taken into acoomt by MEPC which hod expressed its appreciation to all
concerned with the cormpletion ox 'bhe 1ist within the rodquired deadline

(30 Movérber 1974).

10. The Group was further inforried of the work being carm.ed out by the TMCO
Sub~Cornittee on the Carriage of Dangerous Goods with a view to fornulating
neasures for the prevention of pollution by hamful substances carriod by sca

in packaged forng or in freight conthiners, portable tanks or road sed rail tank
wagons, The Group noted that, at its twenty-third sespion (17-21 June 1974), tho
Sub—Corrittee had requedted advice fron GESAMP conceming the feasibility of
identifying cortain quantitips of pollutonts 'below whi¢h it ocould be repgaxded as
unnecossary to apply pollution prevention neagures, and the baaic cr;!.teria. or
other liniting fo.ctorﬂ which shculd 't)e considared if such an o,pproo.oh was adopled.
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11l. The Group agreed that this onquiry foll within the torms of reforence of

the Working Group on Evaluntion of the Iazards of Iarnful Substances in the
Marine Enviromment which, at its first session, had suggosted a possible approach
to the problem. This infomation had ‘been noted by the IO SubwComittee at its
twonty-fourth session (28 Jamunry - 4 Fobruary 1975) when it roquested GESAMP to
contimic its study of tho problen and to calculate tho oritical quantities
involved in respect of those substances listed in GESAMP IV/19/Supp.l for which
the relovant data arc roadily available, The Group agreed that the worldng group
should contime to develop this approach to the problen, including the
caloulation of the oritical quantities involved for a munbor of substanoces, to
1llugtrote tho use of this appronch, This task is to be undertaken in liaison
with the IMCO Sub~Committee and/or MIPC so that any views which may be expressed
by those bodios can be taken into account as and when appropriate,

12, At its sixth pession, GESAMP had noted that, for many substanoos,
considerable tine and resources were required to produce the authoritative data
necessary for evaluating the hazards of gubgtonces in acoordance with the
retionale (GESAMP IV/19/Supp.l). This difficulty was particularly evident where
laboratory work wes nocessaxry to assess such factors as toxicity offeots on
parino organisns. At that tine GBESAMP hed algo noted that the 1§73 Conference
had invitod govermnents to pursue. studies on the envirompental hazards of -
harrful substances and to provide IMUG with available information, and suggosted
that the use of gownmontnl experts . or oonsultants night well be tho nost
effeotive neans of obtaining tho necessary data. , '

13, It was noted that MEFC had Bpeoifioally invited govermnents to supply datae
on substances carried by ships, drewing their attention to Resolwtion 14 of the
1973 Conforencc. lowever; it was.further noted that even by the date of the
seventh session of ‘GESAMP, no Menber Governnent had supplied data to IO that
would enable this work to prograss,

14. The Group expressed ooncern that this work of assessing the hazards of
harnful cubstances carried in ships.was proceeding so slowly and it is understood
that a sinilar concern has been axpressed by certain IMCO Menber Governnents.

The Group conaidered that this oritioian arose fron the lack of data, and that
no progress could be made or expeoted by the GESAMP working group orbyanyother
body that night comsider the hazaxds -of substances ocarried at sea until the
required dota hed heen- extmoted fron govertnent. arohives .ox. the. neoe»asary
further expsrinental woxk: hnd ‘been. undexrtaken. E .

15. The Group gave further oom#demtion to. t;ha problen of how suoh expez:inental
work ocould be undertaken and concluded that there were two possiltle riechanisns
for this, nanely by direot commissioning fron an intermational body gwch as TMCO
to a marine laboxatory ox laboratorios to undertoke this wark, or by dimot
cormissioning from Member Gowermrwents of IMCO to a marine laboratoxy or
laborntories capable of undertaking this work in accardance with-acocpied;
acien-biﬂo m%oticas in this field. .

16, It wao considered that befom such work wes camisgioned, the working group
should exanine the 1list of substances for which data were required, to detexnine
if priorities oonld be assigned to particular substances or groupe of substances.
The working group should also attenpt to group the substances for which data are
roquired in such a way as to facilitate the experinental woxk required.
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17 Tt wag furthér noted that diffioulties” ‘were beinb experienced in' malkdug

a cheénical identification -of a mmber of substo.ncee known to be carried in bulk
by shipc and lnown only by trade manés. ‘It was agreed that the 1ist of thesc
'substaticos should be Yoported t& JIM}O, w.l.th 8 view to aeeldnc asaigtance fron
Menber Governnents ‘in repsolving this diffioulty. - Tho working group should ‘algo
oontinue itg éfi‘ort‘s 'bo na.ko ’bhe identii‘ication of those Bubsta.noos. _

18, 'I'he Group suggestod 'h"ba.t [} circulm be son-b to govomnen'bs ‘by IMCO’ gooldng:

~(m.) Identifioatibhf of tmdo mamerials on ‘a lJ.st to be mupplied by
the working a:r:oup, ,F ' :

(v) toxiciﬁy dn'ba ‘on subatanoes for which the working group has
attonpted to ovaluate the huzg.rd but been unable to loco.to
Jbox:lcity emd other data' , ‘

A

A’,Al—'

(c) any now da’ca available on m’terialb that have alroady beon
evalua‘hea’ o enable axt,y neoeesa.:cy rovision to bo made. ‘

19, The Group: eﬁ{;@esf&d that: one of 'tho reaeon:s for tho lack ‘of rosponsc to
 earlier requests ‘for toxioity data oould have been that the' circulars sent out
By IMOO had' nét renched the djipropridte dopertridits of ‘the ‘povernnonts domoorncd.
It strosped ‘the irpportance of ‘énduiing, 'in’ Puture, \4Hnt sueh: requests aio
rveforred to the authorities nost 1ikely to have the roquiréd information
available, .g., health a.utho:‘ities, fieheries dopar‘bnen‘be, eto.
20, ‘The Grmzp further po:l.ntedl out tln* 'bhé moat 1ike1y' gource of - 1ni‘ormtion
regarding the identifiéhtion of ‘trade ‘catétiald would be the namifacturers of
the ‘substances concerned. Thé Gioup recorménded therefore that IMCO ghould -
consider possible ways ana means of obtaining ths requisite’ informvtion from
such sources.

81, I‘b wig' propaeed ‘%o gt & 4ifie 1init on the receipt of thda’ infomafion, ,
end the 3-4 nonth pe:r.':l.cvd.j fxéri the third to the fourth sesaions of MIIC .was’
Suggontad -~ Pollowing! this, the GEEAMMP. wordrs group wéuld agk for:s further
‘diroular to-be-subnitted 0 Meribor ‘Governnanits ' requesting that fundamontal work
be 6drmissioned of thode Fubstances for ‘which it had not boen ‘pédmible to obiain
data, " J4eally this work phoild be undertakin and ths dssessnents dorpleted by
the working group in the Spring ef 1976 before the fifth session:-of MEPC and the
., IMCO Teohnical Synposiun in Mexico. If required, tho working group would bo
'pmpa‘red to adwfise on how 'bheere fimd.anenfal aa.'&a oould 'bé ob‘ta:l.ned '

22, I 'bho po.nt and afb p:eeaem% GESAM? ine endeavOured, not only 40 evamate,
but also to gathor appropiclaté data for the develophent of hazard' profiles.

This effort mst now be'reinforced by IMCO"#nd/er govornrents 'ag tho data
availability becores nore 1itited and i 'hany toses non-e:x'is‘ﬁowh I the nost
offeotive use is to bo made of GESAMP!'s lindtbd' resourocss, thend4ho co~operativo
offorts of IMCO, governnents and GESAMP are noeded to ensure that tho neods of
“THMCO for o.deqw.to and: cottprehenaive hazord- profiling for no:d.ms substancos.
-carried by ehips will be'met.
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23, In respect of its long-tern role in the aesossnent of the hazard profiles

of harnful substancos, the Group confirmed that the prinecipal function of the
working group was to assess the information received fron IMCO, povermnental and
othor sources and to advise IMCO as to which partioular data would be appropriate
for evaluating the envirommental hazards of each of the substances in accordance
vith the GESAMP rationale,

24. In order to expedite action to obtain the necessary data, 1t was agreed
that IMCO should be askod to arvange for the early distribution to Member
Governnents of these corments by tho Group, in order to draw the attention of
Menber Govermnents to the urgenoy with which the Group viewed this problen, and
to provide notice prior to the third session of MEPC of the need for experimental
work to be wndertaken.

SCIENTIFIC BASIS FOR THE DISPOSAL OF WASTE INTO THE SEA DY DUMPIIG

25, The Vorking Group on the Soientific Basis for Disposal of" Vaste into tho
Sea subhitted its final réport which was preparcd .at its pecond meeting from
5-11 Ootober 1974 at the WHO Reglonal’ Offioe for Burope, Copenhegen.

26, The Chairmen of the working group, Dr. Kullenberg, introduced the paper and
inforred the Group that both the discussions about the prelininary report of the
working group, which took place at the sixth session of GESAMP, and the writton
comnents received from a selected mumber of scientists fron various disoiplinces
were tallen into account Dy the working group for the preparation of the final
report,

27. The Chairman also pointed out that the working group had reconsidored the
title of its roport in tho light of tho debate at the sixth pession of GESAMD,
and agreed that the title should read "Sclentific Criteria fox the Selection of
Sites for Dunping of Wastes into the Sea". It was felt that this would indicate
nore olearly, than was expressed in the present title of the working group, that
.its main task was to discuss. the factors which must be considored in the
selection of sites for issuiﬁg a porult for the disposal of waste into the sea.

28, The Group commended Dr. Kullenborg and the working group for a thorough and
useful report, particularl;y with reference to the inplementation of the London
and Oslo Conventions on ocean dnnping After adoption of geveral anendments,
the Group agreed that, besides inoluding the yeport as an Annex to the report of
this Sespion (Annex Vs the report.should also be published separately by FAO as
o GESAMP study. The Group requested the Adninistrative Scoretary to moke copies
of the report available to ‘the depositaries of the London, Oslo and Baltie
Conventions.,

TMPACT OF OIL ON TIE MARTNE ENVINONMENT

29. Tho Working Group on the Impaoct of o1l on the Marine Environnent hold its
firast session from 28 October ~ 1 November 1974 at FAQ Ileadquorters, Rone, and
its report was introduced by its Chairman, Dr, Thompson. As port of fts Vork
Prograrme, approved by the sixth sopsion of GESAMP (GESAMP VI/10, Amex IV),

and as a basls for discussion on %opioca of ‘gpecific comoern,. .3 mmber of working
papers were subnitted to the worldng group (see Annex VI).
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30. The Group was informed that, after detailed ddscussion of the worldng papers,
the working group had agreed upon their substances in genoral, and had deciced to
develop a common format for thoir prosentation in the final roport, [n extract
from the roport of the worldng grovp is givon in Annox VI,

31, Tho Group considerod tho proposed contont of tho report and the detniled
outlines of the various ohapters submitted by tho working group in docunent
GESAMP VII/4, A number of suggestions wore made for anendments or changes which
will be taken into consideration’ by the worldng group at its sooond session
soheduled to be held in Ronme in bepten‘bor 1975, '

%2. Some nétbors of the’ Group expressed concern about tho broad scope of the
paper and, in particular, about the relative inmportance of tho various topics.
Ilowover, the Group felt, ospecially in viecw of the need for advice to govemamsnts
of developing countries, that the work programne of tho working group would not
necessarily be changed. Furthor sormonts _expressod by nenbers were noted by the
Chairnan of the working group and will be taken into account in. tho further work
to be dono on thig subjéot.” With mgp.rd to offshore production and distribution
of potroleuim, spetial attention should be given to the papers' prepared by the
Woxrldng Group on the Scientifio. Aepeots of Pollution Arising from the Exploration
and Ixploitation of the Sea-Bed. The working group should reconsidor the list
of topios ot 1ts noxt sesaion.

33« The Group wag informed that owinc;' 'bo other commitnente, two of the nomhexrs
of the working group (Prof. Johzmnes and Dr. Erbardt) had been obliged to resign.
Furthermore, Dr, Okubo, who was proposed as o working group nenber, could not
accept thig invitation, Tho Group strongly suggosted that a marine biologist
(eoologistg should be inocluded when replacing these nembers of the working group.

SCIENTIFIC BASES FCR TIE D*mmmmxon OF CONCENTRATIONS AND
EFFECTS OF MARINE POLLUTANDS L

34. The report of the Vo:¥ing Group on 'bhe Scientifio Bases for. the TDeternination
of Concontrations and Effects of Marine Pollutants, which neét at Dubrovnik,
Yugoslavia (14-18 Ootober 1974), wes prosonted to the Group by the Chairman

(Dr. Goldbexrg) for consideyation and approval. 'i‘he Group felt that the roport
ghould include a preanble giving the background and the purpose. These vere
indicated to the plemary by the Tudlmical Seo:t\etary for TMESG0: the report is
intended to provide guidance to the I00 and WHO for the developmn't of the

Joint TOC/AMO IGOSS Pilot Project on Murdne Pollution Monitoring, and to the

I0C's ICG for GIPME to enable 1t ‘to identify résearch needs for inclusion in its
Comprehensive Plan, It was also mentioned that GEMS night behefit :t‘ron the report.

35« The Group oconsidered that the title of the report did not refleot the
contents accurately, and that there was sone lack of coherenco between the two
nain sections on levels and offeots and the introduction. The report linited
itgelf to defining a globa.l open—ooean marine pollution noni'borinc' systom.

35, The Group eriphasized $ho need to state olearly why a global systen is
necessary. Some reasohs given dm::mg the discussion were: & need ‘to kiow the
background levels and any wcmmlat/.on of’ fpo‘bential poliu‘lants; the ‘¢onsequences
of undetected yet irrcversible danage to the’ open~occean; the role of the opon~
ocean in understanding the dynanios of marine pollution in any part of the seca.
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37 It vas pointed out that a global nonitoring systen had two aspects:

(1) soientific -
'(1i) organizational

and that the veport before the Group roally doalt only with (1),
organizational aspe¢t was.the oonnexicm to be egtablished between s‘uoh an
open~ocoan systen and the national and rogional systers,

%8, The Group felt 'th’alt the jbgam mohitbrin@ was givon a range of neanings in
tho report: fron neasurcnients related to a specific rigk assesgsnent, to merely
ropetitive neasuremenis. Tho propasal that the systen should neasure presont
lovaols and tqmpora.l trends wag thought to require additionnl comsidoxation,
both fron tho organizational and eoononio pointe of viow,

39. Tho choico of pollutants to be nonitored was based on a olear, and defilnable
threat; some doubt was oxprossed that this oriterion had boen fimmly establishod
for cach of the pollutant groups chosen, espeoially 1itter. Tho report indicated
sone difficulties in nmeasuring pollution by scme of the proposed pollutants,
litter and oil, for exanple; it was pointed out that ‘adoquate noaguronents wore
roquired to define the throat so the report was to some extent self-contradicting.
llowever the Chairnman of the worlkdng group gave several examples of these throats.

40, The Group belicved thot mass-balo.nce nodels on which tho proposed
nonitoring systont was baged, should be related to the time soales involved in
the various zonos of the ocoan (c.g. uppor nixed layer, deep water).

41, Theré wore peveral other ‘technical and sofentific objeotions or querios,
and thesd, as well as the corments outlined above, were considered in the
revision of the report which was undortaken by an ad hoo dwefting group appointed
during the péssion, Sore nenbors of the Group folt that tho. report would
benefit from the inclusion of key reforonces gut 1t woa. cnphagizod. that no hard
end fast rule in this regard ‘should be ostablished for GESAMP working group
reparts. The Group reviewed the revised report and approved it in the forn
shown at 'mnex VI, :

II\TTL‘RCIIAI\IGD OF POELUTAI\]TS BE‘I\m e Afl‘MOSPI]E‘RE AND uno] OCRAIS

42. The Group was inforned that the WMO Txooutive Cormittee at its twonty- six‘bh
seopion had endorsed the proposal of GESAMP at its sixth session for the
egtablishnent of an ad hoc group on intorchange of pollutants Dotween the -
atnosphere and the oceans. ‘I'his ad.hoc group congists of . tigo mgteorological
experts and two obeanogmphers nonina'ted by WMQ and IcC respeotively. Syech
conposition wes congidered to be sa.tisfactdry at thig stage. tfhen the wo;rking
‘Zroup ‘on this subjépt is established by GESAMP o wider representation of °
exports would be dssirabley

43. The following subject areas that night be used by the o.d hoc group in
devoloping its scope of gtudios hive boon discussed:

(1) ' Selection ofair pollutants ‘which' o’ 9nte:; the, ooéanl a:n Bim‘f fiqant
- quan'bities on a rc)frinnal a,nd glo'bal ‘soaléy



GESAIP VII/9 -8 -

(2) Prolininary assessment of the budget of selected pollutants;

(3) Seloction of ocean-originated pollutants which can enter the
atnospherc in significant quantities on a regional and global scale;

(4) The 1life-cyc’e in the atnosphore of ocean-originated pollutants,
Particular avtention should be given to the fate of contanination
exposed to such offects as ultra~violet rediation;

(5) Seleotion of ocean contaninants whioch night dircetly or indireotly
affeot atnogpheric processes OvoT ‘0ceans}

{6) A survey of currently available nethods of measurenents and projooted
' developnents related to nensuronent of seolooted pollutants in the
atnospherc and the ocoeans on a global moale}

(7) Moteorological and oceanographio faotors governing the tmnsport of
pollutants f:ron the land to the sea; waghout and fallout of pollutants;

(8) Thé nechanisms governing the interchange’ of pollutants between the
atnosphero and the oceans at the interface and thoix possi‘ble
nathonatical desoription;

(9) The mechanisms governing the atnospheric transport of marino
pollutants on a reglonnl and global scale and their possible
matnenatical deseriptions

(10) Dovelopment of a guideline for a nonitoring prograrme for the
atnospherio tmnﬂport of pollutants fron the land to the gea.

44, The Group felt that, in opite of the restrictions inposed by the present
state of ne‘chodology, +the brealdown of organic materials in the a'lmosphero over
the ocean should ba' conaide:ped by tho future workin@ GToup. .

45. The Group, in disoussing thie quostion, pointed out the inportance of the
problen of interchange of pollutants as well as its complexity and comnected
diffioulties. Caroful identification of pollutants of terrcstrial origin
entoring the ocean through the athosphere in significant quantitios was
congidored to he essontial. The atnosphere is also a major pathway for
pollutants entoring the sea on a regional and local scale,

46, It was agrood that MO should be ‘agked to maintein the presont ad hoe
working group on interotmnge of pollutants for the next inter-sessional period.
The rain task of 'the group, at thig atage, would be to fdentify the soope of
the studies and to develop a world.nc papor outlining ond sumarizing the oontent
of the studies. This working paper should be presented at the next session of
GESAIMP.

PRINCIPLES FOR DEVELOPING 0QASTAL VATER QUALITY CRITERIA

47. The Vorking Group on Principles for Deweloping Cocstal Vater Quality
Criterin, which was establighed pt the . £ifth seasil,on of GESAMP, held its first
gesgion fron 25-29 Novenmber 1974 at FAO Neadquartors, Nome. A report was
submitted to this seseion of the Group for discussion (GESAMP VIL/7).
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48. The Chairman of the working group, Dz, Waldickuk, introduced the paper and
pointed out that the report was based.on the:deliberetions of an ad hoc working
group atithe fifth session. of the Group  (GESAMP V. 1o Annex VI) and ‘the
digounsions held at the sixth session (GESAMP VI/10, .paragraphs 50-52).
emphagized. that this teport from. the first meet:l.ng wa.a a preliminery: one

(See Annex VIII),

49. The Group :discussed the. repoxrt at length, taking note of .ite preliminary
charaotor, and made a muber. of comments which weire appreoimtod by the Chaiirman
of the working group.. He assured the Group that. these commonts would bo duly

ten into congidoration when the working group meets for its seoond session in
Ootober 1975 in oxder to i‘i.nalize its report for approva.l bj the eighth gossion
of GISATP,

50. Tho'Teohnical Scoretaxry for WHO, én request from the Speoial Secrotary of
the Dnvironmont (Ministry of Interior:of the State of Guanabaim, Brazil), brought
to the attemtion of the participents the now legislation cnactod in. the State of
G\mmbaza in’ regard to the qwa,l_’d:yJ of water réquired for. 'bath:l.ng in that State.

SCII.‘N’I‘IFIO ASPECTS QF POLLUTION ARISING FROM THE EJCPLORATION AND
EXPLOITATION OF THE SEA~BLD

51. The Working Group on the Soientifioc Aspects of Pollution arising from the
Exploration and Exploitation of the Sea~bed, which had been formed at the sixth
session of tho Group, was Chaired by Dr. Cole, who presented: the results of two
inter~sesaional’ mee+inga in the form of a report with ‘three appendices. The
terms of roference wore reviewed and -the Group wasg rominded *bhat this was &
firat report and muoh work: romaihed to be dones '

52. The priority it‘ema in the temmp of reforsnoce: petroleum' manganese nodules,
drodging and ‘offshore construction had been selected in part with the intontion
of presenting en approved report to.the UN Confervrice on the Law of the Sea.

The schedule of this Conference being ohanged, much of the prospurc to approve

a roport on certain priority items had disappeoared.

53, The aspects of ‘the working group's task dealing with petroloum had led to
some overlap with the Working Group on the Impact of Oil on the Mprine
Invironment. Steps were taken during tho inter-sessional period to avoid
unnocossary duplication of effort:and to oconfine the work on oil within this -
working group striotly 4o an agsessment of the pollution hazards ardising
directly from offshore exploration and exploitation.

54. As a congéquence of the chonge in tho need to send the report to the TN
Conforence on ‘the Law of the Sea and noting that the Working Group on the Impact
of Oil on the Ma¥ine Environment would piresent a final report -at tho next
gossion of GESAMP, the Ohairman of the working 'group suggestoed, and the Group
agreed, that neither the oonolusions nor the Appendix on Potroleun be discussed
at the prescnt session. Thé Group furthex agreed that the:oonslusions on the
polluticn inplications of exploration and exploitation of petroleun from the
gea~bed presented by the working group, together with thé Appendix, be rdnitted
to the Worling Group on the Inpact of Oil on the Marine Environment for sexrious
oonsideration during the inter-seadsional period:and for ‘full disocussion at tho
next pession of GESAMP,
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55. It was declded, however, that cortain matters relatod to potroleun
exploitation, but outside the terms of reference of the other working group
(such as prevention and control measurés and production matorial effeots, 2.g.
drilling muds and heat exohangoe media), would be abstrected fronm the Petrolewn
paper and be congidered in future work by reference to drilling aotivities in
general (see also paragraph 32 above).

56. 4 munber of subjeots brought ocut in the plenary discussion and requiring
further attention by the working group wero accepted on behalf of the working
group by ite Chairman, Theso will be added to the work progmme and roportod
upon at the next session of GESAMP,

57. The first report of the world.n@ group containing najor scctions on
Monganese Nodule Mining and the Dispersion of Fine-grained lMaterials was
digoussed and accepted by the Group as shown at Amnex IX. A lengthy discussion
was held on the ways and neans of incorporating the longer papers on thesc
subjects whioh had beon ocormented on and anended by the working gmoup but not by
the Group in plenary sessions. It was agreed to armex the report (Ammex IX)

and attach theso two papeors as Appendices on oondition that the original author!s
nare would be included together with a statorent that they had not becon exanined
by the Group. The ilnportance of not creating a procedent for the consistont
inclugion of working papers wags stresscd,

58, The Group agreed that the working group. should continue its work in the
inter-gessional period and accepted the view of the working group Chairman that
a complete report based upon the prosent torxms of reference could be presenied
to the eighth session of GESAMP, This report would include oonsideration of
those additional nattors nentioned in paragraph 56 above, In addition, the TN
Technical Secretary had roquested the working group to take note of

Resolution 1802(LV) of the Eoonomic and Social Council concerning coastal area
devolopment. As & consequence, the working group had given particular attention
to pollution erising fron activitics in constal areas and will include this
subjeot in its final repoxrt.

OTHIR IMATTERS

Sq.pport fron UNEDR

59. The Group expressed appreociation for the finoncial support given by UNEP
during the inter-sessional poriod for neetinga of GESAMP worlking groups on tho
following subjects:

(1) Prinoiples for developing coastal water quality ordtoria;

(2) Scientifio bages for the determination of ooncentra'bions and
.offects of narine pollutants;

(32 Soientii‘ic ba:sis for the diepoeal of wante into ‘bhe peas
(4) Impac’a of o011 -on the marine env:l.ronuent;

(5) Scien‘bif:la agpects of- pollu'bion ariein@ frou the e:qplora'bion
and exploitation of the sea-bed.
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Horld Rogister of Rivers disgharging into the Qocans

e d ‘l‘

60, The progress of the UNESCO Group:of Experts on.the World:Register of Rivers
Discharging into the Oceans was reported to the Group. It wes explained that,
although therparaneters;iwore linited to: the: river: above.the tidal reach, and
although nany signifioant processes were known to!take place inm -the estuary and
possibly to alter the river derived polluting load discharged into the sea, the
Register was of intevest to GESAMP inasrmch as it had been proposed to modgunre
several potentisl narine pellutanis: in-the rivers 4o be;.inoluded in tho-Registor.

IG0SS Pilot Project on Monitoring (Potroleun)

61, Tho Techmical Seorotary for WMO informed the Group that the development of
the IGOSS pilod project has: hoaon oonsidered: by the: fourth. Joint.fession of the.
I0C, Working Coonittee  for JGOBS awd the WMO Bxecutive Cormittee Panel on -
Meteorologloal Aspects of Ogean Affairs held fron:4~12 February 1975 in Paris,
Oonsidering the extension'of.the:pilo} project;that neeting had invited.the.I0G
for GIMME, in-consulbation with the. WMO-EC Panel on Envirommental Polludion and
GES/IP; Yo congider the neoed .for inelusion in the ipilot project, 'at a:later
stage, of pnllutants other than oil,

62, The Group wag furtber inforned that the WO EC Panel on linvirommental -
Pollution, at its first session held in Genova fron 1-5 April, had agreed that,
if the pilot project is esxtonded, congsideration should be given to the inclusion
of's

(a")' ‘heavy metals (e.as load, mepoury) y
(%) ha.logenated hydiocarbons - (’e.g. Pcats, mn!)
(o) dotergen‘ba |

(a) co,

TUTONE VCRK ZROGRAT

63. At the comélilsion of the sossion, the Group exprrssed appreociation to all
the Chairmen and nembers of its working groups, both fron within and outside
GLESAMP, who had contributed to the preperatory work during the inter-scssional
period. This had considerably facilitated the completion of the substantial
itens during the session.

64. The Group noted that the Working Groups on tho Scientiific Basis for the
Disposal of Waste into the Sea and on the Scicntific Bages for the Determination
of Concentrations and Effeots of Marine Pollutants had now completed their ocurrent
work. It was therefore agrecd that these two working groups should be dishanded
at the oonclusion of the geventh session,

65. With regard to its future work the Group requested the following working
groups to oontimue to deal with the tasks allocated to them as set out in
Annex VI to the Roport of the sixth session (GESAMP VI/10):

(1) Bvaluation of the Hazards of Harmful Substances in the
Marine Envivonnents
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(2) Principles for Developing Coastal Wator Quality Critoria;
(3) Inpact of 01l on the Marine Envirorment;

(4) Solentifis Alpootl ‘of Pollution. Ariaine; fron “the Ih:plomtim
© 'and Exploitation of’ the ‘Seaxbed

66,4 'I'he Group aa'mad to. oons:l.der, at 1ts next session, the nood for
establighing a néw Vorking Gréup ‘on Intorchange of Pollutants betwoen the
Atnosphere and the Ocoans (see paragraph 42 above),

DATE AND PLACB OF NL‘X’.I.‘ SESSION

67« The Group wag’ infomed that UN . .would aot as hogt agendy for the oighth
session of GESAMP which was tentatively scheduled to be held in New York fron
2226 March 1976. Since the date would confliot with the ITO Syupoe:hm on -
Provention of Merine Pollutidn fron Ships (Acapuloo, 22«31 March 1976), the:

UN Teclmical: Secretary was requested to oconbult his Organization with a view to
changing the dates of the session, ox to’ eu:plore altemt:lve neans of avoiding
this oonflict.

BIECTION:OF CHAIRMAN AND VIOD—CHAIRMAN FCR 'I‘HE NEXT mmm-snssxomx. TERICOD
AIID FGR THE EIGME SBSSION o

68. The Group unaninously eleoted Dr. G, Iﬁ:.llenberp; ag Clmimo.n and,

Dr. C.H. Thonpson, as Vice~Chairman for the next inter—-sessional period and for
the eighth session of GESAMP. In taking this deoisiony the ‘Group exprossed its
gincere approciation to the reiiring Choirnan, Dr.. Ge Borge, and the retiring
Vice~Chairnon, Prof, A.I. Sironov, for the efficient way in whioh they had
carried out their responsibilities during their terms in office,

CONSIDERATION AND APPROVAL OF THE REPCRT

69. The present Report of the seventh session of GESAMP (GESAMP VII/9) was
congidered and approved by the Group on the last day of the session.
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EVALUATTION OF THE IAZARDS OF HARMFUL SUBSTAINCES
IN THE MARINE ENVIRONMENT

Amendments to the Review of Harmful Substances
(GESAMP VI/10/Supp.l)

As a result of ocertain questions relating to the effects of metals on human
health, the Group, in the inter-sessional period, agreed to reconsider the
particular section at their session. On the basis of a paper preparcd by
Dr, Falk (GESAMP VII/2/2), additions and changes were made, as recorded below,
and refer to GESAMP VI/10/Supp.l)..

1. Pago 2

Paragraph 5, after last line, add the following new sentence:
"3inilarly, nore extended and detailed reviews of the hazards associated with
radionctivity arc available ‘fron TAEAM -

2. Page 2
' Add o new ‘section‘aftér the Intrdduction’ tnid bgrore ‘the netals aire
diacussed~ "General No‘bes on " ‘Revi

A general problen that arises in connexion with the toxicity of certain
netals is that the interaction between then is not well understood, although
it has clearly been denonstreted that in the presence of one olenenty-the -
anticipated. toxic, effect of another; nay not be: fully:obatrved, . Cafipiwr and
zinc, lead and calciun oy react 1n this way., The interaction of nercury and
seleniun is noted bdlow, o

It should be noted that bicaccurmlation of some heavy metols is a
reversible process and that with many organisms, the increased netal- levels
that occur. followi,:na‘ an acqute,-gaposure will fall onoe the source of pollution
is renoved.

It ip stresmed that the toxicity effects of netals can orily be éonsidered
in relation te-the, valancy. skate(s), solubility, stability of. cemplexes and
nany other factors, - This is partioularly twue. of ithe: shortrterm effects.
Consideration of longer term effects mupt take into account t'he -forns to which
the netalsand other Hateidnll" are donvérted ‘in the § envirorient,,

The conpleted review reflects the state of knowledge available 1'10 the
oxperts at the tine of its compilation. Scientific knowledge is con‘b:i:rmally

changing and developing, and.as dt.doeas 895" changas illibe: Togquired in this
review, ., For. this xoason, . this doament wild: beiupdated wuguleely; = It 1s: |
strongly recomended. that the, posh up-to+dete vemmion of it:should he used: .

wherever possible,”.
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5. IEoge 3

Paragraph 4, second line: Changed to read "There are certain sinilarities
to arsenic but unlike arsenic it shows no tendency to be stored in tissues and
also shows difference in toxicity."

4o Page 4

Paragraph 3, first line: Changed to read "Certain inorganic corpounds are
Imown to be carcinogenic and are highly toxio to man on acute or long-tem
administration, cne's

5. Page 5 ,
Paragraph 3, after the last line add the following new sentence:
"However, data are linited and caution is necessary."

' Paragraph T, third 1ine: Chan@e "cbul‘d"' to "are known to",

7. Poge 8

Paragraph 8, first line: Change "man,. being & .component” to "nan: it is
also a componént",’ Delote that part of the sentapca after the seni-colon: -
"the amount ... week" Also delete the final three words of this paragraph,

,,,,,,

8, -ng 19._* ‘
Paragreph 3, fom.'th l:l.ma: Deleta "roughly twice ... requirenent,

Paragraph 7, sixth 1ine: Change hig decl:lnine" to "oan be expected to
decline",

. Paragraph 1, fourth line: Delete "who regiires 3«9 mg; each day."
Parngraph 1, last line: Insert "at the present tine" between the words
"do not" and "pnaaent"

Para@mph 6 second 1ines Changed to redd "The role of leaching of the
meta.l into the: sea i mnartain, sinoe it hds o4 aed.i.ment."~

Paragraphé Iaatl:l,nez Addtheto;lo#ngnewpepteme ,"Hnderthese.
conditions some conversion to alkyl neroury nay still occur,”

10, Page 16 ‘

: 2y fourthi 1ines 44X the fo1lowing section after ";,, ‘hodard,"
"And at tha pressnt wtimo, with the prestnt: levels of ‘nickeX’ in the marine -
environnent, theconsurprtion of sbafood is unlikely to: be‘haﬁmﬂ W

Paragraph 2, last line: Add the following new sentence: "A ‘hazard oéuld
arise if 1noraas:l.ng anounts are to be discharged into the sea,"
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1i, Page 17
Paragraph 3, fifth line: Delete "fron polluted areas",

Paragraph 3, last line. 'Add the following new semtence: "Nevertheless,
concern could arise where the 'discharge of selenium corfpounds occurs,".

