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NOTES

GESAMP is an advisory body ccnsisting of specialized experts nominated
by the Sponsoring Agencies (IMCO, FAO, UNESCO, WHMO, WHO, IAEA, UN).
Its principal task is to provide scientific advice on marine pollution
problems to the Sponsor: Agencies and to the Inter-govermmental
Oceanographio GommisaioxjianOC).

This Report is available in IEnglish, French, Rusgian and Spanish from
any of the Sponsoring lgencies.

The Report contains views expressed by experts acting in their
individual capacities which may not necessarily correspond with
the views of the Sponsoring Agencies.

Permission 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 extract and the condition mentioned
in 3 above are indicated.
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ICO/FAO/UNESCOANIOMBO/TAEA /TN
JOINT GROUP OF EXPERTS ON TIE SCIENTIFIC
ASI’EGTS ‘OF MARINE POLLUTION
Re:port o.f the Seventh Sosaion

(o Headquartm, Lcmdocn, 24-30 April 1975) z01

OPEITIIIG 0.0 THE‘. HEE‘I'D}'G

1. .‘I'he Joint Group of Experts on the Scientific Aspeota of Marine Polln'bian
(GESAMP) held its soventh sossion at IMCO Headquarters, London, fron .
24~30 Aprdl 1975. The Chairman of GESM, Dr. G. Berge, opened the aessicm. _

2. Ir. Y. Sasamura, Direoto:r: o:t‘ the Marine Environnent Division of '.IMGO and
Adninistrative Seeretary of GESAMP, on behalf of the Secretary-General of INMCO,
welgoned the experts, the representatives of the spongoring agencies and 'the
obsemera from other or@.nizations a‘lrbending tha session. .

3+~ The agenda of the sevmth seasion, ag adopted by the Gcmup, :Ls ﬂtﬁohed ag
lmmex T, 4 list of the docunents considered by the ‘Group wider each dgends iten
igshown at Jmex II. This also includes o list of information papers surmarizing
the recent activities of the sponsoring agencies in the field of mrine pollu‘l:ion,
or relating to matters under discussion.

4. L list of participants, comprising the experts, the representativea of tha
sponsoring agencies and obscrvers fron other organizations, is showm:at inhex IIT.
Owing to unforeseen circunstancesy lMr. R. Gerard was obliged 't6 rqtire f:mn the
seaaitm on 25 hApril 1975 m:ul wag replaced 'by Mr. M Ja Cruikshank i

Hﬂ;ﬁm S'UBSTAHCES T THE MARINE Envmmrr
(a)  Review of. hami‘ul aube'ba.nces

4

54 ~:.The; Grmp wase i:nforned of ‘events- ocmming.ainoe the laatme'l:ing .on"l:ha

Review of Harynful Substances (GESAMP VI/10/Supp:l) which led to:the reepening

of digcusgion on certain ‘aspects of this papér.  The Chairmon characterized as
unfortunatey the situation in which ‘an agreed decision of +the GESAMP expexrts -
wag subsequently rejected by an agency thus causing a long delay in-theissuing
of the GESAMP report and a continued delay in the publishing of the approvad.
Review of Inxnful Substances. fr :

6. I'I:__ had been agreed during the inter-gessional per:l.od 'I:hat, althcugh.the:
Rieview had been approved by GESAMP at its sixth session, in order to enable : '
certain specific questions relating to the effect of netals on husan health to
be resolved, this particular seetion of the Neview would be reconsidered at the
current- sessions A working paper was presented by WHO as a hasis for this o’
re-exanination and an ad hoo working group was organized to consider the mnew:
material presented and to anend statements on human health aspeets-which had .
been considered by consultants to WHO in the inter-sessional period as
innccurate or nisleading.
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T« The ad hoc working group presented the results of its deliberations which
included a series of anendments to GESAMP VI/10/Supp.l, The Group expressod its
appreciation to the working group for having reached a successful conpronise,
Further comments of both a detailed and a general nature were subnitted and were
considered. Sone of these were included in the anendrmonts and the remainder,
which were of a nore genéral mature, were renitted to'the Chairman of the Working
Group on the Evaluation of Inzards of Harmful Substances in the Marine
Enviromment for further comsideration in the course of the contimued updating of
the Review. The Group approved amendments to GESAMP VI/10/Supp.l'as showm at -
Ammex IV and agreed that the Neview should be published by U as a GESAMP Study
ag soon'as ‘possible, in accordance with the decision 'l:aken at the sixth sessicm

(GES&HP VI/10, paragraph 7)o
('b) Emslun.'bion of the hazards of harnful substances

8. 'I‘he Group took note of the decisions nade by the IMCO hhrine Errvironnent
Protection Cormittee (MEPC) at its second session (18-22 Noveriber 1974), with
regard to arrangenents for contimuing the tagk of ‘evaluating the hazards of
harnful substances carried by ships. In particular, the Committce, having noted
the egtablishnent and terns 'of weference of the Working Group on Bvaluation of
the Hazards:' of ‘Harmful Substances in the Marine Environnent, agreed that the "
Group's principal funetion would be to assess infornation weceived fron various
gources and to advise IO ag towhat particular data would be o.ppropria-be for
evaluating substances in accordance with the established rationale '

(Gmsamp Iv/19/&zpp.1)

9. TheGroupmtedandappmovedttheport,introduoedbytheChaixtm =
(D2, Jeffery), of the first session of the Worldng Group on Dvaluation of the
Hazards of Iarnful Substancés in-the Mirine Environtemt (GESAMP VIL/2/1) which
was held at TIICO Headquarters on 14 and 15 Novenmber 1974. As one of its prinecipal
tasks the working group had prepared adviece for TMCO on the hazard evaluation of
substances considercd for inclusion in the Amnex to the Protocol Relating to
Intervention on the Iligh Seas in Cases of Marine Pollution by Substances Other
than 0il. The Group approved of the action taken by the working group including
certain views which it hod expressed regarding the method of selecting substances
for inclusion in the /mmex to the Protocol. It was noted that all this infoxmation
had been'taken into account by MEPC which had expresged its apprecia‘bion to a.ll
concermed -with the conple'biosn of ‘the list within the required deadline S

(30 Noverber 19?4)

10, The Group was further inforned of the work being carried out b:r the ico
Sub-Cormittee on the Carriage of Dangerous Goods with a view to formulating
neasures for the prevention of pollution by hamful substances carried by sea

in packaged forms or in freight containers, ‘portable tanks or road and rail tank
wagons. - The ‘Group noted that, ‘at 'ite twenty-third session (17-21 June 1974), the
Sub-Cormittee had requested advice from GESAMP concerning the feagibility ‘of
identifying certain quantitiocs of pollutants below which it could be regarded as
unnecessary to ‘apply pollution prevention neasures, and the bagic criteris or
othér linmiting factors which should be considered if such an approach was adopted.
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11, The Group agreed that this onguiry fell within the torns of reference of :
the VWorking Group on Evaluation of the Iazards of Harmful Substances in the
Marine Imvironment which, at its first session, had suggested a possible approach
to tho problen. This infornation had been noted by the IMCO Sub~Cormittee at its
twonty-fourth session (28 Jarmary - 4 February 1975) when it requested GESAMP. to
continue its study of tho problen and to calculate the critical quantities
involved in respect of those substances listed in GESAMP IV/19/Supp.l for which
the relevant data are readily available.  The Group agreed that the working group
should contimue to develop this approach to the problen, including the '
caloulation of the critical quantities involved for a nunber of substances, to
illugtrate the use of this approach., This task is to be undertaken in liaison
with the IMCO Sub-Comnittee and/or MEPC so that any views which pay be expressed
by those bodics can be taken into account as and when appropriate.

12, At its sixth session, GESAMP had noted that, for many substances,
considerable tine and resources were required to produce the authoritative data
necessary for evaluating the hazards of substances in accordance with the
retionale (GESAMP IV/19/Supp.l).  This difficulty was particularly evident where
laboratory work was neccessary to assess such factors as toxicity effects on
varine organisns. At that tine GESAMP had algo noted that the 1973 Conference
had invited governnents to.pursue studies on the envirommental hazards of
harnful substances and to provide INMCO with available informmation, and suggosted
that the use of governnental experts or consultants night well be.the nost

effective neans of obtaining the necessary data.

13. It was noted that MEPC had specifically invited govermments to supply data
on substonces carried by ships, drawing their attention to Resolution 14 of the
1973 Conference. Ilowever; it was further noted that even by the date of the
seventh session of GESAMP, no Member Governnent had supplied data to IMCO that
would enable this work to progress. :

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

The Group considered that this criticisn arese fron the lack of data, and that
no progress could be made or expected by the GESAMP working group or: by any other
body that night consider the hazards of substances carried at sea until the
required data had been extracted from government archives or the necessary
further experimental work had been undertaken,

15. The Group gave furthor consideration. to the problen of how such experinental
work could be undertaken and concluded that there were two possible nechanisms
for this, nanely by direct comnissioning from an intermational body such as IMCO
to 2 narine laboratory or laboratorics to undertoke this work, or by dircct
cormissioning fron Menber Govermnents of IMCO to a marine laboratory oxr -
Jdaboratorics capable of undertaking this work in accordance with accepted
scientific practices in this field. - -

16, It wag considered that before such work was cormissioned, the working group
should exanine the list of substences for which date were required, to -detexmine
if priorities could be assigned to particular substances or groups of substances.
The working group should also attenpt to group the substances for which data are
required in such a way as to facilitate the experinmental work required.
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17. Tt wes further noted that diffioulties were being experienced ivl making

a chenical “{dentification of a nunber of substances kncwn to be' ca.rried in bulk
by ehips and known onJ:y By trade henes. It wag agreed that tho' 1igt of these
substances showld be Zeported t6 IMCO; writh a View o ueekinc a.snis'banoe fron
Menber Governtiénts in resolving this difficulty, The working group ghould a.lso
oontim:e :H:s ef:l‘.‘orta %o m.ke the' identi_fication of" those su'bstmwes. :

18, 'I'he Group augges'bed 'hhat a circula.r be perit 40 goverments by BICO sqelting

(q) Identifioa‘bion of tmde naterials on a'list $o ‘B supplied by
_ths working g.rmrp, ;

(v) 'l:o:d.oi'l:y data ‘on pubstances for which ‘the wo‘.rldhg group hag
attenpted to evaluate the hazard but been mxa‘ble to locate
I_'boxicity a.nd. other da.m; vi-ils

(c) ‘any new date availablc on mteriala t htwe a_.lroady been
i _evalmted *bo enable a.ny neceaaary Te :Lon 'bo ‘be na.de. i j

19, ‘e Grmzp a'uggested 'bha.t ong- “of tho reasons for the lack:of' *rcsponse to’
earlier requests for Yoxicity data’dould Have been that the circulars sent out
by IMCO had not reached the a.ppropr:l’.a.te dopa.r'h:lonts -of tho {;ownments conoem.ed

available, €48y hso.lth a.uthorities fisheries dapar'h:xen‘bs, etc.

20, The Group further po:!:rﬁ:ad. out that ths nost likely source of in.fozm.‘bion
regarding the identification of trade materials would bé the mamufacturers of
the substances concerned. The Group recormended therefore that TMOO ahould
consider possible ways and neans of obtaining the requisite’information from
such sources,

21. Tt was p:wpoaed to get a 'bino Tinit ‘on the” receipt of this infomation,

and the 3-4 nonth per:i.od from the third %o’ the fourth sessions’ of MIPC was
.B'quoatod. Following thin, the GESAMD working group would ask for a further
cireular to be subnditted to Menber chmmmta requasting that fundarmental worle
be cormissioned on those substances for which it had not beén possible to obtain
data, Ideally this work should be widertaken and the assessnents ocompleted by
the working group in the Spring of 1976 before the fifth' sesgion of MEPC and the
IMCO Technical Symposiun in Mexico. If required, the working group would. 'ba
pmpa:.-ed to’ a&vise on how these ﬁnﬂmental data. cou.'i.d. be o‘b‘l:e.inod -

22: - I tho paat a.nd at preeent GESMIP hag ‘endeavoured, not ocnly to evalua'be,
but ‘also’ to gather appropriate data for the developnent of hazard profiles,
This effort rusgt now be reinforced by TMCO and/or governnents as the data
aveilability bedones nore linited and in pany cases non<existent, TIf the nost
offective use is to be made of GESAMP!s linited resources, then ‘the co-operative
efforts of IMCO, govermnents and GESAMP are needed to cnsure that tho needs of
HEO for adequate and oonpmhensiva hazard profiling fom noxtous su'batanoos
ied by ahips will be nets
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23+ In regpect of its long-tern role in the assessment of the hazard profiles
of harnful substances, the Group confirmed that the principal function of the
working group was to assess the information roceived fron IMCO, govermnental and
other sources and to advise INMCO as to which partioular data would be appropriate
for evaluating the enviromnental hazards of each of the substances in accordance
with the GESAMP rationale.

24+ - In order to expedite action to obtain the necessary data, it wos agroed

that IMCO sghould be asked to arrange for the early distribution to Member
Govermnents of these corments by the Group, in order to draw the attention of
NMenber Governments 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 experinental
work to be undertaken. :

SCIENTIFIC BASIS FCOR THE DISPOSAL OF WASTE INTO THE SEA BY DUMPLIG

25, The Working Group on the Seientific Basis for Disposal of Vaste into the
Sea subnitted its final report which was prepared at its second meeting fron
5-11 October 1974 at the WHO Regional Office for Furope, Copenhagen.

26. The Chairman of the world.n.g grmxp, Dr. Kullenberg, introduced the paper and
informed 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 written

comments received from a selected nunber of scientists from variocus disciplines

were taken into account by the uorking group for the preparation of the final

:eeport.