12, Page 20
Paragraph 1, last lines Add the phrase."than in fresh water apinals"
after ",.. lowexr",
Paragraph 4, third line: Change "highly pol_,}uteq'f, to "qontanipé_ited".
Paragraph 4, fourth line: Insert "si;_xcé'\"'af_is:er, Meee oomp'oigiéds“'.i ‘
Paragraph 4, lagt line: Insext "preeer'rb da&" before "seﬁiﬁbads“;

13, Page 21

After paragraph 1, add a new paragraph to the Radioactivity section:
"There ore three different types of radiocactive substances, nanely those that
¢ive rise to a (alpha), B (beta) or v (gamma) emiseions (or mixtures of these).
Bach of these activities has a characteristic energy. Different ispidpes have
differont half-lives and pathways in the narine environment and these, together
vith the different types'of emissions lead t6!different degrees o6f-hezard,
For nore complete and detailed information see,, e.g. .JABL Infoxrmation
Circular 205/Add,1, 10 Jamuary 1975. (Convéntion on the prevention of marine
pollution by dumping of:wastes end:other matter)i"

14, Page 22

Under "ETIYLENE DIDROMIDE", paragraph 5, second line, add: ", and the
noterial 1s known to be both carcinogenic and mutagenio" after '"bioaccurulation",

15, Page 23 .
Paragraph 6, third line: Insert "™(20-30 ng./litre)" before "injury through
contact",

16, Page 24

Table 1, title changed to read: "Degree of Inportance as Pollutonts
According to the Major Cotegories of Marine Pollution Recognized by GESAMP",

Delow this heading add the following Note: "The ratings in this table refer
to knowledge of the state of marine pollution at the present time, "As such they
can be considered to provide guidance on future levels of pollution, provided
existing controls are naintained or strengthened,”
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As o Pootnote to the table add:

"It should be noted that, especially in

relation to many of the nmetals, WHO has much more detailed information on the
hazard to pan that these pose under a variety of environmental and other
exposure situgtions, This WO docunmentation should be consulted whenever a
fuller appreciation of these hazards to man is required,"

Table 1

Under Colurm 2, "Ilazards to humen health":
For Lead change "(+)" to "4"

Arsenic change non
Seleniun chana'e i
Berylliun chonge "="
A1yl nlechcl "M

174 Page 25
Table 2 -

tq‘n(+)n -

tO :n(_’_)‘n

to n(;)n
tq n_n

Add the sene note es belov the heading for Teble 1:

"The re.ti.ngs ves strengthened"
Add the seme footnote é.s for ‘I‘a.ble 13 "It -should be noted

eee mquired" .
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REPORT ON TIIE SECOND SESSION' OF GESAMP WORKING GROUP
ON T SCIENTLFIC BADIS FOR DISPOSAL OF WASIE

e

INDO M SEA

Second Session

- (Gopenhagen, 5-11 October 1974)

The Fifth Session of GESAMP (Vienna, 18-23 June 1973) decided %o establish
a Viorking Group on the Scientifioc Dasis for Disposal of Waste into the Sea with
the following terns of reference:

"With reference to Amnnex III of the London Convention for the Prevention
of Marine Pollution by Duuping of Wastes and Other Matter:

(1) To carry out a critical review of our present knowledge of those
aspects of disporsion and physical, chemical and biologicel
processes relevant to the selection of sites for discontinmuous
injection of wastes into the marine environment in both deep and
shallow waters;

(2) to identify geps in our present knowledge, focus attention on
urgent research needs, and suggest research priorities,”,

The working group held its First Session at FAO Headquartors, Rone, from
4-8 February 1974, and prepared a preliminary report for diescussion at the
Sixth Sesgion of GESAMP (Geneva, 22-28 March 1974). A pecond meeting of the
working group took place at the WHO Regional Nfficu for Europe, Copenhagen,
during 511 October 1974, ‘

The nenbers of the working group partiocipating in these sessions were:
Dr, G, Kullenberg (Chairan), Dr, E.K, Duursme, Dr. B, Ketohun (Second Session
only), Dr., S.A, Maloberg, Dr. J,E. Portmann, Dr., M. Waldiochuk, Dr, G.I'. ‘eichart,
Unfortunately, Prof, 4,1, Simonov, who was nominatsd as a member of the working
group, was unable to attend the meetings. Dr, G, Tonezak (FAO) provided
secretoriat assistance (see Appendix I).

At the Second Session, the working group was welcomed, on behalf of the
host agency, by Dr, M.J, Suess, who also participated part-tine, together with
Dr, AJ, Wahba from the Reglonal Office for Europe, in the discussions and in
the drafting of this report,

The working group took note of the disoussions on its Summary Report of the
First Session held ot the Sixth Session of GESAMP, and of the written couments
on this report sent to the Chairman by varicis reviewers, end discussed what
anendments should be nade to its report so ss to take account of these corments,
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It was agreed thot, although not specifically stated in the title of the
working group, its nain task was to discuss the factors which must De considered
in the selection of sites for disposal of wastes into the sea, and that this
should be clearly indicated in the title of the final report,

In the follow s therefore, the title has correspondingly been changed,
and the working group suggests that, in the future, reference to its work should
be made by using the title "Scientific criteria for the seclection of sites for
dunping of wastes into the sen",
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SCIENTIFIC; CRITERIA FOR THE SELECTION OF SITES
FOR DUMPING OF WASTES INTO TIIE SEA
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SCIENTIFIC CRITERIA FOR TIOE SELECTION OF.SITES
FOR DUMPING OF WASTES INTO THE SEA
ADSTRACT

The pain concerns with dumping of wastes at sea are their possible adverse
effects on living resources, Effects on hunan uses are nainly associated with
bioaccumulation of substances by marine organisms, tainting of sea food and
reduction of anenities arising from discolouration, turbidity and floating
naterials, The wastes of greatest soncexrn are thoee which are toxic to marine
organisne or accurmlate within orgenisns to a concentration substantially
greater than that in the environment, :and which reach thé séa in large amounts
or persiot there for long periods of time, For .liquid waste disposal, a.
principal objective is rapid and widespread dispersion,

Dumping of those naterials permittéd under the London Convention should be
done in such a way as to avoid, or minimise, undesirable effects: by:
51; ensuring paxirmun initial dilution through an appropriate means of disposalj;
2) selecting areas whore dispersive processes (transport and nixing) are active
and (3) avoiding partiocularly sensitive areas.

Sewage sludge and dredge apo:lls oonst:ltute about 90 per cent. of the ‘total
naterials presently being dumped, DBoth can contain heavy metals, petroleum
hydrocarbons, animal and vegetable fats and oils and chlorinated hydrocarbons,
They may alsc introduce into the sea micro-crganiems which require special
attention, particularly the pathogenic bacteria and viruses,

Wastee are sonotimes containerized, An éversll donsity of at least
1.2 @fen3 is recommended to ensure that containeis of wastes eink to -the botton
and remain there, Since containerized materials and bulky sclids interfexe
with botton trawling, they should be dunped only in selected areas in tho deep
ocean,

Diological observations might be expected to include: f:lsheriea Ie80Urces,
prinary productivity, zooplankton and benthic populq.tions. as'.well as turbidity,
dissolved oxygen and the nature of tho sedinents. Chenical neasurenents in
water, benthos and sedinonte night include organochlorine substances, petroleun
hydrocarbons, mutrients and such metals as mercury and cadmiun, Ihysiocal
observations should be nainly directed $o evaluating dispersion pkooeeses.

Wind and wave features, vertical density distribution, inoluding nixsd-layer
depth, and data on currents and bottom conditions would be desiroble,

A nvober of research, 'd.Qriti have bean identified which, if net, would
greatly improve our predicts J.II
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l.  INTRODUCTION.

-The- dunping* of wastes into.the sea is only one nmethod of disposal of a
naterial -and should be, carried cut only after other altermative methods 'of
dealing with the waabe have been fully considered, Ideally, .the.only ultinate
nethod of elininating waate disposal of conservative substances is recovery and
routilization of the naterials presently considered to.be ‘wastes; other. -
disposal operations nerely nove material from one part of our enviromment to
anothex,, The decieiom to consider a subastenoce a "waste" rather than a potential
"natural resource" is-based-on economic -rathir -than on'seientific principles,
because the technologytc xecover. the material in mseful form i either dot
available, or is pore coatly ithap the value of the recovered prdduot,

For certain wastes, and under particular circumstdnces, the cost of
disposal at sea may be. less than that.of recycling or !of disposal on land, but
the cost et be assessed agninst the /risk and cost of danage to marine:
resources, Thus, low operating costs nay have to be set against costs of.
dannge to the environnent which nay be quite high, It must be recogmized,
howaver, that the environment 18 not diviaidle 'imto neat compaftnents and. that
the coast and riek of effect of iwaste didposal.in a variety of -alternative ways,
mst be ‘examined, -In. the event it nay be: nea¢ssiary to seleotone nethod;.even
though sone damage idoes ocoury sinply becanse it provides ithe safest long-tern
solutions financial conaidexeticis may or nay not help justify 'such & ‘course
of action, -

 However). i the GERAMD: Werking Grdup 4n.'the Solentific: Basis  for:Disposal of
Yaste into the Sea has:mot gonsidered '‘cost benofit analysis, whioh-ig involved-
in waate .disposal ‘as currently practised, nox did,the working group discuss
altepnative .disposal:cotlods,; but agvreed:that:thase:will alwaye hove to. be-
taken into. acocunt..whan:choosing the:ibest.iprocedute,; The purpoce.of- this =
report, according to the toxms Of reférehoce!of:thé working group.(see Appendix II),
is to consider how the effeots of waste disposal can be assessed and reduced
to o ninimun, and in:. partionier,; whatiséientific prinoiples are-involved in.
the selection of -sites for dunping

The working group agreed that the disposal of waste at sea con be
scientifically;discussed without: taking into .acoount consideration of:the
Juskification of :waste disposal . ~The: sea has a capacity for receiving o finite
anount:. of waste, ‘This: is often latgely. related to its great:valutw. . The: self-
purification and .buffering sspacity of the water is limited; while the pea=bed
as a pink will not-be. sffective for all naterials,

The working group 4id not dtpouss. the ddseposal of rafiomotive waste into
the ogp,. 68 this 1s being towred by s specialized working group,{ILEA, 19744,1975) .
Dunping in relation to specifips marine:geological’ features. was bonsidered at.
the fourth session of GESAMP by an ad hoc Working Group om the Consequences of
the Iuman Perturbation cf the Deep~Sea Floor (GESAMP IV/19, Amnex VII),

* The definition of dumping used by the working group is that given by the
London Convention on the Dumping of Wastes at Sea (UN, 1972),



GESAMP VII/9
ANNEX V

Page 6

In preparing this report, the working group was aware that considereble
experience could be drawn upon in relation to the effects of narine dumping,
Sone examples have been cited from the ‘menmbers! own experience; such exanples
should not be assuned to mean that disposal of those particular whstes is ‘safe
u.der all conditions, The reader should therefore pay due attention to the
particular conditions existing in any proposed area of dumping, before nsking
a decision for any new situation.

" The assessment of the probable effects of waste diaposal at sea involves
several :disciplines, nonely,: physical oceancgraphy, chemistry, sedimentology and
narine biology, all of which are interdependent and none of which can De
considered in isolation. In a report of this:scope it has been necessary to
concentrate on an identification of those matters of primary importance in
order to predict the hehaviour end effoct of materials when dunped at sea.
Having done this, an attetipt has been made to identify those subject oreas
where knowledge is.reasonably precise and alsc.those in which knowledge is
lacking, -

Detrimental effects of pollutioni of the ses include harn:to marine organisnos,
hazards to hunan health; hindrance t¢:maritine activities :and reduction of:
anenities, Of the vdrious uses. aofthe sea likely to be affected by the diaposol
of wastes by dunping, the working group oormsiderdd that attention should be'
fousoed particularly en the living resources of: thd ses mmd theixr exploitation,
This was interpreted as including those speoies which are, or nay be exploited -
comnerclally, and the food organisns on which they directly or indirectly depend,
plus the: need t¢. avoid intérference with fishing activity. ' It should be noted
that, in nany cdses, the young stages are partiocularly wvulnerable, Certain ‘
arcas of the narine enviromnnment, although not atrpredent supporting comercial
resources, have potential :value:in‘'this respect and should be protested;. Ths
vorking group also realized that hunan héelth -aspects muet be oonsidered, :
¢specially in mespect of . poss:tble oontanzlmation of food resources,

Possible concerns which nay bé,:lmpoi'tant“in special circumstances inolude
aquaculture, recreation, preservation of sndangeréd species and exploitution
of nineral resources on or under the sea~bed,

In neking an é&ssesenent 6f the nost sensitive epécies or uee. to be-
protected, it is.worth noting the nexrit of the oritical pathiway approach which
hos been used. with: success in: the fieid of radioactive waste disposal, The
problens involved in adapting this: approach’ to non-radiocactive waste dispoeal
are complex owing to the greater variability of . the sénsitive speciés or :uae
to be considered, plus the different typees of waste and different modes of
action, Neverthelams, the systen should bo.applicable and has-considerable
nerit since, oncethe' decision has: boen:'unde as to what has to be protected,
all other interests are: subjugated (Présten; 1974).
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The report deals with the various properties of the waste which should be
known in order to understand the way it will behave in the marine environnent,
and considers how these nay be affected according to the method of disposal
used. The nethods of disposal oonsidered inoclude the dischmrge fron hopper
barges, discharges into the wake of a vessel and disposal of containerized or
other bulky wastes, ' Attention should beé drawn to the need to ensure that
conditions of licences are observed, especially in relation to site and method
of ‘disposal.,

The working group wishes to stress that this report'is not intended to
replace Amnnex III of either Dunping Convention (Noxway, 1972; UN 1972), of which
note rust always be tekeri, ' Rathér, it is hoped that the report will serve to
anplify and clarify the itens listed in the Annex III of the two Conventions,.

In attenpting to satiefy its terns of reterence the working group has prepa.red
11;9 report in the. following sequenoez

(i) What are the 'biological, physioal and chenical chardcteristics
of the waste and possidble effects of the waste in the narine
environnent?

(11) Tow can the effects be ninimized by appmpriate selection of
- the method of’ dispopal? ,

(111) Tow ‘¢éan the: offecté bé nininized by appropriate melection of
Ca thé site for 'disposdl? -

Rather than considering various. sones of the oceans, such as shallow
coa.stal waters, fjoxds and the deep soa, the woiking group preferred to work
on a'fiore gehersal basis, giving epeoific examples as illustrations:: Finally,
in accordonce.with its torns: of reférence, the working group prepdred.a- section
on research néeds, whereby an attenpt: has been nade to identify those redquiring
the most urgent attentibn.

2. CIIARACTEEIIS’I‘ICS AND POSSIDLE EFFEC‘I‘S OF WAS'I'ES

The chumcteriatioe of a waste fall mto thrée categories of. proparties:
physical, cheriioal and biologlcal. - 411 three have a bearing on their effects
on the narine environnent, Difféxent oiiteria night be applicable, e,g. for
degradeble: and non-degradable subotahoes, and also the degree of toxioity of
the substances and turbidity ‘-night inﬂuenoe the selection of dumping: eites,

2 1 D:l.olgfgcal oha.moteristica and eftecta

'The wantes of @cea.test concern’ relative %o ‘marine life: include 'bhose
nateria:l.s whioch are toxic to marine organisns. and/or are accumulated within
organisns. to a conocentration substantially greater than that inthe environnent,
or which peach the environnent :in large ancunts, and/or which porsist in the -
environnent for longz periods of time, Sone substances are generally recognized
as being of a particularly hazardous nature to the marine enviromnent or its
resources; these are listed in Ammex I of the Dumping Conventions, and their
deliberate disposal by dunping is not permitted.
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Less hazardous wastes, a.g. sewage sludges and polluted dredge spoils, nay
also introdwoe into thoe sea niecro~organisns and as sush nay i, 11l require special
attention, Of principal concern are.the pathogenic bacteria and viruses,.
Anoebae, parasites, yoasts and fungl, which can.cause hupan diseases nay also
be present, The principal concern when dunping such contaninated waste-is to
avoid the possibility of .thein encroachnent on beaches or the retumm to nan via
his food, especially shellfish which may be eaten raw, or without sterilization
by adequate cooking, Ilnrvesting of shellfish in the vicinity of sludge or spoil
dumps, and their narketing, may need to he prohibited or at least be subjected
to systematic, hygienic control, in order to protect humemn heslth, lowever,
shellfish growth or reproduction may not neoeeearily be adversely affected,

In order to cause hunan diaease, pathogenic agents rmest be taken in at.
certain nininal infecting dose levels, For micro~chenical hgzards, certain
hornful leovels are also needed, Some enteropathogenic nmicro-organisns are quite
resistant to the various effects of sea water, It is clear that-micro~ i
biological research should:'be condueted on the pro'blems associated with sewage
sludge,

The ancute toxtcity of waste materials to mayine organisng '‘mist be
evaluated in order to specify the degree of dilution and dispersion needed to
render the waste harmless; 'The custonary.method is to conduct.a bioassay: test,
generally for 96 hours, to determine the concentration which willikill half of
the population of test organisms in thnt period of time, Ideally, the test
organisn should be either the nost sensitive, locally Amportant in the proposed
duriping -area,. or .&n - organisn oritical to,ihe maintenance .of::the 'scosysten of
the area.’ This ie not always-possible, sinee  the firet type nay be difficult
to-keep alive: even undexr the best of laboratory conditions; equally, it is
often not-possible to maintain the most sensitive life stages; finolly; the
critical organisns nay not be known, Thus, the results of: ibloassays oxe applied,-
with application factors, of one to three orders of magnitude.

Another complexity of applying biocassay test results to dunping of wastes,
wvhere dispersion and dilution is-the .objective, rests in the faot: that the -
orgenisup. in the sea are.not exposed to a fixed convcentration, but vetheri to a
constantly decpsasing: eoncentration as netural .oixing apd . dilution with.- .
uncontaninated sea watex follows the .disposad.i  Dicassays which:sirmlete thie.
natural dilution in the.laboratory womld de: useful;, tmt’ at present probably:
unrealistically difficult to achieve and control, Therefore, it is sugposted
that as a general rule the concentration feund to-be toxic in' a,96~-hour
bioassay night be stipulated as a naxirmun allowable concenfration at the
disposal site one hounr. after discharge. :The further natural nixing amd dilution
would be expected to-give additional .factors of safety during the next. four -
dnys. - Further.spfety factors: night be neocessary for wagtes. which acournlate
either: biologically ox physically,. op; if the diaehmga is pade under: qni.eécmt
conditions,
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The possibility of sub-lethal, chronic, toxic effects rust also be evaluated,
These longer tern effects noy interfere with behavioural activities of nmarine |
organisrs guoch as feeding, breeding and migrations. There 1s also the possibility
that exposure %o sub-lethal conoentrations of someé pollutants nay rendeir the
organisn nore suasceptible to dissase or to other environnental stress, lowever,
if the waste is dispersed in an area of rapid circulation these sub-lethal
offocts nay not be 6f great 1mportance. Some waste disposal operations nay
produce looal concentrationa of the pollutants on the bottom, such ag the '
disposal of sewage slud@e or dredging spoils. In such cases the chionioc effects
need to be evaluated,

Living organisna can aocumﬂ ate some pollutants within their tissues to a
concentration greatsr thah that found in the environment. ' For example, heavy
netals can combine with proteins, and petroleum and c¢hlorinated hydrocarbons
arc concentrated in the lipid components. This bid-accumulation réesults frono
an inmbalance hetween the rate of assinilation and the rate of excretion. The
concontration faoctor (the' ratio of the cc)ncentration within the orsanisn to that
in the water) pay reach: Béverol orders of’ nagnitude. When these organisms are
eaten, the predator ig, in tum, ingesting larper quantities of the pollutant
than it would be exposed to- otherwise. Although substances such as nmercury and
DDT and its breakdown products are recognized as being potentially hamful to
narine organiens or to men, it should not be agsuméd that bio-mounulo.tion
Rer se is harnful, 'pince dickaceurmlation nay also tepreeent a mechanism by
which the organism oounteraots the toxic effect. . ,

Another indirect effect of’ d\mpine; night be the change of ha‘bitat
charsoteriotios, This Would be nost’ critiéal with wagtes which accurnilate on
the botton, Sessile benthis organiéns: can ' be amothe:ed if the woste accurmlates
to o depth of a few cen'tiﬂetrea, an tlie characteristics of the Bottén might
be sharged so that it 1o 16 'lofiger Suitablé for, the 1ife atyle of ‘the na:turo.l
benthio:biota and organisns’ feeding ‘thereor. ‘cﬁu.mcterieucany, guch 1odified
bottons will be inveided by ‘opportunistio speciss (such as the worn Capitella)
vhich breed rapidly and are tolerant of polluted, conditions, Al'bhouﬁh in sone
cirouristandes théy nay be replaced by ‘othér &xploitable spec:les prevmusly
presént: species of value t6 moni, such as molluscan shenngh iqbsters and
crabs, nay: bé exéluded ‘frori these modi’fied bottons. A8 nenti[op %3 above, Af
nicrobial -contenination 18 also preaent harvesting ‘nay have tu be prohibited
even in: adjadent. aress where the' organisms survi\?é, in order to prevent the 4
denger of return of pathogens to men, -

.2 Ohenical cha.t‘ae‘bei‘iati

It :l.s pose:&ble to obta:ln so0e cluas but not a f.’ull chem:lco.l chara...terizatior
of .a wn.até; fron o knowledge of the raw na.teria.la and the productlon process .
used, 4 standard, “full-scalo analysis for an extensive list of chepical elenents
or compounds ig: not necesoury‘; mthar‘ h:nalyaie ahouid be tailored ‘to, the needs.
for each waste, Iowever, vortain ganera.l g\l:ldelinge can be given, For exanple,
analysis fo¥ total sdl:lds" total parti __a'be rgenioc na,ttgr eu:xd speoif.‘io
crovity vill ‘genexelly g epplidable, At P £or aéveral trace Detals,.
pesticide odupdunds: and PCDs :ﬁll pﬁoﬂ f,ﬁéef‘ul 1nfomd. :!. Jon persistent
subdtances; these -ard 1ikely“td be preSent’ in teny wastes.
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Sea water has o conaiderable buffering capacity for acids and alkalic.
For exsmple, the acid~iron waste fron the production of titaniun dioxide using
the sulphuric acid process is mpidly neutralized on release into the ‘sea, -
Following neutrelization, the-original ferrous sulphate is oxidiged to the
ferric sta‘be, thus exerting o chenical oxygen demond, and is preecipitated a8
ferric hydro:d.de.

Under etagna.nt conditiona, wa.stee with a high ohpnica.]. oxyaen demand (COD):
and/or bio-ohenicazl oxygen denand (DOD) ean; lead - to’ deoxypenafiion of the water-
or, the sedinent (examples are sowage sludge, pulp-nill wastes and £ood -
proceesing wastes), This decomposition of organic matter cen lead to releass
of large anounts of mutrients such as phosphate and available nitrogen which,
if not adequately dispexped, can cpuse local enxichnent of the . water and changes
in apecies coupositioqo In such o:lrcumatancea, bloome of algae, inclufing
those associated with. :mdg-tides, Jay. occur and ultinately, on death and decay,
cause deo:qrganat;lon gnd pdou: p:;gblamsg

Certain c\hemioals, Qf whioh ‘Fhe thquphenola ave probebly the best kmown:.
examble can, even at varg dow oqnoani;ratione, ceuse tainting of fish end shell~
fish, rendering then unacceptab;l.e tqq: knmnn co.nsmpﬁon. . Iv.is. :i.nportant,
therefore, to avoid d;LBPOBal of. migh., wp.gtes o, “the ges,.

Other chemicpia (e.e, ovap;l;deq, c,cplorinag orgamphosphorus compounds)
are ncutely foxic %o, mardng life. In pany eages,. they are rather rapidly -
rendered” havtless by chemical or btg],qeical processes, ., .Cyenides, which are.
present in some heat treatment salts used in the case-hardening of steels, are
hydrolysed %o foxrmic.acid and aspmopia, .. 3 » Which may-alse he. present:in.
sone heat trestoent sal¥ piy ,ii.a myipihtqd by thq sulphate of;the-ses
water as méoluble b‘p.;;;}um sl phy’ s, bg;r:l,nq 48 Peducad o . .ohloride; whiok is
a na.;)o:b conatitue:qt q;t sea wqtpr.. The tqxic .qrganophosphoyus corpounds:
are hydrolysed in seéa water, with a.,bqlt—m%randpg:f:qn a fowidays.-to: several
nonths, nowerver, colléiqal e}emn};gl phpeplgqm, 8. caly vexry slowly oxidized .
in eea water arid haa knom chqe };q,fggmne reqoumea (meeua:d, 1972).

Many hedv-y bétalq di‘e ac Sy que& ﬁy mri,ne o:gmj.an. dllhe apect.al rulm
posed to hutan health hy mqwh Xy an w:; are recognised. by total. pmbibiuon
of dispogal (emept f:a&sgfb'dn der both Dumping, Comventionss : ... .
Investigationd have’ gﬁown tﬁe.‘t, in, theaqua:nq envi:l:mpen » (3OFORTY. 18, 'hrqnaromed.
into orzanig mrcury J nothyl .ne v Which are far mm toxi.c -
than inorganis o metallis mbfciry emelﬂv 1969 .«

Westes oontaining other metals or elementa luch a9 -J98d, %ino, :papper and
arsenic, can be duuped but require speoial -attemtion, A looal taild-up of any
of these coupoundg or elements is 11kqu tq,pa undaai;:q,ble Again,  the chemicel
stdts is mpox‘faht: in" m:;dlﬁb f‘ ;.n 8009 gases - a{so in. cémlp:nad form,
ty of lead, sing and’ oopnex 18 mich reduced, r In spoxic arens. of -

haul ocux:sq,, hemmtalﬂcanbeelmm :

_ {na ;;xbio netal sulphides, One & !
,)daiamyaglubhmmuamm
fﬁ'P “;’;‘“m@;‘w@mtgg\ o
W hl,ﬂ» og (salphides can
ba prevented by coopl: 39

gew, g vator.which fomn,soluble metal .
corplexes, It should be ‘Hoted” :&.{ iﬁas“ﬁeen d that under anoxic oonditions,

meroury sulphide is nore solubls in sea water than would be expected fron its
solubility product (IAEA, 1971).

in the rom o renio
conditiona. - It some d
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It should be pointed out that certain netals and organic substances are
readily and strongly adsorbed on to and/or absorbed into, particulate natter,
such-as clay or netal hydroxides. There is sone evidence tho.t in this forn they
are cmuch less readily avoilable to marine ‘organisns, 4, é, the risk of bio-
acourmlation or toxioc offccts -is reduced,’ - Sinilar effedts may also be cregted .
by the formation of crgemic ‘compléxgs, ‘but this would 'be 1a.rgely dependent upon
the stability of that complox, It should be hoted ‘that the velency state of an
clenent is of importance when its efféctd on harine organisns are to be predicted,

6.8. arsenic is less toxic in the pentavalent forn than the trivalent ‘form, but
hexavalent chroniun is nore toxic than trivalent chroniun,

The incineration at sea of chlorinated hydrocarbons results in the fornation
of large anounts of gaseous hvd:pochloric acid’ and water vapour, Thése copbine
and ocondense to fort: drople'ba, ‘which preoipitate usua.lly within a relatively .
short distarice of -the incinaa:at:lon veseel. The acid 1s readily neutralized by
the sea water,

243

It 15 necessary’ 10 know whether the waate is & liquid or solid, or & solid
in suepension, andi the density of ‘the waste as a whole 'dnd of any solids it may
contain, since these: properties will influence both initial d:l.ltrtion, and
subsequent dispersion and settlement. Settling velocity will be’ influenced by
the shape, size and density of the particles, and aggregated natter will settle
nore 'rapidly than individual pérﬂoleé of the sanc density. Under ‘strotified
conditions, partioulate natter - my ‘Be reta:lned or have its vertical digperaion
suppu:essed in a pychocline 1agvr

Partioulate naterial con inflaence ‘the nd¥ine o sht in 'seversl ways,
If it settles'in larpe “dandunte in ‘b ‘confined’ ared, the ‘benthis ﬂora and fauna
will probably be adversely affected, If the solids are orgenic,
condi tions: conld become- establihsdl; Although in somo sea arpild ! nq.t\mal
suspendsd particle load is high, addivion ‘6f Jauapendad ma.ttefr wifl,l ihcredse
turbidity. nnd Doy cause didoolouration of the' wa.ter with' poseibla adv&rse
effects on fishories end rooreationsl intereste. 'Certain’ forns of artimnate
waste’ nay clog glll  surfdves of: maidne £1sh,' orustases’ hd bivalve' sheilfiah,
If a waste is practically insoluble and positively buoyant, it will float and
shipping or anenity interests may be adversely affected,

244 Organic matter

' In spite of tho fact that nabtural Alsselved orgenic substarces deconpose
under favourable: conditions (Dimrwna, 1965), 'bhsy‘ have a residénde tide of sahe
thousands of years in'the deep water of thecper boean’ (Williang, 1969), 'This
neans that an introdubtion of more stable Artificial’ drgmio 9on'pounda into the
deep - sea’could lead: ¢o' en-oven longer residensts tiné, The' ondibions 02 ose to
land’ are more favourable for- d.eoeupbdiﬂﬁh oinee, dw:lng to tﬁe ;'gbé:péé of splid
notter, lowex pressie and’ heherally’ torial ‘adbtivities
ere moh highen; as'e Teslt & rapld’ ﬁuni&ar of" a;.uso;héu org&ni‘o‘ nobefihls. e
cormonly- observed: (Jeamasch; 19693 Jehnasch 6t Al; Tt dhotdd p&*pbtea ;
thet the rates of such processes are ‘Eﬁfy rednoed at 1év tetperatures,’
€.8+ in high latitudes,

ica.l characteristics a.nd effecta
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This does not inply that dissolved orga.nio noteriels should preferably be
dunped in cosatel arons, It 1s clear that aspects other than degmadation are
inportaht, In particular, ‘sone #oxic compounds are resistent to degradotion.
For certain materials, digpodal in arens far fron land pay be.preferable to:
dilut;lon and degmdation in near—coaqtgl waters, For artificinl orgenic: was‘bes
it is usually safest to neglect degg.‘adat;oq (which may be .very slow), .ond to
base ‘the evaluation of limi 8 on the .concentration achieved by ph.ysioel
diepersion. ,

2.5 Sewggg ludge and dr'e_@_vag' 'epoile

On ‘the basis og United States and Eumpean figures,. the largest bulk of
na,ter;!.a.la duped into the sea 1s dredge spoils (about 80 per cent) and sawage
sludge (about 10 per cent). For this reagon, special attention is given to
these wagtes, Doth oon be contaninated with metals, bacterin ond viruses,
polynuclear aromatic hydrocarbons, petrolaun hydrocarbons and organohalogens.

Dredge spoils conoist of a hetamganaoua aggregation 68" na.teriJe, very
often anoxic, in & broad gpectrun of sizesgy ranging froo subnicron olay particles
to stones of bany centipatres m diame*e-t. with often a, large proportion of -
organic mate;.ia.l.f Seua@a qlndge 18,8 more, uniforn odxture of finer, orgonic and -
inorganic Bubstanoea. )

?cipa:l, eoo qal p;aoblen& ar::ls.tm #’Qﬂ ﬁn diapoaal of dredge epoils
and sewage 8 la,:;ge oxygen. depand .and -deposition on ithe botton o .
considérable thicknees. JfDoth nay aleo have assooioted human heslth inplications,
Deconposition of the organic content of dredge spoils or of sewage sludge,
partigularly u gted sludge, can. deoxygenate hoth . the sedinenta and: the over-
lying watq: and le Hf,p,;l;.he tomat.lon of. m po;io hwmeen Bulphide. o

ST ' Al l’ *

The. haal'ﬁh hhaam poaed hy,ppthoeenﬂ.o baqmnia in, eewage sluﬂga oon. be
dintriighed by digestion. Only. dilution widl; decresse, residual hazmwds of the
viruses. I'p; order -0 .opuse hunoh..digeases,. pathogenio: egents mgt Ve Anpested’
at qa:r.'tain minimm infeqt;.nﬁ aoaes. Fox. these Tesacng the-dumping of sewage .
sl;dgai pnat blvavs caref) oporate;x ageopding. So- the: lochl: ocaanoacaphic \
CcO Onso .

2.6 Dulky and containerized wagtes

The deliberate placing on the sea~bed of bulky objects, such as 0ld cars
and car tyres, bas. been, advqpatqu by mxnerons. intereated; pexrtdes and has been
carri@d; qut. on an.sxpe: he.ag.a in & fow- oovntTrien, . The artificinl reefs -

: od %0, 0Fovide good settling surfepes; for o varlety
vaang fop oresimres such 08 lobmteyssi they nlss .
ot to a vap,tatx of; sppoiea of interest, to sport fishermen,
ipe tas may p;:qvid.q ummmmn. buk buoyent materials,. e.gs
eﬁhgr 29 pm,\]mn 80, thpt(they dp, not, petuxny to; dhe-murface, or
 protrasted in on nppebpriate vey.. o Sy of the somkinentel cbelf Avens
Mmﬁ \ thamttqmvwmbpmm‘mﬁorto
avold, Antertem%f , tivitics,,

25,
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Particular care is required in relation to areas of fishing activity when
dunping waste in containers. The recovery of such containers in the course.of
fishing operations could be hazardoas to the crew of the tighing vossel,
especially &s the contalner is; 1likely to. be seriocusly weakened by coxrogion,
Under the.texns. af the.Oslo, Convention, d4eposal of bulky. and containerized .
wastes is prohibited excspt in-deep water. .

It is considered necessary when dumping a containerized waste im the sea
to eneure that :digposal avoide Jmown deep-gea gables, in. case. these wight be
donnged by the dmpaot.of. o aonbainer,on the cable. . In. seversl instanqes wastes
are oontainer:lzed 4o avoid releage of the waste.dn.the upper or niddle layqrs
of the ocean, Ooaag..’gozaally the vaste nay be in.a. qqntqiner nergly heceuas . thiq
provides a convenient meqns of -hapdling,:, Hoqupr, -nost. wagites digposmed. q.f An.
containers are toxic to man, Of the exanples kmown ‘tc the menmbers of the ., -
working group, nost wastes dunped in containers are solids and alsc toxic to
narine organisms, Dut sinoe they are.aleo.selids in nost cases they will, .
dissolve eply: slowly into thodeep. water layers.and. the.avea likely to.be ,
affected by toxic action can be.shown. to be relatively:suall, (National. Aqadew
of Sciences - National Research Council, 1962) In some cases, wagstes duuped
in containers are. oither nixed with conorete ox,the oqntajner is enogpgulated
in concrete; in both cases the rate of release of the waste to the water :i,a .
likely to be mch reduced, 'Névértheléss, hy narine-dvganisns inthe :tmbdiata
area of a contaimer of waate jen. the deep:sas .floor. my be a.tnri.sk.

The areas of interest fron a comnercial t:l.sheriea' point of view now extend
to the continehtal alope: regioms: &o&n o4t 16a8¢:1,000 m, 'Therefdre, -if' such
vastes are to'be: disposed of in dsep Water, thby shiould' be’ dufired ‘Wweld” awny
fron the continental slopes., Similarly the higher rogicns''of déep-ses” ridges
should be gvoided..:JIt.should-be noted that, although no;definition is; given in
the Iondon Cmvventiqn, Lox. the; purpese. of the; Oalo Coavention, deep w@ter
dunping aress oxe defined as being at leamst: 2,000 n deep and 150 nautical niles
fron land; additilonally,. it,hes been MM%WMM Yeke: place
within 20 noutdeal: niles.pf: apy: kaxwm: aables,: . Howsver, these critsrin. along ere
not; sufficient, and. care- should be, taken, tor. mid soologieally sensitivp areas,.

3 'mmon o mszfqem.

Dunpingisdéﬁnddhythaﬁma‘b!ﬂnmw&on on- the "Dukpdiig’ of -
Vaptes at Sea as an intermittent injection of waste naterials into the sea, and
i1t is portinent to distinguish batweek: the dusiping ofs:

~(1)-- Wapte confined in containers, o, :ln the, xom oi‘ coupactad bales,.
. .ond/on bulky -syrep natexials;.

'(”ii)‘. uhoontained waiite ‘4n’ 4" bulk méo ;
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3.1 Confined wostes

Wastes of a heterogonoous type can be handled rmuch nore readily in
contained form then in bulk, uninccrporated state. Municipal solid wastes can,
by high pressure compaction, be transfowmred into stable bales suitcble for
transportation.

The prinary requirenents for the containers and bales are that they neot
the appropriate transport regulations and retain their contents during the
descent to the sea~bed, or some pré-deterrined intermediate depth.: In'o
situation where prolonged confinement is required, -the containers should not
break/ow:lng to the mcreaaed pressure, Their ove:,'all density should exoced
1,2 g o’ ' a

Depending on the ahApe, sige, integiity and:weight of containere of waste,
and the character of the pea botton wheve the ‘containers are Aropped, there are
a mmber of ways in which thé ‘contddners ney behuve:

(i) - sink’ intact 1nto the botton ooze without dieintegration;:
(11) sink into the botton cose and diaintegmte; o

(111) rennin intact snd sealed indefinitely on the botton without
si@iﬁoant penetration;

(iv) rupture on impact aceidemtally, or deliberately charged to do
-. .80, opewing their contents onto . the ocean floor apd into tho
- overlying water;

(v) inplodé under the high pressure, or gradually disin*..ac:mto on
f_'the botton, releasing their contente 'bo the eurro\mdjngs '

'If the container and ountenta bm: m'bo the botton ooge without :
disintegration, they will,«in effect, be permamently interred in botbou sedinunts,
Provided the botton is not disturbed lakter' by nining or desp dredging notivities,
the effect on the botton water and sediment will be nminimal, Disintegration
af'ter penetrating the sedinents would lead to local sediment contanination., If
the container explodes or inmplodes, because of pressure, inpast or citplosive,
the oontents will be qun@mly released ‘to the water and sedinents, -

f.

3.2 Dulk cargg wastes: m“ : gig ig' chnd i gu gs"

In this caseé the wastes are- dischavgod fron barges in bulk, Usually two
types of barges are used, self-propelled or towed, ‘discharging either Ly
punping or by gravitation, In small dredging operations bottar melease (botton
dunp) nay be used, whersas mutomated tank barges are used for sewage and
industrial sludges 2nd liquids,
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The size of the barges vardes from 300 to 8,000 tons, and tho discharge is
usually about 5 netres bLelow the surface fl:hroue;h pipes which con Im.ve disneters
in the range 10-60 ¢r, The release is usually carried out at speeds of 6-10
knots, at a discharge rate of 4-250 tons/minute, Sewage sludge is usually
discharged fron o hopper barge at a rate of 100-200 tons{ninute, ‘using gravity
alone or in coubination with low pressure air (EPA, 1971

The incineraticn at sea of combustible waste materials can result in the
fornation of large snounts of gases. 'In nost cases, these will be transferred
back to the sen by the precipitation, The subsequent spreading of the reumains,
nainly in the surface la.yer, can be expected to be falrly rapid in nost cases,

33 Dulk -5 4;.] waetes:: D:Lsa___

The release techniqua has a. conn:l.derable Muance on the initial

dilution and conisequently the long-tewn physical dispersion in the marino
environnent.

Physioal dispersion is defined as the combined action of (a) nixing on
release ‘followed by ‘the turbulent mixing in the sea, and(b) the Aransport Ly
currents, An efféctive dispersion:requiree good nixing conditions -and a high
rate qf exohange hetweun -the dumping area and ‘the ‘surrounding sea, so -that the
wvaste beoonds diluted 1y a large.volune of water, - It is primarily: by neans of
the physical dispersidn that the inpectiof: the waste on.the parine environnent
can ba controlled.. Iowever, as noted earliaer, there are a munbed.of other
processes aotins 1n the sone diredtim and thase help to n:l.n:l.u:l.za the irmpact.

T ol

Two atagea of tbe disspazsicn phnaa are- conaidered, nzmely, the initial

Phase ecvering the - !lnitiol d!.lutlou, and the subseqnent d:lsperaiOn.

(1) The nixing on Telense:will dcpend both upon the charaoteristios
‘of the waete and the. technique of. release, : The: irmpartant. -
pmicq»l -charactaristios of Ahe waste in this comméxton ‘are “the
density distributiony: the content of solids and theirsizo
dietribution, The;initial dilution is tadnly controlled by the
rote of release and the speed of the.vessel during releass,

In areas where there is some degree,of deneity stratification,
the wasts tiaterial can be d1spéréed so'as. to retain it. '
‘temporardly in'‘the Burfoce layer by telensing it into the: wake
of the' steaning ship, An initisl Ailution of the ords? of
1:1000 of ‘the vasté’ shortly arter Polcase, will feduce the
deneity of thé pixture: %0 an acéeptable’ level under most
atratified narine oonditions. ‘I'hip dilution is usuplly reached
dbout’ 500 0 aatery of the nhip, in ite'wake, ot sppeds of 68
knats (Abrahm et a1. 191239 ‘When' ‘the water oolurm, i8 hox_qo-
tenadus, the coﬁ%aninn. ox” will' sink of. verain at the
surface, Copanding tipon wb‘.& 161 the ‘density of the waste io
greater than, less than, or the sene as that of sea water,
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(1)

Wastes with an wverage density higher than sea woter dunped
fron an alnost stationary vessel, or in great anounts over a
short period of tine (order of one hour), will sink due to
their initial excess density and nonentun, Two phases of the
initial dispersion can be defined (EPA, 1971).

(a) Convective descent ~ due to initial excess density
and nonentun;

(b) ocollapse in ‘a pycnocline layer where the falling
waste cloud oan be trapped.

The initial dilution appears in this case to be of the oxrder
1:100-1:500, but this is based on relatively few observations
(Crickmore, 1972; Kullenberg, 1974)., Models have been
constructed for predicting tho depth of penetxation (i.e.

naximun depth) of the waste and the vertical concentration

distribution in the contaminated water colurm, but they suffor
fron neny sinplifying assumptions and approxinations (Ev4i, 1971),

'.I‘he subaequent enviromnental dispersion is dua to the turbulent
nixing and the transport by currents in the water, The rate of

“dispersion can be very slow and will depend prinmarily on several

physical enviromental factors to be discussed in Section 5 on
site selection.. Iowever,.the dispersion can be influenced
considerably by the initial concentration distribution of the
waste imnediately after the dunping has beem completed, This
will depend upon the method of disposal, the characteristice of
the waste and the demsity stratification of the disposal aren,
Spreading over a large vertical distance will in practically all
cases favour a raopid subsequent dispersion, Accurmlation of
wogte at density interfacee will alwaywe suppress the rate of the
subsequent dispersion. Such accumulation ¢an ocour Ly trapping
of the falling cloud: of waste in the pyenceline layer, oxr Ly
tropping of buoyant waste material at tho surface, Trapping of
kroft-nill effluent from a submarine diﬁ‘user outfall has beecn
denonstxated by Valdichuk (1964).

It con te comcluded that in 211 cases when a rapid dilution is required,

the nethod of disppsal should be in the wake of & steaning ship,

In general,

an initicl dilution as high ns feasible should be Beoured; reasonable valucs
which can be achieved under normal oond:l.t:lons ere in the range 1:200-1:2000

(Weichart, 1972; Crickmore, 19723 Abrahan gt a1, 1972; BPA, 1971).

Since both the disposal technique and’ ﬁw waate chara.oteristios can be
adjusted, at least to a certain extent, an’ initia.l dilution can. usuclly be
obtained which will neet requirenents for qinimm dnpact on the enviromnent,
Generally, trappin@ or collapse in pyonocline layers should be avoided.
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The dunping frequency should be adjusted according to the capacity and
dispersion characterigtics in the dunping area: in areas of rapid nixing and
transport, the frequendy of disposal can be higher than in areas of less vigorous
dispersion, A build-up of waste materials in the water colurm should he avoided,
4is a upgeful generalization, the dunping locations and frequency should be
adjusted so that individual waste clouds do not overlap, This will be relatively
casy in the open sea but noy be imposeible in an estuary, A prelininary
assessnent can be made on the basis of the current conditions in the area, such
s tidal, wind-generated, ‘and residual currents,

4+  CTIER USES

Upes of the narine gnvironnent. other than for ocean-dunping are nanifcld,
they. include fishing, transportation, rec;z'ea.tion, including sport fishing,
ninihg including chenical extraction, aquaculture. In addition, pea water is
used as proecess water and caebles axe. laid oh the ocean floor, Many of these
uses. can be adversely affected by marlne pollution, but for the purposes of this
Jreporge only the rela.tionahipq between’ the other uses and’ ocean duiping are
considered,

Fighing: Fi * 13 the of 'a major activities in the marine
errvirongen The worl? figheries including all marine orgenisms) exceedoed
65 x 10°. netric tons. in 1973 (PAQ, 1974) It has been estimated that the
naxirun sustainable yleld of world fishéries may be about twice this figure.

Transportation; Shipping and tranppprtation is another of the major uses
of the ses, and contimually inorenses,” Ocean dumping operations might
interfere with the shi pRing directly by interference with navZgation as well as
by such Joffacta as bloqkaae of coo;;l.ng mtem and fouling of propellers.

Reoweation: Qutq.oor recreati,on ;npreasee oontimmlly and sea’ shoro
recrsation ranks s ons of the rigat important, economically and socially; it is
therefore irmportant tc avoid the otranding of aesthetically undesirable material
such asg grea.se, plastic and other slowly degradable organic matter,

Mia { Ooean mi.n.‘l.ng on the bottm of’ thya gea and extra.c'l}:l on of cheuioals
froo’ 808 wé,ter nay, be e.t‘fected by impur ties or physical obstructions introduced

by dampm&.

Aquaculturez ' Aquaoil ture practicea in marina and fresh watez: contribute,
at present, 56 million metric tons to the world food supply of which sbout
85 per_cent 1p produced in Asia and the Far East rogion (Rebenal, 1974), The
potential s great ‘Biit econonio fa.qtqts cgrrently confi.ne the practice to high
quality f:l.ah? invértebmtea and’ seaueed. ‘

Submarine cebles and pipelinest " Submarine cables and pipelines may be
affected by ocean dunping, chemically as well es physically, Desides this
posasible direct effect of dunping on submarine cables and pipelines, subnarine
glides triggersd by dunping could be a potential threat to then,
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Scientific research: Geophysical exploration, metecrological-oceanographical
neasurenents, for instance by means of moored buoys, or even studies on
variations in fish stucks due to natural causes, nay interfere with or be
disturbed by dunping activities,

5. SITE SELECTION

The selection of duriping sites must be made in such a way as to nininize
the Influence on present and potential other uses of the sea,

5.1 Biological characteristiocs

An evaluation of *'che 'b:.o.logical aenaitlvity of a potential dwping area
should always be mede, Disposal sites should, obviously, be selected to avoid
areas of high biological productivity, intensive fishing, breedins or nursery
grounds, and migrating routes of irmportant fish resources, Some of these
activities, such as breeding and nigration, nay be sessonal and dunping ct other
tines of the year may be acceptable, provided no substantial mobilization of
toxic naterial occurs after dunping. Dunping in active fishing areas riay not
only affeot the living rescurcas of the sea, but the operation nmay interfexe
with fishing vessmels, and ‘'some kinds of wa.stes pay danage or foul the nots or
the fishing gear. 'l'fxe narine environment and its 1iving resources arc sansitive
to natural chenges and’ they have to de o‘m.‘eﬁ:.lly guarded ng:d.nst artificial
changes,

Food pmduction is one of the major uses of the sea.. Many oxgas axv

already over-emloited, whereas othe¥s are pore or less wntouched (FAO, 1972).
The present world catch is lar{_.;ely restrioted to the coastel zones and.
continental slopes where ‘input of pollutants fron all sourves is 1ikely to be
highest, In recent years, fighing for new specics has axtnanded %o rmoh grenter

depths on tha continental ‘slopes than previously, It ehould be noted also’ that
sign;lfictmt pele.gio nqriaries exist 1n some ‘opén’ ocean Areas, e.g, the aquatorinl
zon»eﬁo

In pelation to woste disposal at sea, 4t should be noted that the highly
produotive dreas in the oceans are of 3 :'vlated to guch physical feaﬁai‘es 08
oyclonid gyrés, upwélling, lateral bo w ‘surrents, ocean ‘fronts, i Py all’
aroas of divergence, A1l these conditions are more ox less conducive to high
nutrient supplies ani prinary produoction and, -zooplankton cmmentratiqns, on
which fish atocks and ather mr:.ne life depend,

Convcarae;ly the qcean eixsilation givee rise to convergenos such a8, th:a
Sargasec Sea, equatorial dchvergences and ¢bestel convergencem.  Althioudhi |
productivity is generally low in such aréas, waste matter may accurlotd 'l.here,,
especially if it is resisiant to degradation,



GESAMP VII/9
ANGEX ¥
Page 19

The natural stress to which organisne are subjected varies in nagnitude
and frequency, For exanple, secsonal variations in temperature are extreme at
high latitudes when coupaved with the tropice. A high degree of seasonal
variability can also occur along ocean fronts, It is always cold and dark in
the deep water of the open ocean, while salinity, light, and terperature can
change rapidly in estuaries, on tidal, daily, and seasonsl tine scales, The
organiens 1living in such highly stressed environnénts have evolved to withstand
these changes, but moy not be well adapted to artificial stress, Sinilarly,
pollution might affect their capacity to adapt to natural changes.

Special attention must be paid to’ anima.l nigration. Migrating species use
their acute sense as a guide in honing on their native region. Interference
with the natural chm,'aoteriat:lcs of thpsé 'waters by introductitn of foreign
naterials con disrupt figh's’ detedtion’ processes, Duriped mhterials could
conceivably mask natural- characteristice of the ‘sea water or of tributery stresns,
This tight confuse migrating fish, possibly to the extent that they becone lost
and go unspawned or fail to find food.

Closely connected to these aspects are spawning, nursery and feeding.
processes of marine organisms, Critical species, vertical and horizontal
biological transporis, bio~acourmlation, ‘bio-trensfornation, and taint sh:ovld
algn do o(mnidem -

Dependivg upon..the characteristics of the: waste naterinl, certsin general
precautions should be observed in planning the disposal operations, If the
vaste contains toxic materials, the dilution achieved during disposal nond the
subsequent nixing of the waste with sea water should emsure that the
concentrations are not sufficient to danage the parine biota. For m..bsta.noes
that settle to the bétton, orens. 6 ll'ttle or o benthic productiv:l.ty should be
selected, or, if not possible, tho pmﬂm&e ‘of a pert of the benthic popu-l&"‘ifm
should be assensed as port of tho "cost™ of the disposal,

532 Sedignt m gﬂstms

Sodirents of the sea bed of the m;m: ocesh basins have a potential ‘swrption
capatity for all kinds of metels and organic ‘substanicen, lowever, naterisl
originating fron dumping of wastes pay bo' dlspersed in e’ water colurm rather
than sorbed to the ‘ses-bed/sea witer interface, :‘In-the prssence of bigh turbidity,
there 15 a socvengﬂ.ng emt fby nolid‘ mteﬂalﬁ o!‘ aubstauoes froﬂ malution.

Whan' the materials: &am tm w» ‘Uot%om, & mm urmty of tne aecumnta
for the waste taterial’ leada to & largd fotal uptaltd by tlie sea bed; Iowsver,-
this upteke is prinarily in a thin surface loyexrcof the sedinent, and . :
penetration deeper into the secwbed is slow, Therefore, if resuspension or
exrosion occurs; the material might be. recysled to:tlie’ water and to, the henthic
epiflora ard spifauna, Tims the dsesbed: will.not &lways e the ultinate mink
for ‘Guriped wadted, - ' ‘ ' )
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Wastes submerged in the sea~bed would in prineiple be removed fron the
water systen, Migrotion to the supernatant sea water takes a long tine when
the vastes are buried under several centimetres of sediment, Iowever, burying
of wastes inside the sea-bed is technically difficult to achieve,

For liquid or dissolved wastes, unless sedinents are stirred up, little
naterial will be bound by the sea=bed. In a dumping site, mowt of the dissolved
substances will become so dispersed within the water systen that sorption by the
sea=bed will be extrenely limited, However, with respect to repeated dumping,
especially of materials which are not rapidly degradsble, the area will
accurulate more end more material in the sedinents. This will apply particularly
to certain heavy metals for which a phepomenon of imnobilization exists via
o.bsorptic)m inside crystal lattices of sedimentary particles (Ros-Vicent ot al,,
in press).

5.3 Dispersion characterisiios

The turbulent mixing in an ares, and the rate of exchangs with the
surrounding sea, should both be studied in order to assess tho dispersion:
characteristics of a potential dumping site. In studying the physical dispersion
characteristics of an area, the following generalisations should be borne in
nind, :

A, Mixing rite

The turbulent mixing in the sea is deternined Yy such physical factors as
wind, waves, nixed layer thickness, density stratification, currentc including
their tenporal and spa’ial variations. (Okubo, 1971; Weidemann and Sendner, 1972).
In nany shallow water areas, the tidal currenis are the doninating nixing agents,
In conditions of stable stratification, the nixing iz suppressed, and very
narkedly so in pyocnocline layers, There the rate of dilution is slow and varies
very much with: time, 1.0, the nixing is intermittent, For contaminants which
do not affect the flow, dilutica rates of less than 1:10 in 24 hours have heen
observed in enoloned arsas (Kullemberg, 1974a), Sinilarly suppressed nixing is
likely to ocour in strongly stratified open sea areas. Under those conditions,
particulate natter settles due to gravity, although nesr-neutrally buoyant
neterial nay remain in suspension, The settling velocity of the wante
particles will waxy, slthough o rate of 1 n/bour appears to be xepresentative
for the flocculated state (Crickmore, 1972), Trapping of almost neutrally
buoyant naterial osm ocour in pyonocline layers, -

In the wind-nixed layer the dilution rate is considerxrably higher; o
dilution in the range 1:10-1150 over a.period of 1+5 hours can be expented
under light wind conditions., During strong winds, the rate of dilution increases
spproxinatsly with the square of the wind speed (Bowden et al,, 1974;
Kullenbery, 1971).
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Close to the bottom, there will often be a turbulent boundary layer, the
thickness of which will depend upon the botton roughness and current voloocity,
An indication of the transport conditions slong the bottorm can often be obtained
fron the type of sediments at the interface, Fine-grained naterisl nornally
suggeste weak transport and a favourable settling environnent,. whereas coarse
naterials suggest resuspension and erosion, llowever, care should be talken in
applying this concapt, a.nd it should be noted that conditions often vary

geasomlly.

In estuaries and river ’noﬁthe, the compensat:lon current trangports naterial
along the bottor towards the-shore, "This can &lso -occur in shallow waters with
horizontal denoity'différences, eddies dr wind-induced coastal upwelling, The
oscillating (tidal) currents in many areas will cause resuspension and
fractionation due to differential settling. This implies that the fine-grained
fraction . of a waste, which can serve.ag. a carriar for pathogenic organisns and

other pollutants, may be. aeleot,tvely transportgad 1nshore. :

tvaiiable infoma‘!:ion on deep ‘sea, near-bottou currents saggests that
resuspension will pot toke place except in certain areas., These are nainly
located at the lateral Loundaries and are related, in pa.rt, to 'topographic
features such as slopos, canyona and ridges..

B, Mixing nechanisns

In the wind-mixed layer, the vertical nixing down to the prinary intorface
is quite mepid. Thus, the thicknoss of ‘the wind-rixed layer is significdant in
deternining the nixing characteristics., An ioportent disperaion nechanisn for
scaleg 'in the. -range 1~10 kn ig the vertical shear effect, i,e. the .corbined
offoct of,. vertical nixing and ve;’tioal current shear in generatin@ horizontal
c.ispereion._ For en :Lnitd.ally thick oontan:lnatod voluna, the gtretching due to
the vertical shear is algo dmportant. In this cornexion, the t,ime—dependent
and, in partioular, the oso;lllci;ory conponents of the ocurrent. are. inportant in

deternining the spreoding.

In the surface layer, the vertical pixing depe\nds upon the wmd, the shear
and the stratification, In internal stratified layers the vertical nixing is
suppressed, and is inversely proportional to the stratification,. Dopinant
features of the internal notion in the sea are internal wa.ves which only glve

wise to nixing whent: bmakiﬁg

A% laxrver scales) ' above about 10 n or several - -\sys, the laxge-bsco.le
hbrizontal varia‘t:lons of ‘the aurren‘l;s w:lll dotﬁnate {he mixing.

Exohanee ra.te

When oonsidqning the di emipn ppazaeterd.stice of an.- area., it is..
necnsea;ny ‘to. teke, into account the. Tate' of ‘ewchange with the commected opep sea
ares., A useful’ indicator of the rate of exchange is the Tesidence tine for a.

particular element, which can be estimated by neans ¢f a natural trecer. This
holds true in particular for enclosed or semi-enclosed areas like #jords, .
narginal seas and the land-locked seas. The residence tine will also give a
neasure of the build-up of a persistent material in the area,
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Fron the point of view of dispersion, the following three catogories of
areas nay be defined:

(1) Arccs of great turbulence

Arees of tidal activity are often characterized Ly o high
degree of turbulence; and such areas offer great possibilities
for natural dispersion., Care is necessary, however, to avoid
conflict with local interests, especially aesthetic and
. recreational, and also in order to prediet where particulate
natter in the waste night ultimately be deposited.

(11) Confined basins

Conf'ined basins (e.g. Daltic or Dlack Seas) will, in meny cases,
periodically epproach anoxic conditions and be subject to
periodic turnover, Such areas night sonetines be considexed
" for the Aisposal of {nert wastes, ond perhnps also ‘biodegradsble
ones, Howevar, persiat'dnt and potentially bio-accumula.table
substances ‘should bé - avoided, since ultmately they might be
returned to the productive mirface waters, It should be pointeéd
out that, as in all other cases, local conoiderations must be
taken into acocount.

(111) Other areas of ninimal turbulence or "quiescent" conditions

These areas aro charaoterized by o d:l.stinctly linited ce.pac:l,ty
to receive wastes, since tranaport out of the area and ronewal
of oxygen supplies etc,, are all lintted. The all-importarit '
congiderction in waste disposal in-mich areas is thereforc how
to achieve iAximm possible initial ‘dilution, The secale of the
operntion will also have to be controlled.  The more inert o -
subatance, in peneral, the greater the acceptable scale of
duoping, but in this context the local existing or potenti'ﬂ.
narine ‘resources mst de éonsidered

D, Methods of p:@dicﬁiog

Prodioctive nmodelling of the dispersion of various westes following a
¢durniping operation is of great interest, but suffers as yet fron several
deficiancies, Nevertheless, simple models have been -used with satisfactory
results in predicting the dispersion of radicactive.wastes, Attempts have been
nade to model both the initial and the subsequent dispersion (EPA, 1971;

Koh and Chang, 1973). Ilowever, the resulte must be regarded with great coution
since a nuiber of very 1liniting assunptions are nade, such as treating the
contaninantsn as pa.saivé. The ‘lack of relgvaht observa.t‘.lonql infornation is at
prgsent the nost Gevere' hindmnce to. further davelopnent‘ of the predictive
nodels,
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6. ODSEIWATIONS AT TIE SITE

Once a preliminary selection of the site for diaposal has been mede on the
basis of existing knowledge of conditions in the area, a series of observetions
of the physical, chenical and biological characteristics should be made, Ideally,
these should extend over a period of at least one year in order to take account
of varistions whioh will occur with seasonal changes, It should be noted that
long~ternm variations arise as a result of purely natural casuges and at prosent
it is often extremely difficult to distinguish these fron artifioially induced

changes,

Observations of 'burbidity and chenical and biological charascteristics
should be contimad after dumping commences to ensure that no detrinental
changes ocour, All observations should be made at and around the selected site,
end it should be. recognized that in the. light of .the pre-dumping, or even post-
dunping obeemtions, & new. site day have to be seleoted. -

6.1 Diological obzervations

Prior to approval of a disposal site, biological observations to
characterize the site are usually essential., If zepeated disposali at the ‘sane
location are expected, these observations should be made at all suasons of the
year and repeated moxe frequently at-eritical times of tho year, both to monitor
the biological effects and to aecounit fof year-to-year variations, For o single
dunp, which is not expected to be ropoafed, 8 sinsla assessment pr:lor to the
dump should be acceptable, but cbservations following the dump would be desirable
to evaluate the effect and to forn the basis for future decisions concerning
sinilar operations,

Desirable obsemtion‘d night 'bei ‘erpocted' to include:

(1) Picherios resources, - Data on' this subject are probably already
availablo in the appmpnate agencies or n:lniatr:les for most
coatal. reaonﬂo

(11) 'Primary (met) pmduotivity as related to 1ight. mtcnaity end
mtrients, 'i‘h:l.a is especially important 4f decomposable organic
natter is included.. ;Ln the: waste, and if its deoomposition would
releaso rutrients stimulating plant gwowth, sometimes with
undeaiza'ble eﬁ‘eqta such as modification of species: composition.

(i11) Natural furbidity of the water, and the changes in turbidity

vhich may be produced by the waste disposal, Turb;l.dity influences
-the. .amount of light: maoh:lng various depths in the 800, ‘ond &
persistent inoresaso would' be' expeeted ‘4o reduoe plant
~productivity, Towiver; Af Tapid’ dtspersion’ (or einking) of
the ‘waste is achicwed, ahd 1% ‘he circulation in the area is

. such that the twrbidity inoresse is transitory,’ iittle effect

. ‘on productivity froa-a nbni~toxic waste would be expectdd,
Phytoplenkton: reproduce nt inich a-high rate" thad recbﬁre'ry fron
& decrease in photo-simthiesis is 1ikely to be rapid,
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(iv) Zooplankton populations and their vertical diurnal migrations,
These orgonisns night transport elements from one level in the
water column to another, through absorption, feeding and
excretion,

(v) The oxygen content ‘of _the. water emd its natural variability.
This will help to evaluate whetherr or not a waste with an
oxygen denand nay. reduce, the oxygen content to levels which
will be detrimental to marina orgenisens,

(vi) Structures of normal benthic populations, whether or not they
are of commercial importance, This is especially inportant
vhenover the waste may-ieach or accumulate on the botton of
the disposal site,  Sincé benthic eminals renain in o fixed
looation (in contrast to fishes and’ planktor), they reflédet
the integrated effect of olmdnic exposure to the pollutant
and oan provide early warning of potontial danage.

(vii) Microbiological indices with respect to water quality for
protection of humen health,

6.2 . C ca.1 oﬁs@&ons-
~ The design of the ohenioal ohsexvaticna, \mliko those of & b:l.ologioal or -
pliysical nature, can be ta.u.orod %0 the chenical oharactexistics of the waste,
For example, if 'the waste to ba dunped oontains no mutrients, there is. 1ittle.

point in carrying out an ethptive survey of matrient levels .i.n the ares
selected for d.tsposal.

It is difficult to provide a comprehensive 1list of substances which ghoull
be measured in the area, but depending upon the ocomposition of the waste, the
following substances might bo worthy of attention: organochlorine pesticide
residues, PCDs, petroleun hydrocarbons: and netals suoh.ns meroury and cadddun -
these are a.ll prohibited under the toxrs of Anmex I of the Dumping Comventions,
but they are known to be present in wastes such as sowage sludge and: -dredge
spoils and pmay be found in a var:l.ety of industrial wastea, The working Group
noted that such substances are permittéd: b0 be present “tn troce ooounts,
rogardless of the volume of ithe waste, and this maised the question in the
ninds of the mebbers .of the Vozk:l.ng ‘Group, ,that’ pe'rhaps a prohibition as
currently prescribed -in’ the Dimping Conventions was dsbatable, Tho point high-
1ights the need for the ocontintious: reappraidal of the Annexes of the Dtmp...ng
Conventions and their definitioxw

......

be accumulated and’ should be mea.aumd,. '.l'he hi@wat oomentratiom of post of
the substances listed sbove, are. likply’ %a be; found. in sedinents. and benthic
oninals, It will in gene::aa. be undeauablp that rthe organio content:of the
sediments be undn;l.yx ;anrea.aed; -ag- o neasure. of ti:ia, -loBs .on ignitien, or more
preferably total organic’ ca.rbon /apntent, should be pensured,; If the wasie
contains substn,ntial quantities @f mutrients; such as, phoaphate, niw:ate, nitrite
or armonia, these should be measured( in the.water: columm, - :
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It is perhaps worth pointing out that substances considered to be harmful
in the freshwater environnent may be less so in the narine environnent, e,.z.
cyanide due to complexation with motal ions, and ammonia due to the buffering
effect of sea water, or even virtually harmless, e,.g. chloride, sulphate or
beriun (the former aore present naturally in soa water at high concentrations,
end the latter will precipitate as bariun sulphate). Subject to such fairly
obvious exceptions, in general, if a substance is known to be present in waste
in high concentration, its presence should be expected in the dumping arca and
approprinte measurenents should be made./

6.3 Physical observations

Fron the point of view of dispersion, the physical conditionzs at the
duiping site should be observed, and a general assessment of the oxchange rates

botween the waters in the dumping area, near-by-sreas and the open ocoan should
be nade,

Observations of the physical conditions might be expected to include:

(1) wind and veve features;

(11) vertical density distributions during different weather
¢orditions, including the nixed-layer depth on o seasonal
basis, water temperature and its seasonal variations;:

(ii1) current conditions, includinz the vertical current
- distributien, velocity ranges and directions, tine-
dependence, oscillations and residual currents;

(4v) botton conditions and geological characterigtios, such as
the nature of the sediment and topographic features
(e.gs flat bottom, trenches, ridges). :

Useful tools in such obsexrvations include dye diffusion experiments, the
use of radioactive tracers, wave.gsuges, grab and core samplos of the sédiments,

7. SUBJECTS BEQUIRING FURTTIER RESEARCH

In the course of preparing its- report, the working group has identified a
nunber of areas where basic infoymation is pither imprecise or lacking, In °
porticular, it oconsidered. that the predictive ability in a relatively unstudied
area is inadequate, It is considered that research in the following subjeots
would be most productive in providing information relevant to the' geleation of
durping sites, T )

7.1 Diological ond chenical aspects.

I3

' Basie moute bioassay techniques, are reascnably well established, - Purther
attention ig required in relation to the selection and culture of the mest: -
eppropriate tést organisn for a partioular set of site ocomnditions,. This should
take into account possible food chaim accumulation and the most appropriate 1ife
stage.
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In order to be able to have a better appreciation of the appropriate foctors
ond tine effects, long~term (one or more generations) "flow-ihrough" tests are
required to evaluate potential oub-lethal or chronic effects,

It is recognized that combinations of two or more wastes may be nore, or
losg, toxic than ench waste sepurately, At present, there is little information
on how the effects of such corbinations can be predicted for conditions in the
narine environnent.

Much nore detailed infornation is required on the mode of action of
particular chenicals, especially in relation to uptake and availebility fron a
toxic action standpoint. In this context information is also required on the
various forms of a chornical substonce which nay be present in tho sea, e.s.
valency state of ionic species, netallo-orgonic complexes, adsorbed netal or
organic corpounds,

Sinilarly, and especielly in relation to hunan health implicotions, studies
are required of the forn ond toxicity of the. compound once it has been
accumlated by a narine organisn, e.. the forms of mercury, cadniun ond arsgenic
in narine organisms and the way these nay be altered,. In thio commexion, studics
arce required to provide nore detailed infornation on the nechanisns of bio-
accunulation within a single oxganisn and tranefers in a food chein,

Many inorganic ond orgenic compounds find their way to the sedinments, The
rate of ouch transport;, the residence times of substances in the gedinents, and
their suboequent nobilization, are generally not. well understood. Ior deep-sea
disposal, research is required to inmprove and modify the nethodologies and
noasuring techniques,

The persistence of organic chemicals, éspecially petroloun and chlorinated
hydrocarbone is a natter of concern, The rates of decédnmposition under various
environnental conditions, such as tropical, temperate and arctic conditions, need
to be established., Information is required on the dependence of norine bacteria
on threshold concentrations of the organic substrate, and inorgonic nutrients.,
The extent to which nicrobial activity takes place under deep-sea and nid-depth
pressure and tenmperature conditions, requires detailed investipetion,

In order to be able to assess the inpast of a waste in the narine
enviromnent, . sone estinnte of existing levels of waste constituents . ond thoir
gources is roquired, River or pipeline inputs can be deternindd fairly readily
but the influence of cerial transport, including that on breskdown and produotion
of pollutents, ip unimown for most substances, although it is now generally -
recognized as being of great inportance, '

It ic known that a nunber of entero-pathogenic micro-orgenisns are quite
rosigtant in sea water (Gameson, 1975). Further work is required in the gtudy
of the behayiour and faté of micro-organisris associated with wastes such as
sewage sludge, especiclly the influence of euch fadtérs as tenperature, light,
salinity and sedinentation,. T | ' |
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T2 Phvsical nspects

Carefully designed field experients arc required in order to obtain
infornation for developing and testing nodels for predicting the depth of
wenetration and possible collapse of a falling cloud of waste. Measureuents
should provide inforuction on the concentration distribution during descent,
turbidity generation, settling velocity and subsequent dispersion in relation
to physical conditions, Such oxperinents would need to be carried out under a
variety of envirommentel conditions, ranging from quiescent to near-storn
conditions and in both deep and shollow, stratified and unstratified vaters.
Porticular attention slould be paid to those conditions likely to pmive the
least initial dilution and/or subsequent dispersion.