27 The Chairmen also pointed out that the working group had reconsidered the
title of its report in the light of the debate at the sixth session of GESAMP,
and agreed that the title should read "Scientific Criteria for the Selection of
Sites for Dumping of Wastes into the Sea". It was felt that this would indicate
nore clearly, than was exprossed in the present title of the working group, that
its main task was to discuss the factors which must be considered in the
selection of sites for issuing a permit for the disposal of waste into:the gea.

28, The Group cormended Dr. Kullenberg and the working group for a thorough and
useful report, particularly with reference to the inplementation of the London
and Oslo Conventions on ocean dunping. After adoption of several anendments,
the Group agreed that, besides including the report as an Ammex to the repoxt of
this Session (Anmmex VS the report should also be published sepa.mtely by FAO as
a GESAMP study. The Group requested the Adninistrative Scoretary to make copies
of the report available to the depositaries of the London; Oslo and Baltie
Conventions.

DPACT OF OIL ON TIE MARINE ENVIRONMENT

29. The Working Group on the Impact of 0il on the Marine Environnent held its
first session from 28 Cctober -~ 1 Novenber 1974 at FAO Ileadquarters, Rone, and
its report was introduced by its Chairpan, Dr. Thenpson, As part of its Work
Prograrme, approved by the sixth session of GESAMP (GESAMP VI/10, Ammex IV),

and as -a basis for discussion on topics of specific concern, a nunber of worlcing
papers were sutmitted to the working group (see Ammex VI).
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30 The Group ‘was informed-that, after detailed discussion of the working papers,

the working group had agresd upon their substances in general, and had'decided to
develop a Gomion format for their presentation in the final repor‘l:. In extract
from the mport of the working' group is given in mmex b 2% i =

31. The Group oonsidered the proposed ocntent of the report a.nfl the de'bailod
outlines of the various chapters subnitted by the working group in docunent
GESAMP VII/4." A'nunber of suggestions were made for anendnents or changes which
will be taken into consideration by the working group’ at ita aeoond sessi.on
aohed.ﬂed 'bo 'be held in 'Ron:ze in Sep'tember 1975, |

32. Sone nenbera of the Group expressed concern abcmt the broa.d scope ‘of 'the
papor and, in particular, about the relative importance of ‘the variocus topics.
However, the Group felt, espeoially in view of tho need for advice to governnonts
of developing countries, that the work prograrme of the working group would not
necessarily be changed. Furthor cormoents expressed by nenbers were noted by the
Chairnan of the working gioup and will be taken'into account in the fuxrther work
to be done on this subject. With regard to offshore produc‘bien and aistribution
of potroleurm, special attehtion should be given 4o the papers prépared by the
Working Group on the Scientific rxapeots of Pollution Arising from the Exploration
and lxploitation of the Sea-Beds - The -working” gx-oup should reconsider the list
of topics at its mext aesalon. PELes

33+ The Group was informed 'l:ha.t owing to other cormitnents; two of the ncrbors
of the working group (Prof. Joharmea and Dr. Brhardt) had becn obliged %o resign.
Furthermore, Dr. Okubo, who was proposed as a working group menber, could 'not
accept this invitation. The Group strongly suggosted that a marine biologist
(eoologist) ghould be ‘included when replaoing these nem'be:cs of the worhng £roup .

SCIENTIFIC B&SES FOR 'THE D’J‘I’I*E?IHRI&TIDH OF CONCEN‘IHATIONS AND
EFFEC'.[‘S CE' IMRI'HE POLL'UTANTS

34. The mpoz-t of -l:he Uorld.ng Group on the Scientific Bases for the Determination
of ‘Concentrations and Effects of Marine Pollutants, which net at Dubrovik,
Yugoslavia (14~18 October 1974), wes prescnted to the Group by the Chairnan

(D>. G-olil‘berg) for consideration and approval. The Group felt that the report
should inelude a ‘prearble giving the background and the purpose. These were
indicated o the plenary by the Technical Secretary for UNESCO: ' the report ig”
intended to provide guidance to- the IOC and WMO for the development of the

Joint IOC/WMO IGOSS Pilot Project on Marine Pollution Monitoring, and tothe

I0C1g- ICG for GIPME to enable it to identify »esearch needs for inelusion in its
Comprehensive Plan, It wag also néntioned that GEMS night benefit fron the report.

35, The Group congidered that the title of the report did not reflect the
contents accurately, and that there was sone lack of coherence between the two -
pain sections on levels and effects and the introduction. The report linited
itself ‘o defining a global open—oaean uar:l.ne pollution nonitarinc, gyeton.

36+  The- Group enphasized the need to state clearly why a global systen is
necessary, Son¢ reasomns given during the discussion were: a meed to know the-
background levels and any ‘accturmlation of potential pellutantsy the'consequences
of undetected yet irreversible damage to the épen—ocean; the role of the open—
ocean in understanding the dymanics of marine pollution in eany part of the sea.
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37. It was pointed out that a global monitoring systen had two aspeots: -

r.-m
1

(1) mofepdi®ioino dnkinr udnsbrilog bubautnis -
(11) organizational” R g

and that the report before the Group really dealt only. iR (1)
organizational aspect was the comnexion to be established 'Between mmh an
open-ocean systen and the national and regional systens.

28. The Grcup felt 'that the - 'bem non:!.torine: was given o range oi' manings in
tho report: fron neasurenents related to a specific risk agsessnent, to nmerely
repetitive neasurenents. The proposal that. the systen should nmeasure present
levels and tenpora.l tronds was thought to require a&ﬁi‘hioml oonsidemtion,
both frori the organizational . and econonic points of v'iew. . .

39.. The choice of pollutents to be nmonitored was baged on.a olear and definable
.‘bhreat; sone doubt was exprossed that this criterion had ‘been, firnly establishoed
for'cdch of the pollutant groups chosen, especially litter. The report indicated
sone difficulties in neasuring pollution by sone of the propesed pollutants,
litter and 0il, for exanplej it was pointed out that adequate. neasurenents were
required £6 dofine tho throat so the report wag, to sone extent gelf-contradicting.
Ilowever the Chairman of the working group gave ‘several exanples of these 'bhmats.

40, The Grqup 'believad. that pass-balance nqd,els on which -bho propesed
nonitoring syater was based, should be related 'bo the time spaies inyolved in
the various zones of the ocean (e.g. upper nixed la.yer, doep m‘her).

41, There were seveml other ‘I:eohnioa.l a;nd poien‘bific objections o:: queriea,
and these, as well as the corments outlined above, were considered in the
revision of the report which was undertaken by an ad hoo drafting group appointed
during ‘the sesgion, Soms nenbers of the Group folt that the report would
benéfit fror the inclusion of key reforences but it was.enphasized that no, hard
and fast xule in this regard should be established for GESAIP working group
reports, The Group reyiewed, the rovised. report and approved. it.in tha form
ghown at 'Ln:r[e:: vr ' 4 .

m:ncmm oF POLLU’ZEANTS ﬂmm T mzospmm rmn EOIID ocnmrs

42, The Group was inforned that the IO Exeoutivo Cormi ttoe at.its ‘twent g
session had endorsed the proposal of GESAMP at its sixth session for the
establishnent, of an ad hoc group on interchange of pollutants between the.
atnogphere and the oceahs. Thia ad hoc group congists of two meteorologio&l
experts and W, ‘66eanopraphers noninated by WMO and IOC reapeo’cively.. Sueh .
oonpoaition was congidered to e aatisfac‘l;ory at this'stage. Vhon the mrk:'ng
group on this subject is” estabuaﬁe& by GESAMP o widor reprosem‘hntion of -
experts ‘would ‘be desirable. =

43. The following subject areas that night be used by the a,d,hoc group in
developing its scope of studics have boen ‘discussed:

(1) Selection of air pollutanta which can eni‘.er the. qoem- in umfiom‘b
q;ua.ntities on a regioml and globa.l ecale, sy et .

.-} i ’ L
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(2)  Preliminary assessment of the budget of selected pollutants;

(3) Selection of ocean-originated pollutants which can entor the
atnosphere in significant quantities on a regional and glo'bal scales

(4) The life-oyocle in the atnosphore of ocean-originated pollutants.
Particular attention ghould be given to the fate of contanination
exposed to such offoots as ultra-violet radiation;

(5) Seleotion of ocean contaninants which night directly or indireotly
affeot atnospheric processes over oceanss

(6) A survey of currently available nethods of neasurements and projected
developnents related to neasurcnent of selected pollutants in the
atnosphere and the oceans on a global scalej

{7) Meteorological and oceanographic factors governing the trensport of
- pollutants fron the land to the sea; washout and fa.llcut of pollutantss

(8) The nechanisms governing the interchange of pollutants between the
atnosphere and the oceans at the interface and their possible
nathenatical deacxji,ption; :

(9) The nechanisns governing the atnospheric transport of narine
pollutants on a regional and global scale and their possible
nathenatical description;

(10) Development of a guideline for a nonitoring prograrme for the
atnospherio transport of pollutants fron the land to the sea.

44. The Group folt that, in spite of the restrictions inposed by the present
state of methodology, the breakdown of orpanie materiale in the aﬁ:toaphem over -
the ocean gshould be considered by the future working group. .

45. The Group, in discussing this question, pointed out the inportance of the
problen of interchange of pollutants as well as its complexity and connected
diffioulties. Careful identification of pollutants of texrrestrial origin
entering the ocean through the atrosphere in significant quantities was
congidered to be essential. The atnosphere is also a major pathway for
pollutants entoring the sea on a rogional and local scale.

46, Tt was agrecd that MO should be asked to naintain the _pmaen_t ad hoo ,
working group on interchange of pollutants for the next inter-gessional period.
The main task of the group, at this stage, would be to, identify tho soope of
the studies and to develop a working paper outlining and surmarizing the oon'bent
of the studies. This working paper should be presented at the next session of .
GESAIP,

PRINCIPIES FOR DEVELOPTNG GOASTAL WATER QUALITY CRITERTA

47. The Working Group on Principles for Developing Coagtal Vater Cuality .
Criteria, which was established at the fifth session of GESAMP, held ite first
gession fron 25-29 November 1974 at FAO lleadquarters, Rome. A report was
subnitted to this session of the Group for discussion (GESAIP VIL/7).
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48, The Chairman ofr the working group, Dr, Waldichuk, introduced the paper and
pointed -out that the report was based on: the deliberations of an-ad hoc mrlcing-
group at the fifth session of the:Gry (cmsmvm,mvx)mm
disoussions held at: the sixth session (GESAMP VI/10, paragraphs 50-52). -
emphasized that this report from the- first mae'bing was a p::eliminary one

(See Ammex VIII), Iees

49+ The Group discussed: the report at length, taking note of its preliminary
character, and made a number of comments which were appreciated by the Chairman
of +the working group. ' He assured the Group that these comments' wonld be duly
taken into considcration when the working group meets for its scoond session din
Ogtobor 1975 in oxdexr to finalize its repo:r:t for approval 'by 'the eighth sosaicm
of GESAMP: h £ o U ¥ £i'L .

50, - The- E‘eohnioal Socmtary for WHO; on :r:equaat frcm the Speoial Seore‘bary of
the Invirzomment (Ministry of Interior:of the State of Guanabam, Brazil), brought
to the attontion of ther participants: the new legislation enacted’ in the State of
Guam'bam izn regard to the quali‘by of water mquimd for 'be.'l:hizzg in that S'bata.

.SC'.‘-IIHEE'IG ASPEQTS OF POLL'UTI(ET ARISING FR'EM THE -EXPLORATTON Mm
EXPLOTTATION OF THE SE/~BID -

51. The Working Group on the Soientifio Aspects of Pollu'l;ion arising from the

Exploration and Expleoitation of the Sea=bed, which had beert formed at the sixth

session-of the Group; was Chaired by Dr, Cole; who presented the results of two

-inter-sessional meetings in the form of a report with three appendices.  The

terms of roference were reviewed and the Group was reminﬂ.ed. that thia waa &t

first report a.ml much work mined 'I:o he done. ft { '
I

52¢ .. The pr:lor:l.ty i'bams dn the temﬁ of reforenoe: potrolem manganese nodules,

,dmdging and offshoreoonstruction had been selected in part with the intertion

of presenting en approved report to the UN Confercnce on the Iaw -of ithe Sea.

The schedule of this Conference being changed, much of the pregsure to approve

a report on certain priority items had disappeared.

53. The aspects of the working group's task dealing with petroleum had led to
some overlap with the Working Group on the Impact of Oil on the Marine -
mvironment. Steps were taken during tho inter-pessional period to avoid
unnecossary duplication of effort and to confind the work on oil within thie
working group strictly to an assessment ofthe pollution hazards nrising
directly from offshore exploration and exploitation.

54. As a consequerice of the change in the need to send the report to the UN
Conference on the lLaw of the Sea and noting that the Working Group on the Impact
of 0il on the Marine Environment would présent & final report at the next
gsession of GESAMP, the Chairman of the working group suggested, and the Group
agreed, that neither the conclusions nor the Appendix on Petroleun be discussed
at the prescnt session. The Group further agreed that the conelusions on the
pollution implications of exploration and exploitation of petroleun from the
gea~bed presented by the working group; together with the Appendix, be renmitted
to the Vorking Group on the Impact of 0il on the Marine Environment for serious
congideration during the inter—aessioxml period and for :t‘ull digcussion at the
noxt gession of GESAMP.
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55« It was decided, however, that certain matters related to petroleuwn
exploitation, but outside the terms of reference of the other working group
(such as prevention and control neasurés and production paterial effeots, c.g.
drilling nuds and heat exchange nedia), would be abstracted from the Petroleun
paper and.be congidered in future work by reference to drilling aoﬁvi'bies :Ln
general (aee also paragraph 32 above).

56+ & nunber; of subjects brought cut in the plenary discussion and requiring
further attention by the working group were accepted on ‘behalf of the working -
group by ite Chairman. These will be added tothemkprogmandmpoﬂed
upon at the next session of GESAMP.