Tue to the difficulty of covoring all conditions occurring in nature,
coroful attention should be given to the selection of environmentzl conditions
for field experinents, go that expensive field experiments can Dbe bacled by
oppropriate laboratory experiments, In many instances, large-~scale dwiping
cxperiments can give recuired information more rapidly, on both physical and
cheriical behaviour of westes in the sea,

There is a severc lack cf information about the influence of tho vaste on
the nixing processes, ag well as about the possible physical interactions between
various types of moteriecls, At present, it is not possible to take into account
properly the multiphose character of a waste when predisting its physical fate,

In relation to dioposal in deep waters, there is an urgent need for studies
of deep water and near-bottom dispersion processes, including the developuent of
new teclmiques, e.Z. for measurcments of currents and turbulent diffisuion.
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Apperdix IT

GESAMP Viorking Group on the Scientific Basis
for Disposal of Waste into the Sea

Terns of reference:

as agreed upon by the Fifth Session of GESAMP, Vienna, 18-23 June 1973
(GESAMP V/10, paragraph 40):

"With reference to Amnex IIT of the London Convention for the Prevention
of Marine Pollution by Dumping of Wastes and Other Matter,

(1) to coxry out o eritical review of our present knowledge of those
aspects of dispersion and physical, chemical and biological
processes relevant to the selection of sites for discontinuous
injection of wastes into tho marine environment in both deep and
shallow waters; and

(2) +to identify gops in our present kmowledge, focus attention on
urgent research needs, and suggest research priorities,”



II.

III.

1v,

v.
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IMPACT OF OIL ON THE MARINE ENVIRUNMENT

(Exoerpt from PROGRESS REPCRT submitted by the Working Group on
the Impact of 0il on the Merine Environment to the Seventh
Session of GESAMP - Documentation: GESAMP VII/A)

OONTENTS

Content

INTRODUCTION
(Thorpson, loed expert; Tonczak, Young)

1. Purpose of the Report
2., Mammer of Study
3. Background Infornation

3.1 Litoroture and expertisec used
3.2 Outline of study sections

(1) Definitions
(ii) Provlen(s)
(i1i) Bockground
(iv) Data
(v) Corment(s)
(vi) Conclusion(s)
(vii) Recormendation(s)

'SOURCES AND SIGNIFICANCE OF OIL DISCHARGE TO BIOLOGICAL EFFECTS

(Ehrhardt, lead expert; Levy, Palrork)

1. . Caused by Man
2., Co,uaed bero,ture

ROUTES Al\TD/ OR STATES OF OIL AVAILABIE TO0 AND IN BIOLOGICAL SYSTEI‘]S
(Levy, lead expert; Ehrohardt, Mi.ronov)

: Phyaioa.l, Cheuica]., Biologioal Mechanisns
Metabolio or Biologioal

MMWICM FECHNOLOGY STATUS
(Palnork. lead expert; Levy) .

CHEMICAL AND PH!SIOAL EFFEGTS OF- ()IL DISCHARGES

. (Joffery, lead expert;. :Palnork)

1. -Gas Transfer and Deoxygenation

" 2., rHeating Effects

3. Pollutant Sorption
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VI. MICROBIAL POPULLTIONS - BITECTS RELEVANT T0O OIL DISCHARGES
(Thonpson, lead expert; Ifironov)

1. QMicrobial Attack of 0Oils
2. 0il Effects on !Micro-organisn Populations

VII, HIGHER MARTIE LIFE FORMS -~ LETHAL AND SUBLETHAL BFFECTS FROIM OIL DISCHARGES
(Levy, lead oxpert)

VIII HUVAW EFFECTS IFROM OIL DISCHARGES
(Blacknan, lcad expert; Palnork)

1. Logs of Marine IMFood
2. Health Bffects

2. Manner of Study

At a first prelininary nceting of the GESAMY menbers of the working groun
(Geneva, 20-21 Harch 1974), the group took note of Resolution 6 of the
International Confercnce on Marine Pollution, convened by ICO in 1973,
recormending that the Organization toke appropriate steps, at an ecarly date,
to roviow, on a conprehensive basis, the environmental problons created by the
digcharge of all petroleun~derived oils into the narine environnent, with
porticular reference to the problens associated with the discharge of light
rofined oils. The working group was also informed that, with a view to
inplenenting tho above recormendation, the Marine Environnent Prctection
Cormittee of IIICO had requested GESMNIP to accelerato its worlt on this subject.
The working group used as the basis for ite study the work programme agrcod at
its prelilinary neetihg, and adopted at GESAMP VI (GESAMP VI/10, -nnex IV),

At that prelininary neeting "Lead Experts" were appointed with the task of
identifying specific references, reviews, synposia and other material fron
vhich the data base would be constructed for cach topic of ooncern, as
identified. This work had beon undertaken intersessionally, and working
papers were presented describing thiam intersessional activity for nost of the

topics listed.

With this information in nind, the working group recognised that its
deliberations should be extended to a discuseien on ocertain physical ‘and chenical
effects which have a considerable influence on the biological effects. The
Group also found it appropriate, for the purposes of this Report, to linit the
scope of its work to consideration of the oils falling within' the definition
of "oil" as sot out in Amnex I of the International Convention fox tho
Prevention of Pollution fron Ships, 1973, i.e. "petroleun in any form including
crude oil, fuol oil, sludge, oil refuse and ¥ofinéd products (other than
petrochenicals which are subject to the provisions of Armex XX of ‘the present
Convention) and, without liniting the genorality of the foregoing, includes the
substances listed in Appendix I to this Annéex" (see Pable 1: .IList of Oils).

It is the wnderstanding of the working group that this'definition inocludes
weathered petroleun products.
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As a basis for discusciona at the First Sogssion of the working group
(Rone, 28 Octobor -~ 1 Novenber 1974) the following Vorking Papers were

Prepareds
K.H. Palnork:
D.G, Joffexy:
R.AA, Blaclman:
E.M. Levy:
M.G. Ehrhaxrdt:

I.R. Cowell and
J.D. Walkexr:

Tainting

Effect of oil pollution on oxygen transfor
Carcinogens

The effects of oil on narine organisng

0il 1n the sea; routes into and wiifhin blogystons

Inpact of petroleun hydrocarbons on nicro~orgonisng
in the narine environnent
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TABLE 1:  LIST OF OILS*

Asphalt solutions Gasolene Blonding Stocks
Blending Stocks Mlylates -~ fuel
Roofers Flux Rofornates
Straicht Run Residue Polyrtier -~ fuel
Oils Gosolenes
Clarified Caeinghend (natural)
Crude 0il Autoniotive
Mixtures containing crude oil Lviation
Diepel 0Oil ftraight Tun
Fuel 0il No. 4 Fuel 0il No. 1 (Keroseno)
Fuel 0il No. S Fuel 0il Wo. 1-D
Fuel 0il Mo. 6 Fuel 0il No. 2
Regidual IFuel 0il Ffucl 0il Mo, 2-D
Road 0il
Transforner 0il Jet Tuels
Lromotic 0il (excluding vegetable oil)
Lubricating Oils and Blending Stocks JP-1 (Kerosone)
Mineral 0il JP-3
IHotor 0il Jr=4
Penetrating 011 JP~-5 (Kerosonc, Ieavy)
Spindle Oil Turbo Fuel
Turbine 0il Kerosene

Minoral Spirit
Distillatos

Wanhthe
Straight Run
Flashed Feed Stocks Solvent

Petroleun
Gag 0il Heartcut Distillate 0Oil
Cracked

I'ron: International Convention for the Prevention of Pollution fron Ships,
1973, (Amnex I, ippendix I)(IICO).

#This list of oils shall not ncoecssorily he considered as
conprehensive
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It was noted that certain additional topics or concern will Le considered
including

Heating effects - cffects on marine orgonisns and substrata
due to elevated tenperature produced by absorption
of solar radiation by oil filns

Lbsorption of pesticides such as DDT and nmetals by oil filns and layers
on the sea surface and the effects that thie night
have on narine resources

Bach working paper (sec paragraph 29 of the main body of the roport)
wos progsented to the working group and extensivoly discussed in oxder to
identify the ginificant data and assunptions, to exanino the shortconings
and gaps existing in the preosent studies as well as in presont state of knowledge.

In addition, the Chaiman nade available two bibliographies on the "Effect
of light refined oils and petroleun hydrocarbons on the narine environnent,
one of then containing a conplete set of the references given in the worling
papers, the other giving annotations of 153 additional articles subnitted by
over 70 organizations throughout the world involved in petroleun hydrocarbon
regearch.

4. Fornat of Study

It was agreed that the studies on each topic of concern should be further
developed intersessionally, but that o common outlince or format should be used
an follows:

Dofinitions - a statenent of the topics of concerm.  Those were
idontified at the prelininary neeting of the working
group and anplified ot GESAIMP VI

Problens - inoluding a statement of the controversy (if it can
be identified) that exists concerning cach topic.

Backaround ~ the context in which the controversy has arisen and the
necessary background infornation to enable the
controversy to be considercd

Data — the scientific evidenco relative to both the problen
and the background to it

Cornicnts — in particular the extent to vhich the data can be
validated, the existence of gaps in the data base
and opinions expressed about the deto

Conclusions ~ initially a resolution of the controversy in qualitative
terns, but developed whenever possible into a quantitative
assessnent

Recormendations ~ these should hishlisht those gaps in the existing
knowledge that nave preventod a full assessnent of the
problena, and comment on how these gaps nay be filled.

I
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REPCRT OF THE GESAMP WORKING GROUP ON THE SCIENTIFIC
BASES FCR THE DETERMINATION CF CONCENTRATICNS AMND
AND EFFECTS QF MARINE POLLUTANTS

Dubrovnik, Yugoslavia
14-18 October 1974

Guidelines for an open ocean nonitoring gysten

PREFACE

At 11ls third session GESAMP was asked by the IOC to review & paper by the
16ty group of Experts on Long-Tern Scientific Policy and Planning (GEL‘I‘SPAP 1/17)
on narine pollution in the franework of the Long-texrn and Expanded Prograrme of
Ccean Reseaxch of which the Global Imvestigation of Pollution in tho Moxine
Invironoent (GIPME) is an inportant elenent. Two small sessional working groups
vers established to study the above-mentioned dooumont. One of thoge working .
groups dealt with the scientific bases on which a gysten of marine pollution
nonitoring oould be found. The systen envisaged at that tine was regional ond
was intended to include tho recording of deliberate or accidental digcharge into
the narine enviromment. Three !'typo! rogicons were proposed, (Baltic Sea, Horth
Sea and Puget Sound, USA). Five groups of potentinl pollutants wore proposcd:
hologenated hydrocarbons, petroleun, heavy metals, mdiomuclides and nmutrients,
o8 well as certain enviromnental paranetors. The report of this sessional
working group was approved by GESAMP at ite third sossion and renitted to tho
I0C. This Working Group's report was olearly a policy proposal.

At 1ts fourth session GESAMP, in dealing with tho subject of Transport and
Dilution of Pollutants and Marine Pollution Monitoring, was asked to provide
advice to the Joint IOC/AMO Plarming Group for IGOSS (IPLAN) and contribute to
a reviow of research aspects being carried out by the IOC Working Group on
Research as Related to IGOSS (INES). GESAMP decided to identify, at the fourth
cession, the components which could be included immediately in the first phase
of IGOSS. This referred to physical and ohenical paremctors. GESAMP agroed on
the physical oceanographic paraneters proposed, but felt that the strictly marine
pollution paraneters could not, at that tine, and given the state of knowlodge,
bo adequately specified.

At the fifth session, in view of the contimuing concern to specify these
paranoters, o sessional working group was established to develop this gubjeot.
GESAMP was not able, at that tinme, to agree with sone of the proposals in the
working group's report. After ruch disoussion GESAMP agreed that no global
rnarine pollution nonitoring systen should be linited to physical and chenmical
paraneters, but should Include biological ones. The report of the working group
was not accepted by GESAMP and the group was asked to address itself to these
problens inter-sessionally,
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At the sixth session of GESAMP the Chairman of the working group veported
that in the present state of the art of biological nonitoring, it was not
feasible to specify biologicel parancters satisfaotorily. Correspondingly, the
vorking group was expanded to include biologists and weas given revised terms of
roference; this expansion involved a change from the apparontly sirple
gpecification of parancters to the soientific hases for a global moiine pollution
nonitoring systen. It was agreed that the working group should be cstablished
with two panels, one to sgpecify parancters relating to concentrations, and ono
to specify those rolating to offects (GESI/MP VI/10, p.5). Professor Goldborg
wag noninated to chair the pancl on concentrations, and Dr. K8ckeof the panocl on
effoota. The torms of reference for the two panels were approved as given in
GESAT VI/10, Amnex I,

The oxpanded working group net in Dubrovnik, Yuposlavia, in Ootober 1974 to
rovise and expand the report tabled by the working group at the fifth session.
The working group decided that it should propose an opon ocean monitoring project
as an international venture, recognizing that this could oventually be
co~ordinated with regional and national nonitoring prograrmes.

The main purposes of the prosont roport are to advisc the ICC and WMO on the
nonitoring that can now be undertaken, particularly within the franework of the
IGOSS Iilot Projcot on Marino Pollution Monitoring, and to indicate to the ICG
for GIPME the subjeot areas in whioch research requires to be promoted., Tho
Govorning Council of UNLP has alroady approved the GEMS prograrme, which containg
o marine monitoring component, and it io interested in the views of exports on
this subject. FAO, also, has a oconsiderable interest in knowing what Liological
paranotors could now be nmonitored, and is following this work closoly, especially
its rolevance to the work of its ovn ACMRR Working Partiecs on bioaccurmlation,
ocoological indices and effoots of pollutants on marine organisns.

1. Introduction

The nain purposc of a global narine pollution nonitoring prograrme is to
provide a basis for the managoment of those materials that can jeopardize human
health, the stability of marinc ecosystens, or tho ancenitics of the environmont.
The proposcd nonitoring prograrme will consist of systenatio nmeasurements of
changes in narine ecogystens and pollutant oconcentrations in oceanic wators, airs,
sedinents and organisng, as well as in their terrestrial counterparts where decned
necegsary. These neasurcrionts would need to be ropeated on o tenporal hasis, the
tine~gcale of which would be indicated by the lovels found initially. The oceanic
pollutant levels can be compared with "accoptable levels", defined as those which
gociety is willing to accept on the Dhasis of a pre-determined risk asscssnent, to
provide a rational basis for applying controlas on the recleasc of naterials to the
envivonmont. National and regional prograrmes of this type have been forrmlated
for the controls upon releascs of nercury and artificial radiocactivities to the

narine onvironnent.
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The proposed glolal marine monitoring prograrme is designed to determine
the pollutant levels and any cffects they night have upon living systens in the
open ooean as opposed to the coasial ocean and marginal and enclosed scag, the
nonitoring of which is upually carried out through national progrormes. Coastal
waters may be defined as those whose chenical and physical properties are
sinificantly influenced by their contacts with the continents or tho scea floor.
In general, such wators extend over the continontal shelf. An effectivo global
narine nionitoring prograrme rmet be co~ordinated with national and regional
wator nonitoring prograrmes.

It should be recognized at the outset that the time and space scales of a
global marine nonitoring progromme are substantially greater than those for
coastal zones and nost rmarginal and seni-enclosed seas. Vhereas in general '
distances of tens of ldilonetros may define a coastal arca, and distances of
100 to 1000 kn are characteristic longths of marginal and seni~onclosod scos,
open-~ocean wator masses can extend over thousands of kilonetres. Flushing of
coastnl wators normally takes place over periods of a year or less. In tho
open ocean, surface waters nix with those from groater dopths over periods of
tons of years, while for the deoper layers tine soales fron conturico to
nillenia are involved.

Horoin lios the rationale for a global monitoring prograrme. Our concern
is with the irreversille losg of opon~ocean resources because of the extrencly
slow bulld-up of persistent pollutants originating fron mony sources. The
problen ig to provent tho bitration of the opon—~occan systen with a pollutant
for which tho ondpoint would be either an irreversible loss of a najor ocean
regourcos or the gevere contanination of open-ocean waters which were previously
available for the dilution of the already polluted cocastal woters through nixing.
In coastal regions we have depended upon the soientific corrmnity or upon
catagtrophos to initiate the formulation of policios concoerning the release of
pollutants to the marine environnent. For oxanple, the injections of artificial
radionotive nuclides fron reactors are regulated by gonme nations upon the basis
of their potential build-up in cormereial food prcducts or the degroe of hunan
cxposure by other routes, e.g. on boaches, With conditions of high publio
interest and concern, regulatory prograrmes nay result within a year, but
normally situations of grave danger must be clearly indicated fron nonitoring
progrannes otherwise there nmay be a simmificant delay in controlling the
discharge. For exonple, it took a decade to institute tho repulation of norcury
relcases to Minamata Bay waters following recognition of thoir inpaoct upon human
health, The first inputs of mercury wastos took place in 1939; the first victina
were recognized in the 1950sj and the first rogulation of releases was in the
19608, The lower levels of pollutants in the open occan and the perhaps legs
obvious effeots expectod upon living systons underline the difficultics in
initiating nonitoring prograrmes,

2. Pollutants to be nonitored

At the present tine, five groups of substances have so far been recognized
as potentially serious pollutants in open-occan waters ~ artificial radioactive
nuclides, petroleun, halogenated hydrocarbons, heavy netals and litter. These
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groups of materials are found in the surface wators of tho opon occan and some~
tines at depth following entry fron coastal waters, fron the atnosphere or fron
ships. HMothods are available or can be cnvisaged for the anclysis of the fiwve
groups of pollutants in organisns, scdinent, water and air sarmplos.

2.1 Artificial radionvelides. Figsion products (9OSr’ 13705, eto,) induced
activities (55F°, 655, ete,) and the transuranic elenonts (239, 2405, 5 241, ,

etec,) are being produced in over inoreasing anounts and their environriental
concentrations are oxpeoted to inorease, The prescnt levols in the open occan
are o oonsequence of fallout following their introduction into the atnosphore
during nmucleor weapons tests. Tho oconmpounds of the transuranic clements,
produced in nuclear reactors and weapons are anong the nost toxio substances
known, on the bagis of their chenistrics and of thelr radioactivities. Bascline
neasurenents upon the open—ocecan burdens of plutoniun and anericiun isotopos
gshould be initiated as soon as possible to gain an estimntion of thoir presont
fluxes to the open occan and to allow predictions of future fluxes on tho basis
of inoreased ugses of nuclear onorgy.

2.2 Dotroloun. Of the two billion tons of potroleoun anmmually produced,
about 6 nillion tons aro cstimated to enter the oceans directly., This figure is
rnerely a fraotion of the esgtinated natural hydrocarbon input into tho ococans
originating fron the releamo of Liosynthesized hydrocarbonas, the docay of orgonic
natter and natural seepapo. It has to be nodo quite clear, however, that the
oonpogition of petroleoun differs markedly fron the conposition of biogenie
hydrocarbons produced in the narine environnent. Potroleun hag substantial
quantities of aromatic hydrocarbons of known carcinogenicity. Pelagic narino
orgonisne carry body burdens of petrcleun; any effects upon lifo procogsos have
yot to be denonstrated for prosently observed levels. The chenloals containod
within petroleun, in combination with such synthetio orpgenie chenicals asg the
halogenoted hydrocarbong, may stress living orgenisms. Somo beaches of the
world, as well as the waters in open-ocean shipping lones, are soiled with tar
balls and oil slicks. Some soiontists arc concerned about the effeets upon
hunon health through the transfer of careinogenic petroloun oompounds found in
fish and shellfish. There is a need to reduce losses to the oceans as far ag
praoticable, and to ascertain the effects of improved handling through a

nonitoring prograrme.

2.3 Halogenated hydrocarbons. The two nost ubiquitous groups of gynthetic
orgenio chenicals in the oceons are the polychlorinated biphenyls (PCBs) and DDT
ond its netabolites (DDT)., Both have been implicated in deaths or reproductive
failures of rorine birds. There is evidence, on the bagis of aotual use, thot
the anount of DDT presently being dispersed about the environment is roughly the
gane ag it has becn over the past decade, about 100,000 tons per ycar. On the
othor hand, there are now decreasing rates of production of PCBs. Yet both
groups of compounds are still being transferred from the continents to the occans
in measurable anounts. Marine organisns today carry parts por nillion (wot
weight) levels of these collectives of chemicals. Present concerns involve their
interference in hormone production in higher organisns and possible impacts upon
the photosynthetic proocsses in gonme algne, The PCBs, if ingested in sufficient
anount by man, may cause a chloracne type of digeasc (YUSHO),
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Othor synthetic halogonated carbon conmpounds are neasurable in surface
waters of the open ocean: the chlomofluorocarbons used as acrosol propellants;
dry-cloaning fluids and solvents such as trichloroethylenc, perchloroethylene
and trichlorocthane; aliphatic chlorinated hydrocarbons, such as the constituents
of the EDC tars and waste products involved in polyvinyl chloride production;
and hexachlorobenzene, an agricultural fungicido and o waste product fron the
namufaoture of halogenated oompounds. Sone of these naterials are resistant to
breakdown and are toxio to marine organisms ot highor levels than now prosently
obsoxrved. Their nanufacturo and use is expected to inereasc.

2.4 Ileavy netals. Two nmetals, of established toxicity to man in elenmontal
forns and in their compounds, are entering the oceans in anounts that nay affoct
1lifo processes. Thesc arce lead and nmoroury. Although incrcases in marine levels
have so far beon asgociated with coastal arcas, nonetheless their ocontinuing use
in industrial activitios indicatos a possible rise in their open-ocean
concentrations. Perhaps cadmiun falls in this category, although there arc no
definitive roports on its increases in coastal waters,

2.5 Marino litter. On beachos, surface waters and the sea floor thore is
a rmltitude of society's digcards that aro not rapidly decomposed: plastic-ware,
plastic bags, glags-ware, netal objects, cte. The flux appears to be about
¢ nillion tons per year. lony of these artifacts are used as containers or
vrappings of substances and goods uged by society. Some, such as pclystyrene
spheres and dises, arc discards fron manufacturing processos. A substantial
proportion of the litter eppears to ocome fronm shipse, but neasures arc being
token to control this (Intornational Convontion for the Provontion of Pollution
fron Shipe, 1973). Statistically valid sanpling techmiques are urgently nocded
to evaluate anounts of litter in surface wators and on tho sea floor. Tho
effeots of litter upon ocomponents of the ocean systori can only bo hypothosizod.
Porhaps they provide new cconiches for organisns, and hoence altexr tha structuro
of marine corrmmitics. Tho accurmlation of solid wastes on tho sea floor may
dooreasc tho exchange of chemicals bLotween wator and sodinments, and perhaps
affect the activities of benthio orgenisns,

3. Descriptive and Prodictive Models ~ the Mass-Balance Approach

In order to desoribe present dispersion of a pollutant about the
environnment and its open ocean concentrations, and to predict future values,
nodols rmst be developed to relate quantitatively the .source functioms,
environnental levels, fluxes botween reservoirs, and sinks. Such models attermpt
to balence inputs and outputs and are known as "mass-balance models". Thoy can
be developed for the gteady state situation or for the transiont oage in the
following peneralized forn for the open sea:

\ . “ o - s . ¢ Lt
AC = (¢, +C + Oy Cpt c,) - (c]+ Co + Cppy *+ O ¢?)
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whore

AC  is the chango in the pollutant oontent of the open occan
in a given interval of +tine;

Cb is tho contribution from rivers or coastal outfalls;
Cn is the contribution by dumping into the sea fron ships;
CB is the outflow ocaused by water exchanpes

01; ig the inflow ocaused by water oxchange;

c is the flux to the sedinents from the open ocean;
C ig the flux fron the atmosphere to the open ocean;
C’ is the flux fron the open ocean to the atriogphore;
¢’ isg tho flux fron the sediments to the water of the open occan;

C " is the loss of pollutant by chenical or radiocactive
B dlgintesration; and

C is the loss of pollutant by biochenical degradation.

It nust be enphasized that the above nodel is only an illusiration of a
posgible approach and cannot be applied to the ocean in general in short tine-
goales of the order of a year or years. It can bo applied to the surface layer,
i.e. to the upper nixed layer, for time scales of the order of 10 yoars. This
inplies that a nonitoring programpe rmet be of sufficient duration to allow the
dynonics of the ocean-atmosphere systen to achieve equilibrium. It rust be
recalled that the nmixing and transport processes in the ocean arc much slower
than in tho atnosphere,

Thege nodols and thoir included mass balances are an integral part of a
nonitoring prograrme. Tho pollutant levels and flw 38 are oombined with the
physical paranctors to describe nixing and transport procegsses. On a global
basls, the validity of the nodel depends upon the availability of reliable
production and use data which up to the present tine have often been diffiocult
to obtain, In the cases of all pollutants considerocd in this report, there is
an urpent noed to asscomble such date now. To forrmdate these nodels, the rates
of nixing and advection mugt be sought fronm enpirical and theoretical information
in the literature of physical oceanography. At present, the available
information is not adequato for highly precise calculations; nonetheless, tho
nodels developed so far have been guccessful in desoribing pollutant dispersions.,
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4. General Strategies for Determining Pollutant Levels
in an Open-Ocean Monitoring Programme

An open-ocean monitoring programme should be developed with the following
characteristica: '

1. Sample numbers. The smallest mmber of samples, ccmsistent with
ensuring the statistical validity of the mass-balance model in

which they are used, should be scught, Ideally, sampling locations
should bo related to the salinity/tomperature field, end not
arranged only geometrically,

2. Somple ¢olleotion. Sinoe the risk of contamination is usually
- great for those péllutants whose céneentrations are extremely
low, sample collections should ¢nly bo made by qualified
bersomnel aware of these diffioulties.

3+ leboratorics. .A small number of laboratories should be involved

In ‘the analytical work, Most of the pollutants have vory low
concentrations in envirormental samples end require highly
sophigticated equipment for analyses. Compétent analysts are
few in number. For example, thore are fewer than ten ~
laboratories in the world currently measuring eithor DDT and
PCBS or the tranguranic elements in sca water, beocause of the
great diffioulties involved in tho analytical techniques.

The laboratorics should prepare ‘reference sanples for intex-—
comparigon with each other and should atterpt to relate their
‘results to thodé of coastal monitoring prograrmes.

Tho procedurcs of analyses should be made available to othor
laboratories for evaluation and use.

5. Sanpling for Environnental Levels

5.1 Sampling procedures. A long-tern global monitoring prograrmo should
firgt determine absolute levels of pollutants in tho marine environnont and then
a8 neoessary temporal trends of those levels, Such a prograrme will need a
nothods handbook deseribing sampling nethods, sonpling equipment, sanple hendling
and sanple sfornge, Thore are precoutions to. be taken with regard to contamination
of senples beceuse of the very low.levels. of those pollutants in tho samples.

The handbook should describe in deotail the precise procedures to be followed.

Snoh actlon has alrendy been initiated in ccrtain reglomal programnes (e.g. ICES,
OECD and NOAA-(USA)).. |

5.2 Sanpling types, To formulate mass-balance models and to understand
the pracesses, of pollutant trensfer and storage and mechanisms, it i inportant
that the following oonponents of the envirquuent be sgupled and annlyzed:

(a) The partioulote and gaseous phagses of the atnosphere.

(b) The particulate ond the diasolved fractions of rain-water.
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(¢) The particulate and dissolved frections of the gurface microlayor
(upper few mn) the surface waters, and the decper water magsos of

the gea.

() Several species of organisns which concentrate speoific pollutants.

(At the present timo, oxcept for such fish as the tuna, thore is little
information on the biloacourmlation of pollutents by pelagic organisms in
the open ocean and hence a research programme to identify appropriate
specles 1s urgently needed. Orgenisne or substrates artificially
introduced to a given arca night be used to nmomitor pollutant levels.)

5.5 le frequenoy. The wealth of existing open-ocean oceanographic data
suggests that the chenlocal conposition of open—ocean arecas is rather constant
over short periods of itime. Changes in major wind systens and current patterns
are scagonal in noture; thus, changes in polilutant level due %o ohanges in
atnospheric input and wator-pass novenents need not be sampled more than two or
four tines per year. Bowndary or coastal stations may neced to be occupied more
often than open—-ocean stations, because of the variability due to runoff, storns
and voariations resulting from local input petterns. It should be noted also
that the deep~water sphore should be sanpled over decades and not nmorely ovor

seasons to note signifiocant chonges.

5.4 Sampling sitog, Two types of sampling site have beon oonsidorod:
"opon-oocean stations' and "boundary stations". The former category should mect
the objectives nentioned below; the latter ocategory should provide the dato to
oalculate thoe fluxes into the ocean from the coastal areas and marginal seas,
and should preferably bo part of existing or future national or wegional
nonitoring sohenes. The working group considered that the often used terms
"bagoline station”, "regional station" and "inpaot station" are less appropriate

for the scheme presented herxe,

TFor the "open—ocean stationg" the followlng obJeotives were dofined:
1. To document the lovels of pollutants and their long—term changos.

2. To ‘provide baokgrowﬁ information for the evaluation of data
obtained in regionel or local nonitoring schenes.,

3. To devolop naggs-balance nodels of pollutants on oceanic and
global gecales, and to tost their validity. ,

It was rocognlzed that many narine pollutants reach the ocean in significant
quantities via the atnosphere, and that for some materials this is the principal
pathway. Therofore, for the development of mass-balance nodels, the nonitoring
gcheries for the oceans and for the atmosphere should be interconnected, and, in
partioular, monitoring -of atmospherioc and ooeanic pollution should, where
poagible, be done at the same stations. '
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With regard to specific roquirenents of the sanpling sites for "open~occan
stations" the working group felt that:

1. Both the ocean oiroulation patiterns and the genernl oiroulation of
the atnosphere should be talen into account,

2, The nonitoring should prefembly be done at fixed points in the
oceans where the oceanographic and neteorological conditions are
well known or where a long tine-series of observations of theso
oonditions ocan be made. The weather ghip stations, or areas where
repeated observations are being nmade o are plammed, could play
an important role in this oontext.

3., The siting should bo olodeq.y co~ordinated with the network for
nonitoring background envirommental pollution over the land,

4., Available information should be used and prelininary surveye
should be orgnnized prior to the establishment of such stations.

It has been recognized that omly a linited mumber of such stations ocan be
established bocause rost pollutonts of concern have very low ocncentrations in
the open ocean, and require special sampling’ pmoedurea and highly sophisticatod
equipnent for analysis.

Llthough 1t 1s premature to formulate conorete proposals for occanio
panpling si,tee, ton stations for each ocean is ccnsidered a reasomable: maxirun
nmmber,

The "boundary stations" being preferably. part of national or rogionnl
nonitoring schenes have to be loocated on the basis of rogional considerations.
In the ocontoxt of a glo‘be.l nonitoring scheue. the setting up of natiomal or
reglonal schenes should be eng o with the provision of technical

!

assistance, ‘treining and financial support where needed. Specinl emphasis
should be given to the ifitercomparebility of the data, and laborntories oharged
with the global monitoring should, where needed, oxgenize standardization
programes (intercalibration exe:;oises). |

As an exanple, a mational network of sampling sites for the Atlantic Oocean
1s suggested in the Appqnd,ix

A proper and full interpretation of the neeau::enonts of pollutants requ:lres the
observation of additicral pareneters (physical, chenical and hiological).

when ‘the eanpling p:mcedu::es for the pollutants have been developed will :Lt be
possible to give a critioal listing of these paramcters. The following
paragraphs only g:l.w inﬂ,:l,oa.tions of. what nay be necessary.
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Thysical paraneterg

1. In gitu teuporaturec and salinity of the water sanple, together with
an STD rocord, in order to aspess the composition of tho water mass
as a nixture of various water types, and to show tho dogree of
vertical honogeneity of the water colurm and the depth of the nixed
layor.

2. The total amount of particulate mattor in the water colurm being
sanpled, in order %o relate it to 'bhe concentration of the pollutant
in partioulate forn. ‘

3, The paranetors doscribing air and sea state, in order to relate the
gsaupling conditions to the normal oonditioma.

Chendcal parancters

1. Dissolved oxygomn, in order to dlstinpuish dcep wator rngsos.

2., Concontrations of mutrionts in Burfaoo waters, in orc’cr to ageoss
tho potential biological productivi'try of’ tho water tnga, On a local .
or regional acale theso paramoters ray be considered ag indicators
of pollution, but their inclusion in this global sochene ig not based
upon this aspoot,

Ag indicated in gection 3, on nodels and mass balances, our lmowlodge of
the trangport process taking place is not enough to allow us to calculate the
fluxes of pollutants accurately. Therofore, further investigations of theae
proocesges are needéd which nay involve nonltoring of physical parametere on a
vidor soale than néntionod here. I+ ig suggested that the torn "pollution
noniforing" be restricted to the heagurenenth’ nentione)d in this section. Other
neasurenents nizht also be nade to faoili'bate ‘ass balance S'budies. For emnplo,
it would bBe demirable to include 1ong—-tem 0b5e3rvations of ourrents. and ,
terporature (poSsibly sa.lini’cy also) by netins of noornd reoorc’ling ins’cruncnts.

6. Monitorin‘gn the Lffects of Pollutan‘bs on_Mhtine Commmitlee |
and Lcosystens

6.1 Introdustion. Although changes in the structure of marine ocorrmmities
and ecosystens under the influence of pollutants are evident in pany coastal
areas, the mojority of 'Bheéel, result. frort gross pollution’ by sewage or other .
woates with a high ‘oxygen demnd, and' sinilar changes could oceur in the open
oceans if ‘the pollutant concen‘tm'bions reach a criticxal 1evel. S'lu:uotu:ca,l and
functional changes in open-doean -eérmuiition and eco«;ys%ens oy be' used as
indications of the overall pollution éffoets, = It was roeognj.zed, hovever, that
it will be difficult to define a clear causc/effeot relationship between the
cxlsting concentration of a single pollutant and the observed changos, without
additional experinental (laboratory and in situ) investigations. The prinary
role of theso investigations is to link the bod body buxden of single pollutants
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qnd the levels of pollutants in ambient water, particularly those that nay
inpalr t@e behaviour of the organisns, to any neasurablce effects of pollutants
on individval marine organisns or their populations, or on artificial ecusystens.

The synergistic or antagonistic effect of difforont pollutants is virtually
an unexplored field, Additional data are also required on tho effects of
environnental conditions such as dissolved oxygen concontrations, salinity, and
toenporature,

Tho resulte of laboratory investigations will asgist in providing an
undorstanding of the changes observed in situ, but the difficulties in oxira-
polating fronm laboratory oxperinents tq conditions in the sea are generally
recognized. Correlation should be gought between thoe response of tho marine
corrmmity and tho obgerved body burden.

6.2 Iaboratory studics. In situ studies to determine the effects of
pollutants on open-ccean specice and comrmnities are necessarily long-temm, but
often it is oritically inportant to identify effects before guch studies arc
corpletc. This can scmetimes be acoomplished by obtaining information on the
body burdens of pollutants that occur in ocoan orgenisns and utilizing this
information in laboratory cvaluations.

It is difficult and often impossible to dononstrate effocts of pollutants
on certain océan organisns in situ or in the laboratory, prinarily becauge of
the difficulties in retaining then in gitu or culturing thon in the leboratory.
It may be possible, however, to conduet neaningful tests on othor sensitiwve
narino epecies that are gompetible with a laboratory tosting prograrme and to
nake reasonable extrapolations of the resulis to the ocean enviromment. INMothods
arc avhilable for polocting sensitive laboxatory organisms and for conducting
laboratory tests to dotermine: the effeots of pollutants on then. Sensitive
organiens in this sense nean - thoge organisms that are especially susceptiblo
to & partioular pollutant; for exauple, orustageans. react adversely to part
per billion levels of halogenated hydrocarbons end some netals, and oan be
congidored senoitive "indicator' organisns for effects of theso chonicals.

Iaboratory tests should include indicator organisma and experinental
ecosystens, and criteria for effects on behavioural responses, growth,
roproduction, physiological processes and species diversity should be
ostablished. The laboratory experiments should in no cage be linited to
individual organisns, but ideally should .cover populations, where subtle
chanqes-in behavioural patterns could scrve as early wamming signs and lead
to the possibility of predioting the moment at which the organisms will bo
harmed at the population level. '

Txperinents also oan Do conducted in the laboratory to deternine rates of
acourmlation and loss of pollutants and ooncentration faotars (ratio of tho
anount of pollutant in an organisn to amount in' the water per unit volune) for
various organisns, ' Knowledge of conoentratiom factors for a specific pollutant
in laboretory organisns and 1%s. concentration in related indigenous organisns
pornits estimation of levels of the pollutant ocowrring in the envirerment fron
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which the indipenous orgunisngs were taken. Furthernore, theso experiments load
to an estinatec of the oxpeoted body burden, where the body burden of tho
pollutant is in ecquilibriun with the pollutant concentration in the environnment
and night in particular circunstances be used for the assessnent of the oxpected
chanpges in indigenous narine conrmnities,

6,3 Non-indimenous ormanisns, populations and ccosysternine The low
population densities of pelagic plarkton and fish cormmunities In the open occan
nake neaningful assessnent of pollutant inmpacts upon their structures and
functiong difficult. Altermatively, it may be possible to erploy non~indigenous
organisns cultured on snall islands, buoys, platforms or weather—ships.
Pcllutant biocaccunulating organisns hopefully can be inmported and cultured
in situ. The bioaccurmlating organisms which can survive in pelagic arcas
follcming tronsport from their normal habitats have not yet boen identified.
Initially, russels and barnacles night be used for such a role. In conbination
with laboratory exporinents, it may be possible to rolate their body burdens of
pollutants and changes in their funotioning to onvirommontal levels.

Fouling plates with indigenous camrmmnities nmay provide a basis for rclating
gtructural o.nd i‘unotioml changes to the ohanges in pollutant levels.

6.4 Monitorins of marine comrminitiocs: and ecogyptens. To obtain meaningful
in gitu basoline data and to observe lone,h-tem ‘ohangos -of pamneters
charaoterizing a ocortain open~ocean ommity, the stxuoture and i‘unotional stato
of guch a ocrramity should be nomitored simltanecusly with the physical and
chenical paAranctors that rmay be rclated to such ohanges., Due to intrinsic
diffioulties, inadequately developed nonitoring techniques, and thoe lack of a
carmonly aooeptod nethodology, it is rocortwnded “that the monitoring should bo
restricted only to a few selected areaa representing typical open~ocean waters
and should ‘be carried ‘out by froquent seiwpling. Bocause of large naturel
variations in populations, only long-tom studies can. reveal neaningful changes,
and therofore, it is recommended that whenevex:possibdle the nonitoring oxeroises
should be launched in arcas where relevant long-tern series of biological
observationn, such as plmnlcbon or fich-epg surveys, already oxist. Even so,
the linking of such chnngaa ‘with pollution as effoct and oause will be oxtrenoly

diffiocult.

In developing the nonitoring strategiee, uge should bec nmade of the various
docunonts dealing with ‘this metter, such as ‘the Report of the SCOR=-ACMRR-~UMESCO-,
TEP/EM Working Group 29, (Sée also ICES Coop. Ros. Rept. 39.)

The Group regomer;ded thq following nonitoring e:;emiaes:
Ionito;g_xg ¢t phltoplankfan"omitioé

. !T.‘he seleotion of an ecologiéal mz‘b—eysta:l for nonitoring purposes in

. the open—ccoan 1s beset by pmotie&l ‘asffioultiens. At the present ..
tind, “the best dhoice 'appéars to be ' open~ccean phytoplankton, but ooro
will be required in interpretation of the reaults. The nost usoful
groups of paranotors to be studied are:
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~ Community structure (species diversity and abundance); it does not
bear directly on productivity but gtructural indices characterize
the commnity and might reflect the impact of pollutants;

- Functional indices (primary productivity, primary production,
netabdlism), Carbon assinilation integrated over the euphotic
zone, i.0. values per unit area of sca surface, chlorophyll
neasurenonts, particularly the measurenent of chlorophyll a os an
index of standing orop, and ATP deternminations, probably yield the
nost significant information on the functional state of a
phytoplankton comrmunity;

- Body burden of pollutants in the standing crop, as an indiocator of
the accutmlated level of-the pollutants and for use in the
assegsnent of the possible transfor of pollutants to highor trophic
levels;

- Level of pollutonts in sce water, sirmltanecusly with the blological
paroneters, to dotect their variations over short tine periods.
Physical and chenical proporties {irradiation, light attenuation,
tenpératare, salinity, oxygen and mutrients), sirmltancously, to
obtain. background data for o ‘botter understanding of the nonitored
comrmunity,

Monitoring of f£ish populations

The progently used nothods for stock assessnent could perhaps be adoptod
for use in nonitoring changes in fish populations. It will bo difficult

to correlate the observed changes with the level of pollutants in the
sea wator and’ ‘with the measured body turden of pollutants, ihasouch as
natural variotions in 4’ population and the effects of fishing make tho
interpro’cat.ton of resulte dirfiéult.

In nc»at atudioe to dato the detemimtion of long—tem trenﬂs ‘in
pollutant levels in the environnent have boen hanpered by the lack of
adequate bage-line data. For this reason, it is recormended that
nonitoring of the body~burdon of econonically inportant’ oocean~1iving
Bpeoiea, such o8 tuna, sword.fish and whales, should bo conncnced.

'Iﬁmtozw speoies which du:.-mg their 1ife cyolo enter ooo,stul ‘and fresh
wotor (eels, salrion) poso: speoial problens because they accumlate
pubstantinal anounts of pollutants fron non~-open oceon gources, For
ouch species nonitoring of the body burden nhould be done in both fresh
waters and coostel waters.

The working group noted that there have been a number of reports on
teratogenioc effoots in fish fron ocontoninated coastal waters, and
recommended that an assessnent of these effects be made for possible
inclusion in an open-ocean prograrme. The nost practicablo approach
geons to be a sirmultaneous nomitoring of noxrphological changes and
body burdens.
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Open~occan 1slend coogystems

Marino ccogystems arownd rcmote islands which are freo from cocastal
pollution -worc oonsldered as vory good monitoring zonos. Voleanic
islands or oncs with largo bird colomiocs or a seal colony might have
significant "natural" inputs of "pollutants". In such ooosystems
various sub~compononts should be monitored, particularly the
functlional and gtructural changes in their benthio commnitioon.

Iigh-cating birds or othor organisns at high trophic levels

Such populations are often of groat inportonce in studying curmlative
pollutants, sinco effects are ofton worst in such aninals, and
accordingly noticeable earlier, For fish-eating birds which nest in
colonies on islonds, there ig also the enormous advantage of being
able to obtoin accurate standardized counts of populations, breeding
pucccsg, eto,

Open—-ocean bacteria

The diversity and abundange of the indigonous marine bacterial flora
socn to bo dependent on the quality of seawater. Thereforo, the
group considered that the nonitoring of open—ocean bacteria is
feasible, although it was rocopgnized that further research is needed
before such o monitoring exercise can be fimly recormonded.

Miorolayer gtudios

The boundary: layor between the atnosphere and the ocean is in many
rogpacts & unique zone, whose blological components could be especially
susceptible to pollution. For exomple, relatively high levels of
halogenated hydrooarbons ocour in surface slicks that are rich in
ndcrobes. Future regsearch should include efforts to better characterize
this layer biologically and to- develop teclmiques for assessing
pollution effects on it.

Genetic effacts

The in pitu nonitoring of the genetic effects of pollutants on marine
eooaystena does not scen feanible:at present, and such studies should
be restrictod tp laboratory experinents and observations.
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Appendix I

GESAMP WORKING GROUP ON THE SCIENTIFIC BASES
FOR THE DETERMINATION COF CONCENTRATIONS AND
IFFLCTS OF MARINE POLLUTAITS

Terns of Referecnce

The terns of reforcence for the two pancls approved by GESAIP VI arc as
follows:

l. For the panel on levels:

(&) chenical and nicrobiological pollutonts to be nonitored;
(b) associated chomical, biological and physical paranctors of
the systen to be moasured including those neccasary to
pornit an assossnent of the chenical nodifiocationg of the
narine enviromnments
(¢) sanpling sitos, inoluding wators, airs, sedinents and organisns;
(4) spanpling and storage proccdurcs;
(¢) sonpling frequoney;
(£) the forrmlation of sciontific nethods, nodels and nmass balances;
(g) intorlaboratory ocomparisons and preparation of standards,

2. TFor the panel on effecta:

(a) effocts on physical and chemical processes and proportics;
(b) effocts on morine corrmmities feasible for noni'boring;
(c) effects on biological resources;

(a) suitable organisns which can be uscd os pollution indicators
or indicators of ecosysten changus;

(e) sitoes, sampling and stomage procedures, frequency of
nondtoring and offects;

(f) formilation of scientific mothods (nodels).



GESAMP VII/9
AVWLX VIT
Page 16

Appendix 1T

GDSAMD WORKING GROUD ON THE SCIENTII'TIC BASES
PCOR THE DETERMINATION COF CONCENTRATIONS L1
EFTECTS OF MARINE POLLUTAITS

Dubrovnilk,

14~18 October 1974

LIST OF DARTICIPANTS

Ixpexrt nmenbers

Profeogsor L.D,. Goldbery, Chairnman

University of California

Scripps Ingtitution of Oceanography

L4 JOLLA
California 92037, USA

Dr. Stjepan Kodkod

Ruder Bogkovic Inotitute
Contre for lMorine Research
Rovinj Laboratorics
ROVINJ, Yugoslavia

Obscrvors

Dr. T+ Duke#*

Dr. I. Zrajevski]

World Meteorolopgical Orpanization
Case Pogtale No. 5

Cl~1211 GENEVA 20, Switzerland

Secrotaxy of tho Working Group

Migs Z. Tonisid

NOTL ¢

Dr. T. Yosghida
Tolkyo University of Fisheries
TOKYO, Japan

Dr. L, Otto

Royal lNetherlands lMeteorological Ingtitute
DE BILT, Netherlands

Dr., . Sclinelder*

National Marin Vater OCuality Laboratoxry
Invironnentel I tection Agency
MARRAGANSETT

Rhode Island, USL

UNESCO Technical Secrotoxy
Place de Fontenoy
75700 PARIS, France

Dr. A,I. Sinonov was unable to attond owing to illness.

Dr. 0.E. Geldreich was obliged to withdrow fron the group for

profegsional reasons,

* Dr, Schneider replaced Dr, C.S. Hogre.

#t Dr, Duke is a blologist who was in Dubrovnik during the last two and
a half days of the neoting and who was invited by the Chairman %o

sit In on the group'!s seasions,
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Appendix IIT

PROPOSLD OCEANIC SAMPLING SITES FOR POLLUTLNT CONCHNTRATIONS
IIT THE ATLANTIC OCBAN (the nunbers refer to attached nap)

Surface water flowing into the Polar Seass and the deep water, as one
of the sources of the North Atlantic Deop Water. (Oceanographic and
neteorological conditions arce well-known becauge of Ocean Ueather
Ship "Mike" and oconnexion with regional air pollution data fron
Faroes and Shetlands is possible.)

Surface wators of North Atlantic Drift. (OWS "India" and "Jullict
provide good background information on meteorological and
oceanographic conditions,)

Doep wators close to the major sources of Illorth Atlantic Decp Vater.
(Influence of atnospheric transport fronm North Anmerica can be
nonitored, and oceanographic data fron former Ocean Veather Shipg
and Intemational Ice Patrol are available, )

The stable Sargaaso Sea waters. (Long tine~gories of data available
fron Bermuda Laboratory. )

The area of the HNorth Dquatorial current and the associated North

Tlast trade windsj; the Mediterrancan outflow at sub-surface depths;
and the neighbourhood of the proposed atmospheric baseline station
in the Conary Islands,

Vegt~Bast transport Ly the equatorial current syston.

Deep water nasses originating at southorn latitudes on their najor
pathvey to the north; and the atnospheric transport fron
South Anerica,

Surface waters in tho westorly drift of the Antarctic Occanj and
the neighbourhood of the proposed atnospheric baseline station at
Tristan da Cunha Island.



GESAMP VII/9
ANNEX VII

Page 18

10°

e

ih
,":\-,.'
.

South America

5
J&y o0
J

10° 20°



GESAMP VIL/9
AMNEX VIIT

ILPORT OF TIT: GESAMP WCORKING GROUP ON THE IRINCIPLES
FOR_DEVELOPLIG COASTAL WATER QUALITY CRITLRIL

Firgt Sogsion
(FAO, Rome, 25-29 Novenber 1974)

Sone nembers of the working group (Appendix I) net briefly on 28 March 1974
during the sixth scssion of GESAIP in Geneva and decided to consider aspects of
water quality criteria related to human health as well ag those of marine
TeSOUTrCes.

‘The first session of the working group took place at FAO Headquarters,
Rone, fron 25-29 Novenber 1974, under the Chairmanghip of Dr. M. Waldichulc.
The Apgenda is attached as Appendix II, The neeting was attended by
Ir, J.S, Alabaster (acting as Rapporteur), Dr. A,L. Downing, and Dr. C.S. Hegro.
Prof. A. La Fontaine was represented by Mrs. S. de Maeyer fron his institute,
Drs. S. Ketked and J.D. Spraguc were unable to attend. The working group was
welconed by Dr. I, Kasahara, Dircctor, FAO Fishery Resources and Environnent
Divigion., Dr. G. Tomczak (FAO) provided secrotariat assistance to the group.
Ifrs . Paveneollo (WHO) attended the neoting part-tine.

The group took account of instructions given to it as a result of
deliberntions during a sessional working group noeting on principles for
developing coastal water quality criteria and during discussiong in plenary
session at the fifth pession of GESAMP, It further noted tho urgency of its
task for IMCO, as expressed at the sixth cession of GESAIP, arising out of
Llesolution 12 of the Intermational Conferonce on Marine Pollution, 1973.

A 1ist of background papors prepared by nenbers of the worlking group on
opecific aspects of the coastal marine environnent are givon in Appendix III.
Othor pertinent literature was notod as further background information, in
particular, "Water Quality Criteria, 1972" (Report of the Cormittee on Vator
Quality Criteria, National Lcadeny o:f.‘ Seiences, Washington, D.C., 1972).
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VIORKING GROUP ON THE PRINCIPLES FOR DEVELOPING
COASTAL VATER QUALITY CRITERIA
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1. INTRODUCTION

Following a recommendation of the report of GESAMP V/10 (paragraph 20) the
working group defined "oriteria" as the required scientific information on which
a docision or judgement may be based concerning the suitability of the
enviromment to support e desired use, recognizing that the hoalth of man is
peramount and that the latter can be affected either direetly or indirectly.
The working group ocongidered that criteria for the marine onvironmont should
include oconsideration of all aquatic ocompartments rather than woter alone., It -
defined "coastal wators" as the coastal region containing wators having.a salinity
of more than 0.5 perts per thousend and extending to the edge of the continental
shelf, or, in tho case of islands comparable areas. Considoring the request in -
the same paregraph, the working group oconcluded that its report and reoommendations,
as well ag any oriteria that might be formlated therefron, night be for the
benefit of international and national groupe of ‘scientists and intorested personse.

The "format of the criteria", which the working group was specifically asked
to suggest, was discussed and interpreted to mean the mode of expression of the
criteria, It was agreed that expressions of cause-effect relationships should
desoribe response to either concentration of constituente or mass inputs to the
systen in relation to tine, |

The working group considered that the "eritical path" method outlined by
Prestonl/ was consistent with the above, since it couvld be viewed as a series of
interacting dose-response relationships, in some of which the dose would be
anenable to expression as aqueous concentration for a gliven purpose, and in
others as nass flow, For example, it would be possible to express criteria
related to human health in terms of concentrations of naterial in an edidle fish
product, without excluding the possibility of also expressing then in terms of
the concentration of the same naterial in the water or bther media, given the
necessary data relating the two., Also, it would be possible for criteria
regarding a particular waste to be expressed in a number of other ways, the
choice being dependent on the target or use to be protected, .

The working group reconsidered its terms of reference, namely:

(1) to evaluate the nature and extent of problen .arees -in ordex to establish
an order of priority of coastal water quality characteristics which
should be considered for the formmlation of cqastal water quality
criteria;

(11) tcdconside'r past and current work and to identify gaps in our kx:bwl_edge;
an

(111) to formulote tentetive coastal woter quality criteria.

S ——t————

1/ Premtoh; A,, 1974: ‘he application of oxitical path analysis techniques-to
the aseessment of environmental capdeity and the control of -environmental
waste disposal (pp. 573-9683). In: "Comparative Studies of Food and
Environner tal Conterination"., Proceedings IAEA Symposiun, Helsinki, August 1973.
Intemational Atomic Energy Agency, Vienna, Austria,
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The working group egreed that, while it might be desirable to proceed rapidly
with all items, the last item in particular was a task well beyond its present
resources, In order to tackle item (i), the working group recognized that it
would be necessary %o collect and analyse appropriate data fron national and
international bodies: Useful dato are regarded as sumnmory statistics onh the
incidence and geverity of observed pollution incidents, their probable causes
and projections of potential problems based on the expected growth of water use,
It noted that much relevant information is aveilable in the literature and that
additional date may be forthcoming as a result of the activities of marine
workshops, such as those being conducted by international agencies for the
Mediterranean, Indo-Pacific area and Caribbean, The working group considered
that such information alone would probably not be sufficient to describe the
situation adequately and that, in the long term, compreliensivé field studies in
clean and polluted areas would be essential,’ : The working group envisaged that
the pmain problems are likely to be found in estuaries, inshore coastal waters
and those seas having little exchange with the open ocean,

The working group felt that, as an eégeﬂ'ﬁial%f;lrst step, it would gtart by
considering the principles to be taken inté decount in forrmlating coastal water
quality criteria and make recorridndations, Subject areas singled out for
consideration weres '
(1) Ecosystens
(2) Buman health
(2) Fish and Shellfish
(b) Bathing waters
(e) Aesthetics

(3) Idving resources
(a) Pieheries
(b) Pishing Activity -
(¢) Adquacultufd

However, the group recognized that other uses, such as desalination, -
transportation and waste 'disposal are also ‘inportont and rtight warrant attention
in the future,

2, RECOMMENDATIONS -
The following preliminaxry list of recormended principles for the developuent

and application of water quality Sxitexria should not be used.or taken.out of

contéxt withitt a’ saréful ‘study df the ‘doburient g A whole. , The, sucoeeding

' i

sections from'which thedd Fedotmetidations a¥ise provide definitions and insight
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veluable in applying then to unforeseen circunstances. Furthermore, sestions on
specific uges contain guidelines as to the ncaning and value of enviromnontal data
relative to thosc mses, and ofton suggost appropriate formats or useful forns of
°xpression of criteria in relation to a specific use. 4 procedurc which nmight be
uged in ewtablishing oritoria has been givon in sone detail in Appendix IV,

(1)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

Tho health of man is o parcnount consideration (p. 3, paracraph 1),
and can tw influenced either direotly or indirectly by changes in
wator quality,

Studies of real fiold situations, whother or not danage has been noted,
are en esseéntial olepent in éstablishing whether or not a probles really
existe and in developing valid eriteria (p. 7, paragraph 53 D. 8,
paragraph 2§ p. 9, paregraph 6; p. 12, paragraphs 1 and 7; p. 14,
paragraphs 1 and 2), In cach ocape, these ghould talke full advantage of
the critical path approach (p. 3, paragraph 3; p. 8, paragraph 1),

In developing oriteria to protect a particular water use, cffort
should be made to identify tho oritical factors on which this use
depends, Priority should be given to ostablishing the exposure-effect
relationships for these factors (Append:l.x v).

Criteria should be expressed in such torms as are likely to bo nost
ugeful in the establishoent and onforcement of control neagures,
including standards,

As a generol prinociple, it is important to establish the reliability
and relevance of oriteria in order that tho desired dogroe of
protootion of the waters! use can be acconplished with confidence at
ninima cost. This is particularly applicable whore it is noccessary
‘o rely heavily on resporiics observed under laboratory conditions

(p. 13, rersgraph 2).

The nost effective criteria will bo those that take into adcount, to
the greatest degree, differences in local oircunstances guch as
population mceptfbﬂity and -envirommontal factors (p. 7, paregraphs 4
and 5; p. 8, pavagraphs 1 and 23 p. 12, paxagraphs 2 and 3)-

The great uncertainty conceming +he agcuracy of available data on
exposure/response relationships nay be: guffioient justification for
adoption of ropgulatory standards based on'the lowest exposures found
to cause an undeairable eﬁ‘ect.

- It should be rocognized that, for practical reasons, thore ray be

Justification for using stardards for which no expeosuro-cifcet
relationship has boon established. This night apply, for e viple,
whore oconta of sontrol nmeasukos are smnll relat...ve to those involved
in establishing oriteria. (p.-'13, poragraph 5). In such a cnse it is
essuncd in effect that rio exposure is aocceptable (p. 7, paragzaph 1;
P. 15, paragraph 63 p. 20, paragraph 6(b)), and that there has been
general accoptance of the desirability of some control measure which
could obviate the need for a criterion (p. 14, poregraph 7). ‘
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(9) Where woter quality problens cxtend over the arca of jurlodiction of
nore than one control authority, every cffort should he made to furthor
the uge of criteria derived according to a cormmon nethodology agreed
upon by the authoritiocg involwved.

(10) Criteria for the protecetion of o given use shouwld first be ecstablished
independontly of other uses which moy or may not be nade of the arca
of conoern, and then on the assumption that the eventual standards
will be basod on the nmost restrictive criteria,

(11) In dovelopnont of criteria %o protéct aesthetic satisfaction it is
considercd that, pending further information on the nature and cxtont
of the problorw, priority should be given to dévelopmont of oxposure—
effect relationships for turbidity, colour slicks and odouxs dorived
fron sowage and other wastes (p. 13, paragraphs 4 and 5; p. 14,

paragraph 1).

(12) For the preserwvation of ocosystens for seicntific study, tho criterion
would be the virtual exclusion of man-~made chanses (p. 7, paracraph 1).

(13) Tor sonme substances that cannct be roasonably quantified and that
constitute a hazard, e.o. drlftwood, plastice and druns of waste, the
only reasonable criterion is virtual absence of the gubstances

(p. 15, paragraph 6).

(14) The validity of criteria should be reviewed in the light of now
knowledge (p. 12, paragraph 5)

3.  ECOSYSTEMS

It has been held that the protection of any living narine resources can be
nost cortainly accoriplished by protection of the integrity and balanee of the
greater or snallexr ecosysten of which it is a part. While this can ho accopted
as bagically truc, nany ochoracteristics of such systons act to make this a nost
difficult task. Only by considering individuals in greatly rostricited groupings
of 1nterdependont organisns and in sinple enviromments-or (in the opposite
oxtrene), by, considering as an entity the whole syston rather than each corponent
has any progress been nado in nredictive nmodelling,

In the first casc, biological input and output terna of the nodel aro each
predicted or observed valuos, rosulting fronm the activitics of individual species
within the aggregations of organisns. The inportance of the econtribution of cach
included component to theso terns must be kmown. In the second "black box" case,
individual spocies disappear entirely and results arc thus not casily used to
prediot the response of desirable spocies. Difficulties in nodelling are
ospecially critical in marince waters, where the systems of intorest and intor-
actions within thon have ofton not boen adequatoly described. For cxonple, nany
life oycles are still unlmown. This, of course, linite the success of attonpts
at quantitative desceriptions of inter-actiongs. The situation 1y further
coriplicated in regard to criterin by the faot that, -caspocially in tenperate waters,
the corponents of a looal syotorl change with scason, the wvariocus ccolopgical niches
being £illed by species of varying sensitivity at difforent tines.
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In consideration of the foregoing, aside fron a recomnendation for nore '
reseurch, the guiding principle for protection of natural ecosystens for scientific
study rust be total non-intervention, It must be recognized, however, that even
1f this is possible, the systen being "preserved" is subject to natural change.

Ecologlcal principles do, however, offer qualitative if not quantitative
guidance in the developnent of criteria, whether the approach used is inductive
or deductive, Although o change induced in one component will result in changes
in other components, this will not necessarily disrupt the ecosysten, but pay
rather result in a new series of oscillations (e.g., fluctuating population
density ratios), These are gradually dampened but never disappear entirely.

The systen and each orgeniso within it are constantly adjusting to variations in
stress, whether these be environmental factors or population pressure, This
elastic or plastic nature of ecosystems allows for a certain capacity to absorb
stress and to tolerate management, Thus, if preservation of one species, or a
fishery, is to be an objective, criteric which fall short of non~intervention
will usually be effective, This consideration applics most foxcibly where the
interests and well-being of man are concerned, The quality of human life is
enhanced by co-existence with o wide range of species, The protection of hunan
health obviously demands intervention, but further consequences of alternative
courses of action need to be carefully weighed.

Not all systems are equally robust, Many scientists consider that arctic
systens are particularly fragile because fewer species are avallable to fill
vacated niches, Even in species with many systems, the complexity of inter-actions
anong components provides sone stability and is also responmsible for the fact
that alterations in one porticn of the system can cause desirable or undesirable
effects in seemingly unrelated portions of the system, For example, biloaccurmlation
of toxic substances may produce a hazard to consumers, including nan.

act of ecolomlical ¢ derations oh the dev t of principles

Discussions of the effects of pollution on, for exarple, plonkton in relation
to fisheries, as well as to emenities, public health and shellfish quality,
{1lustrates the difficulties encountered and thus the diffioulty in formulating
criterin, and is therefore of value in clarifying the principles operative in
arriving at oriteria, Various marine organisms, by virtue of ocoupying different
ecological niches, have different relationships to various types and modes of
introduction of pollutants.. .These determine the nature of their exposure,

The essential differences. involve varying time soales for exposure (constant,
intermittent or oycliocal stress), alterations of the pollutant before or during
exposure, and the route of adminietraticn to the target organisn (i,e. via water,
suspended sedinent or food paxticles, detritus, etc.), Consideration of these
differences has led to the formmlation of basic procedural requirements for
obtaining data on which well-founded defensible ocriteria should be based,
Observance of one or all of these requiremcnts is essential to criteria
development, dependent on the resource for which a specific eritoerion is to be
gset and the importance of.those charasteristics in limiting its use, Not
surprisingly, generation of completely adequate information on which to base
criteria requires, in almost all cases, satiefaction of all requirements listed
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Most of these requiremento are also recognized by EIFAOl/ and, token as a
whole, embody the principles underlying the formalized "critical path" technique
referred to earlier, The working group gave some thought to classifying the
various known stresses, according to the applicability of the various requirements
in the establishnent of criteria, but agreed that this approach would offer then
little real help, because it is unlikely that considerstion of various uses would
result in sinmilar groupings of requirenments, - Also, even within a reasonably
inclusive group such as inorgonics, extreme variations are known to occur in
duration of biolegical effect as a result of recycling pathways, bioaccurmlation
and physical or chenical alteration. The same may be assumed for groups of
chemicals not yet considered or even synthesized. Furthermore, the pattern of
fluctuation in concentration with time within a class or for a single compound,
is extremely variable between points of introdvetion where criterie nay be of
value, This is also true for major environmental variables (oxygen, terperature,
selinity, etec.)., In general, the greater the temporal variation, the greater
the obligation to test using a tmlti - factorial approach approximeting the extreme
linits of local variation of each factor as well as the observed local rates of
fluctuation. It should be borne in mind that the most oommon appearance of nost
contaninants is as a component of a nixture, the total effect of which is of
concern, Consideration of the components of the nixture is likely to indicate
the conplexity of procedurcs require! for developing criteria,

4o  HUMAN HEALTH

In the introductory part of this report, a definition of coastal water
quality eriteria has been given in the rwst general terms acceptable to the
group, Criteria for coastal waters in regard. to hunman health should ideally be
sots of quantitative exposure<response relationships between environnental
exposure factors and sffects on the population groups exposed, When dealing with
hunan subjects, it is often difficult to establish even a besic cause-effect
relationship, and even nmore difficult to obtain a graded response.

Acute offects of exposure to high levels of chemicals or pathogens are nore
ecsily linked to humon response, than are effects of chronic exposure to the low
levels so often typical of the enviromment. At the lower end of the response
spectrun, sub-clinical chonges in behaviour or enzyme activity (the bielogical
significance of which is difficult to aeaess) have been detected dowm to the
"no-affect level®, i,e. below the exposure level at which no gross pothological,
physiological or netabolic impairment: has been detected,

The observed no-effect level is of course related to the choice of the
indicator(s) of response and the pemsitivity of tho nmethods available or adopted
- for its neansurenent, The same oah be said for the identification and nmeasurcrwnt
of the exposure, Unless evidence is available that such sub~clinical changes

1/ EBuropean Inland Fisheries Advisory Commission has a Working Party on Woter
Quality, Criteria for. Buropean Freshwater Fish which doounents background
information and from time to time publishes this in intemational journals,
CeBsy BIFLC, Water quality criteria for European freshwoter fish, Report on
Finely Divided Solids and Inland Fisheries. EIFAC Tech.Pap., (1):21 p. §1964).,
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are sinply adeptive, and do not prejudice survival, reproduction or gquality of
life, they must be assuned to be detrimental, There are, however, well
established principles, such as those enunciated by Bedford Hill (1965)i/,
which should be used for testing the significonce of couge-effect relationships
derived fron epideniological data,

el Fish and Shellfish

This report deals principally with criteria for water quality, but in the
case of hygienic quality of fishery products, other factors moy influence
nicrobiological and hygienic qualities of the shellfish, Catching, handling,
processing, storape, narketing and the way the product is prepared noy affect
the transnission of disease by fish products, and occasionally folsely indicate
inferior water quality, These factors should not influence the role of criteria
for quality of the water wherc fish and shellfish are grown,

The influence of the physical, chenical and biological quality of fish and
chellfish growing waters nay extend beyond effects on marine organisns thenselves,
Effects on consumers include: bacterial infections and intoxicotions; parasitic
ddgeases; intoxications due to accurmlated chenical poisons oxr biotoxinsg
allergic reactions; responses of undetermined etiology; and offensive flavour
causing nausea or nore acute illness due to tainting of the product, Effects on
non-consuners include: occupational disecases such as secondary bacterial skin
infections, bites, stings, and allergic reactions due to contact with shellfish
or gear.