57. The i‘irs‘t: report of the working group containing nmajor sections on
Manganese Nodule Mining and the Dispersion of Fine-grained Materials was
discugsed and accepted by the Group as shown at Annex IX. "4 lengthy discussion
was ‘held on the ways and neans of incorporating the longer papers on ‘these
subjects which had been cormented on and anended by the worliing sroup dut not by
the Group in plenary sessions. It was agreocd 1o ammex the report (inhex IX)
and attach these two papers as Appendices on condition that the original author's
nane would be ineluded together with a statoment that they had not been exanined
by the Group. The inportance of not creating a precedent for the congistent
inclugion of working papers was stressed.

58. ' The Group agreed that the working group should continue’ its work in the
inter-sesgional peried and accepted the view of the working group Chairman that
o conplete report based upon the present terms of reference could be presented
to the eighth secssion of GESAMP;. This report would inelude oonsideration of
those additional matters nentioned in paragraph 56 aboves In-addition, the TN
Teohnical Secretary had requested the working group to take note of

Repolution 1802(1V) of the Econonie and Social Council concerning cocastal area
development. = As a consequence; the working group-had given-particular attention
to pollution arising fron activities in coastal areas and will include this  ~
gubject dn its final report.

OTHER IMATTERS
Support_fror UNEP
59. The Growup cxpressed appreciation for the fimancial support given by UNEP
during the inter-sessional period for meetings of GESAMP working groups on the
following subjects:

(1)’ Principles for developing coastal water quality eriteria;

(2.). Solentific beges for the deterninmation of concentrations and
' effects of marine pollutantss;

(3) Scientific basis for the disposal of waste into the sea;
- (4) Inpact of o0il éen the marine environments

(5)- Seientific aspects of pollution arising fron the exploration
and exploitation of the sea-bed.
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World Register of Rivers discharging into the Oceans

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 was explained that,
although the paremeters were limited to. the river-above.the tidal reach, and
although nany significant processes were known to- take place in the estuary and
possibly to alter the river derived polluting load discharged into the sea, the
Register was of intercst to GESAMP inasrmch as it had been proposed to neasure
several potential narine pollutan'ba in. the rivers to be included in tha Regia‘ber.

IGOSS Pilot Project on I*icni'horigg_ (Potroleun)

61, The Technical Secretary for WMO informed the Group that the development of
the IGOSS-pilot project.has been eongidered by the fourth Joint Session of the
I0C. Hoz‘ld.n@ Cormittee for IGOSS and the WHO Executive Com:ittee Panel on . -
Meteorological Aspects of Ocean Affairs held fron 4~12 February 1975 in Paris,
Oonsidering the extension of the pilot project, that: neeting had invited the ICG
for GIPME, in consultation with the WMO EC: Panel on Environmental Pollution and -
GESAMP, to consider the noed for inclusion in the: pilot project, at a 1ater -
stage, of pollutants other than oil. -

62, The, Group was further infowmed that the WMO EC Panel on Inviromnental -
Pollution, at its first session held in Genova from 1-5 April, had agreed: 'i:m.'b,
if the pilot pro;jeo-b is extonded, oonsidemtion should be giwn to the inclusion
of:

(z;) heavy ne;éals (e.g.-léa{d,' uercﬁry) :
(») Ifm.logmated hyﬂroearbons (e.g. PCB's, DB'I')

(¢) dectergents

(a) co,

FUTURE WCRK PROGRAIMME.

63. At the éonclusion of the sesgion, the Group exprossed appreciation to all
the Chairmen and nenbers of its working groups, both fronm within and outeide
GESAMP?, who had contributed to the preparatory work during the inter—sessional
period. This had considerably facilitated the completion of the substantial
itens during the session,

64. The Group noted that the Working Groups on the Scientific Bagis for the
Disposal of Waste into the Sea and on the Scientific Bases for the Detecxrmination
of Concentrations and Effects of Marine Pollutonts had now completed their current
work., It was thercfore agreed that these two working groups should be disbanded
at the conclusion of the seventh gpession.

65, With regard to its future work the Group requested the following working
groups to continue to deal with the tasks allocated to then as set out in
Anmex VI to the Report of the sixth session (GESAMP VI/10):

(1) Bvaluation of the Hazaxds of Harmful Substances in the
Marine Environnent;
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(2) Principles for Developing Coastal Wateér Quality Critoriaj
=A%) Impa.ot of 0il on: tha Marine Environrient;

(3) Seientific Aapeot- of Pollution Arising fron the Eh:plomtim
and Eh:p‘.!.oi‘ba'hion of the Sea=bed.

66+ The Group agreed to omsi.der, at ite next sesaion, the noed for
establishing & new Working Group on Intorohange of Pollutants between the
Atnosphere and the Occans (see paragreph 42 above).

DATE AND PLACE OF NEXT SESSION

6T« '.Ehe(}roupuaa inforried tthHwouldactashostagmdyformeeighth _
sesgion of GESAMP which was tentatively scheduled to be held in New York from
22-26 March 1976, - Since the date would confliet with the TEro- Sy:_:_spoaitm on
Prevention of Marine Pollution fron Ships (Acapuleo, 22-31 March 1976), the

UN -Technical Secretary was requested to consult his Organizetion with a view to
changing the dates of the session, or to- explore alte::mtiwe ma.m of a:voiding :
this conflict. '

ELECTION OF ‘CHAIRMAN AND VICE-CHAIRMAN FOR THE NEXT M—SESSIM PERICD
AWD FCEl THE EIGHTH SL'SSION

68. The Group m:a.ninously eleoted Dr., G. Kullenberg as Chairnon a.nd

Dr. C.H. Thonpson, as Vice-~Chairman for the next inter-sessional period and for
the eighth session of GBSAMP, In taking this decision; the Group expressed its
sincere appreciation to the retiring Chairnan, Drs. Ge Borge, and the retiring
Vice~Chairnan, Prof. A.I. Sinonov, for the efficient way in which 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 GESAIMP (GESAHI’ Vii/9) was
congidered and approved by the Group on the lg.st day of the session,

03¢
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ANNEX I

AGENDA

Opening of the Meeting

1, Adoption of the Agenda

2, Evaluation of the hazards of harnful substances in the narine environnent
3. Scientific basis for the disposal of waste into the sea by dunping

4, Inpact of oil on the narine environment

5. Scientific bases for the determination of concentrations and effects of
narine pollutants

6. Interchange of pollutants between atmosphere and oceans
T. Principles for developing coastal water quality criteria

8, Scientific aspects of pollution arising from the exploration and
exploitation of the sea~bed

9. Date and place of next session
10, Other natters

11, Election of Chairnan and Vice-Chairman for the next inter-sessional
period and for the eighth session

12, Consideration and approval of the Report of the Session
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EVALUATIOH oF THE B'.&ZARDS OF HARMFUL SUBSTAICES

.ﬂmmd.ments to 'I:he Review of Eamful Substanc s

AB a result of certa.j.n questiona relat:lng to tho effects of me‘bals on hman
health, the Group, inthe inter-sessional period, agreed to roconsider the
particular section at their session, On the basis of a paper prepared by
Dr, Falk (GESAMP VII/2/2), additions and changes were ma.de, as recorded below,
and refer to GESAMP vx/lo/Supp.l) .

1. ZPago2

Paragraph 5, after last line, add the following new sentence: y;
"Similerly, nore extended and detailed reviews of the ‘hazards aaaocia’ced with
radioactivity are available from IAEA,™ -

2. P% 2 k- S

'424 o new section after the Introduction and before the netals ore”
discusseds "General Notes on ths Heview e '

A general problen 'bha'b arises m comez:!.on with the tox:l.ci'by of oerl'.'a:ln -
netals is that the interaction between then is not well understood, althou@
it has clearly been denonstrated that in the presence of one elenent, the
anticipated toxic effect of another may not: be fully observed, Ca&nium and
zine, lead and calciin nay react in th:l.s ey, The interaction of nereury and
seleniun is noted below. _

It should be noted that biocaccurmlation of some heavy metals is a
reversible process and that with many organisns, the increased metol levels
that occuxr follow:ln@ an acute exposure will. fall once: the:source of pollution
is renoved, _

It is stressed that the toxicity effects of netals can only be cénsidered
in relation to the valency state(s), solubility, stability of complexes and
nany other factors, This is particularly true of the short-term effectss: I
Consideration of longer tern effects rmst take into account the forms to which
the netals and other matorials are converted in the na::'ine emrimmen'!:.

The conpleted review reflecta the state of knowledge available to the :
experts at the time of its compilation. Scientific knowledge is contimually *
changing and developing, and as it does so,; changes will be required in this
review, For this recason, this document will be updated vegulerly, It ds - -
strongly recormended that 'hhe nost up~to-date version of it should be used
whererver possible,"
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3. Page 3

Paragraph 4, second 1ine Changed to read "There are oerta.m simila:ri‘l:ies
to arsenic but unlike arsenic it shows no tendency to be stored in tissues and
also shows difference in toxicitm 3 :

4s Poge 4

Poragraph 3, first line: Changed to read "Certain inorganic compounds are
Iknown .to ‘be carcinogenic and. are highly toxic to man on- acute or 'longutem
aﬂmnistratdon, ...'-'. 5 B

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

6. Page T . DR 5 I gl v
" Paragraph 7, third line: Change "could" to "are known.to",
7. Page 8 _ s

Paragraph 8, first line: Change "man, being;a component!. to "m.n it is
also a component”, Delete that part of the. sentence.after the.semi=colons i
"the amount ... week", Also delete the final three words of this paragraph,
"is extremely SRRV AF odf Ativ robxonmen nF aenlee 3 S ——

8. Page.10 ' e S e .
Paragraph 3, fcmrth Liries/ s Dele'be “rw.ghly twioe req;u.irenent stok
Patagraph 7, sixth line: Change "is declining® to "oan be esmected do oo

decline",

9. Page 13 ... T o E i e e | .

‘Paragraph 1;” fourth 1ine Dele‘be Ywho requ.irea 3-9 ng, each day "

Paragraph 1, last line: Insert "at the present tine" 'between the words
"do not" and "present', ; ,

Paragraph 6, second 11ne: Changeﬂ to read "The role of 1e_a,ohin¢ of the
netal into the sea is wicertain, since it has ... sediment,” - "

Paragraph 6, last line: _Add.the following new: sentence. "inder these! <
conditions some cozrversion to alkyl nemury my atill occur,"

10. -.P%' 16

Paras!.mph 2, fourth 1inez Add the following section after " Hazard, ", -
"And at’the’ present tire, with the present Tevels of nickel in the marme RS
environnent, the ocmsunption of“geafood ig unlikely to be ha.mful v )

Paragraph 2, laost line: Add the following new sentence: g hazard could
arise if increasing anounts are to be discharged into the sea,"
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11, ~Page 17 - o o bluode 4] |
“Paragreph 3, £ifth line: Delete "fron polluted areas", ‘
Paragraph 3, last line. ' Add the following new sentences "Hev‘*é’:r.‘theigta--,

concern could arise where -the 'discharge of seleniun conpounds occurs," . ‘

12, Papge 20
Paragraph 1, last line: Add the phrage "than in fresh water eninals"
ther “... 10’93'91'"- -

Paragraph 4, third line: Change "highly polluted” to "contominated”.
Paragraph 4, fourth line: Insert "since" after ".,, compounds",
Paragraph 4, last line: Insert npresent day" before 'faea._f'od@s“. ) '

13, Page 21 = _ |
After paragraph 1, add a new paragraph to the Radioactivity section:

"There are three different types of radioactive substances, nanely thoge that

give rise to o (alpha), B (beta) or vy (gamma) enissions (or mixtures of these).

Bach of these activities has a characteristic energy. Different isotopes have

different half-lives and pathways in the narine environment and these, together

with the different types 'of emissions lead to different degrees of hazard,

For nore complete and detailed information see, e.g. IAEA Information . .o

Circular 205/Add,1, 10 Jamuary 1975, (Convéntion on the prévention of marine

pollution by dumping of wastes and 6ther retter)i" Rl L

14, Page 22

Under "ETIYLENE DIDROMIDE", paragraph 5, second line, add: ", and the
naterial is known to be both carcinogenic and mutagenic" after "bioaccurmlation",

15. Page 23

Paregraph 6, third line: Insert "(20-30 ng./litre)" before "injury through
contact",

16. Page 24

Table 1, title changed to read: "Degree of Importance as Pollutonts
According to the Major Categories of Marine Pollution Recognized by GESAMPY,

Below this heading add the following Note: "The ratings in this toble refer
to kmowledge of the state of morine pollution at the present time, LAs such they

can be considered to provide guidance on future levels of pollution, provided
existing controls are nointained or strengthened."
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As a Pootnote to the table add: "It should be noted that, especially in
relation to many of the metals, WHO has much more detailed infornmation on the
hazard to man that these pose under a variety of environmental and other
exposure situations,  This WIO documentation should be consulted whenever =)
fuller appreciation of these hazards to man is required,"

Table 1

Under Column 2, "Iazards to humen health":
For Lead change "(+)" to "+"

Argenic change non n(4)"

Seleniun change "'_.7.111 "(4)"
Derylliun change nn n(g)m

Allyl alcohol npn n_n

17, Page 25
Table 2

g§ & 8 ¢

Add the sane note as belw--the heading for..-,'I‘_éblé 1:-
"The ratings ... strengthened“ .
Add the same footnote as for Table 1: "It 8hou1d be noted 4 J:equimd".
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REPORT ON TIIE SECOND SESSION OF GESAMP WORKING GROUP
ON_THE SCIENTIFIC BASTS FOR DISPOSAL OF WASTE

Second Seas:;on
' (Qopenheggéi;, 5-11 _d_c'ﬁabe'z_' 1974)

The Fifth Session of GESAMP (Vienna, 18-23 June 1973) decided to establish
a Working Group on the Scientific Dasis for Disposal of Waste into the Sea with
the following terms of references