Table 1, derived fron Tables 1 and 2 of WHO (197¢)g/, suwmarizes the principal
bacterial, parasitic and viral diseases in naon vwhich are trensnitted by fishery
producta,

The adequacy of the basis for criteria should be taken into account when
contemplating control action, which could involve, for example, the closure of
fishing grounds, requirenents for the reduction of input of pollutants and the
restriction of consumption of contaninated fishery products, Such actions can
also be supported by sanitary surveys,

4.2 Bathing Waters

Seawaters near sone beaches are becoming increasingly polluted chenically
and nicroblologically and nay be a health hazard for man, One of the scientific
approaches to demonstrating the relationship between water quality and disease
is the epideniological survey,

1/ Bedford Hill, A,, 1965: Proc,Roy.Soc.Med,, 50:295
2/

WHO, 1974: Fish and Sh211f <h Tygiene, Repomt of a WHD Expert Cormittee
convened in co-¢uscalicia withh ©00, World Healih Ozganisuvion, Geneva,
Techn.Report Series 550, 62 pp,



TABLE 1,

CHARACTERISTICS OF PRINCIPAL BACTERIAL AND VIRAL PISH- ARD SHELLFISH-BORNE DISEASES IN MAN

Principal aquatic

Etiological tood animals .Sources of infection Pathogenicity Mode of transmission Disease in man
{or sgquatic food for aquatic and most common
Agent l:'v:'lvod :; source snimal 1000 animal to man manifestations
Bacterial Saimoneila spp.  fish or shelifish a) human fasces and thog ingestion of raw or a) typhold and para-
infection a) . lyphi, secondarily con- waters conteminated insufficiently cooked . typhoid fever,
. » S. paratyphi I-n:muod through by human faeces contaminated fish or seplicaemia
) d"‘m"'(:’; rn.:ou“hd ers o b) human and animal shellfish b) salmoneliasis :
S toht M"I:‘ mprop es, poliuted gastroenteritis
murium, S waters
enterflidis)
Yivrio pars- m“.rine fish and organism occurs ﬁuy cause usually through con- diarrhoea, abdominal
haemolyticus shellfish naturally in the manne death of sumption of raw or patn
environment shrimps and Inadequately cooked
crabs ; experi- fish or shefifish that
mnt&lly pllho- has not besn properly
genic for fi rafrigerated
Bacterial Clostridium fermented, saited, sediment, water, toxin can kill ingestion of improperly botulism : neuro-
intoxication bolulinum and smoked fish anime! taeces fish . processed fich or logical symptoms
. T . shelifish with high case-fatality
R rate
Mmfu: fish or shellfish man—nose and throat nonpathogenic ingestion of fish or staphylococcal Intoxi-
avreus secondarily con- discharges, skin shelifish cross- cation : nausea,
tasninated through fesions contaminated aiter vomiting, abdomina!
improper handling cooking pamn, prostration
Sacterial Clostridium - fish or shetthish Nuted waters, pathogenic of cooked diarchoea, abdominal
intravitsl 7 ) perfringens secondarily con- Rﬁman and snimal nsh or uhellﬁsh that pain
intoxication . o f . sed t has not been properly
- ‘poliuted waters or refrigerated
e hingiend
Becterial WH. . Do nonpathogenic through shin lesions— #Ioeletd—swere
okin spiny ones {e.g.. usually an occupational ammation of
nfoction searobin; ) disease superficlal cutaneous
- — organism Is . wounds
present in flsh
slime and-meat
Vieal virue of shelifish human faeces and thogent ct raw or infectioas hepatitis
Infection infectious water polluted by - inadequ-uly cooked
m _human taeces

contaminated shellfish

1) Intoxication by toxin produced in the body by bacteria

taminated foods

present in heavily con-
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TABLE 1 (eont'd)

CHARACTERISTICS OF PEINCIPAL PARASITIC FISH- AND SHELLFISH-BORNE DISSASES IN MAN

Principal aquatic

b H Pathogenicit : Disease in man
Eg:tlgalcal .':egl:e';"a‘:‘:ource Life cycle of parasite for quatlc Y :Aode of iransmission and most common
' . . food antmal ¢ man manitestatrons
o* infection
Clonorchis treshwater fish— 1st intermed:ate host . muscle cyst ngestion of raw or clonorchiasis  signs
Parasitic smnens:s Cypfrimdae tamily snail infecthon insufficiently cooked and symploms related
nfection {Chinese liver (e.g., carp, roach, 2nd intermediate host : infected fish (dned, to hiver damage
fluke) dace) fish salted or pickled fish
— trératodes Definitive host : man, may be involved)
dog, cat, other fish-
ealing mammals
Opisthorchis freshwater fish— 181 int. host - snail muscle and ingestion of raw or opisthorchiasis -
felineus Cyprinidse tamily 2nd int. host : fish subcutanecus insufficiently cooked, cirrhosis of the liver
O. viverrini (e.g., whitefish, Det. host - man, dog, cyst infection infected fish
carp, tench, fox, cat, other fish-
bream, barbel eating mammals
Helerophyes freshwater or 1st int. host : snail encyst in ingestion of raw or heterophyiasis
helerophyes brackish-water 2nd int. host : fish muscles and insufficiently cooked, abdominal pain,
fish Def. host : man, dog. skin intected fish (fre- mucous diarrhoea .
cat, other fish-eating quently salted or egQs may be carried
mammals, fish-eating dried fish) to the bran, heart,
birds etc., causing atyprcal
- signs
Met i fresty fish 1st int. host : snail encyst in pills, ingestion of raw or metagommiasis
yokogawal e.g., trout, sweet- 2nd int. host : fish fir or tail insufficiently cooked, usually mild diarrhoea
sh, dace, white- Def. host : man, dog, infected fish
bait) pig, cat, fish-eating
birde
P / fresh crab 18 int. host : snail eancyst in gills, ingestion of raw or PAragonimias:s :
westermani and crayfish 2nd int. host : crab, muscle, heart, insufficiently cooked, usually chronic cough
P. ringeri crayfish liver infected crabs or cray- and haemoptysis from
(Onental lung Def. host : man, dog, fish, or ingestion of flukes localized in the
fuke) p1g, wild carnivores water contaminated by lungs ; lukes may
metacercariae that tnvade other organs
have escaped from a
crab or crayfish
— Cestodes Diphyliobo- freshwater fish 1st int. host : copepod ingestion of raw or diphyliobothriasis

thrium latum

(e.g., pike, trout,
turbot)

2nd int. host : fish
Det. host : man, dog,
cat, pig, fox, polar
bear, other fish-eating
mammais

rlorocorcoid
arvae infection
of muscles and
other organs

insufficiently cooked,
fish (frequently inade-
quately pickied fish)

disease may be mild
or inapparent ; may
see signs of gastro-
enteritis. anaemia,
weakness

marine fish (e.g.,
cod, herring,
macherel)

internal larvae
infection

usually from ingestion
of raw or partially-
cooked, pickled or
smoked herring

anisakuasis - eostno-
phihc enteritis

N Anieaki
malins
Angiostrongyltus
cantonensis

freshwater shnmp,
land crab, possibly
certain marine fish

1st int. host : slug,
fand snail

Det. host : rat
Paratenic hosts :
shrimp, land crab

ingestion of raw or
nadequately cooked
shrimp or crabs
{sometimes pickied)

eosinophilic
menmingitis

TT 83ed
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For waterborne diseascs, such as typhoid fever, cholera and viral hepatitis,
the link between disease and drinking water, or betweon disecase and shellfish
eating, has bLeen firmly establiched, whereas, for disecsec occurring at the
seaside, the link with bothing is pore difficult to establish, Monitoring of
water quality is one of the neans of assessing the potontisl risk, However,
the recovery of pathogeng fron bathing waters does not nccessarily indicate a
substantive health denger.

In practice, the routine nmonitoring for pathogens presents various difficulties,
Recovery of pathogens from bhothing water is not normally done for xroutinc
surveillonce ag to bacteriological quality, Interic diseases can originate fron
drinking weter contaminated by excreto from infected humans or animals, It
therefore seens inmportant to use, as indicators of water quality, faeccl orgenisns.

Although there is no deronstrable correlation between faccal indicators and
pathogens, except for Salnonella, several countries havoe introduced norms of
bactoriological quality based upon the faecal coli index, After a long discussion
about the linking of faecal indicators with the presence of pothogens and about
the dose-~response relationship for pathogens occurring in seawater, the working
group wished to erphasize that criteria for bathing, like those for other uses
such as fisherics, should ideally be based upon well-founded dosc~response
relationships, Nevertheless, at the present state of knowledge and under certain
circunstances, cn indicator organisn characteristic of the contamination by
sewage of human or animal origin nay be used to indicate a potential hazard to
hunan health, beczuse of the possible presence of hunan pathogens. It should be
borne in nmind, however, that the dose-response relationship will vary as the
susceptibility of the population changes,

Microbial water quality criteria are one of the more important considcrations
in the derivation of standards applicable to local circumstances,

The principle of reviewing the validity of criteria, in the light of
experience and the acquisition of new knowledge, applies to health criterina as
rmuch as it does to the others considered here,

4¢3 ANesthetics

The enjoyment of anenities is heavily dependent, not merely on the availability
of an activity, but on the asesthetic satisfaction which it affords., Aesthetic
satisfaction can be a very positive force in promoting public health and well-being,
It is experienced through the senses of sight, smell, taste and touch,

In seeking criterio to protect aesthetic quality, one requires ideally, a
knowledge of the relationships between water quality, its detectability by the
senses, and the degree of associated adverse or favourable reaction, In
attenpting to derive such information it is obviously necessary to ensure that
the population, whose reaction is to be assessed, is reasonably representativo
of those whose interests the criteria adopted are intended to protect., In nmany
coastal arcas, this may involve obtaining a proper balance of reactions of
residents and non-residents whose requirements and sensitivity nay differ,
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Deternination of the assoclation between aesthetic reactions and water
quality presents considerable diffioculties, because it is rarely possible to
expose people in a controlled nonner to a range of conditions- in cocstal waters
themselves, though sone guidance can be obtained from assessment of éxperience
ot different sites, where differing conditions exist, or at the same: site, before
and after & change in conditions, Because of these difficulties, such -
infornation will in practice need to be supplemented Ly assessments of the
reoction of people to water quality conditions created artificinlly in the
laboratory. Such laboratory assescsments would probably be most relevant in the
cage of taste, which is unlikely to be greatly affected Ly the circumstances in
which people eaxe exposed, and perhaps least relevant in the case of reactions to
certain visible manifestations of pollution, such as the appearance of a slick,
which is diffioult to simula.te realistically in the laboratory.

48 a ganeml pr:lnoiple, it will be important t6 make every effort to
establish the reliability and relevance of ‘the oriteria in order that the desired
degree of protection of the waters' use cax be accorplished with confidence at
ninirun eost., This is especially important where it is nocessary to rely heavily
on reactions observed under laboratory conditions,

Thera is also a problen in. deciding on adequate measures of aesthetio -
satisfaction and in standardization of their use ‘so that relisble data can be
attained, Anong meamures that might be:applicable in differént situations, the
following come. inmediately to mind: verbal or written expressions of opinion
in graded categories as determined by interview or. gquestiomnaire, trends in the
ratio of numbers of visitors to a site, and the accormodation available, trends
-in the price of propexty, or expressed willingness to': pay for momsures designed
to reduce effec,ts. . Thoge natters require tur\:her aimdy

The problems encountered would be aiupuﬁ.ed 1t 1t were to be acoepted that
one usual and proper objective of designers of disposal schemes is to prevent
eny unwelcome aesthetic effects. In developing aesthetic oriteria, it is then
nainly necessary to assess.the°levels of contamination at which such effecte just
becone, detecteble, . It is considered that attention should be initially
concentrated. on the limited objective of obtaining such:information, - This,
conbined with our moxe ‘fragmentary knowledge ‘of 1the idetailed response of people
to the degree of contamination, might well be adequate for most decisions, The
visible effects, whose thresholds of detéction are required; - principally-include
appearance of floating. or. auspended debr:la, tu.rbid:lty, foama, slicks and- colour.‘

Detem:l.nation of threaholda of aens:lbiuty presents a vardety of- difficul'bies.
In certain instances, these could bé-obviated by . taking into aocount that '
assessment of detectability in a comprehensive scientific manner would be
expensive, and that it night bLe possible, in cases ‘where material oa.using offence
can be gasily.and cheaply eliminated, to make'a pregmabic decision’that no material
of this kind should: be released, It 'seoms,. howovery quite feasidble to" develdp
meeningful relationships between emounts of. substances present’ and ‘seénsory
perception of turbidity, due to suspended rtitter melessed in waste-waters, ; or
recognition of colour, foams, and slicks,: Scme progress:- “gowards th.ts end has-
already been :reported. - Develcping swch .criterds ‘for turbidity, yesulting from
the growth of organisms induced by polluting disohsiges, also séoms’ feasiblé in -
prinoiple, though more difficult in practice.
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Development of criteria for odour presents the difficulty of establishing a
relevent test, There is no problen in determining the level of dilution of a
polluting discharge, or one.of its constituerts which, when cllowed to establish
equilibrium with a standard volume of air, can just be detected by smell, More
work is required, however, to- establish the way in which results of such a test
could bLe related to the degree of offence, which would actually occur in open
coastal areas, owing to the presence o:f.‘ polluting matter ot the minirmm detectablle
level so obtained.

5, - LIVING RESQURCES
5,1 Fisheries

The sections dealing with ecosystem and impact of the ecological concepts
on the development of principlee for water quality criteéria are pertinent to
criteria for fishery resources, A fishery is a managed systen in a state of -
dynanic equilibriumj disturbanco causal by altered cherdoel, physical and biological
factors is not necessarily. inconpatible with the full use of its resources,

The criteria should permit all stages in the life cycles of the fish and
their food organisms to be .successfully completed, and should not produce
conditions which would cause.fish to avoid n region where they would otherwise
be present; congregate in a région where iuminent danger exists, taint the flesh
of fish, or give rise to accumilation of. substances to levels which are harnful
to the fish or to the consunsy,

The eriteria should, if .neceasary, include separate consideration of cormercial
and sport fisherics, of species and races of different susceptibility ‘and of
regional differences of habitat, They should make allowance for times when
vulnerable stages of orgenisms are found; and for the effects of season, terperature
and water quality.

Ideally the criteria should relate all these factors to the probable impact
on the fishery of impairment of each part of the life cycle, This, however, as
already discussed; is difficult because of our lack of knswledge and mdersta.nding
Critexria may be expreased in phyeiaal, chemical and. biolog:l.oal terns,

Difficulties arise, howerer, in their fon:mla.tion because of the widely
different patterns of fluctuations in euvironnental quality and the déarth of
laboratory experiments sinuleting these conditions, Furthermore, field data are
generally inadequate in that either the fish populations present, or the récine
of environmental qua.lity, a.re poorly deacribed.

. Scientifiqally—-based cr:l.te:.via should no'l: be :I.nfluenced ‘by factors such as
the feasibility. and cost of remedial. aotion, e.g. depuration, - However, the
availability.of treatment :procemsees mey opeate icircumstances which' obviate the
need for reguistory. standards, For example; in-cases where *produot criteria
are effective in protecting the use, there nay.be no need for’ envirormental
criteria for this partioular .product.” On the other hand, whére the remedial

neasures. are -likely to fall, environmental quallty criterin rmst be inwvoked to
provide a. sacond 1line of defence.
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5.2 Fishing activities

Commercial and recreational fishing can be affacted Ly physical conditions
in the water and on the botton. Floatables, ranging fron logs to ;f.‘ra{g:\enta? of
plastic, nay interfere with use of nets and of hook and line, Large floating
objects, such as submerged logs just below the water surface, present a collicion
hazard to fishing vessels, while plastic sheets can' get sucked into seawater
cooling systens and pose at least o muisance, if not causing outright danmage to
an engine, Floating oil is o nuisance in fishing activities, because of its
tendenoy to foul fishing gear and vessels, Moreover, the lighter refined petroleun
products, such as gasoline and kerosene, can be & serious fire hazard to fishernen,

Turbidity and discolouration can modify fishing effectiveness with hook and
line becouse of the reduction of underwater visibility, For recreationnl spear
fishing with SCUBA, reduced visibility is a definite problem, However, it should
be noted that many estuarine regions are already highly turbid as a result of
inflow of silty, rmuddy river water, which can be aggravated by bad agricultural
practices and other land activities, '

At leamst two types of pollutants (sewage and radioastive woste) have a
psychological impact on fishermen, even though there is usually no physical
harn to the fishermen, his gear or his catch.

. ' The character of the botton mey be modified to such an extent by durmped .
solid wastes, both containerized and in bulk, that cormercial bottom trawling is
seriously affected, ' Indeed, recreational fishing with hook and line, could also
‘be adversely affected, :but ‘such materials are usually:dumped in deep water far
.enough from shore as to be out of the range of nost sports fishermen,

Containerized wastes of various kinds have been recovered by trawl fisherren,
and these can dmmage fishing gear, as.well as pose a hazard to fishermen when
brought on deck, Such wastes can imclude noxious:chemicals, radiocactive subatances
of low and intermediate level, and military materials, iiicluding merve.goses,
all of which have been dumped in the Bes, Water-logged wood, scmetines escaping
from booms of logs towed in coastal waters, presents occasional but not serious
problems in some local areas, . T ‘

Criteria for sea water quality and bottom characteristics, as they affect
fishing activities, cannot be developed in the way normally followed for other
uses, but rather, must result in total prohibition or disposal -into deep water
out of range of fishing, . Disposal of floatables, including plastics and wood
debxis, should be similarly treated, Guidelines for control of durping of solids
and containerized wastes sxe dealt with in recemt imternational conventions, .

_e.8. the London ‘Convention on.the Prewerition of Marine Pollution by Dumping of
Wastes and other Matter, 1972, :and the Oglo Comvention for the Prevention of.
Marine Pollution by Dumping from Ships and Aircraft, 1972, The scientific aspects
of the disposal of wastes at sea have been considered in the GESAMP working group
on that subject,
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5.3 Aquaculture

There is increasing production of seafood through marine aguaculture,
particularly in developing countries, The practice is carried out on either an
intensive (high density, closely-controlled) or extensive (low density, : =
seni-natural) scale. Water quality for intensive aguaculture must be high to
conpensate for the stresses fron crowding, unbalanced dieto, increased waste
producte and:general confinement., Food used in such culture must nmeet the sane
high standard, although it is recognized that sewage effluent is successfully
used for carp ponds. in paxts- of Europe and pig and poultry manure are put into
fish ponds in Hong Kong and China, The threat of disease i3 ever present, and it
must be recognized that latent fish pathogens can be stirulated into active
disease outbreaks by the stress of inferior water gquality which lowers the

fish'!'s resistance.

Extensive aquaculture, being less. confined than the intensive form, hes
fower risks fron diseases and poor: water quality. However, the practice is highly
dependent on the coastal marine environnent, and is, therefore, vulnerable to
infusion of polluted water from great distances. Being dependent for food on
the influx of: planktonic organisms with the seawater, it can also suffer fron
extrerie fluctuations in food supply that may be related to water quality,

It is cloar that superior water quality is required for aquaculture, but
this con vary with species, For example, salmon require a much higher water
quality than millet. . It must also be moted that ‘cultured organisms are essentially
captive and cannot escape ‘a toxic watem nsss, While the biocaccurmlation -of
cortain substonces, such as metals and arganochlorine compounds, can be controlled
through use of prepared food, it is kmown that some of these substances con enter
fish directly fron the water through the gills or across digestive nembranes,

Developuéant of criteris for aquaculture which.have rmch:in common with those
for fisheries should include consideratdom of: - environmental stabllity;.
contimuous control of those factors desirable for healthy and vigorous. stocks of
‘'organisne; ;prevention of deleterious chemical, physical and bioclogical conditions;
avoidance of introduction:of parasites.and diseases; and prevention of -environnental
conditions favourable for development of diseases.. ’ :

6, OTHER ASPECTS .

, The working group recognized that enviromnental quality criteria have to be
developed for other uses of the coastal zones, These range fron wnderwatoxr
parine parks ahd preserves for which moxinpun enviropmental protection is required,
to sea~bed nining snd. transportation requiring minimal environmental quality.
‘However, the working growp felt that.it.lacked .expertise in its present make~up
to deal with any of these. .cther uses in any detall.
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Appendix II

GESMME Viorking Group on the Principles for Developing
Coastel Water Quelity Criteria

(Pirot Session, Rome, 25-29 November 1974)
AGENDA

1, Opening of the Meeting

2, LAdoption of the Agenda

3, Review of background papers

4y Alternative approaches to development of coastal water quality criteria
(a) General
(b) Specific

5. Preparation of Report

6. TFuture work

Te Other nmatters
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Lppendix ITT

GESAMP Workinry Group on the Principles for Developing

J.5, Llcbaster

E.,E, Geldreich

C.S, Tegre

S. Ke¥kes

M, VWaldichuk

AL, Downing
E.E. Geldreich

Coastal Water Quelity Criteria

List of Woxking Papexo

~ The Developuent of Water Quality
Criteria for Marine Fisheries

~ Principles for Devoloping Criteria
for Coastal Bathing Watecrs

-~ Plankton Ecology in Relation to
Establishnent of Coastel Water
Quality Criteria

~ Manual on Beach Sanitotion (Guides and
Criteria for Recreational Cuality of
Beaches cnd Coastal Woters)

- Coantal Water Criteria for Fishing
lietivities

-~ Criteria for Protection of Anenitics

- Guidelines to Microbiological Cuality
of Shellfish Waters
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A'D Qendix IV

GESAMP Working Group on the Principles for Developing
Coastal Water Quality Criteria

Sugaested Procedure for Establishigg Criteria

(Applicable nainly to criteria for protection of living marine resources)

1,

3.

5

Deternine physical, chemical and biological characteristics which influence
the desired use or property of the environment, This can be partially
achieved by prelininary field observations and laboratory experiments and
will 1imit the number of variables to be considered.

Establish the relative importance of each characteristic - usually to within
an order of magnitude, This again can be achieved in both the field and
laboratory and will further'linmit the number of variables to be considered,

Determine the anount of stress being applied to the water mass to be
protected (or chosen for study), This should be expressed in appropriate
units, (e.g. concentretion, rass, volume, btu, mumber of organisms), This
will help define the magnitude of the problem,

Deternine the chemical and physical fate and distribution of the stress in
the systen taking into account ony time factors, This will require chemical
end/or nicrobiological annlyses of various compartments in the systenm as
weil as hydrological data,

Deternine the portion of the population or use in the area to be protevted
(or chosen for study) which is subject to several intermediate degrees of
risk, This infornotion will be needed when deriving standards fron
criteria, and requires estimation of the rates of input to defined portions
of the systen,

Determine the exposurc-response relationship which holds for the local systen
in question., This is o fundamental and nearly universally applicable
prodedure and will involve:

(a) Deternination of the most vulnerable point in the systenm (e.g. top
predator, man, tish, life stage, required food orgunism, enzyne
systen, physiologloal moesgﬁ

(b) Experimental exposures in laboratory and/or field to establish a
fanily of exposure-respcnmocurves reflecting the effects of expected
variations in conditions and pollutant input on observed response,

An attempt should be made to cover the full range fron stimmlatory to
toxic levels, particularly for biologloally essential substances, It
is oxpected that voriations introduced will cover the range of ambient
conditions encountered in the region and that the test systems chosen
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will approximate the expected or actual nature of the actual cncounter
of the target with thc otress, Factors affecting this encounter include
chenical alterations of the toxicant, internittent exposure, routo of
adninistration, ete, It is expected that as far as pomsible the
parcneters being measured will reflect response at the moot vulnerable
level of the target, This level may not be thoe same in all degrees

of duration of exposure, This will provide one of the bases for
selecting o particular exposure or response as a criterion in
forrmlating a standaxd,

Deternine the range of natural variations occurring locally in both the
density and condition of the target population and in the response
paraneter being neasured, This will provide a perspective or framework
within which to view the dose-response reclationships,

Estinate the effects of several degrees of target responsce on trophic levels
immediately above and below the target. This will provide a first estimate
of the probability of remote effects in the ecosysten and requires
consideration of pattemms of biomagnification,



CESAMP VII/9
ANNEX IX

FIRST REPCRT OF THE GESAMP WORKING GROUP ON THE
SCIENTIFIC ASPECTS CF POLLUTION ARISING FRCM THE
EXPLOITATION AND LEXPLORATION OF THE SEA-BED

Mée‘bings held at IMCO Headquarters, London
6-9 Jonuary 1975 and 21-23 April 1975

INTRCDUCTION

1., Two ncotings of the working group have been held at IMCO Headquarters,
101-104 Piccadilly, London, fron 6-9 Jamuary 1975 and fron 21-23 April 1975.

2. The following oxports participatod:

Dr., H.A. Cole (Chairman)
Dr. G, Kullenberg
Professor F, Valdez~Zarmdio
DI‘. Ro Gemld
Ir. E.J. de Boer (first necting only)
Mr. M.J. Oruickshank (second meeting only)
Mr. J.A. Wichols (second meeting only)
- Dr. L.D. Newmnn, lechnical Seeretary, UN (second meeting only)

Dr. R.G.J. Shelton was unable to attend.

M the firat session, bocauso Dr. Nemb.n was wnable to attend, Seoretariat
duties were undertakon by nenbers of the Marine Environnent Division of IBCO,

3. Tho torms of roferonce of the worldng group as set out in the Report of the
Sixth Session (GESAMP VI/10, Annox VI, page 43) axe:

(o.) To identify the sources of information releva.nf to the scilentifio
aspects of pollution erising fron presont and future activities rolated to tho

oxploration and oxploitation of the sea~bed. The suggestoed priorities for
initial action are: ' o

(1) Petroloun (including naturcl gas)

(11) langonese nodules

(111) Dredging for both mineral resources and construetion :
projects, but excluding dredge spoil disposal

(iv) Offshore construction (including platforms, artificial
islonds and reofs).

(b) To collato and ovalunte, whore possitle, all such oxisting information
within tine to prosont en assepsnent to the seventh segsion of GESAMP of ourrent
and potential marine pollution hazards frun these activitics, and oconfliots with
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other uses of the sca whioh nay arise, with the intention of obtaining approval
for its subnission to the Third United Nations Conference on the Law of the Sea
at ite third session projooted for June 1975,

(o) To assess the feapibility of extending this information to ncot future
needs, such ag nmeasurcs to prevent and control nmarine pollution fron these
activitics and to make proposals on the future action of GESAMP concorning this
QX0 «

4. In planning its programme of work the working group took note of the
objectives as set out by GESAMP at its sixth session (GESAMP VI/10, paragraph 56)3
these are, in rolation to the cnvironnental aspects of the exploration and
cxploitation of sea~bed reaources: :

(a) to determine the possible range of effects of certain sctivities in
diffexrcent rogions, such ag the Arotic 'and the tropics, and to asscss
the hazards to marine living resources, human health, amenities and
the cnvironnient; and

(b) to dcternino the measures required to prevent and control pollution
fron such activitics.

5. At the request of the United Nations Technical Secretary, the working group
also took note of Resolution 1802 (IV) of the Econoriic and Social Council whioh,
inter alia, called upon the United Netions to undortake an inter—-disciplinary
study of the problems and opportunities for coastal arca dovelopnent. In carrying
out its tasks, as stated in the terms of reference, therofore, the working group
gave particular congideration to the problems of pollution arising fron
oxploration and exploitation of the sca~bed in coastal areas, inoluding the
effeots of dredging for construction and sinilar activities. The working group
also approved a suggostion from the Chairman that he should prepare an additional
gtatornont on the problems of coastal arcé doveloprient as viewed fron the
pollution standpoint and this has been circulated. A further nmenorandun by

Prof, Valdez-Zamudio was also nado available to the UN Technical Secretaxy.

6. In addition to the priority tasks desoribed above, the working group
roviewed and.rovised the 1ist of othor sea-bed activities to bo considered as
given in tho Roport of the Sixth Sossion (GISAMP VI/10, paragraph 57, page 9).
Thego cover the exploitation of':

(a) Consolidated secdimentary depositss

(1) sulphur
(ii) salt
(11i) potash

(iv) coal.
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(b) Unconsolidatod superficial deposits:

(1) placer deposits of heavy netals and dianonds
(i1) ' sand and gravel
(111) 1linostono shells and caloarcous algne

(iv)' netalliforocus ruds.

(c) Crystallino rock motallic deposits exploited for:

(1) copper
(11). lead
(1i1) zine

(iv) nickel
(v) @ola
(vi) silvoer
(vii) +tin
(viii) nercury
(ix) berylliun.

(a) oOther deposits:

(1) phosphorite
(11) g@lauconite
(111) fresh wator (sub-neabod deposits).

(e) Materiels not rentioned above (o.g. netalliferovs brines),

7. Tor the purpose of its studles, the working group agroed that the torm
"Sca~bed" ghould be rogarded as including all benthic areas fron the hichwator

line to the deep ocean floor.

8. The working group took note'of previous papers and veports in this fiold,
particularly those preparcd by GESAMP as set out in the Reference Docunents

11sted in Appendix III.

Idaison with othor GESAIP yo'_x_-l_d._x_:ﬁ Feoups

9., Dr. P.G. Joffery, Chairnan of the Working Group on Evaluation of the Bazards
of Harnful Substances in the Marine Enviromment, and o nembor of the Working Group
on the Inmpact of 0il on the lrine Enviromment was present at part of tho first
noeting of this working group. Dr. C.H. Thoopson,. Chairman of the Vorking Grovp
cn. the Tupbot of 01l on the Maxrine Environnont and Dr. Jeffery aleo attenddd ot
the- lagt sossion of our peocond. neeting. - 48 noted:above, Dr. G: Kullonberg,
Chaironn of the Working Growp om the Soientifioc Basis for the Disposal of Vaste
into the Sea is alpo a nenbor of this working group. Many opportunities woere
thorefore available for co—ordination of the activities of these various groups.
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10, ALl types of exploration and exploitation notivitioes on the sea~bed result
in changes but these are oftem of a local and temporary charaocter., ALlthough they
fall within the definition of pollution adopted by GESAMP at its first session*
it is desirable to assess the significance of such pollution in relation to local
circunstances and tho extent of the damago likely to result. Tho killing of ton
or twenty fish, although it nay seen to those on the spot to be a substantial

act of pollution, is without pignificant effect on the stocks of which these fisgh
forn a part: the passage of a single large trawler will result in the inoidental
destruction of a great many noro cmall fish of both commercial and non~commorcianl
ppoocics. Nevertheless it is neccessary to exanine and evaluate the offccts of
each and overy type of sea-bed exploration and axploitation so as to be able to
recognize those which, tecausc of their scale, frequenoy, widospréagl digtribution,
persistonce or tho harmful nature of the by-products they relcase, nmay congtituto
signifiocant pollution.

11, The principal methods by which sca-bed resources may bo exploited are through
drill holes (e.g. for oil and gas), by surface excavation (o.g. dredging for tin,
sand or gravel and nmanganese nodules) or by underground nining (e.g. for nmetallic
ores), Thoso may require a varlety of structures to be placed-ém thé. soa-bed for
the purpose of drilling, dredging of unconsolidated sodinentary deposits and
cxcavation of bed-rock deposifts, Explosives may bo required.

12, such activities may exterd fron highwater to the deep ocean flpor, but alnost
all of the ourront activity teskes place in shallow water near tho shore or on tho
exposed beach., Mogt comstruction work involving sea~bed; disturbance oxtends out
fron the shore, but there is jnorcasing interest in the dovelopnent of structures
offghore for ship-nooring and unloading, for oil storage, for waste;disposal
(inoluding incineration), for the siting of power stations, for’ nineral processing,
as alr terninals and for a varioty of recreational purpobes. The offects of
building such works appear in the:main to be quite Joesl.and comfined: to within

& few nilos of the sito, but the activities which tako plaoe subsequontly on then
(0.g. ninoral pracessing or: the .operation of a- mglear power.statien) could have

& rmoh widor effoct. The presencce of the structures may cause local but

pomanent .changes in tho marino onvirommt. .

(a) Drilling and Fluid extraction tm drill holos.. Tb.e prinoipal
pollution Tisks arise froo the uncontrolled release of the produo‘bs which axe
boing sought, .e.g: 0il, gag or .sulphyr,. . Supplepentary hazards arise from the
accidental or deliberato ;.welqa.ae of .gubstances -enployed. in drilung, 0.8e to
lubricate the drilling head, or to prevent the escape of the produst, or na‘borialn
used in other supplenentary activities e.g., bDacterioides or algicides, anti~
corrosive treatnments, power production, oto. Quito mpart fron logislativo control
inposad for envirommental protection by the couritry ‘ont whogo sholf drining takos
pla.oe, Indvatry takes -the view that, tha value. of the: product boing gought provides

¥ m !lh:l.a definitioniie as:follcwes =
*‘."karodubt:l.an by nan, direcily or indireotly, ofreubstanves-or enexgy into
thé mardne ;enviromment. (inoduding ecttaries: maulm inisuch deletorious. -
offacts as hamt to living résources, basard .to"lmman-health, bindxencq: to
narine ‘activities i inoluding fishing, :lmatring of qualitrrfor ugo” of :poa;
water and meduotion of anenities.”
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a strong brake on accidental losses. Similarly supplementary materials, such as
the '"muds" used in deephole drilling, are.usually costly andtheir loss or wastage
imposes delay so providing o marked disincentive to careless use or disposal,

The situation is, howevor, quite the veverse'in rospcet of waste materials
genorated on drilling rigs and offshore platforms and in oonsequence direcotives

to onsure the  roturn to the shore and the. safe disposal of such waste may be
ignored with local fouling of -the soa bottom and possible obatruotion to fisherics.
In many countrios near approach to drilling rigs and similar struotures for
purposes unconnccted with the operation of rigs, ecto, is forbidden by law, but it
8111l remaing posoible for solid rubbish from the rigs to be dropped on the sca~
bed away from the immediate vicinity of the structures by the vessels servicing
the rigs and rcmoving those wastes.

Tt has boen establishod that drilling rigs and other large structurcs
placed on the:gea~bed, or moored for a substantial period, attract fish, probably
becouse of shelter provided or growth of attached animnls and plants. This
‘usually represents a looal re-distribution and ooncentrotion of existing fish and
: :ffmt an addition to tho stook unless brpeding and/or eséape from predators is
acilitatod. .

(.o() Divdging and bosch mining. Dredging involves the romoval of
-uncongolidated moterial frém .theo gea-body nsunlly.from a ship or floating
platform;, but: boach mining may involve the:use.of shore~basged -equipment working
within the: littoral zone or standard- earth-moving equipment working behind
protectivo dams. Thoe immedidte effects axe alteration of the contours of tho
‘bottom.ok: the 'boach, the tdéloase of fine material-which is likely to bo carricd
awvay fron thé oporating site by tides and ourrents, and inorcased tarbidity.
Secondary offects goneratod, espcoially if tho oxploitation is on a large scile
or pursucd: over a .substantial periced, may include .local altoration of sediment-
troansport and ewen ourront régimes; disturbance’ of banks, boach erosion or
enrichment, blanketing of the bottom locally by fine doposit, intorferenoce with
botton~fishing activitics,.particulariy trawling, and loéal do-oxygenntior. due
to doposition’of organic material (eig. drifting seaweed) .in the holos made on
tho goa bottons: Intaddition anoxic or even toxic material may be reledscd-fron
sub-geabed ‘levels.

" Very ootmonly fine sandiand silt-is washed out of drodged material during
its paseage fron.the bottéh to the hold .ot tho-dredger: and this spreads the
offéots nore wildely eince surfaoe ocurronts are often .stronger than those noor
tho “botton. -However, .a.redent carefil study of the action of the three major
typos of drodming plant-(outting heaed pipeline dredpers,-grepplo dredgers:and
trailing suction hopper dredgers) uscd in tho.San Frahoisco Bay arca showed
physiocal offccts of dredging operations to be ninor when compared to turbidity
and suspendoed solids inocrobtses caused by maturel events: such as bigh ruh-off
fron overland or wind and wave aotion. .

Dredzinz 'ean, however, produce’ serdous effects 1f i+ imtrrinlly darages or
destroya digserbte spawming or mu.'sém ;grotnds . for young:fish whioh are of ordtical
inportance. in maintaining the etook,i i local: effects nay. Algo arise fron::
alterations dn behaviour induced b turbidity oslouds. or dipturbance of. the botton.
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Thege would be changes in distribution patterns rather than loases of stock but
night reduce fishing succoss by preventing concentration of fish or by presenting
looal fishermen with an unfaniliar distribution of their target spooios. ILocal
effects on shellfish, particularly sedentary specics, can be profound by
rendoring tho habitat unsuitablo or by smothering with fino material. Other
looal coffects can arise from alterations in Lottom-topography, currcnts, sodinont
trangport and shore oxpocure arising fron rcmoval of botton matorial. Thore is,
howvevor, a possibility of adventitious beneficial effects fron the .sane causes.

(¢) Undsraround niningz. Mining of sea~bed rock is at prosent rarcly
piactised; this statenent oxcludes operations extending wnder the sca-bod fron
the lard. Perhaps the best knmown exanples of true sea-bed nining are the
extraction of barytes from solid rock on the sea~bed in Alaska and the winning
of gulphur. The latter is, however, obtained by drilling and in situ
liquefaction and so is included in the preceding section on drilling.

Although in theory nany valuable nincrals could he nined fron sub~gca rocks,
in practice offshore nining gonerally gives rise to higher production cosis than
exploitation on land. It has been forecast that land supplies will neet cven
creatly increased ncods for ninerals over the noxt 30 years and offshore ninerals
will be exploited only when they can be marketed oompetitively with those derived
fron land sources. Advances in nining and processing technology are likely to
benofit land-nining as rmch, if not nore, than gea-nining, so that the prospeots
for o major extension of the latter in the immediate future are not high.
Nevertheless, exploitation of otherwise unecononié¢ deposits of somo ninerals
right be subsidized for strotegic reasons or to achiove nationnl self-suffioioncy.
The pollution inmplications of such nining rmet thorefore be considered.

Pollution could arise’in threé ways, firstly by the disturbance and
incidentsl release of unwanted natérials, including surface fine deposits, during
the opening up and working of thoe nine; secondly by the loss of the mterial
during nining, ‘bringing to the surface-and trensport to a procesging site, and,
thirdly, by the discharge of waste naterials during tho processing operation, if
this 18 conductod at sea on shipa or on a special structure such as a platfomn
or artificial island placed in the sea or on the shore, Most of thesc offcots
would beo quite local and comparable to thoso produced by dredging but if the
oxploited naterial wos & metal ore, or a notalloid, :then sone potentially
dangerous fine matorinl night accurmlate in the bottem deposits and be
gubsequontly released, and sone soluble materinl night enter the woter colwurm
direotly. 'The irmportanco of such pollution would be related direotly to the
anount, solubility, toxicity and pornistence of the materinl concorned, with
noroury at the hend of the list,

If oxpiosives were used extensively in establishing an undersea nine then

additionnl local damnge ocould be done. .

(4) Constructioh work associnted with plac
To place s tures on goa~bed it may be mecessory
explosives, drive pilos, deposit foundation or protective neterial, poesibly in
vory large quantities and sonetines derived fron adjacent areas of the sea~bed
(c.g. sand or gravel banks), and engnge in all the processes nomally assoolated
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with, say, dock comstruction. Clearly this may cntall snall losges of a wide
variety of tho materials used in construction. Hamful effeots of construotion
will, howover, be local and dapege to living resources will be ingignificant
except in go far as the oonstruction actually occupies a site of oritical
inportance in the population dynanics of exploited species or so alters the
ocurrent and sodinent transport rdgines as to affeot, in a substantial way, such
a oritical site. An inportant fish spavning ground could bo destroyed or major
danage done to a highly productive shellfish ground; otherwise offects are likely
to be ninor and of local inmportance only.

Morine congtruotion work can be oonsidered under two ocategories: offshoro
and shoro-oommectod. Anong the former are constructions related to petroloun
exploitation activitien:  drilling rigs, produotion platforns, well-heads,
pripelines and storage tonks., Other woxrke in thiz category inglude. offshore
terninals, towers, seni-subnersible platforns (e.g. sea thermal power plants)
and artificial islonds and eefs.

Animg the shoro—occmnocted oonstruotion oonsideration muat be given to
tunnols, bridges and ceuseways, port installations, brealwmters and wave-danping
struoturen, and pipes for digcharge or intalw, Although the proesence of new
struotures may result in lomg-tern changes in the marino enviromment, in nearly
all capes the spignificant polluticn agpects of these constructions are of short
duration, linited o the actual somstruction-installation activities.

, Although no serious pollution aspects appear fto be associated with merine
oonstruction, it is recomponded that careful envirommental impact gtudies be
carried out for each mijor construotion on an individual basis prior to, and
following tho ocapletion of, ench inatallation. . The permanent alterations in
the parine onviromont ardi fron the presence. of artificlal structures need
to ba asscssed, The nore sericus. potentials for pollution associated with these
structures, however, gencrelly arise fron their uge rather thon their prosence
in the parine environnent. ' ' '
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(b) PFoliowing corroegpondenco betwoen the Chairman of the working group,
the UM Technical Sceretary, Dr, O.H. Thompson and Dr. P.G. Joffory, it was
decided that this working group would confino its work on oil strictly to an
asgossnent of the pollution hazards arising dircotly fron offghore oxploration
and explo:.to.mon, gsotting agide, for the tine boeing at least, any additional
rigks arising 'fron ship trangport end refining although these subjects had becn
nontioned in its terms of reforonce, Pollution risks arising fron storage at
the production site, "loading of tankérs at production platforms and pipolino
transnission to shore would, however, be considorod,

(¢) The discussions of the working group werc baged on o working paper
proparcd by Dr. R.G.J. Shelton and Mr. J.A. Ni«ahols; 1t was agreed that a rovised
ond editod version of this paper, togethor with a sumary of the working group's
findings, should be ronmitted to the Working Group on the Impact of 0il on the
Marine Invironnent for their consideration.

lanranese Nodules

14. 'The working paper on this topic is attached as Appdnd*’x I. This paper
addresecs aspeots of pollution arising fron exploration and exploitation of
nanganese nodule deposits, excluding exploitation notivitips othor than nining.

15, -Although detniled understonding of the dist¥ibuticn of manganese nodules on
the ocean floor is incorplete, broad regional patterns have been mapped, and
pa jor deposits appear to have Leen delineated.

16, No single theory adoquatoly oxplains tho o:ei(;in ‘and distribution of
nangonese nodules; nor the mechanisn or. nochanisns which oconcontrate
econoriically valua‘b;le ‘motals within then. Despite these outstanding questions,
cnough is already’ knowm’ about the ore value ‘of deposits in specific areas to
stinu.iate ¢omeroia1 in‘t:erests. Doposits havin@ the- groatest ceondrdo potontinl
11ie in deep Goecan basins; thoge oconsidered ot fa.vcu:rablo for initinl ‘
exploitation are found in the eastern equatorial North Paoific.

17. Two nethods for mining nanganese nodulos -in 5000 rHetre: 'deﬁ%hé'hie in an
advanced state of developnont. Both methods will, in varying degree, have
potential pollution effocts in the surface and botton ococan cnviromnents. - -Plumos
of nded sedinont will be oreatod in both zones (depending upon the n;l.n.‘lna
nethod whioh my have adverse: effeots fpon bunthip, of polasio, lifo,

addition, the discharge Of nitriant-ris) nining ef;ﬂuenf: (botton' wato;r) ot tho
gurfave na.y "have aithor poaftive or nogut.tve :l.p;:éct ugon, pela.g,‘io oonrunttics.

18. rresent Momtion reguzdmg mmﬁg distuf’bam;es a8 derivtad f:r:cm stnll-
scale ﬁestb and laboratory stud.ieo y e.nd 19 uij:o to pred.'ict ‘the' rmtu:r:e a.nd
scale of potqntial po;l.lwt:t expodted :l':lém mll-aoalra n;yi.ng P::ol .
results, howevor, sugmest’ M 1% w11 Do rthin tipards

estinntod mw-eude of e parturbations and a,m, el
phononefia’ sipports the view tbat nd” sexiots” Pol Tute é:niae :E"::on BhAfiganesc
nodule mining activities. In reaching this conolusior attorition was givon to tho
Report of the Fifth Session of GESAMP which exanined the possible effects of
digturbance of the soa~bed on the speclnlized ecosystens present on the floor of
the decep ocecan,
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19. The evidence roquired to predict confidently the pollution effecota of nodule
nining can only be obtained through careful nonitoring of full=-scalo nining
operations, Recomendations for monitoring of certain importent paraneters aro
given in Appondix I. Such investigationg will be aided by baseline studies
currently in progross by the United Statos National Oceanic and Atnospherilo
Adninistration at selectod Pacific nining sites which appear to represcent a
tunoly ond orderly pre-nining envirommental inventory.

20, Mangonose nodule deposits of the ocean floor are, in cortain axeas, rapidly
being roclessifiod as proved resorves rather than unquantificd resources. ALActive
nining operations are expooted to begin in the Paocific aren before 1980,

2l. A unique opportunity exists to cstablish intermationnl agroement on
regulations which would pronote orderly developnent of theso reserves and insurc
againet adverse environmental effects arising fronm their ¢xploration and
exploitation prior to the advent of largo-soalo nining activitios.

Dispersion of finowrroined naterial

22, In Appondix II aspoots relatod to the tronsport and ridxing (i.e. dispersion)
of fine-grained material in relotion to dredging end nining operations arc
congiderod, dcaling separntoly with beach dredging and excavation, offshore
suotion dredging, and docp sea-bed rmining, Although in all cspes the present
theoretical understoanding of the processos oocurring is linited and the
available experinental date are fow, an assossnent of the possible range of
physiocal effocts of the operations con be made.

23, In the nopxshore .zone it can be ghown that the incroase of turbidity may be
congiderable, and: fine~-grained notoridl can be carried over large distances, both
alongshore and offshore. The possiblo- iriplications of dredging for the naterial
budget of thoe boach zone should always.be dongidored. Dredging can change the
topographic conditions and comsequently the on—offshore matorial transport pattern.
In tho noarshore rogion dispersion is primarily govorned by the wave oonditions
and to & losser extent by ocurronts. The nost effective disporsion ocours in the
brealdng wave zone,

24, TIn the offshore drodging case the trensport by curronts and the nixing
conditions normnlly ocan be expected to be effective enough to roduce the disorete
oconcontration of wagte material to insignificant levels over tine periods of
5-10 hours. This oconclusion is based on cormonly obsorved dilution factors in
the woke of a ship releasing waste matorial and on known subseguent dilution
factors in the surface loyers. Presont exporience in Burope and Horth Ancrica
supports this eonclusion. The small-scaloe topographic disturbances on tho sca
floor, however, appear to be very porsistent. It should also be noted that
internnl layors of suspended natter in rogions of inoreased density
stratification can be very perasistent,
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25. 1In the case of dcep sea~bed nining no full-gseale case study is awveilablo.
Snnll-gcale exporinents hove boén carried out but there is congiderable dangoer
in oxtrapolating the results of thcse to the full-scale cases The initial
digtribution of resusponded material in the water colwm will depond very ruch
on the nining technique used (ocompare Appendix I). Taking tho mangancse nodule
nining as an oxanple, and asguning that as ruch sedinentary naterial as tho
anount of nodules 1s brought to the surface and released with tho nining
offluent into the surface layor, an ostinmate of the turbidity increase in a
single 24 hours oporation suggests that the initial concentration will bo of the
ordor of 100-1000 times the natural (anbient) concentration in the top 50-100
netres, Ovor a period of 10 hours this oconcentration will normnlly decrease by
at loost a factor of 100,

26, In comnexion with all the operations nontioned, environnental obaervations
ghould include physical paraneters in addition to biological and chenical ones
in order to nake a reagonably rcliablo prediction of the podsible congequences.

27. Othor physical aspects are briefly congsidered., It iz not popsible to nake
ugeful goneral statenents, only to stato that every casc of ncarshore
construction et e investigated carefully on its norit.

Future work profranne

28, Aftor reviowing its futuro work prograrme the working group conocluded that
it would need to ncet for 3-5 days in the Autwrm. A neeting in London during
vaonbor 1975 wos congidored to Be nost convonient.

29, The noed for inter-sessional work to prepare for such a necoting was
congldered in pelation to those parts of ‘the working group!s torms of referonce
vhich had not been covered during the first and second necetings and an
approprinte division of responsibility was agreed. .
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Appendix I

REPCRT OIf POLLUTION ARISING FROM EXPLORATION
ANMD EXPLOITATION COF MANGANESE NODULES

Note: 1. This Appendix has not been cxanined or accepted by GESAMD,

2. The original draft for this Appendix was prepared by
Robexrt Do Gerard.

3. The working group cxanined and amended this report during
the inter—segsional period and had approved its
pregsentation to GESAMP,

INTRODUCTTON

The winning of mincral resources fron the oosan floor imvolvos three hasic
tasko: ore body location and delineation, nining, and trensport to lond. The
firast of thesc nay Lo termed exploration; the remaining tasks are part of
exploitation. A fourth activity, procossing at sen, may also be considercd
undor oxploitation. The purpose of this report is to exanine the naturc of
posgible pollution effects arising from exploration and nining activities in
conmmexion with tho acquisition of mongunese nodules from the ocean floorx,
Pollution aspects of the other exploitation activities are not considered in
this report. Processing of mn@mse nodules at soo appears to be unlikely
within the next 10 yeors., -

BACKGROUN.D

Mongonese nodules on the deop ocean £loor werc first discovered one hundred
years ago on the world-wide CHALLENGER Expedition (1873-1876). = In tho CHALLENGER
report on Doop-Sea Deposits Murray and Remard (1691) wrote: "In gome regions of
tho oconn the CHALIENGER discovored ferro-panganic coneretions in proat abundance,
the mimte grains giving a dark chocolato: colour to tho-deposit, while the dredges
and trawls yielded immenso mubers of nmore or less circular nodules ox botryoidal
mgsges .of these oxides of large dinbmsions™, ' A8 moenﬂy as 1970 new annlysmes
wore gtill being published on hodules oblleotod 't;he C‘HALI.EIM ex'pedi‘bion :Ln
tho Oontral Pacific. (Stevenson and'Stevenson 1.970).

A% the turn of tho ocentuxry, extensive collections of- nodvlos were dredgod
by Moxander Agessiz (1906 ) abbard. tho United States Pish ‘comiasion Steapor
ALBATROSS in the; Equatorial’ Pacifis:while cbliedting: épbcﬁ'ﬁms of béﬂ‘thio‘ ‘
organisns, It is ironic that Agassiz, who made his £6rtune’ v copper tining,
daid not forosee the netal rosource potential of mangansse nodulos.

- Unt:t.l tho, nid 20th cembuiy Tesbarch od heihganose dep'o’éita fron the ocean
floor was sporadic and sample collection was, in gendral’; inpidextdl to other
oceanographic work. In the lato 1950's extensive surveys apd collcotions of
nodules were mode in;the Ceirbral. Ravific'tmAey: £hs Pl of Ake- Iiterhational
Goophysical : Yoar. . Theso new da‘a: togethéd with earlier’ obaermt:lohs “Buggosted
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a biroad and dense digtribution of nangoncese noduloes in certain deep occan bLasin
regions aad wore intexpreted by Mero (1965) as a potential ccononic resource by
virtue of their netal contont of nickel, copper and cobalt,

By tho early 1970's commercial nining interents in the United States,
Vest Gormany, Japan and France had made consideishle investnent toward
developing the capability to explore, recover, refine and rarket deep sea
nongonese nodules and their metels., Prescent predictions indicote that thesc
efforts will roach the exploitation stage bofore 1980 (Rothstein and Kaufuan,

1973).

Digtribution of Manganege Noduleg

Ferrouangenase glowly accwrmlates on the surfaces of all current-gwept rock
outorops which oocur on the deep sea floor. It also accurmlates on sedinent
covered bottoms (oxcept where sedinentation rates are sigmificantly higher thon
the norn of 1-3 mm per 1000 yeari!) in the forn of nodv’as and these toc axo
found in arcas of bottom ocean ourrents. :

Although sone writers have nade the nistaken assunptlon that nmangancso
nodules are a renewable resource, rediochenists have determnined that monganese
acournilates very slowly on orusts ond nodules at rates of 2-15 nillinetros por
nilliop, vears (Ku and B:cocoker 1969, Hoyo and Beiersdoxf 1973)

The Unitcd States Intor—-Uniwrsity Progran of Research onh Foerronoangoriose
Doposite of tho Ocecan Floor (1973) citos thrce gonerel hypothesos, either singly
or conbined, which have Deen proposed to explain the origin and distribution of
forronanganese acourmlations on the sea floor. Thegce are:

(1) tho supply of elements diroctly from the water colummj

(2) the oupply of clenonts by emanations fron igneous rocks below; and

(3) the mobilization of elenents naturally: occcurring within tho sedinent
colum and the redispeosition.of these elements at particular sites,

Stulies are contiruing. to evaluate 'bhe significance of these. procosses in the
formation of manganese nodules and: o elucidate the mechnnisn or hechanisne which
ooncontrate econonically volunble metalg within the nodules.

Recant interest in the resource aspeets of ferromongrnesoc deposits has
stirmlated o mumber of. mports which have brought togother existing dota oh the
distribution, concentration (popwlation density) andimbtal content of minganecse
nodules on .the .ocepn, floors’

- Ewing ot al (1971) have plotted the world distribution of deep occan
nmmneae nodulea baged . on-, 50,000 botton photographs obtained fron
28 oceanographlc; cxulses.

~ Horn gt %(1972&) bhave: phown the: pajor provinces 'bf.forranangonose
dopoai sod on data. fron 6000 deep: med cares thrduchont the world
ocoan.
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- Horn ot al (1972b) discuss world pattorns of ferrormangencsoe nodules
and cncrustations based upon ploton corc and dredge canples.

~ Horn et al (19720) plot end deseribe the distribution and composition
of nanganege nodules in the North Pacific in relation to botton
sedinent distribution. A correlation is shown betlween a relatively
high nickel~-copper content of nodules in the eastorn cequatorlal North
Pacific and the silliccous scdiment substrate found in this zone,

~ Prozer and Arrhenius (1972) published computer—lravn charts showing
the digtribution of manganese nodules in the world ocean together
with the weight percent of cobalt, nickel and ocopper and the ratio
of Coli+Cuslin+fe. Theso charts are based on approxinately 800
nodule annlyscs.

~ Horm gi_gl_(l973a) have conplled data c.. metal contonts of nan anesc
nodules and cruats frou cores and dredges in tho mojor océan haging
(North Pacific, North Atlontic and Horthern Indian Oceans, South .
Pacific and Southern Indian Oceans and South Atlantic). Iaps showing
the distribution of sanples and netal contents for copper, nickel,
cobalt and mengonose are also givom,

- Hbrn.gi,g;_(l973b) digouss world-wide deep ocean nanganesc nodule
provinces and show their charaocteristic geologic sottings erd metal
values of nodules. Typical deep-pea botton photographs of nodules
are showm ‘together with lopographic sectiong.

~ Horn et al (19730) describe a zone of mangonese nodules high in
nickel and copper in the eastern equatorial North Pacifioc. The
high netal valuos are rolated to properties of the siliceous
godinents on vhich the nodules lie,

~ Goodell et al (1973) mop ond describe the sedinent digtribution in
the Circumpolar intarctic region show the distributionbof
forronangonese deposits botween 30 west longitude and lgO east
longitude (tho Pacific sector) between Antorotica and 35 south
latitude. The nedial belt of nodules lies genorally between the
Intarctic Convergonce (55° gouth latitude) and the intarctio
Divergence (65° south latitude) and is associated with reclatively
atrong botton ourrents,

~ Glasby, and P, Iawrence (1974) have produced a series of oharts
showing nmongancese doposits of the South Pacific showing weight
percentoges of tho major netal constituents for recovered sarples.

In all, about 1500 manganese nodule analyses appear in the above roports
whioch have been widely ciroculated. No doubt, a ouch larger munber of analyses
have heen made by oompanies engoged in surveye of potential nining sitos but
these dato have not beon made available publicly.
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s FERROMANGANESE DEPOSITS

Worldwide distribution of surficial ferromanganese deposits on the ocean flaor based on core and dredge dato.
The great majority of eccurrencas are in the North Pacific south of Hawaii.

FIGURE 1

(from Horn et al, 19724)
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Fron the published data it is possible to observe general regional trends in
wodulo abundanco and patterns of metal enrichment. For the following surmary of
Langonesc nodule regions of the world oceans the reader is referred to FPiguros 1
through 5, taken fron Horn g% al (1972d).

In the North Atlantio, an aren of relatively rapid sedinentation, nodule
occurrences are -generally associnted with steep topographic features (seamounts
and ridges) wnich make then wnattynotive fron the standpoint of nining. One area
off the southeastern Unitod Statos shows si icant doposits on a broad, lovel
1000 notre—deep platform (the Blake Plateau) but the netal values are low
(M 0,525, Cu 0.08%) according to Horn ot al (1973b).

The nodule deposits in-the South Atlantic and Indfan Ocesn are sinilar to
tho North Atlantic in that these areas too are affected by rolatively rapid
scdinentation. As a consequonce the areas favouring nodule dovolopnent aro
rogtrioted to isolated basing and topographic highs. The avernge netal ocontonts
for the two oceans are: Ni 0.54%, Cu 0.20%, Mn 16.28%, Co 0,26} (Horn et al,
1973a). These relatively low netal values combined with topogrephically
unfavourable nining sites are considered poor prospects for nining at tho
present tino,

Owing to low sedimentntion rates, the South Pncifio has broad arcas of
nodule deposits. Notable anmong those aro the Manihikd Plateau, Tucnotu
frchipelago and the Peru Basin (Glasby and Lawronce, 1974). Vhile the oobalt
content of nodules on submaring elevations ave relatively high (Oo 0.78%) tho
averege netal contents of South Pacific modules are too low to be of commercial

intorest (Horn et al, 1973b).

‘Baped on available data the nost atundant and widespread deposits of :
nenganese nodules ocour in the deep basing of the North Pacific Ocean. Further-
nore the dastern North Pacific nodules contain the highost lmown concentrations
of ocopper and nickel (Cronman, 1972).

. Various. estinntos are glven as to what notal percentoges in nodulos
constitute acoeptable oro grades., Dubs (1973) suggests 1 to 1.6% nickel, .
0.75 %o 1.5% copper and 0.2 tn 0.%% cobalt. ' Ratinor (1973) lists coconomically
feasible nodule ores as havingi 1.24%S niokel, 1% ocopper and 0.22% cobalt. To
be of ecomonie interest a dopotit should have a population (botton goverage) of
30-35%, and a concontration of % kilogrenms (wet woight) per squarc netrg :
(ngs, 1973). Thoe castorn equatorinl North Pacifio nodule zono (from 6 30! to
207 north latitude and 110 to 160 west longitude) is ‘the only arga which noets
these redquirements. Speoifically, the nodule depoaits east of 150 west longitude
associotéd with siliceous sedinents have the' richest netal concontrations.

Horn (1973a) gives averages for Ni of 1,284, Cu 2.16%, and Co 0,23,

Perhaps the nost convincing indiontion €hat this drea bost toets tho
requirenonts of deep ses nining is a rewent Notice of Discovoery and Clain of
lixolusive Mining Rights filed by'Deep fiea’ Ventures, Ing. with the United Statos

-Departnent of Btate (Temmeco Ine., 1974). "Their proposed dlain indicates a

60,000 sguare kilone' = aresa (to be teduced lator to 30,000 square kilometres.),
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contered at 15° north latitude and 126° west longitude in water depths of abonut
5000 notres. 'The company olains to havo oonducted surveys in the area since
1969 and describes the deoposit as follows:

\werage aosay (% dry‘ woight) Manganeso 29.0
Nickel 1.28
Copper 1,07
Cobalt 0.25
: Iron 6. 3
Average pepulation 30-~4006

(aerial porcentage 6f sedinont surfaco
ocoupied by visible nedules)

Average concentration: 9.7 (wet) lwr.g/me-t:rs:&:2
(Wcat—weight per unit. arca) :

The oonpany,p]pm to ninq the depogit for up to 40 ycars and to produce nickel,
copper, cobalt and nangonose.

Gxploration

Tho obJjoctives of deep ocean nodule exploration are to locate largoe deposits
of tho ore grade nmaterial in desimreble enviromnents and to vorify the deposit in
torne of goononic value. Tho evaluation mist lead to a devolopment plan and a
production plan that is. econcnioally viable for a definable period of time.
Keufrmon and Siapno (1972) ‘havo outlinod. an ideal explora‘bion programe in four
distinot phagegs,  Fhase 1 invoives the 10qa'l:ion of nodule deposits of potentinl
cormercial interost. Such activity would ‘involve botton topoamphio papping
uging convontional ship-nountod echo sounders, JAcceptable nine gites are those
vhich have a ninirun of rough terroin.and acceptable depth varintion. 8ithin a
given locol area of less than 100 mtﬂea with slopes not exceoding 10, Studies
of botton coverage and conoantm+ion of nodules wil,‘l also he nade using deep-sea
photo"raphio nothods and underwnter television for continuous tmneeots. .

4 ganpling of small quantities of nodules is also made in this phase in order to
asgay the metol contont of the deposit., A large number of small samples fron
represontative locations throughout the pine site is necessary to pernit
statistical analysis of ‘tho distribution of ore '!;enor oand oonoontmtion. ,
Prelininary assays are rade sboard the survoy gship and prelininary assesstont is
nade by roferenoe to pro~ocstablished out-off gm.des baged wpon econonic nining

systen nodels.

: Ihe Second. Phasc» would contirmue the Firpt Phaso aotivities and incorporatc
additional work including large quantity nodwle sarmpling (5 tons: to 10,000 tons)
roquired for boncficiation and processing roscarch, pilot plant design rmd
engincoring tests of nining oquipmont. Sonfloor sedinont properties (physical
properiies) rmet to studled oarefuily‘ in order to set the design for successful
dredpging systens, Sampling is coonpnly done con large box core sauples- whioh aro
brought to the surface., Environmentel data, including seagonal weathor, sea gnd.
current conditions, mqu:lm parei‘u;L ageesenent during this phasoe of: exploxation.
Ecol. ogical data also need to be oollac'bod to- deternine disporsion.and nixing xates
of decp. wator and. godinent, disoharge at the surface: and. the effeots on the m::‘;lno

enviionbent.,
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Thages 3 and 4 incluée the sane types of measurcnents as the first two
Thages, but these are carricd out in rmuch greater detail basod upon the results
of earlier work, Additional activities would include nicrotopography studics
uging narrow bean echo sounders and deep-towed side scan gonar syotens. Using
the genernlized and the detailed topograri:ic/bathynmetric data detailod naps
would be oconstructed in ordor to develop the nost effective dredging plans with
regard to the torrain characteristics and the delincated obstructions.,

Judping fron such a typical explor..tion plan the only activity which could
rosult in pollution would appear to be the tommage sampling using large dredges.
Typiocal bulk dredoing would oxpectably recover 5-10 tona of nodules por day
(Isaacs, 1973). The dredpo is likoly to disturb the sedinment to o depth of
1/2 notre and remain on botton for less than one half hour at cach station.

The scale of such operations (a fow thousand tons of nodulos rocovored) is
wunlikoly to couse discernible onvironmental damage. It ig encowraging to note
that the cormercial componies aclmowledge the nced for ecological data in the
exploratory phascs. However, it is important that meaningful progiomnes be
eptabliched for the colleotion of ecological and environnental impact data so
that o realistic asgessmont can be made of pollution hazards in specific axrcas.

Mining

The nining of nangancsc nodules in occan depths of 5000 netres in a
productive nonner prosents major engineering and ccononic problens. At the
prosent tine two systeno arce under development and have becn togsted in the deep
860

The continuous-line buckot dredge (lMero, 1972) consists of a loop of lino
which extends from a surface ship to the occcan floor. Open noesh netal dredgo
uckets aro attached to tho line every 20 to 50 nmetres. A traction nachine on
tho ship noves the line so that cripty buckets descend on cne 1linb of the loop,
contact the occan floor collecting nodules, and arce hauled up on tho ascending
lirb of the loop to discharge thoir oontent of nodulos on shipboard. L8 the
ship (and the dredpe systen) nove slowly, cach successivo bucket ig oxposed to
a frogh strip of the occan floor to collect nodules, Figure 6 fron licCauloy
(1974) 11lustrates thic systen. Deep occan tests have boen successfully
acoonplished with the CLB systen in the Pacific in 1970 and in 1972, Insuda
(1972) estinates that the CLB systen is capabls of recovering 500 to 1000 tong
of nodules pexr day in depths of 5000 netres,

4 pocond nethod under developnent for nodule nining is desorilod as the
airlift hydreulic systen (Garland oand Hogerty, 1972). This systen criployn a
ghip fitted-out with equipnont sinilar to that of a deep sea driliing vessel.

L. pipe extends fron the ohip to sea floor at the botton of which is a truas
agsenbly and o dredpe hoad fittod with Jets, horrow bludes, ond rako-lile
appendagos optinized for gathoring modules of s prescribod size, Tho systen

is shown in Figure 7 taken fron McCauley (1974). Transport of nodules from the
sca floor to the nining vosscl through the pipe is achieved by entrainnent in a
hich velocity water flow. The flow is meintained by injeotion of high prossurc
air at locations along the pipe causing reduction of donsity of the fluid insido
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FIGURE 6
Continuous 'Bucket Line System of Manganese Nodule Recovery

(from--McCauley, 1974)
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the pipe relative to the donsity in the surrounding water colurm. Tests of the
oiriift osysten wore carried out in the Blake Plateau area of tho woestern llorth
Atlantio in 1970 in depths of 800 metreos. Thoso tests utilized a 23 on dianctor
pipe having an ostimatod flow rate of 562,754 litros per hour (Anos et al, 1972a).
Hydrawlic punping will roise the sarme tonnage of sodinent as nodules and 10 to

20 tines as much wator (Wolling, 1972). The volume discharge gf efflugnt fron

a full scale nining operation is oxpected to be about 260 x 10 netres/ per day
(froan, 1975).

Pollution Aspocts of Ianrmncse Nodule lMining

There has boon congidorablo disocussion regarding the conparative eoononic
and ongineering advantages and disadvantages of each systen (Mero, 1972) which
aro not germane to the prescnt discussion. It seens clear, howover, that both
systons will Do omployed in the carly phascs of deep sea nining and any
digcussion of possible pollution effoots rmst consider those aspects which axe
poculiar to each of those nining systoms. The table below (adapted fron NOAL,
1975) surmarizes how each systen will affect the marine enidronrent.

Mining syoton
Interaction Hyzoulio, | Mechanloal,
(1) Scrapo soafloor X X
(2) Bonthic turbidity plune X X
(3) Rain of finecs during ascent X
(4) Discharge plune X

Figure & (from Horn et al, 1972b) illustrates distribution of nodules in
tho North Pacific in rolation to the upper sediment layers. DMore than 90%% of
the nodules lie at the sediment-wator interface while most of the small remaining
percentoge are within the top 1/2 notre of sedinent. This type of cocurronce
roduces the nining tecklmiquos to a natter of skirming off this superficial layer
of o fow centinetros depth. Roocls (1974) rveports that the CLB syston nay
ponotrnte the sedinment to a depth of 20 centimetres but probably rmuch less.
Both the CLB and AL systens have been engineered to separate the nodules fron
the sedinents as well as possible on the ocean floor and to cause tho least
possible disturbanco of the sodinent consistont with officioent collecotion of
nodulcs,

A projooted 3 nillion ton~por—year nining operation will recover 10,000 tons
of noduloe per day. If the nodule concentration ig 10 kilograns per square
netre, than 1 square kilorwtre rmst be swept olear each day, Considering the
inefficiencies of botton sweocp and nodule pick up, probably two or three square
kilonmetres must be nined per day (Flipse et al, 1973). Using a dredge head
15 notres wide, the nining ghip would have to sweocp a path about 100 kn long
each day. The disturbance of an oporation of this scale on the ocoan floor
could be a serious environnental coroern.
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.Nodules in the North Pacific occur on the
" surface or sediment/water interface. This
suggests that mining will be confined to
raking the seabed ond will not include

oxtensive dredging of the substrate.

FIGURE 8

(from Horn et al, 1972b).
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Malone ot o1 (1973) and Rools (1974n) list tho 1likely cffects of both
systons in the ocecan botton environnment as follows:

1. Disturbance or destruction of benthic orgenisns, and nixing
and resugpension of sedinent in the path of the dredge.

2. TResctitlenent of stirred up sodinent and possible cndangoxrnont
to benthic aninals nany of whioch are kmown to have a very slow
reproductive cyclo (Turokian, 1972).