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

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

(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 Headquarters, Rome, from
4~8 February 1974, and prepared a preliminary report for discussion at the
Sixth Session of GESAMP (Geneva, 22-28 March 1974). A second meeting of the
working group took place at the WHO Regional Office for Europe, Copenhagen,
during 5-11 October 1974,

The nenmbers of the working group participating in these sessions were:
Dr. G, Kullenberg (Chairman), Dr. E.K, Duursma, Dr, B, Ketchun (Second Session
only), Dr, S,A, Maluberg, Dr, J,E, Portmann, Dr, M, Waldichulk, Dr, G.F. Yeichart.,
Unfortunately, Prof, A,I, Simonov, who was noninated as a nmember of the working

group, was unable to attend the nmeetings. Dr. G, Tonmozak (FAO) provided
secretariat 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 port-tine, together with
Dr, A0, Wahba fron the Regional Office for Europe, in the discussions aond in
the drafting of this report,

The working group took note of the discussions on its Summary Report of the
First Session held ot the Sixth Session of GESAMP, and of the written corments
on this report sent to the Chaiman by various reviewers, and discussed what
anendnents should be nmade to its report so as to take account of these comnents,
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It was agreed that, 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 following, 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 selection of sites for
dunping of wastes into the sea",
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SCIENTIFIC CRITERIA FOR THE SELECTION OF 'SITES
TOR DUMPING OF WASTES INTO TIE SEA

CONTENTS
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3 Physical characteristics and effects
4 Organic natter

5.: Sewage sludge and dredge - 8poils

6 DBulky and containerized wastes

3, METHOD OF DISPOSAL
3.1 Confined wastes

3.2 Dulk cargo wostes: lelease techniques
3s 3 ‘Dulk cargo wastess Disperaion '

4, - OMIER USES

5. SITE SELECTION °

5.1 Biological characteristics '
152 Sedinent characteristics
5«3 Dispersion characteristics
6. ODSERVATIONS AT TIE SITE

6.1 Diological observations
6.2 Chenical observations
6.3 Physical obacrvations
7. 'SUDJECTS REQUIRING FURTIER RESEARCH
7.1 Diological and chenical aspects
T2  Physical aspeots
8, REFERENCES _
'APPENDIX 1: GESAMP Viorking Group on the Scientific Dasis for Disposal
of Waste into the Seas  Membership

APPENDIX II: GESAMP Vorking Group on the Scientific Dasis for Disposal
of Vaste into the Sea: Terms of reference



GESAMP VII/9

LNNEX V
Page 4
SCIENTIFIC CRITERIA FOR THE SELECTION OF SITES
FOR DUMPING OF WASTES INTO THE SEA
ABSTRACT

The nain concerns with dunping of wastes at sea are their possible adverse
effects on living resources, Effects on hunan uses are nainly associated with
bioaccurmlation of substances by marine organisns, tainting of sea food and
reduction of anmenities arising from discolouration, turbidity and floating
naterials, The wastes of greatest concern are those which are toxic to narine
organisns or accurmlate within organisns to a concentration substantially
greater than that in the environment, and which reach the sea in large anounts
or persist there for long periods of time. For liquid waste disposal, a
principal objective is rapid and widespread dispersion.

Dumping of those naterials permitted under the London Convention should be
done in such a way as to avoid, or nininize, undesirable effects Dby: '
21; ensuring naxirmn initial dilution through an appropriate neans of disposaljs
2) selecting areas where dispersive processes (transport and nixing) are active
and (3) avoiding particularly sensitive areas.

Sewage sludge and dredge spoils constitute about 90 per cent of the total
naterials presently being dumped, Both can contain heavy metals, petroleun
hydrocarbons, aninal and vegetable fats and oils and chlorinated hydrocarbons,
They may also introduce into the sea micro-organisms which require special
attention, particularly the pathogenic bacteria and viruses,

Wastes are sonetimes containerized. An overall density of at least
1,2 g/cm3 is recommended to ensure that containers of wastes sinikk to the botton
and repain there, Since containerized nmaterials and bulky solids interfere

with botton trawling, they should be dunped only in selected areas in the deep
ocean,

Diological observations might be expected to include: fisheries resources,
prinary productivity, zooplankton and benthic populations, as well as turbidity,
dissolved oxygen and the nature of the sedinments. Chenical neasurenents in
water, benthos and sedinents night include organochlorine substances, petroleun
hydrocarbons, nutrients and such nmetals as nercury and cadniun, Fhysical
observations should be nainly directed to evaluating dispersion processes.

Wind and wave features, vertical density distribution, including nixed-layer
depth, and data on currents and bottom conditions would be desirable,

A nunber of research priorities have been identified which, if net, would
greatly inprove our predictive ability,
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1, INTRODUCTION

The dunping* of wastes into the sea is only one method of disposal of & =
naterial and should be carried out only after othar alternativertiethods of -
dealing with the waste have been fully considered. Ideally, .the only: ul'b:ima.te
nethod: of elinineting waste disposal of conservative substances Ssmenoveary and
reutilization of the naterials presently considered %o be wastesy other - .
disposal operations nerely nove material from one part of our environnent ‘bo
another, - The decision to consider a substance a "waste" rvather than a potential
"natural xesource! is based on econonicirather than on scientific: prinnd;ples,
because the technology #ho recover the material in useful forn is ‘either niot .
a.va.ilabla, or 1;: nore costily thzm 'I:he rvhlua of the mowemd pro&uc‘t haT

For oer‘bain wa.stes, ‘and undar paxtidular ci.munatemes, tha doat r)f ¥ xsla
disposal at sea nay be less than that of ‘recyeling or of disposal on land, bu'b
the cost must be essessed against the risk-and cost of danage to narine -
resources, Thus, low operating costs nay have to be set against costs of .
danage to the environnent which nay be gquite high, It must be recognized,
however, that the environment is not divisible into neat compartments and that
the cost and risk of effect of waste disposal in a variety of alternative ways,
must be exanined, In the event it nsHy be necessary to select one nethod, even
though sorie ‘danage ‘does ‘occury 8inply because it provides the safest 1on@-tem
solution; financial oonsiderationa may or may” mnot help Justify mmh 8’ ‘oourse”
of action.- :

Ilowever, the GESAMP ‘Jo:cking Grtmp dn the Soientiﬁc I!a.sis tor Dispoaa:l ‘of
Waste into the Sea has not considered cost benefit analysis, which is involved:
in wagte disposal ‘ag currently practised; nor did,.the working group diséuss -
alternative disposal nethods, but agreed that these will ‘always have to be ' "o
toaken into .account when ‘choosing the:best procedure, The purpose of cthis =«
report, according to: the tems 6f refererice 'of the working group ‘(see Appendix II),
is to consider how the effects of waste disposal can be assessed and reduced
to a ninimum, end in particular, what aoientifio principles ave- imrolved :l:n
the selection 'of sites for dunping, .

The working group agreed that the diaposa.l of waste a.t sea con be
sclentifically /discussed without taking into account consideration of ‘the
Justification of waste disposal. The sea has a capacity for receiving alfinite
anount of waste. This is often largely related to its great wolume, ' Therself=
purification and buffering capacity of the wateriis limited, while the aea—‘bod
as a pink will not be effective. for all: materiala.

The working group did not discuss the disposal of radioactivewa.s'be into
the sea, as this is being covered by a specialized working group (IAEA; 1974,1975).
Dunping in relation to specific nmarine;geological features was considered at. '
the fourth session of GESAMP by an ad hoc Working Group on the Conseguences of
the Iunan Perturbation of the Deep-Sea Floor (GESAMP IV/19, Annex VII),

#* The definition of dunping used by the working group is that given by the
London Convention on the Dunping of Wastes at Sea (UN, 1972).
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In preparing this report, the working group was aware that congiderable
experience could be drawn upon in relation to the effects of narine dumping,
Sone examples have been cited from the members! own experience; such ‘examples
should not be assuned 1o nean that disposel of those particular wastes is safe
undexr all conditions, The reader should therefore pay due attention to the '
particular conditions existing in any proposed area of dm:ping, ‘bafore nakins
a decieion for amr new aitua'biom

The a,ssesmmt of the p:r:obable effecta of waste disposal at Bea imolves
several disciplines, namely, physical oceanography, chemistry, sedimentology and
narine ‘hiology, all of which are interdependent and momne of which can be
considered in isolations In & report of this scope it has been necessary to
concentrate on an identification of those matters of primary importance in
order to predict the behaviour and effect of materials when dumped at seas
Having done 'this, an atterpt -has been made to identify those subject areas
where knowledaa is reaaona.bly preoise and: ial so thnaa in which lmowledge ia
lacking,

. ‘Detrinental effects of pollution of the gea mcluda:-M' to marine orgam.sna;
hazards to hunan heelth; hindrance to maritine ‘activities and reduction of -
anenities, . Of the warious uses of the sea likely to be affected by the disposal
of wastes by dunping,. the working group considered that attention should be ' -
Pousped particulerlyon the Yiving resources of the ‘sea and their exploitation,
This was interpreted as including those species which are, or nay be exploited
comnercially, and the food organisns on which they directly or indirectly depend,
plus the need to-avoid interference with fishing activity, It should be noted
that, in many cages, the young stages are particularly vulnerable; Cortain -
arcas of the nmarine enviromnent, ‘although not ‘at present supporting cotmereial
resources, have potential 'value in this ‘réspect dnd should be protected, The '+
working group also realized that human heéalth aspects must be oomidemd,
egpecially in r.espect of possible contanination 6f food resouz:cea. 020

Possible ooncems which nay be iﬂportant in spacia.l circunatmces inelude
aquaculture, recreation, preservation of sndangered speciés: and exploitation”
of mineral resources on or und.er the aeaa-bed.

In naking an asseament of the nogt Bena:ltive apaciea or use to be o
protected, it is worth noting the nerit of the critiecal pathway approach whioh
has been used with success in'the field of radiocactive waste disposal, The
problens involved 'in adapting this approach’to non=radioactive waste disposal '~
are conplex owing to the greater:variability of thevsensitive species or-use
to be considered, plus the different types of waste and different nodes of
actiong : Nevertheless, the systen should be applicable and has considerable
nerit since, once the decision has been nade as to what has to be- proteoted,
21l other interests are anbjugated (Preaton, 1974) & i tic
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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 considered include the discharge fron hopper
barges, discharges into the wake of a vessel and disposal of containerized or
other bulky wastes, Attention should be drawn to the need to ensure that
conditions of licences are observed, especially in relation to site and ma-l:hod
of disposal,

The working group wishes to stress that this report is not intended %o
replace Annex IIT of either Dunping Convention (Norway, 1972; UN 1972), of which
note rust always be taken, Rather, it is hoped that the report will sexve to
anplify and clarify the itens listed in the Annex III of the two Conventions,

In attenpting to satisfy its terms of reference the working group has prepared
its report in the following sequence:

(1) What are the biological, physical and chenical characteristics
of the waste and possible effects of the waste in the narine
environnent?

(ii) Ilow can the effects be ninimized by appropriate selection of
the method of disposal?

(iii) How can the effects be ninimized by appropriate selection of
the site for disposal?

Rather than considering various zones of the oceans, such as shallow’
coagtal waters, fjords and the deep sea, the working group preferred to work
on a nore general bagis, giving specific exanples as illustrations., TFinally,
in accordance with its terns of reference, the working group prepared o section
on research needs, whereby an attenpt has been nade to identify those requiring
the nost urgent at'bantion.

2,  CIARACTERISTICS AND POSSIBLE EFFECTS OF WASTES

The characteristics of a waste fall into three categories of properties:
physical, cheniecal .and biological, All three have a bearing on their effects
on the narine enviroment, Different criteria night be applicable, e,.,8. for
degradable and non-degradable substances, and also the degree of toxicity of
the substances and turbidity night influence the selection of durping sites,’

2.1 Diological characteristics and effects

The wastes of greatest concern relative to marine life include those
naterials which are toxic to marine organisns and/or are accurmlated within
organisns to a concentration substantially greater than that in the environment,
or which reach the environment in large anounts, and/or which persist in the
environnent for long periods of time. Sone substances are generally recognized
as being of a particularly hazardous nature to the marine environment or its
resources; these are listed in Ammex I of the Dunping Conventions, and their
deliberate disposal by dumping is not permitted,
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| Less hazardous wastes, e.gs sewage sludges and polluted dredge gpoils, nay
also introduce into the sea nicro-organisns and as such nay still require speciel
attention. Of principal concern are the pathogenic bacteria and virusesi
Anoebae, parasites, yeasts and fungi, which can cause hunan diseases nay also
be present, The principal concern when dunping such contaninated waste ds to
avoid the possibility of their encroachment on beaches or the return to mon via
his food, especially shellfish which may be eaten raw, or without sterilization
by adequate cooking, Iarvesting of shellfish in the vieinity of sludge or spoil
durps, end their marketing, nay need to be prohibited or at least be subjected
to systematic, hygienic control, in ordexr to protect humen health, Ilowever,
shellfish growth or reproduction may not necessarily be adversely affected.

In order to cause hunan disease, pathogenic agents must be taken in at -
certain nininal infecting dose levels, For nicro-chenical hazards, certain
hornful levels are also needed, Some enteropathogenic nicro-organisns are quite
resistant to the wvarious effects of sea water, It dis clear that nicro-
biological research -should be conducted on the problenms associated with sewage
aludgel £

The acute toxicity of waste materials to marine organisns rust be
evaluated in order to specify the degree of dilution and dispersion needed to
render the waste harmless, The custonary nethod is to conduct a biocassay test,
generally for 96 hours, to determine the concentration which will kill half of
the population of test organisns in that period of time, Ideally, the test
organisn should be either the nost sensitive, locally important in the proposed
dunping area, or an organism .critical to the maintenance of the: ecosysten of
the area, This is not always possible, since the first type may be difficult
to. keep alive even under the best of laboratory conditions; equally; it is
often not possible to maintain the nmost sensitive life stages; finally, -the
critical organisns nay not be known, Thus, the results of bioassays are opplied
with application factors, of one to three orders of magnitude.

Another conplexity of applying bioassay test results to dumping of wastes,
where dispersion and dilution is the objective; rests in the fact that the
organisns in the sea are not exposed to.a fixed concentration, but rather to a
constantly decreasing concentration as natural nixing and dilution with- |
uncontaninated sea water follows the disposal, Dioassays which sirmlate this
natural dilution in the laboratory would be useful, but at present probably
unrealistically difficult to achieve and control., Therefore, it is suggested
that as a general Pule the concentration found to be toxic in-a 96-hour
bioassay night be stipulated as a maxirun allowable concentration ot the
disposal. site one hour after discharge. - The further naturel nixing and dilution
would be expected to give additional factors of safety during the mext four:
days., Further safety factors night be necessary for wastes which accurmlate
either biologically or physically, or if the discharge is nade under quiescent
conditions, '
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'I‘he possibility of sub-lethal, ch:mnic, toxic effects must also be waluated.
These longer tern effects may interfere with behavioural activities of marine =
organisrs guch ag feeding, breeding and migrations, There is also the possibility
that exposure to sub-lethal concentrations of some pollutants may render the
organisn more susceptible to disease or to other environmental stress, Howwar,
if the waste is dispersed in an area of rapid circulation these sub-lethal
effocts may not be of great inportance, Sonhe waste disposal operations nay
produce local concentrations of the pollutants on the bottor, such as the
disposal of sewage sludge or dredging spoils, = In such cases the ohronio effeota
need to be evaluated,

Living organisns can accurmlate some pollutanta within their 'I:issues to a
concentration greater than that found in the environment. For example,. heavy
netals can combine with proteins, and petroleun and chlorinated hydrocarbons
are concentrated in the lipid components, This bioc-accumulation results fronm
an imbalance between the rate of assinilation and the rate of excretion, The
concentration factor (the ratioc of the concentration within the organisn to that
in the water) may reach several orders of magnitude. When these organisns are
eaten, the predator is, in tum, ingesting larger quantities of the pollutant
than it would be exposed to otherwise, Although substances such as mercury and
DDT and its breakdown products are recognized as being potentially harmful to
narine organisns or to man, it should not be assumed that bio-acourmlation .
per se is harnful, since bio-accumulation nmay also represent a neohaniarn by
which the organisn cmmteracts the 'boxic effect,

Another indirect effect of dm:xping night be the change of habitat _
characteristics, This would be most critical with wastes which accurmlate on
the botton, Sessile benthioc organisns can be smothered if the waste accurmlates
to a depth of a few centinetres, and the characteristics of the botton might
be changed so that it is no “longer ‘shitable for the life style of the natural
benthic biota and orgenisns feeding thereon, Characteristically, such modified
- ‘bottons will be invaded by opportunistic species (such as the worn Capitella)
which breed rapidly and are tolerant of polluted conditions, Although in sone
circunstances they nay be replaced by other exploitable. species, previously .
present species of value to man, such as molluscan sghellfish, lobsters and
crabs, nay be excluded fron these modified bottons., As nentioned abova, L
nicrobial contanination is also present, harvesting may have to be prohibited
even in adjacent areas where the orgenisnsg survive, in order to prevent the
danger of return of pathogens to man,

2.2 ' Chenical characteristics and effects

It is possible to obtain some clues, but not a full chenical characterization
of a waste, fron a knowledge of the raw paterials and the production process
used, A standa.rd, full-scale analysis for an extensive 1list of chemical. elenents. _
or compounds ig not necessary; rather, analysis should be tailored . to, the needs
for each waste, However, certain general guidelines can be given, For example,
analysis for total solids, total particulates, .organic.patter end specific
gravity will generally be, applicable, Analysis for several trace metals, .
pesticide compounds and PCBB will provide useful int‘omation on persiaten‘l: y
substances; these are likely to be present in. Dany wastes. -
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Sea water has a considerable buffering capacity for acids and alkalige.
For exanple, the acid-iron waste from the producltion of titoniun .dioxide using
the sulphuric acid process is rapidly neutralized on release into the sea,
Following neutralization, the original ferrous sulphate is oxidized. to the
ferric state, thus exerting a chenical oxygen demand, and ie precipitated as
ferric hyﬂroﬁ.de.

Under stagnant conditions, wastes ith high chemical oxygen demand (COD)
and/or bio-chenical oxygen demand (DOD) can lead to deoxygenation of the water
or the sedinent (examples are sewage sludge, pulp-nill wastes and food
processing wastes). This decomposition of organic matter cen lead to release
of large amounts of nutrients such as phosphate and available nitrogen which,
if not adequately dispersed, cen cause local enrichment of the water and changes
in species composition, In such circunstances, blooms of algae, including
those associated with red-tides, may occur and ultimately, on death and decay,
cause deoxygenation and odour problens.

Certa.in chenicals, of which the ohlorophenols are probably the best known
example can, eéven at very low concentrations, cause tainting of fish and shell-
fish, rendering them unacceptable for human consumption, It is important,
therefore, to avoid disposal of such wastes to the sea,

Other chenicals (e.g. cyanide, free chlorine, organophosphorus compounds) :
are acutely toxic to marine life, In many cases, they are rather rapidly
rendered harmless by chemical or biologicel processes, . Cyanides, which ave
present in some heat treatment salts used in the case-hardening of steels, are
hydrolysed to formic acid and ammonia, DBariun, which may also be present in
some heat treatment salt mixtures, is precipitated by the sulphate of the sea
water as insoluble bariun sulphate, Chlorine is reduced to chloride, which is
a najor constituent of sea water, The highly toxic organophosphorus. compounds
are hydrolysed in sea water, with a half-life ranging fron a few days to several
nonths, However, colloidal elenmental phosphorus is only very slowly oxidized
in sea water and has been known to cause damage to narine resources (Jangonard, 1972).

Many heavy netals are accunulated by narine organisms, The special risks, . -
posed to human health by mercury and cadmiun are recognized by total prohibition
of disposal (except as trace contaninants) under both Dumping Conventions,
Investigations have showm that, in the aguatic environment, nmercury is transformed
into organic mercury compounds, e,g, methyl ne » which are far more toxic
than inorganic or metallic mercury (Jernel¥v, 1969).

Wastes containing other metals or elemenits such as lead, zine, copper and
arsenic, can be dumped Dut require special attention. 4 local build-up of any
of these compounds or elements is likely to be undesirable. Again, the chenical
state is inportant; in insoluble form, and in some cases also in complexed form, -
the acute toxicity of lead, zinc and copper is mich reduced., In anoxic areas of
the sea, where hydrogen sulphide occurs, many heavy netals can be eliminated
fron the sea water by formation of very insoluble metal sulphides, One
exception is iron, which as ferrous sulphide is nore soluble in sea water than
in the fom of ferric hydroxide which is the normal form under oxygenated.
conditions, In some cases, the precipitation of heavy metals as sulphides can
be prevented by complexing agents present in sea water which form soluble metal
complexes, It should be noted that it has been found that under anoxic conditions,
mercury sulphide is nore soluble in sea water than would be expected from its
solubility product (IAEA, 1971).
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It should be pointed out that certain nmetals and organic substances are
readily and strongly adsorbed on to 'and/or absorbed into, particulate mat'l:er,
suchras ‘¢lay or netal hydroxides, There is sone evidence that in this form ‘Ehe:r
oxre much less readily aveilable to narine organisns, i.e, the Tisk of bio~ "
acourmlation or toxic coffects is rediced, Sinilar effects nay also be’ ‘crea‘l:ed
by: the formation of ‘organic conplexes, but this would be largely daepéndent upon
the stability of that corplex, It should be noted that the valency state of an
elenent is'of inportance when its effects ‘on narine organisns are to be predioted

©.8. arsenic is less toxic in the pentavalent forn than the trivalent formy but
hexavelent chroniun is nore toxic than trivalent chroniun,

The incineration at sea of ohlorina‘ced Iwﬂrooarbons resulta in the i‘oma‘bion
of large améunts of gascous hydrochloric acid and water vapour, These’ conbine
and condense’ to forn droplets, which precipﬁ:a’te usually within a relatively
short distance of the incineration veseel ‘The acid is readily neutralized 'by
the sea water. : ;

Loy

2 3 P_hysica.l characteri_,tics and affects

It de necessary to mow whether the waste is & liquid or golid, or & solid N
in suspension, and the density of the waste ds-a whole and of any solids it uay_‘
contain, rsince these properties will influence both initial dilu'bion, and Sl
subsequent dispersion ond settlement, Settling velocity will be influenced by
the shape, size and density of the particles, and ag@:egated natter will settle
nore rapidly than individual particles of the eane density. Under stratified
conditions, particulate matter nay be retained or ha.v'e its vertical dispersipn
suppresﬂed in a2 pycnocline layer.

Pa.rticula.te naterial .can influence the narine anviroment in' several waya '
If :I.t gettles in'large anounts in o confined area, the berthic flora and fauna
will probably be adversely affected. If the solids are organic, anoxic
conditions could becone establishedy Although in some sea arens the natutral
suspended particle load is high, addition of suspended nattér will incredse
turbidity and nay coube discolourdtion of the' water with possible ndverse
effecto on fisheries and recreational interests, Certain forms of particulhte
woste mey elog gill surfaces of tiarine fish, crustacea and Yivalve shellfish, =
If a wante is practically insoluble and posi'tively buoyant, it will float and
shipping or amenity interests pay be adversely affected,

2.4 Orpanio natter

In spite of “the fact that natural diaselwd organic subgtances® éeconpoae .
under:. favourable conditions (Duursna, 1965), they have a residence tine of some -
thousands of years ini the deep water of the open ocean (Willians, 1969),  Thig .
neans that an introduction of more stable artificial organic compounds into the
degp sea could.lead to an even longer residence tine. The’ conditions close to
land are more favourable for deconmposition since, owing to the presence of solid
natter, lower pressure and generally higher temperatures, the bacterial abtivities
ere much higher; as a rosult o rapid turnover of dissolved organic. nateritals ia
cormionly: observed (Jannasch, 19693 Jannasch et al, 1971). It should be noted
that the rates of such processes are subetantia.lly reduced at lov '{:amibera.tures,
.8« in high latitudes,
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This does not inply that dissolved orgenic materials should preferably be
dunped in coastal aress. It is clear that aspects other than degradation are
inportant, In particula.r, sone toxic compounds are resistent to degradation.
For certain materials, disposal in areas far fron land nay be preferable to:
dilution and degradation in near-coastal waters, For axtificial ox ¢ wastes
it is usually safest to neglect degradation (which may be very slow), and to
base the evaluation of linits on the concentration achieved by ph:,'aica.l
digpersion,

2.5 Sewage sludee and dredge spoils

On the basis of United States and European figures, the largest bulk of
naterials dumped into the sea is dredge spoils (about 80 per cent) ond sewage
sludge (about 10 per cent).. For this reason, special attention is given to
these wastes, Doth can be contaninated with netals, bacteria and wviruses,
polynuclear aronatic hydrocarbons, petroleun hydrocarbons and organohnlogens,

Dredge spoils consist of a heterogeneous aggregation of naterials, very
often anoxic, in a broad spectrun of sizes, ranging fron subnicron clay particles
to stones of nany centinetres in dianeter, with often a large proportion of
organic naterial, Sevwage sludge is a nore uniforn nixture of finer organic and )
inorganic substances,

The principal ecclogical problens: arising from the disposal of dredge Bpoils
end_sewage sludges are the large oxygen denand and deposition on ‘the botton to
considerable thickness, Doth nay aleso have associated hunan health inplications,
Deconposition of the orgenic content of dredge spoils or of sewage sludge,
particularly undigested sludge, can deoxygenate both the sedinents and the over-
lying water and lead to the formation of highly toxic hydrogen sulphide,

The health hazard posed by pathogenic bacteria in sewage sludge can be
dininished by digestion. Only dilution will decrease residual hazards of the
viruses., In order to cause hunan diseases, pathogenic agents must be ingested
at certain minirmun infecting doses. For these reamsons the dumping of sewage
sludges rmst always be carefully operated according to the local oceanographic
conditions, ;

2.6 Dulky and containerized wastes

The deliberate placing on the sea~bed of bulky objects, such as old cars
and car tyres, has been.advocated by-nunexous interested parties and has:been
carried out on an experinental basis in a few countries. The artificial reefs
so forned are usually reported to provide good settling surfaces for a variety
of sessile organisng, and havens for creatures such as lobsters; they also
appear to be attractive to a variety of species of interest to sport fishermen,
Baled mmicipal wastes nay provide similer havens, but buoyant naterials, e.g.
plastic, must either e packed so that. they do not return to the surface, or
be pretreated in an oppropriate way. In many of the continental shelf areas
trawl fishing is so intensive that great care would be necessary in order to
avoid interference with fishing activities.
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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 Le hazardous to the crew of the fishing vessel,
especially as the container is likely to be seriously weakened by corrosion.
Under the texns of the Oslo Convention, disposal of bulk:y and containerized
wastes is prohibited -except in deep water.