3+ Alteration of botton water chepistry: botton waters ray
retain in gsolution corrpounds leached out of the sedinont
or gained fron the interstitial water,

The two nining systens differ in their potential effects within tho water
colum. In the airlift syston the nodules and associated sea floor naterials
aroc delivored by pipe to the nining ship and nmake no ocontact with surrounding
sca water. The bucket dredgos used in the CLD systen are cxpected to add to
tho turbidity of the occan water colurm as the sediment thoy contain washes out
during ascent to the surface. This cffect is probably confined to the deopor
occan layocrs sincc tho buckets aro observed to arrive at tho surface relatively
oloan and free of sedinmont (Roels et al, 1972).

The use of airlift nining systen will regult in surface discharge of
mutriont~rich botton water containing suspended sedinent and fine particlos of
nonganese nodulos, The results of such a discharge in surfaco waters reportedly
noy have the following effects (Anos ot al, 1972):

1. The incroase of digsolved nutrients may causo locally
increased biological produetivity in the cuphotic zone.

2. Organisns dormant in the botton sedinents, nmay begin +to
grow in the surface waters with unpredictable results
upon the oxisting population.

3. Light poretration of surface wators may be altered dwe
to the turbid diascharge.

To date, soveral field studles have been conducted to investigate
onvironnental inpact of decp-sca nining under support of the United States
National Oceanographio and Atnospherie Adninigtration., Tho overall objectives
of this continuing projoct axc as follows (Rools gt al, 1973):

(a) +the ostablishnont of physical, chenical, and biological haselinc-
environnontal conditions in potential nining areas;

(b) the documentation of changes induced in benthic and pelagic
ccogystons by deep~sen ninings

(o) the elucidation of the underlying nechenisnms and inplications
in relation to current and potential marine resources;
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(d) the formulation of guidelines for future mining operations which
will minimize harmiul eavironmental effects while enhanoing the
development of potentially beneficial byproduots; and

(e) the determination of the properties which should bo monitored
' during deep—sea mining o provide the information nocoded to
evaluato the. environmental. impact. of spooific mining methods
and to doviao mitige,ting moasures, if mcessary.

Studics 'bo date under this programme. may bo -sutnarizoed as follows:

Bapeline orrvircmnon‘bal oonditiorna :Ln mlation to manganoso nining impaoct
wore studied in the western North Atlantic (Malone et al, 1973, Roels ot al,
1973). Obsoervationa of bonthic biomnes in samplos and bottom photogrephs pernit
on ostimate of 9 ng per square metre. Natural purface productivity of phyto-
plankton was neasured and comparcd with that using various percontages of
filtored and unfiliored hotton water, .Higher productivity was obsorvod in those
sanplos having higher ‘porcentages of bottary wator. Both produotivity and the
standing orop were found tc inorease 0. few poroont using adnixtures which night
corzospond to tho surface ocean layer near a nining ship discharge.

The prosonce of vedinent in the discharge would tend to onhance productivity.
Enrichnent e:@erimnts Bhawed that acourmlstion of silicato corpounds. in the
surfaco layer could alter the species couposition as could the introduction of
dornont organisms fron tho ocean floos.

Anos et a1 (1972a, 19721:») studied hydrographic conditions and nade diffusion
oxperinents in connexion with a fiold test of an airlift nining syﬁten in the
Blako Plateou area of the wostemn North Atlantic, Anolysis of hydrographic date
at the test site revenlod that bottom watox reised adiabatically to the surface
wculd be densor at all seasons but if warned to surface wator tomperatuxe would
be less donse in winter. By using a dye trooer in the effluent it was found
that deop water brought to the surface wnderwent sufficient warning and nixing
to rerpin. in the upper layer aftor disohargc..

The growth of phytoplazﬂk'bon was obsevmd in varying nixtures of surface :md
botton wators, It was doternined that s mixture of ot least 10% nining offluent
(votton wator) with 90%% surface. wotor is.nopossary to inorense significantly
phytoplankton growth. It was estinated thot full soale nining agtivitios using
the airlift punping syston would result in a surface water nixture containing
less thon 0.3% deep wator and would therofore be insignificant in terms of
enhamcenent of surfqoo prodwutivity.

Addi'bicma.l baaeline su.rveys we:ce \mé‘uertaken in 1972 in the Paocific netal-
rich nodule zone, in corinexion with tests of the contimious . line bucket dredgo
systen (Roels ot 8l,.1972, Roels ot al, 1973). Hydrogrephic profiles xeveal
a salinity andrfurbidi'by ltruo#ure Axn tho botton fow Imndred netres indicating
a noderately active ciroulation, Profilgs:of.mitrient ocncentretion, trace
olenents and particulate carbon end mitropen were mede.
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Botton photographs revealed an cpibonthic population density of 0.02 o
0.05 per squarc netre, values considerably lower than earlicr estimates.’
Atterpts wore dade to obsexvo the offects of the CLB dredging operations, but
with the exoception of one pho'l:ogmaph ghowing poseible striaticns on tho soa
floor, none was obgorved.

Another baeoline gurvey in tho potential n.‘!.nesite area of the Paoific was
conducted in 1974 (Anos gt 4l, 1975). Intéhsive physical, cheniocal and
blological satpling was carvicd 'out within & erinll ared’ tnder precise navi,gnt;on
control. Botton photography agein révealed’ very low orkanish density (0.01/n°).
Current neasurenents at 2000, 1000 and 200 petros above botton over a 14 day
period showed increaged voloci’ales toward botton. Curtent directions were
towards east northeast and distinct serddiurnal ourrent peaks avoraging 7 on/sec
wero obsorved;” the hijhest pedk wis 20 on/sec,’ ' Profi‘les of 1ight soattoring
showing ‘o 8light drorease in. tho ’bo‘b‘bon 1200 netrea aro’ ‘cotsistont with tho
current neagurements and indicdts. transpo#t and/or rosusponsion of botton
sedinent.

inrichnent expérinents using vam.w}g poroentagea of - bb-H;oh ymter o.nd '
purface woter oonfirned cérlicr resultss only whon’ g exvooded 3300 of
botton wator (and oontaméd botton ebdimni;) d:ld the g;: plaxﬂcbon produottvity
becone gignificant.

The NOAA“Deep Occan Mining Environnontal- Study (DUMD”) plasis to oont:lmln
baseline inven‘bigatims i the' eaptern ‘ediatorial North Pacii‘io ‘prrior to full
scale nining activitios (NOA4, 1975):" 'meir min gbals ‘dros

1. To identify potential onvironnento.l problens with rospoc'b to
exietif\@ regulatimw.

2. To aoquire informntion whicH will help esto.'blish errviromental
C guidelines for irklmatrib.l dédp éoeem ’nining praotioes. L
; red 1: Na’tmI Modéls

_M‘ollu%im 0, i

Environnental baseline ini‘orna‘bidn Elh ‘po‘l:‘ent‘ial nangonose nodie nining
areas 18 an inportent requirenent in assessing possible pollution arising fron
deep ncean mining but definitive resulis ooy fiot' o D.vailable for sbne tirc.
For the pregent, "order 'of- mmi'budé" eg'tindtos of dertah; affdots cwa.;a bo. rade
fron existing inforoation. Th’Sche cipéd, natural" pHdfonetn whioh are andlogous
to n:ming distur‘ba.nces can prov:tde \‘ery useful node!l.a. 4

BIE

The mdiolarian “00ze dedinefnts m -Ehe* nodule-rich’ 'waif ¢ a.réd. (“mrdrup ‘
ot al, 1960) oconpist of about 50% remains of ‘vadfolbwdiate ({Holuding entire
mdiohtrma with Gimensiong of 100-200 nicroms) and 50% ninem,'.l. partioles
(silt to -oldy gize’ pa:ttiolés Teofs tHan ‘50 riorons ‘Aaneter), ‘Onde’ ‘aipturbed, .
sedinonts’ m tHo " #111; ‘disdle rengo-and ‘helow dan by ﬁmnawrfed by Botton ourronts
as Srall o -1 'ch/de6)’ THE' @isplacenont ofigilt :Qartioleé; (006 i diamter)
sotbling tironsh 100 HoteEe of weterin's | ddrrenit 62710 ori/s60 Wdll o - E
approxifiately 3 kilonetroes’ ‘(Iﬁzendn,“l%é}
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inos ot al (1975) bave neasured near botton ourrcnts in the potential nining
nxea and £ind (at 200 netres: a.bovo botton) avernge’ wlooitias of 1 to 2 on/sec
with peaks up tb 20 ¢ri/sso, Brocoker (1968) has nea ;4 profile of cxcess
radon and calculated an oddy: difi‘usn.on valie of 15 offf /eco in the botton
50-motres of the Godnn at a ehﬂa&nwr the bentxée of the’ hﬂ;h-lvnlua Pacific
mahganese nodule zome. - If:thése: ob preetmt true averages for
horizontal currents and turbulence in this megioh' of the ocean, cme would' expect
the larger silt-size particlos to settle within a fow kilonotres of the nining
disturbaheo while the olay-éiize particlés could be: trensported much greater
cliatanoee.

Results of natuial procésses which :I.ntroduce large’ qunn{:ities of sedinent
at the ocean surfuce and tho deep sea floér can be studied to ¢nin an under-
standing of their énvirom:mtal iupe.ct in oenparison to ﬂaa'b of nining '

Hoezen and Ew:lng (1952) end Hoozen et Q (1954) desoriped iarge scalo
geologic: effoots of slunp-gencrated tublAity ‘urronts rémulting’ fron tho Grand
Banks carthquake of 1929, This event coused tho novment of larse quantitios
of gedinent fron the Continental Slope neaxr Newfoundland to be spread ovor a
broad nrea of ‘the' North Anerioan Basin,’ -Subsequent gtvdies have shown’ that
turbidity curients are & fundanontal procoss in’ su’:m:ﬂne peology and aro in
fact. tho ‘ohiof agent rosponeilile foz* odmi,ng vant dreag of ocvhw basing with-
turbidite pedinents, sometiros- thousands of netres thick, relking the 'Abyssal
Plains the flattest aroas on earth.

An ‘exanple .of the rate of’ ttmbidi to aedimeht adeurmlation 18 given’ by
‘Benson gk gl (1970). Geophyiical nensuronémts in the Veos Fraoture Zone' in the
oquatorial centrol ‘Atlastic’dhow. a sadinomd thickness 'bf ‘nore than 1000 potres.
.Tho seotion was sauplod oh Leg IViof 4hé Débp Soa Drilling Project to o dep'bh
of 610 netres rovealing an avernge sedineontation rate of 30 contingtres
250 yoars. ' It'18 notowortby that this veist qw.ntity of pedinont‘appears to have
noved: By turbidity cirvent £low across the Deuérb,m Abvyssal Plz,-.in frcn a. aouroé
near 'bhe ‘Aregon Cane, nore: 'bhan 800 kilon‘é‘bqu“%o the ecuwwes'b. s

*Dho’ ol of the' Grand Panke- M&.wty curzent’ of 1929 hag’ béhn estiratod:
by Kuénos, (1952), Be caloulated’ thit o tikbidity burrent nwingf*dwn 'bhe“ |
Contirianital Rise 500 kilonetres fron ‘the. indtisl sltop was’ protatly 35
lonotres ltmg, 350 kKllonétres idde dnd’ 100 tetreh thisk; Ris ra.i:‘.!.dly woving
flow contained I00 oubid kKlcowetred of: soainsnt vilch pettled s &' Iayer'a‘lo to
100 oni thiok’ bver tivre. than 100,000 gquare ki emmg of tho floor of the Noirth
Atlantic Basinty> By companidon,  itiig- asti.mtea (Woan, 1975) et& mAngenose
‘nodule ritning dporétion m:laihe‘ threo’ ni11ion tons per year of nodules night
couge resuspension of about 23 nillion cubic netres of sedinent (Welling, 1972

ostinates about 1/2 this a.nmmt) duo to tho action of the dwedge head. Such.a
quantity represents O <0234 of the anownt of a single domunented natural
turbidity' current. Exproseéd wwiyvim wdﬁld take 40 Buch minihe
operotians working for 1007 years' tohké a donpiiable scdiremt :edls-mmuon.
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Using subnarine geologlc evidonce and records of sea floor ceble broaks,
Heezeon and Hellistor (1972_13 ghow that turbidity curronte are a frequent and
widespreuad phenomenon. In the area of the nouth of the Congo River, turbidity
curronts occur intermittently at a rate of 50 per centvry. Surprisingly, in
sone respects the arcas affeoted seem to returm to normal within a short tine.
In cormonting npon the post~turbidity cuxrent conditions In the Congo Submarine
Mlanyon, Hoezen and Hollister (1971) write:

“How long they (botton oxgonisns) require to track the nowly deposited
md is difficult to dotermine, and is probably highly variable, but
the tine rmust be neasured in days and weeks, not in years. Fhotographs
taken on the natural lovees and in the floor of a digtrilutory chanmel
of the Congo Canyon revealed a muddy, burrowed, and trackod sea floor
without obvious evidenco of any reccent catastrophic ovent. Although a
turbidity current may not have traversed this particular distributory
for scveral years, one night not have. obgerved a very different sca-~
soape even if this chamnel had experienced a turbidity ourrent & fow

- weeks before tho pleture was teken."

To access the reowery rate of benthic oorrmnities buried by pedinent in a
nangenese nining operation, abyssal arcas affectod by recent turbidity current
deposition should be studied and. coupared with conparable areas not sinilarily
uffected (e.g. abyssal hillg),

Exanples of large scale introduction of sedinontary material into surface
occan waters can also be found in nature. The rivers of the world contributo
20 billion tons of suspended sedinent anmually to the world ocean (Holenman, 1968).
Vhile nost of this material setiles out and deposits near river nouths,
significant anounts are carried in the near surface ocean lsyer to.tho deep gea.

Au%zon has the largeat uator d:lscha;rge of any - piver in. the world
(6,400 x 107 ofs) end carries nillion tops of swopended sedinent anmually
into the South Atlantio Occen (Holenen, 1968). By virtue of its decreased
salinity, adnixtures of Anazon water and surface ocean water oan be tracod
northward into.the Caribboon, Sea (Wust, 1964). . Jacobs and Bwing (1968) have
identified ‘suspended’ Im'ticula.te ninoxal r:ater:lal of Amazon River origin in the
near~surface waters. of .the Caribbesn,: 3000 kilunetres from the river nouth. It
would appear “that ugeful. analogies aonld be.drawn between the effeots of surface
dischargod mining offluents. in opan.ocean: and the effects of suspended .
partioulate materials. machi.ng ths; doop g63 a8 a rerylt: of riwp discharse.

The use of high-quality. satqllite photography-and imegery xepresents a yoluable
now nethod \qhich oova.d ha applied toward the selection of eites for such studies.

Mondtoring of }  Aobivit

Baseline env:i.zmpental s!qxueprof ﬂaﬁ Vuited Btates NOAA appoar to
represent & tinoly and considered pro~nining invemtory.. Howover, the nost
neaningful gtudies for pollution assessnent mst await actual nining operations.
When that phage begine,; careful nomitoring of the disturbaunces should be carried
out. In addition to the nore standard neasurenents, consideration night be

given to the followings
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1., Scdinent traps on the ocean floor to nessure sedinent
rodistribution associated with the botton plune.

2. Direct obsorvation of actual nining operations on the coa
floor using a nanned subnersible vehicle (if safoty
considexations pornit).

3« Meagurenent of the acrial distribution of the surface plune
uging aircraft photography techniques.,

4. Tho use of dye tracers (injected into the nining effluent
owsfall) to neagure the 3-dinmempional extont of the plune.
In situ ceasurcnents of rhodanine dyo can be nado using o
continuously rocoxding ﬂuoronﬁer (sonsitive to
ooncentrations as small as 107),

5. Measurcnenta of a conbination of natural tracers to establish.
separetely the patterns of distribution of the effluont
particulate content and the water phase. Optical neasurenents
(nepheloncter or treansnissoneter) could establish the
distribution of ths te phases Radon, disgolved
silicato, tritiun, C*4, 0°° (or other water trncer) oould he
neasured to distinguish the effiluent water distrxibution by
virtue of the differences in tha vormal ooncentretion of
those -substances between surface and botton waters.

Surmary and Conclusiong

Although detailed understanding of the distribution of manganese nodules
on the ocsan floor' is incomplote, the major deposits appoar to have been
delinentad. Deposits having the greatest econonio potential exist in deep ocean
basin areas. The ranganese nodule deposits considered most favourable for
initial exploitation lie in the ccstern equatorial North Poocifio. Methods for
econorde exploitation of .the. resource are in an advanced state of development,
Aotive nining operetions are expeoted to begin in the Pnoific oxoe boforo 1980,
Pollution arising from ocean nining night affeot both the surface and botton
coean emviromnent. Soiontific baseline surveys are undorwny in the Pacific as
part of a long-renge ocoén pining envirempental inmpact study. Prelinmipary . -
results gnurgost thot no sériobs pollution will erise fron manganese nodule nining
activities at tho scale presently projected. Iarge-scale maturnl phenoncna
annlagous to ooean nining pollution oon provide useful models for predioting
future nining inpact, Mangeness nodule doposiis of the occon floor axo, in
coxrtnin arces, mpidly changing fron the olassification of rogources to reservos.

A unique opportunity, existe to ootnlish intemational regulations which vould
pronote oxderly development of these roserves and omsure agoinst aldvarse
environnental effects arising frop their exploxation and exploitation prior to

tho edvent of large~sosle nining aotivitios.
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Appendix TI

Dispersion of Fine~Grained Material
and O'bher Physical Aspects

Note: 1. This Appendix has not been examined or
accepted by GESAMP,

2. The original draft for this Appendix
was prepared by Guariar Kullenberg.

3. The working group examined and amended
this report during the intersessional
period and had approved its presentation
to GESAMP,

INTRODUCTION

Aspects of the dispersion problem are considered. ' In ‘doing so some
relevant features of circulation, transport and sediment dynamics are discussed
without’ going into details, ' It should be emphasized that an understanding of
relevant physical prodesses is.esséntial for rational environmental planning
end .protection, . In this note the possibls biological effects of veriations of
turbidity caused by various operationa and disturbances on the sea floor have
not been considered. ' o -

I. DISPERSION OF FINE-GRATNED MATERTAL IN ‘CONJUNCTION WITH DREDGING OPERATIONS

Dispersion is defined as the net effect of turbulent mixing and transport
by currents, It is necessary to consider separately dredging in nearshore and
offshore woters,

A, Beach dredging and excavation: Dispersion along beaches is primazily
governed by the wave conditions end to a lesser extent by currents, e.g. generated
by meteorological forcing or tides, The nearshore region is subdivided into
swash, surf or breaker and offshore zones (e.8s Hails 1974). The former

covers the area where the residual wave motion consists of surges up and down

the beach face, The surf zone is the area where the wave energy dissipation
escentially takes place, The last zone extends from the breaker line to the
depth at which frequent disturbance of bed sediment by wave motion occurs,

In relation to this division it is pertinent to consider three aspecte of the
nearshore dispersion (Bowen and Inman 1974):

(1) Processes occurring seaward of the breaker line (in the offshore zone),
In this region the mixing induced by agents other than waves will
normally dominate,
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(1) Tn the surf zono the brealing waves generate strong vertionl and
horizontal nixing. The trandgport across tho brooker line is
considerably nore effeotive thon the lon(rshore “bransport.

(ii1) The dispersion duc to the fiearshore circulation ccll, covering
the width of the suxf and swash zones, and consisting of longshore
flow with' seaward flow concentrated in rip ourrents. ' On a planc
beach the' spaoing between the: ﬂp curronts ig of the order of four
tiries the width of the surf'zonc.'’ Thus water and suspended mattor
are tronsported into the purf zone by the breaking waves, oarried
alongohore and returned by the rip ourrents. Thesc are vory strong,
of the order of 100 or/s up %6 300 n or more f£ron ‘the shore, and
consequently have oormidomb le tmnsporth:g and eroding capacity.

The important aspect of this picture is the limiting of effective dispersion
to the surf zone, This is in pert .dus to the less intense turbulence outside
the brepker line,. tut. nainly duse to the transport (pumping) of offshore weter
through the breaker 1ine into the nearshore circulation cell; Tha longshore
mixing is less intense than the mixing in the breaker zond and. the materdial is
mainly trensported with the longshore current, sprea.ding along the beach,
Very little spreading occurs upetream of:.the current, - Howsver, the direction
of the current- ig. influenced by the direction of the incoming waves, and thérefore
epread:l.ns of. mte:!.a:l. on. either side of the dredging site muazt be expected, -

Ve may eat;l.mate 1he volume in' which the relessed material' beoomes diluted
over a time period of the order of hours, The height (depth) of the surf is
Hpy the width of. the nearshore oixgulstion oell.is By snd the length of the
cell’ (1.94 aptoins between xip. mta) 18 Iny The nbsemﬁona on straight
'beaohqs euggaet thnt:

L, t4Bb‘alndnb s.(1o-1oo) :
with 0.2 m < By < 2 m, the volume V = Hy, * 4 ¢ 50 o By,
Withﬂbalm voltmiam%hg" A 5;1;0.?‘:@:110?1'};a.'ad

mthadrodmnGo 400 tonu
, ;ty of the order 100 mg/1,

& 1) overflow of solid mim:l.i:l., ' & tupbiadd :
) t‘ioaiﬂ;j The estimate depends,

Tius the increase of twrbi t& 1!‘":’[61.‘!;0
however, very much on how 1 ,

vith the overfléw, ' The' :

context.

geemti.gn:h’ niwect that the lonsn:;ro transport of saind 18 directly
size, This izg.:c:m“tha% " Bed 1dad’ ‘Empor‘t I important, It also
appears that iper grain sizes are ted .offehore. fecty
tmm&aiﬁfortbahm? obs,. none o Vel

Theoretical nodels for predicting the longshore currents and sediment
transport depending upon wave conditions and other parameters are available,
but the verification of these models is unsatisfactory due to lack of reliable
date (Hails 1974).
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On-offshore transport in the breaker zone occurs as both suspended and
bed load, Outside this zone, in the offshore zone, the sediment transport is
neinly bed load, the energy dissipation being caused mainly by bottom friction,

Different kinds of waves have different tronsporting properties., Generally
short, steep waves generated by onshore winds have a stronger tendency to carry
naterial offshore than onshore (so-called destruotive waves), Longer waves on
the other hand, generated by distant storms tend to cerry materiel towards the
beach (constructive waves). The nature of the wave, its size, the profile and
the composition of the beach all influence the action of the wave on the beach.

Normally the waves approach the beach obliquely which results in coastal
drifting, i,e. longshore transport of material along the bed, This process
can act as a sorting egenoy scparating different grain sizes, It would lead
too far to discugs all these processes in detail, Clearly they should be
considered in each separate case.

. For depths excceding a fow netroe the information availeble on transport
by wave action of suspended sediments is limited, Observations show thut
surges with velocd.fbies above 30 cn/sec cause temporary sunpension of sand

, For tho offshore region, to depths of sny 30 n, an important aspect is

the presence. or absence of sand bars, The formation of these ig generally
believed to be related. to waves, in particular edge waves (i.e, trapped surface
waves), In goneral these sond bars are fairly fixed in relation to water depth
e.nd thezefore tend nbt %o ocour where the tides are appreciable, ‘

: Brea.ld.ng waves o.t‘ten generate sand banks. ‘ T‘w-e are built gradually on
the offshore side of the breaker line, and they will have considerable”influence
on the naterial budget of the beach, modifying the flow patterns and the
transport,

A reasonably safe asseasment of the poeaible effects of neaxrshore dredcing
requires infoma.tion on.. , o

(a) wave (including swell) and current cond.itiona, 1ongshore ‘energy flux
‘ ahd ‘I:he distribution and dj.ssipa.t:lon of waye enerdy; .

(v) 'depth of mter and ’vuria.tions of ‘the atill water level (o.g.. tidal range),

(¢) wind and neteorological conditions, particularly occurrence of ‘storms
and stom mges, .

- (a) "sediment compooition and bulk churo.oterl.stica,

(e) 'topogmphic foatures, a8 slope, curvuture o:nd piune of bemh,
occurrence of bars,
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Seasonal variations of certain conditions should be taken into account, In
this connexion the considerable differences in natural stress in different
clinates should be observed,

Dredging can change the topographic conditions end thus the wave pattern
end the on~offshore materinl transport. This is a very important aspect
(esg. Jolliffe 1974), although there are few recorded cases of coastal exosion
due directly to Band and gravel extraption, This may well be due to the
lindted -research going on in relation to dredging,

Mathematical niodelling, using conputers, eppears to be a very promising
tool for forecasting the shape and rate of ochange of the beach, the longshore
sedinment transport and arens of increased erosion. Clearly relevant input
data !:rust be a.va.ile.ble for maki.ng a relia.ble prediction,

'.I'urbidity cu.'c'rents and/or sliding oah be very effective means of transporting
nmaterinl offshore in areas of sone slope, say 2 - 3° or more, The possibility
of triggering sliding motion or even.small turbidity currents artificially
should be borne in nind, ‘This is perhaps in particular true for iactivities
along the shelf break or slope, i.e. in comnexion with offshore mining.,

B, S ' - glt. - ¥We will now comsider the

: ::egion outside the nemhoré zone, Due to:tha depth limitation of the dredging
operation (30 -~ 60 m at present) thim does. not imply that wave aotion will not
influence the bottom conditions at the.site, It 1s likely that in areas where
dredging of this type takes place the curremnts arc quite strong, ioplying
fairly effective: dispersion:conditiond; - €learly the rate of exchange betwean
the aite and: o.d:iacont aoa areas 13 a.leo 1nportant in tHis context.

* Where: hopper dmdmorbmee axe uaed fortha dredging an overflow of
watex comtaining fipowgreined materisl: will ocour, thus csusing a. repuspension
of sedinment and an increase of turbidity. When trailing (i.e, wmder-woy .
dredging), the overflow is initially spread in the weke of the vessel, Cormonly
Sxperienced’ dilntion factors are in the range 1:500 - 1:2000. at:a. distance of
o fow:hundrgd: metmen: fron. the vessel. Thus the naterial will become mixed
quite rapidly in the surface layex,. mmwmemm‘d@mmnthe
wind and distributions of current and demnsity in the water. Dilution factoxs
in the range 5.~ 20-per houx can besexpectsd in' open sea areas undepr normal
wind- conditions: (5 ~ 15 w/a); . In tha csle of vertically homogencous water
(in: axens of strong vind-induced and; tidal miXing). the material will'be spread
over the whole wabex colwm, :In aress with a)stdble stratification,” on. the -
other hand, .penfinement to:the; suntace: layer. is  Iikely, - Neeily neutrally
buoyant particles pen, bgeomm. concentrnted in the: fyomocline vegion,: (lamar of
increa.sed atabili'by) whem the mmg m oons:l.dembly suppreased. :

o4 --,3\ _:“‘\"' ,,,,,,,,,,

M tha Aredging’ vessal ia ata.tmnm amd.ng the: opemtion the: mtialh
dilut;l.on of the overflow, will de less than: in the.okher: case, : Fron experierce
with dusping of sowege sludge pne:@ey gxpect. dilution factorw: inthe rangs: -
13100 ~:42500., .. In areag. of homogeneous water:a large part of ‘the material will
sink directlarto -the, botion, .the: Teat (hecomting mixed in the whole water coluth,
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In areas with o nmarked stratification the sinking rate will be depressed
in the pyenocline layer where nearly neutrally buoyant fine-grained naterial
can become trapped at least temporarily. The sinking noterial will becone
distributed in a fan-~like, 1ayered structure, with considerable concentration
variations vertically.

Since the rate of dispersion in these dredging arens gonerally is expeoted
to be fairly high the increase of turbidity will be limited, An estimate of
the increase of turbidity moy be obtained as follows, A large dredger nay
recover say 104 03 in 5 hours, Assume as a working basis that 19 of the
rocovered noaterial is lost with the overflow in the form of fine-grained
naterial with a density of 2,5 gfom3, Thus we dispose of 50 tonhes per hour
in the water,. corresponding to 2,5 x 104 ng/1 overflow,

In the case of dredging by trailine; the initial dilution is of the oxder
of 1000 implying a concentration in the water of 25 mg/l a few hundred metres
fron. the vessel, - After 5 hours the dilution is another factor of 25 -~ 100 under
normal conditions, The natural suspension in nmost shelf areas falls in the
ronge 0.3 - 5mg/l, It may be advisable to adjust the. dredging frequency 80
that the arens of increased particle content do not: overlap. »

It appears that the dredging operation and frequency can be adjusted so
that normally the turbidity increase will have no harmful -effects, The maximun
ooncentration in the contaninated areas will: decrease roughly proportiona.l to
+t™245 for diffusion tines of. the order of daye
C. Deeg:sea«n:l__g_ﬂ.ng: Deepqsea. min:lng will: generate e local inerease of
suspanded natter in. different parts. of the water column, “The disturbance of
the sea floor is obvious, The fate and distribution cf the suspended sediments
will depend, :apart. from the technique used, on the:type .and corposition’ of the
sedinents, ond the physica.l conditiona in gt:he mter,* aapeci.a.lly ourrenta and
stratifica:bion. . s Ae.. oo

: In the wind-inﬂuanoecl surfaceclayar, of the order 100 b' fl;hick in the’ open
ocean, the dimpersion of the fine-grained material is feirly: rapid. l?t will
“‘become more. or lesB. ewnly dia'bribm:ed :ln the 1ayem A
“An. estj.nate of the comentmﬁim o,f. mpended matter can be obtained -
a.ssuni.ng that: the amount of weste sedimenté brought to the surface’ is egual to
the anount’ of: nanganese notiules' (takixig' this as an example of désp-sea m:l.ning).
Usinga.figum*ofre of 500 ténnes:of nodules / day with a soo
flooxr coverage of. 10 m (Merov 1964, p.259); implios that a ‘hinirun surface
area. of 5 X 104 n2, or romghly & square of 220 x' 220 ny would be: bovered in
24 hours, Assume.a surface loyer ourrent of. the ordes 12 ctifBec' or 104 n/faay,
ond assume further that the overflow becomes evenly distributed in the top
1001, Than the. dilution wolume is:ofithe brder 2 x 10% nd, ana thb edticentration
of suspended matter (assuming that all goes into e\mpénsions 2.5'ngfl,’  Thie is
o conservative. estimate in ithe dense. thot: most. 1ikely the value is. less’ alnos
ot all goes :into suspensicn, the .ourrents:can bai stronger, etc,.: “Aftexr 10’ hours
. tha naxirmm concentrotion is expected to be in the ‘range 005 « 0,01 ng/1.™
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These values should be compared with the natural concentration of suspended
natter in the oceanic surface layer, This is of the order 0.1 - 0.3 ng/l.

In a coastal upwelling area (N,V, Africa) the surface layer contedns

0.2 -~ 0.4 ng/l, Very clear ocean water (e.g, Sorgasso Sea) generally holds a
load of 0,05 ng/l or lecs,

At present it a.pp‘ea.m reasonable to expect that the frequenoy of the
operation could be adjusted so that the increase of the surface layer turbidity
in the arca would be kopt at a very low or insignificant level,

However, it is quite conceivable that internal layers of increased particle
content will be generated, especially in conjunction with density variation in
tho water colum, Such layers can be relatively persistent in regions of weak
turbulent nixing, cerrying & substantial load of particles, For this rcasim
the suggwsted injection of nining effluent into the deeper part of the cuphotic
layer nmay be inadvisable,

The dispersion in internal layers of the ocean is not well known, The
following statements can be nade:

(i) in the nain thermocline region ths vertical nixing is woeck, of the
oxder of 0,1 cm2/sec agoinst 10 - 1000 cm?/sec in the surface layer,

(i1) the bottom boundary layer is thin, of the order of metrss, and the
botton generated nmixing does not penetrate far into the water column
except in certain areas where relatively high current velocities
persist close to the botton (e.g., weatern boundaries),

Since the:bottom currents in the abyssal plains generally are weak, the
dispersion of the resuspended sediments in the bottom layer will not be very
effective (compare estimatcs on the spreading of leckage material from dumped
containers, e.g. NAS/NRC 1962), ' ‘

"A reasonable asseéssuent. of the. impact of deep~sea zdning as far as turbidity
increase is concerned requires information on the mining technique, the sediments,
the wind conditions, the currents, tho density distribution, and the existing
content of suspended natter,

II, OTHER PHYSICAL ASPECTS
A, Nearshore (i.e, in ‘the dame reglon ns amdér I,4)

“Phe. 168t serious hoaaxd’ is. effects on the beach matarial budget,  Removal

of pnaterial by dredging cen result in a change of the circulation and the

wave pdttemn, ' If'so, patedial transport will also be altered, The 'posiible
significance of this may be estimated by means of ‘computer model calculations.
Similarly a tronsfer of material fron one place to ansther in relation to
construction tan TesWlt’ in-alterativns of the naturel trensport patteym, 'These
chinges and their possible: effects sMould ‘bo’ asedssed Before 'any pajor construction .
work is initiated, TH& advonise inh recent ‘years of dompator model calculations
makes this quite feasible, It is also adwisable ¢4 consider what offects
renoval or alterations of natural bars outside the beach may have on the material
supply to the beach. It is clear that these aspects st be considered for

ooch case, -
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B, Offshore

Dredging will influence the soco~bed topography, creating stall-scale
disturbances in the sea~hed, The recovery tine for these disturbances can
apparently be vexry long, of the order of several years at least (Dickson and
Lee 1973). This matter requires.further study in other areas,

C. Other constructions

" ". Consideration st always be given to the possible influence of constructions
(esg. plérs, harbours, tumels) on local circulation’ and wove conditions,
Chariges in these may result in serious, often unexpiected conscquences: xelating
to the transpoxt and deposition puattern of sedinent material, Again cooputer
gimmlation techniques are pronising tools in this context,

Dus regard should also be . given to. the deposition (dunping) of sedimentary
naterial renoved for the purpose of construction,' deeponing of navigation .
charmels, etc. Reference should be made to tlie report GESAMP VII/3, by tho
‘Working Guioup on the Scientific Besis for Disposal of Waste into the Sea.,
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