It is considered necessary when dunmping a containerized waste in the sea
to ensure that disposal avoids known deep-sea cables, in case these night be
denaged by the inpact of a container on the cable. In several instances wastes
are containerized to avoid release of the waste in the upper or middle layers
of the ocean, Occasionally the waste may be in a container merely beceuse this .
provides a convenient neans of handling, = However, nost wastes dispoaed of in
containers are toxic to nan, Of the exanples known to the members of the ..
working group, nost wastes dumped in containers are solids and also toxic to
narine organisns, Dut since they-are also. solids in nost cases they will
dissolve only slowly into the deep water layers and the area likely to be . :
affected by toxic action can be shown to be relatively small, (National Acadenty
of Sciences - National Research Council 1962). In some cases, wastes dunped
in containers are either nixed with eoncrete or the container. is encapsulated
in concrete; in both cases the rate of release of the waste to the water is
likely to be much reduced, Nevertheless, any nmarine organisns in-the imedia.te
area of a container of waste on the deep sea floor nay be at risk,

The areas of interest fron a comnercial fisheries point of view now extend
to the continental slope rezions down to at least 1,000 n. Therefore, if such
wastes are to be disposed of in deep water, they sBoR1a’ be’ dunped ‘well away
fron the continental slopes. Similarly the higher regions of deep sea ridges
should be avoided, It should be noted that, although no definition is given in
the London Convention, for the purpose of the Oslo Convention, deep water
dunping arecas are defined as being at least: 2,000 m deep and 150 nautical niles
fron land; additionally, it has been agreed 'tha.t dunping should not teke place
within 20 nautical niles of any known cables. . However, these critexia alone are
not sufficient, and care should be taken to avoid ecologically sensitive areas,

Be MEI'IK)D OF DISPOSAL

Dm:lping is defined by the terms of the London Convention on the Tumping of
Vastes at Sea as an intermittent injection of waste naterials into the sea, and
it is pertinent to distinguish between the dumping of:

(i).  Waste confined in containers, or in the form of conpa.oted balea,
end/or bulky scrap nateriala; and

(ii) uncontained waste in a bulk cargo.
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3.1 QQM

Wastes of a heterogencous type can be handled ruch nore reaclily in
contained form than in bulk, unincorporated state. Municipel solid wastes can,
by high pressure compaction, be transformed into stable bales suiteble for '
tranaportation.

The ‘prinary requirenents for the conta.inem emd ba.les ‘are 'I:hat they neet
the appropriate transport regulations and retain their contents during the
descent to the sea-~bed, or some pre-deternined intermediate depth. In a
situation where prolonged confinement is required, “the containers showld not
break/ow:lng to the incmaaed pressure, Their overall density should exceed
1,2 g en? -

Depending on the shape, size, ‘integrity and weight of containers of waste,
and the character of thé'sea botton where the containers are dropped, there are
a nunber of wa:ys in which the containers nay behave:

(i) "sink intact into the botton ooze without disintegration,
(ii) sink into. the botton ooze and digintegrate;

(iii) renain intact and sealed indefinitely on ‘the botton without
significant penetration;

(iv)  rupture on impact accidentally, or deliberately charged to do
s0; spewing their contents ontothe ocean:;flooxr and into the .
overlying water;

(v) inoplode under the high pressure, or gradxmlly disinte(m:!.te on
the botton, releasing their contents 'bo the surroundings.

If the container and contents sink into the botton ooze without
disintegration, they will, in effect, be permanently interred in botton ‘sedinents,
Provided the botton is not disturbed later by nining’ or deep dredsing activities,
the effect on the botton water and sedinent will be nminimal, Disintegration
after penetrating the sedinents would lead to local sedinment contomination. If
the container explodes or implodes, because of pressure, inpact or explosive,
the contents will be suddenly released to the water and sedinents,

3,2 Dulk cargo wastes: Releage technigues

In this case the wastes are discharged fron barges in bulk, Usually two
types of barges are used, self-propelled or towed, discharging cither by
punping or by gravitation, In snall dredging operations botton release (hotton
dusp) nay be used, whereas autonmated tank barges are used for sewage and
industrial sludges and liquids,
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The size of the barges varies from 300 to 8,000 tons, and the discharge is
usually about 5 metres below the surface through pipes which can have dianeters
in the range 10-60 ¢n, 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 tone{nim:.te, using gravity
alone or in combination with low pressure air (EPA, 1971), 3

The incineration at sea of combustible waste materials can result in the
formation of large snounts of gases, In nost cases, these will De transferred
back to the sea by the precipitation, The subsequent spreading of the remains,
nainly in the surface layer, can be expected to be fairly rapid in nost cases.

3.3 Dulk cargo wastes: Tispersion

The release technique has & considerable influence on the initial
dilution and consequently the long-term physical dispersion in the narine
environnent. - ' rrrsihnrsc

Physical dispersion is defined as the combined action of (&) mixing on
release followed by the turbulent mixing in the sea, and (b) the transport by
currents, An effective dispersion requires good mixing conditions and a high
rate of exchange between the dunping area and the surrounding sea, 80 that the
waste becomes diluted by o large volunme of water, It is primarily by neans of
the physical dispersion that the impact of the waste on the narine ervironnent
can be controlled, [owever, as noted earlier, there are a nuriber of other
processes acting in the sane direction and these help to minimize the impact.

Tiwo stages of the dispersion phase are considered, mamely, the initial
phase covering the initial dilution, and the subsequent dispersion,

(1) The nixing on release will depend both upon the characteristics
of the waste and the technique of release, The important
physical characteristics lof the waste in thig connexion are the
dengity distribution, the content of solids and their size-
distribution, The initial dilution is painly controlled by the
rate of release and the speed of the vessel during release.

In areas where there is sone degree of density stratification,
the waste naterial can be dispersed so as to retain it
tenporarily in the surface layer by releasing it into the wake
of the stecning ship, /An initial dilution of the order of
1:1000 of the waste shortly after release will reduce the
density of the nixture to an acceptable level under nost
stratified narine conditions, This dilution is usually reached
obout 500 n astern of the ship, in its wake, at speeds of 6-8
knots (Abraben et al, 1972). When the water colurm is hono-
gencous, the contaninated water will sink or remain at the
surface, depending upon whether the density of the waste is °
greater than, lecs than, or the sane as that of sea water,



GESAMP VII/9

ANNEX V
Poge 16

(11)_

_Wastes with an average density higher than sea water dumped

fron an alnost stationary vessel, or in great amounts over a
short period of tine (order of one hour), will sink due to
their initial excess density and nonentun, 'l‘wo phagses of the
initial dispersion tan be defined (EPA, 1971)

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

(b) - collapse in a pycnocline layer where the falling
waste cloud can be trapped,

The initial dilution appears in this case to be of the order
1:100-1:500, but this is based on relatively few: observations
(Crickmore, 19723 Kullenberg, 1974). ~Models have been
constructed for predicting the depth of penetration (i,e.
naxirmun depth) of the waste and the vertical concentration
distribution in the contaminated water column, but they suffexr

fron nany simplifying assunptions and approxinations (EPA, 1971).

The subaequem: environnental diapersion is due to the 'l:urbulmt
nixing and the transport by currents in the water, The rate of
dispersion can be very slow and will' depend primarily on several
physical envirommental factors to be discussed in Section 5 on
gite selection., Ilowever, the: dispersion can be influenced
considerably by the initial concentration distribution of the
waste imnediately after the dunping has been completed, This
will depend upon the method of disposal, the characteristics of
the waste and the density stratification of the disposal area,
Spreading over a large vertical distance will in practically all
cases favour a'ropid subsequent dispersion, Accurmlation of
waste at density interfaces will always suppress the rate of the
subsequent dispersion. Such-accurmlation can occur by trapping
of the falling cloud of waste 'in the pycnocline layer, ox Dy
trapping of buoyant waste naterial -at the surface. Trapping of

_kraft-nill effluent fronm a submarine diffuser outfall haa heen

denonatra.ted by Waldichuk (1964).

It can be concluded that in all ceses when a rapid dilution is required,
the nethod of disposal should be .in the wake of a steaning ship, In general,
an initial dilution as high as feasible should be secured; reasonable values
vhich can be achieved under normal conditions are in the range 1:200-1:2000
(Weichart, 1972; Crickmore, 1972; Abrahan et al, 1972; EPA, 1971),

Since both the disposal technique and the waste characteristics can De
adjusted, at least to a certain extent, an initial dilution can ugually be
obtained which will neet requirements for minirmn inpact on the environnent,
Generally, %trapping or collapse in pycnocline layers should be avoided,
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The dunping frequency should be adjusted a.ccording to the capacity and
dispersion characteristics in the dumping atrea: in areas of rapid nikxingiand
transport, the fredquency of disposal can De higher than in areas of less wigorous
dispersion, A build~up of waste naterials in the water colurm should:be a.mided.
As a upeful generalization, the dunping locations and’ frequency’ should be, it !
adjusted so that individual waste clouds do not overlap. This will Dbe relatively
easy in the open sea but nay be impossible in an estuary. A prelininary .
apsessnent can be nade on the basis of the current conditions in- the areay -such
as tidal, wind-generated, and residual cu.rrenta. : : :

4.  OTIER USES

Uses of the marine environnent other than for ocean-dunping are nanifold,
they ineclude fishing, trensportation, recreation, including sport fishing,
nining including chenical extraction, a.quacul‘l:\me In addition, sea water is
used as process water and cables are laid on the teean flooxry  Many of these
uses can be adversely affected by marine pollution, but for the purposes of this
Teport, only the re‘la.t?ionships between the other uses and ocean ¢umping are
considuered. 25,

Eiﬂhing Fishing is one of !aan’s major a.ctivitiea in the marine Le
envirorgent, 'The world fisheries (including all marine organisms) exceedod
65 % 10° metric tons in 1973 (FAO, 1974). It has been estimated that the
maximn gustainable yield of world fisheries may be about twice this' figuxe.

Transporta.tion. Shipping and ‘tranaportation is another of the major uses
of the sea, and continually increasés, ' Ocean dumping operations might
interfere with the shipping directly by interference with navigation as well as
by such effects as ‘blockage of cooling systenms a.nd fouling -of propellers, -

Reerea.tionz Outdoor récreation increases continually and sea shore
recreation ranks as one of the most ‘important, economically and socially; :l.'l: is
“therefore inportant to avoid the ‘stranding of aesthetically undesirable ma.teria.l
such as grease, plastic and other slowly degradable organic natter.

v/Mining: Ocean nining on'the botton of the sea and extraction of chenicals
fron”sea water nay be affected by impuri'biea or physical obstrnctions introdm:ed
by &-mping. :

Aquaculture: - Adusculture practicea‘ in marine and fresh water'contribute.,
at present, 5-6 million metric tons to the world food supply of which about!~
85 per cent is produced in Asia and the Far East region (Rabanal, 1974). The
potential is great but econonic factors” cun'ently coni‘:l.ne the practice 'bo higl:
qua.li‘t.y f:lah, invertebrates and aeaweed

Subma.rine cables and pipeliness Subna.rine cables and pipelines ma,y 'ba
affected by ocean dunping, chenically as well as physically. Desides this
possible direct effect of dunping on submarine cables and pipelines, subnarine
glides triggered by dunping could be a potential threat to then,
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Scientific research: Geophysical exploration, meteorological-oceanographical
neasurenents, for ingtance by means of moored buoys, or even studies on
variations in fish stocks due to natural causes, nmay interfez.'e with or be
disturbed by dunping activities.

5. SITE SELECTION

The selection of dunping sites must be made in such a way as to mininize
the iInfluence on present and potential other uses of the sea,

5.1 DBiological characteristics

An evaluation of the biological sensitivity of a potential dumping area
should always be made, Disposal sites should, obviously, be selected to avoid
areas of high biological productivity, intensive fishing, breeding or nursery
grounds, and migrating routes of inmportant fish resources, Some of these
activities, such as breeding and migration, nay be seasonal and dumping at other
tines of the year may be acceptable, provided no substantial mobilization of
toxic material occurs after dunping., Dumping in active fishing areas nay not
only affect the living vesources of the sea, but the operation nay interfexe
with fishing vessels, and some kinds of wastes nay damage or foul the nets oxr
the fishing gear. The narine environment and its living resources are sensitive
to natural changes and they have to be carefully guarded against artificial
changes.

Food production is one of the major uses of the sea, Many areas are
already over-exploited, whereas others are more or less untouched (FAO, 1972).
The present world catch is largely restricted to the coastal zones and
continental slopes where input of pollutants from all sources is likely to be
highest., In recent years, fishing for new species has extended to much greater
depths on the continental slopes than previously. It should be noted also that
gignificant pelagic fisheries exist in some open ocean areas, e.g, the equatorial
ZONes

In relation to waste disposal at sea, it should be noted that the highly
productive areas in the oceans are often related to such physical features as
cyclonic gyres, upwelling, lateral boundary currents, ocean fronts, i.e, all
areas of divergence, A1l these conditions are more or less conducive to high
nutrient supplies and primaxry production and zooplankton concentrations, on
which fish stocks and other marine life depend,

. Conversely the ocean circulation gives rise to convergence such as the
Sargasso Sea, equatorial convergences and coastal convergences, - Although
productivity is generally low in such areas, waste matter may accummlate there,
especially if it is resigtant to degradation.
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The natural stress to which organisns are subjected varies in nagnitude
and frequency, For exanple, seasonal variabtions in temperature are extreric at
high Iatitudes when compared with {the tropics. A high degree of seasonal '
variability can also occur along ocean fronts, It is always cold and daxk in
the deep water of the open ocean, vwhile salinity, light, and temperature can
change rapidly in estuaries, on tidal, daily, and seasonal tirie scales, The
organisne living in such highly stressed environnents have evolved to withstand -
these changes, but may not be well adapted to artificial stress, Sinmilarly,
pollution might affect their capacity to adapt to natural changes,

Special attention must be paid to animal migration, Migrating species use
their acute sense as a guide in honing on their native region, - Interference
with, the naturel characteristics of these waters by introduction of foreign
naterials can dismupt fish's detection processes, Dumped materials could I, |
conceivably mask natural characteristics of the sea water or of tributary streans,
This night confuse nigrating fish, possibly to the extent that they becone lost
and go unspawned or fail to find food.

Closely comscted to these aspects are spawning, nursery and feeding
processes of marine orgenisms, Critical species, vertical and horizontal
biological transports, bic-accurmlation, bio-transformation, and taint. shculd
also be congidered.

Depending upon the characteristics of the waste material, certain general
precautions should be observed in planning the disposal operations, If the
weste contains toxic meterials, the dilution achieved during disposal ‘and the
subsequent nixing of the waste with sea water should ensure that the .- °v
concentrations are not sufficient to damage the marine bicta, Tor substances -
that settle to the botton, areas of 1ittle or no benthic productivity should be
selected, or, if not possible, the pacrifice of a part of the benthic popﬂe.tion
should be asdgessed as part of tho "cost" of the d:l.sposs.l. :

5.2 Sediment characterictics

Sediments of the sea bed of the major ocean bagins have a potential sorption
capacity for all kinds of metals and organic substances, However, naterial
originating fron dumping of wastes nay be dispersed in the water column xather
than sorbed to the sea-bed/sea water interface, In the presence of high turbidity,
there is a scavenging effect by solid materials of substances from solution.

When the materials reach the sea bottom, a high affinity of the sediments
for the waste material leads to a large total uptake by the sea bed, IIowsver,
this uptake is prinarily in a thin surface layer of the sedinent, and :
penetration deeper into the sec~bed is elow, Therefore, if msuspension or
erosion occurs, the material night be recycled to the water and to the benthic
epiflora and epifauna, Thus the sea-bed will not always be the ultima:he sink
for durped wastes,
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Wastes submerged in the: sea-bed would in principle be removed from the
water system,  Migration to the supernatant sea water takes a long time when -
the wastes are buried under several centimetres of sediment. However, bu.ry:l.ng
of wagtes inside the sea=bed is technically difficult to achieve,

For liquid or dissolved wastes, unless sedinents are stirred up, little
nateriel will be bound by, the sea~bed, In a dumping site, most of the dissolved
substances will become so dispersed within the water system that sorption by the
sea=bed will be extremely limited, However, with respect to' repeated durping,
especially of materials which are not rapidly degradable, the area will
accunulate more and more material in the sediments, - This will apply particularly
to certain heavy netals for which a phenomenon of immobilization exists via
absorptic)m inside crystal 1a'l;ticea of sedimentary parﬂcles (Ros~Vicent et-gl,,
in press

5.3 Digegion characteristics

The turbulent nixing in an area, and the rate of exchange with the
surrounding ses, should both be' studied in order to assess’ the dispersion
characteristics of a potential dumping site. In studying the physical dispersion
characteristics of an area, the following generalizations should be borne in
nind,

A,  Mixing rate

The turbulent mixing in the sea is determined by such physical factors as
wind, waves, nized layer thickness, density stratification, currents including
their temporal and spatial variations (Okubo, 1971; Weidemann and. Sendner, 1972).
In nany shallow water areas, the tidal currents are the dominating nixing agents.
In conditions of stable stratification, the nixing is suppressed, and very
narkedly so in pyecnocline layers. There the rate of dilution is slow and varies
very much with time, i.e., the nixing is intermittent, For contaminants which
do not affect the flow, dilution rates of less than 1:10 in 24 hours have been
observed in enclosed areas (Kullenberg, 1974a). Sinilarly suppressed nixing is
likely to occur in strongly stratified open sea areas, Under those conditions,
particulate natter settles due to gravity, although near-neutrally buoyent
naterial may remain in suspension, The settling velocity of the waste
particles will vary, although a rate of 1 m/hour appears to be representative
for the flocculated state (Crickmore, 1972), Trapping of alnost meutrally
buoyant material can occur in pycnocline layers.

In the wind-nixed layer the dilution rate ie considerably higher; o
dilution in the range 1:10-=1:50 over a period of 1-5 hours can be expected
under 1ight wind conditions, During strong winds, the rate of dilution inoreasaa
approxinately with the squa.re of the wind speed (Bowden et al,, 1974;
Eullenberg, 1971).
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Close to the botton, there will often be a turbulent boundary layer, the
thickness of which will depend upon the botton roughness and current volocity.
An indication of the transport conditions along the botton can . often e obtained
fron the type of sedinents at the interface, Fine-grained nateriel nomally
suggests weak transport and a favourable settling environnent, whereas coarse
naterials suggest resuspension and erosion, Iowever, care should be taken in -
epplying this concept, and it should be noted that conditions often vary
seasonally. - -

In estuaries and river nouths, the conpensation current transporte material
along the bottom towards the shore, This can also occur in shallow waters with
horizontal density differences, eddies or wind-induced coastal upwelling, The
oscillating (tidel) currents in nmany areas will cause resuspension and
fractionation due to differential settling. This implies that the fine-grained
fraction of a waste, which can serve as a carrier for pathogenic orgenisns and
other pollutants, nay be selectively transported inshore, '

Available information on deep sea, near-botton currents suggests that
resuspension will not take place except in certain areas. These are nainly
located at the lateral Loundaries and are related, in part, to topographic
features such as slopes, canyons and ridges.

B, Mixing nechanisns

In the wind-mixed layer, the vertical nixing down to the prinary intexface
is quite rapid.  Thus, the thiclmess of the wind-nixed layer is significant in
deternining the nixing characteristics. An ioportant dispersion nechaniso for
scales in the ronge 1-10 kn is the vertical shear effect, i.e. the combined
offect of vertical mixing and vertical current shear in generating horizontal
dispersion, TFor an initially thick contaninated volune, the stretching due to
the vertical shear is also inportant., In this connexion, the time-dependent
and, in particular, the oscillatory conponents of the current are inportant in
deternining the spreading.

In the surface layer, the vertical nixing depends upon the wind, the shear
and the stratification. In internal stratified layers the vertical nixing is
suppressed, and is inversely proportional to the stratification, Doninant
features of the internal notion in the sea are internal waves which only give

rise to nixing when breaking,

At larger scales, above about 10 kn or several days, the large-scale
horizontal variations of the currents will donminate the nixing,

C. Exchange rate

When considering the dispersion characteristice of an area, it is
necessary to take into account the rate of exchange with the comnected open sea
area. A useful indicator of the rate of exchange is the residence tine for a
particular element, which can be estinated by means of a natural tracer. This
holds true in particular for enclosed or seni-enclosed areas like fjords, .
narginal seas and the land-locked seas. The residence tinme will also give a
neasure of the build-up of a persistent naterial in the area,
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Fron the point of view of dispersion, the following three categories of
areas nay be defined:

(i) Aroas of great turbulence

Areas of tidal activity are often characterized Dy a 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 predict where particulate
natter in the waste night ultinately be deposited.

(41) Confined basins

Confined basins (e.g. Daltic or Dlack Seas) will, in nany cases,
periodically approach anoxic conditions and be subject to
periodic turnover. Such areas night sonetines be considered
for the disposal of inert wastes, and perhaps also Diodegradable
ones. Lowever, persistent and potentially bio-accurulatable
substances should be avoided, since ultimately they nmight be
returned to the productive surface waters, It should be pointed

out that, as in all other cases, local considerations mst be
taken into account.

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

These areas arce characterized by a distinctly linited copecity
to receive wastes, since transport out of the areno and renewal
of oxygen supplies etc., are 2ll linited. The all-irmortont
consideration in waste disposal in such areas is therefore how
to achieve noxirum possible initial dilution, The scole of the
operation will also have to be controlled. The nore inert a
substance, in general, the greater the acceptable scale of
duniping, but in this context the local existing or potential
narine resources rmust be considered,

D, Methods of prediction

Predictive nodelling of the dispersion of various wastes following o
dunping operation is of great interest, but suffers as yet fron several
deficiencies, Nevertheless, simple models have been used with satisfactory
rvesults in predicting the dispersion of radioactive wastes, Attermpts have been
nade to model both the initial and the subsequent dispersion (EPA, 1971;

Koh and Chang, 1973). Iowever, the results must be regarded with great caution
since a nuber of very liniting assunptions are made, such as treating the
contaninants as passive. The lack of relevant observational information is at

present the nost severe hindrance to further development of the predictive
nodels,
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6 OBSEE{VATIONS AT TTE SITE.

Once a prelininary sclection of the site for disposal has heen made on the
basis of existing knowledge of conditions in the area, a series of observations
of the physical, chemical and biological characteristics should be made, Ideally,
these should extend over a period of at least one year in order to take account
of variations which will occur with seasonal changes. ' It should Be noted that
long~term variations arise as a result of purely natursl causes and at prosent
it is often extremely difficult to diatinguiah these fron artﬁ‘:!oially inducad
changes, ) - e (

Obae:vations of tur‘bidi‘by end chenical and biologloal cha.ractariatics
should be contimued after dumping commences to ensure that no detrinental
changes occur, All observations should be made at and around the selected site,
end it should be recognized that in the light of the pre-dumping, ox even post-
dunping observations,  a new site ney have Yo be seleoted.

6.1 Diological obsexvations

Prior to approval of a disposal site, biological observations to
characterize the site are usually essential., If repeated disposals at the same
location are expected, these observations should be made at all seasons of the
year and repeated more frequently at critical times of the year, both to monitor
the biological effects and to account for yearwto-year variations, For a single.
dunp, which is not expected to be repeated, a single assessment prior to the -
durmp should be acceptable, but obsexrvations following the dump would be desirable
to evaluate the effect and to forn the bagis for future decisions concerning
sinilar operations,

Desirable observations nmight be expected to include:

(1) Fisheries resources. Data on this subject ave probably slready
available in the appropriate agencies ox niniatld.es for moa‘t '
coaptal regions,

(11) Prinary (plent) productivity as related to light intensity and,
nutrients, This is especially important if decomposable organic
natter is included in the waste, and if its decomposition would
releagse nutrients stirmlating plant growth, sonetimes with
undesirable effects such as nodification of species composition,

(i1i) Natural turbidity of the water, and the cha.ngaa in turbidity
which may be produced by the waste disposal, Turbidity influences
the anount of light reaching various depths in the sea, and o
persistent increase would be expected to réduce plant
productivity, Iowever, if rapid dispersion (or sinking) of /o .
the waste is achieved, end if the circulation in the area is .
such that the turbidity increase is transitory, little effect -
on productivity from a non-toxic waste would be expected;
Phytoplankton reproduce at such-a high rate that recovery from:
a decrease in photo-synthesis is likely to be rapid, =
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(iv) Zooplankton populations and their vertical diurnal niéz‘er’ciona.
 These organisns night. transport elenents from one.level in 'I:hl_a
" water colurm to anot}mr {:hmu.gh absorp:bion, feed.tng and -
excretioen. '

“(v) The oxygen Qon'l:ent of the water ind :I.ta na.t*ural mia.bili’ty. '
vt This'will help to evaluate whether or not a waste with an~ =
oxygen -denand -nay -reduce:the “oxygen ‘content to 1eve13 wh.'l.ch

_will ‘beidetrimental 1o mariné organisnms, -

(vi) Structures of normal benthic populations, whether or not they
are of cormercial importence., This is especially importent. .
"whanevar the waste nay reach or accumulate on the bottom of ..
‘the disposal site, Since benthic enimals renain in a fixed .
1scation (in contrast to fishes and plankton), they reflect
the ‘integrated effect of chronic exposure. to the ~pollutant .
and can provide early warning of potential dame.ge

(vii) Microbiological indices with respect to water qualifhy for -
pmtec‘bion of Ifnmen hea.lth

642+ Ghenica.l observa.tions |

1o 'I‘he desi@l Q:E the cheaﬂ.cal cbaem‘ci.one, uﬁl:lke thoae of a biolo*ice.l or
phyeical nature, can be:tailored o the “cheriieal oharacteriatics of the waste,
For example, if the waste to be: Gunped contains no mutrients; there is Tittle

point in carrying out oan. mrhmmtive aurvey of mtrient Imls in 'the araa.
selected for:disposalio ;

e~ - r.t_'_ .: {
ol - L

It is difficult to provide a comprehensive list of substancea which should
be nmeasured in the area, but dopending upon the oauposition of “the waste, the
following substances might be worthy of attention: organochlorine pes cid.o
residues, PCDs; petroleum hydrocarbons and netels ‘Buch o8 mercury‘ and un -
these are all prohibited under the terrs of Arineéx I of the Durnping Cohventions,
but they are known to be present in wastes such as sewage sludge and’ dredge
spoils and nay be found in g variety of industirial wastes. The working Group
noted that such substances are pernittea. to be present in trace anounts,
regardless of the volume of tho waaf:e, and this naised the question in the
ninds 6f the members of the, Vorking group,. that perhaps, a prohibition as
currently pmacriba‘d in the JDunping Conventions vas: debatable,:; The point high-
lights the need for the continuous rea.ppra.isal of the Armexes of the I)unping
Conventiona and the:l.:r dai‘initims. '

A nunber of other alanents, e g. zine, oopper, lead anrl a.rsenic, nay also
be accurmlated and shouwld be measured, °The highest concentrations 6f most of
the substances listed above are likely to bé' found in' sedinents and benthic
oninals, It will in general be undesirable that the organ;.c content of the
sedinents be undily’ increased; ag @' nmeasure of' 'l:h:l.s, 1058’ on i@ai‘bicn, or niore
preferably total organic carbon tontent, should bé measured, ” If the waste
contains substantial gquanhtities of! nutrients such 'as p”hospha-be, nitrate, nitrite .
or ammonia, these,should be heasuréd in the water eolumr
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It is perhaps worth pointing out that substances comsidered to be hermful
in the freshwater environnment may be leéss so in the marine enviromnent, e.2.
cyanide due to complexation with metal ions, and ammonie due to the buffering
effect of sea water, or even virtually harmless, e.g. chloride, sulphate or
bariun (the former are present naturally in sea water at high concentrations,
end the latter will precipitate as barium -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 dmping area and
a.ppropria.te neasurenents should be made,

6.3 g!_lzgjﬂl observations

~ Fron the point of view of d:l.spersion, the physical conditions at the
dunping site should be observed, and a general assessment of the exchange rates

between the waters in the dunping area, near-by-arecas and the open ocean should
be made,

Observations of the physical conditions night be expected to includes

(1) wind and wave features;

(ii) vertical density distributions during different weather
conditions, including the nixed-layer depth on a seasonal
basis, water temperature and its seasonal variations;

(iii) current conditions, including the vertical current
distribution; velocity ranges and directions, tine-
dependence, oscillations and residual currents;

(iv) bottonm conditions and geclogical characteristics, such as
the nature of the sediment and topographic features -
(esg. flat bottonm, trenches, ridges).

Useful tools in such observations include dya diffusion experiments, the
use of radiocactive tracers, wave gauges, grab and core sanples of the sediments,

7. = SUBJECTS REQUIRING FURTIER RESEARCH

In the course of preparing its report, the working group has identified a
nuriber of areas where basic information is either imprecise or lackings In
particular, it considered that the predictive ability in a relatively unstudied
area is inadequate, It is considered that research in the following subjects
would be most productive in providing information relevant to the selection of
dunping sites.

T«.1 Diological and chenical aspects

Basic acute biocassay techniques are reasonably well establishedy Further
attention is required in relation to the selection and culture of the nogt
appropriate test organism for a particular set of site conditions. This should
toke into account possible food chain accurmlation and the most appropriate life
stage,
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.- In order to be able to have a better apprecidtion of the appropriate factora
end tine effects, long-tem (one ox more generationa) Mflow~through" tests are "
regaixed to evaluate poten'tial mzb-letha.l or chronic effeo‘bs. (el B

It is raco@ized ‘chat ooubinationa of two or nore wa.atea Bay be nore, ‘or
less, toxic than each waste separately. At present, theére is little infornation
on how the effects of such conbinationa can be pred.tcted i‘or condi‘bj.ona in 'l:he :
na.::'ine environnent. f_ e¥l o

Much nore detailed information is required on the mode of a.ct:.on of i
particular chemicals, especially in relation to uptaké and aveilebility fron a
toxic action standpoint. In this context infornmation is also required on the
various forns of a.chenical. substence which may be present in“the sea, €,8¢
valency state of ionic speciea, netallo-organic conplemes, aclso:dbeé. rﬁetal or
o:r:ganic conpounds, : _ :

Sinilarly, and especially in relation to human health implications, studies
are required of the forn and toxzicity .of the compound once it has been -
cccurilated by a narine organisn, e.g. the forms of mercury, codniun ond arsenic
in marine organisms and the way these nay be alterdd,’ Im this comméexion, studies
are required to provide nore detailed infornation on the mechanisus.of Dbio-
accurmlation within a aingle orgzmisn and tmnsfera in a food chain,

Many inorgenic and orgzanic conpounds find their way to the sedinents._ The
rate of such transport, the residence times of substarides in‘the sediments, ‘and
their subsequent nobilization, are generally not well understood, Tor deep-sea

disposal, research is required to improve and modify ‘the nethoc.oloc;ea and
neasuring techniques.

The persistence of organic chanica.ls, especially petroleum end chlorinated
hydrocarbons is a matter of concern.' The rates of ‘deconposition wnder various
environnental conditions, such as tropical, jl:enpera.te and arctic conditions, need
to be'‘established, Information 'is required on the dependence of morine becteria
on ‘threshold c¢oncentrations of the organic substrate, and inorgonic nutrients.
The extent to which nicrobial activity tokes place under deep-ses ond nid=@epth
pressure and temperature conditions, requires detailed investigation. o

In order to be able to assess the inpaot of a waste 4in the narin;a -
environmnent, some estinnte of existing levels of. waste constituents and ﬁ;eir
sources is required, * River or pipeline inputs can be, determined fairly: readily -~
but the influence of aerial transport including that on breakdown and produc'tian
of pollutants, ig unknown for nost substances, although it is now generally .
recognized as being of great inportance.

It is known that a munber of entem—-pa.thop'enic nicro-orgmisns are quite
resigtant in sea water (Ganeson, 1975). Further work is required in the study
of “the behaviour and fate of nmicro-organisns associated with wastes: such as
sewage sludge, especially the influence of such factors as 'benpemture, l:Lght
salinity e.nd sedinenta.tion. : _
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T2 Physical aspects

i Carefully designed field experienta are reqm.red in ordeér to obtain
infornation for developing 'and testing nodels for predicting the depth of
penetration and possible collapse of a falling cloud of waste,  Measurenents
should provide infornotion on the concentration distribution during descent,
turbidity gemeration, settling velocity &nd subsequent dispersion in rela'bion
to physical conditions, Such expericents would need to be carried out under a
variety of emvironmentel conditions, ranging fron quiescent to near-storm
conditions and- in both deep and shdllow, stratified and unstratified waters,
Porticular attention should be paid to those conditions likely to give the
least initial dilution a.nd/or subsequent dispersion.

Due to the difficulty of covering all conditions occurring in nature,
coreful attention should be given to the selection of environmentel conditions
for field experinents, so that ‘expensive field experiments can be backed by
appropriate laboratory experiments, In:many instances, la.rgva-acale dunping
experinents can give required information more rapidly, on both physical and.
chemical behe.viaur of westes in the sea.

There is a severe lack of information about the influencé of the waste on
the nixing processes, as well as about the possible physical interactions between
various types of materials, At present, it is not possible to take into account
properly the multiphese character of a waste when predicting its physical fate,

In relation to disposcl in deep waters; there is an urgent need for studies
of deep water and near-bottom dispersion processes, including the development of
new techniques, e.g. for measurements of currents and turbulent diffisuion.
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Appendix IT

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

Terms of refergnce: :

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

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

(1) to carry out a critical 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 the marine environment in both deep and
shallow waters; and

(2) +to iaantify goeps in our present knowledge, focus attention on
urgent research needs, and suggest research priorities,"
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IMPACT OF OIL ON THE MARINE ENVIRONMENT

(Excerpt from PROGRESS REPCRT submitted by the Working Group on
the Impact of 0il on the Marine Environment to the Seventh
Session of GESAMP - Documentation: - GESAMP VII/4)
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(vi)' Conclusion(s)
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SOURCES AND SIGNIFICANCE OF OIL DISCHARGE TO BIOLOGICAL EFFECTS

‘(Bhrhardt, lead expert; Levy, Palmork)

1. Caused by lMan

2,  Coused by Nature .
ROUTES AND/OR STATES OF OTL AVAILABLE TO AND IN BIOLOGICAL SYSTEMS
(Levy, lead expert; Ehrahardt, Mironov)

‘1.  Physical, Chenical, Biclogloal Methanisns

7.

2, Metabolic or Biological

* ANALYTTCAL TECHNOLOGY STATUS

(Palnork, lead oxpert; Levy)

CHEMICAL AND PHYSICAL EFFECTS OF OIL DISCHARGES
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1. Gas Transfer and Deoiygenation
2, Heating Effects
3. Pollutant Sorption
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VI. MICROBIAL POI’ULL‘I‘IOHS - EZE'.E‘”C""S RBLL'VAI'IT TO OIL DISCHARGES
(Thonpson, Tead expert, Iﬁrcnov} .

1. Microbial Attack of Oils : Ua ki)
2. 0il Effects on Micro-orgenisn Popula.tiom

VII, HIGHER MARINE LIFE FORMS - LETHAL AND SUBLETHAL EFFECTS FROM OIL DISCHARGES
(Levy, lead expert)

VIII.HUMAW EFFECTS FROM OIL DISCHARGES
(Blacknan, lead expert; Palmork)

1. Loss of larine Food
o Health Effects

2. Manner of Study e

At a first prelininary neeting of the GESAMP menbers’ of the woxrking group
(Geneve, 20-21 lMaxch 1974), the group: took notelof Resoliution 6.0f the
International Conference on HMarine Pollution, convened by, IMCO in 1973,
recomnending that the Organization take appropr:.a.%e a{'.eps, ot an early date,
to review, on a conprehensive basis, the envirquent probléma created by the
discharge of all petroleun~derived oils into the narine epviromnent, with
particular reference to the problens associated, with the digcharge of light
refined oils. The working group was also, J.ni'omed 'Eh.a,t,, with a view to
inplenenting the above recormendation, the' Ihr:lne Invia ont, Protection
Cormittee of IICO had requested GESAI' to accelerate its work on this subject.
The working group used as the bagis for its study the work prograrme agreod at
its prelininary neeting, and adopted at GESAMP VI (GE&JT VI/10, lnnex IV).

Lt that prelininary necting "Lead Experts" were' appomted with &he task of
identifying specific references, reviews, symposia and other ua:l:,qria.l fron
which the data basc would be constructed for each tobic of coricern, as
identified. This work had been undertaken interséssionally, and working
papers were presented describing this mtersess:.ona.l a.ot:l.v.nty for nost oi' ‘bhe

topics listed.

L 4

Vith this information in nind, the working group ;-ecogxiﬁed that_its
deliberations should be extended to a discussion on certain’ ‘physical and chenical
effects which have a considerable influencé on the biological effects. The
Group also found it appropriate, for the purposes of this Report, to linit the
gcope of its work to consideration of the pils falling within the definition
of "oil" as set out in Lmnex I of the International Convention for the
Prevention of Pollution fron Ships, 1973, i.e. "petroleun in any forn including
crude oil, fuel oil, sludge, oil refuse and refined products (othar than *
petrocheﬂica,ls wvhich are subject to the provisions of Annex IT of the present
Convention) and, without liniting the gencrality of the foregoing, includes the
substances listed in Appendix I to this fumex™ (see Table 1: Tist of Oils).

It is the understanding of the working group that this defini”tion im:ludea

weathered petroleun products.
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As a basis for discussions at the First Session of the working group
(Rone, 28 October - 1 November 1974) the following Working Papers werc

prepared:
K.H., Palnork:
P,G. Jeffexrys
R.A.A, Blacknans
E.M. Levy:
M.G. Ehrhardts

R.R. Cowell and
J,D. Walker:

Tainting

Effect of oil pollution on oxygen transfer

Carcinogens
The effects of oil on narine organisns.
0il in the sea; routes into and within biosystens

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

Asphalt solutions Gasolene Blending Stocks
Blending Stocks Alkylates = fuel
Roofers Flux Refornates
Straight Run Residue Polyner - fuel
Oilg Gosolenes
Clarified Casinghead (natu:cal)
Crude 0il latorotive
Mixtures containing cmde Oll Lviation
Diesel 0il _ Straight Run
Fuel 0il No. 4 Fuel 0il No. 1 (Kerosene)
Fuel 0il No. 5 Fuel 0il Wo. 1-D
Fuel 0il No. 6 Fuel 0il No, 2
Residual Fuel 0il Fuel 0il No. 2~D
Road 0il
Transforner 0il Jet Fuels
hropatic 0il (excluding vegetable oil)
Iubricating Oils and Blending Stocks JP-1 (Keroscne)
Mineral 0il JP=3
Motor Oil JP-4
Penetrating 0il JP-5 (Keroscne, Heavy)
Spindle 0il Turbo Fuel
Turbine 0il Kerosene

Mineral Spirit
Distillates

Haphthe
Straight Run I
Flashed Feed Stocks Solvent

Petroleun
Gas 0il Heartcut Distillate 0il
Cracked

Fron: International Convention for the Prevention of Pollution fron Ships,
1973, (fnnex I, Appendix I)(TCO).

#This liot of oils sgholl not necessarily be considered as
conprehensive
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It was noted that certain additional topics of concern will be considered
including

Heating effects ~ effects on marine organisns and substrata
due to elevated tenperature produced by absorption
of solar radiation by oil filns

Absorption of pesticides such as DDT and metals by oil films and layers
on the sea surface and the effects that this night
have on narine resources

Each working peper (see paragraph 29 of the main body of the report)
was presented to the working group and extensively discussed in oxder to
identify the significent data and assumptions, to exanine the shortconings
and gaps existing in the present studies as well as in present state of kmowledge.

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

4, Format of Study

It was agreed that the studies on each topic of concern should be further
developed intersessionally, but that a cormon outline or format should be used
ag follows:

Definitions - a gtatenent of the topics of concern. These were
identified at the prelininary neeting of the working
group and amplified at GESAMP VI

mbiene - including a statement of the controversy (if it can
be identified) that exists concerning each topic.,

Background ~ the context in which the controversy has arisen and the
necessary background information to emable the
controversy to be considered

Data - the scientific evidence relative to both the problen
and the background to it

Comments - in particular the extent to which the data can be
validated, the existence of gaps in the data base
and opinions expressed about the data

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

Recormendations -~ these should highlight those gaps in the existing
knowledge that have prevented a full assessuent of the
problens, and _commt on how these gaps may be filled.
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REPORT OF THE GESAMP WORKING GROUP ON THE SCIENTIFIC
BASES FCR THE DETERMINATION OF CONCENTRATIONS AND
AND EFFECTS OF MARINE POLLUTANTS
Dubrovnik, Yugoslavia

14-18 October 1974

Guidelines for an open ocean nonitoring systen
PREF/CE

At its third session GESAMP was asked by the IOC to review a paper by the
1001y Group of Dxperts on Long-Tern Scientific Policy and Plamming (GELTSPAP 1/17)
on narine pollution in the franework of the Long~tern and Expanded Prograrme of
Ocean Reseaxch of which the Global Imvestigation of Pollution in ‘the Marine
Environnent (GIFME) is an inportant elenent. Two snall sessional working groups
were established to study the above-nentioned docunent. One of thoge working
groups dealt with the scientific bases on which a systen of rarine pollution
nonitoring could be found. The systen envisaged at that tine was Tegional and
was intended to include the recording of deliberate or accidental discharge into
the marine environment. Three !'type' regions were proposed, (Baltic Sea, MNorth
Sea and Puget Sownd, USA). Five groups of potential pollutants were proposeds
halogenated hydrocarbons, petroleun, heavy netals, radionuclides and nubrients,
as well as oertain enviromnental paranetors. The report of this sessional
working group waes approved by GESAMP at its third scssion and renitted to the
ICC. This Working Group's report was clearly a policy proposal. =

At its fourth session GESAMP, in dealing with the subject of Transport and
Dilution of Pollutants and Marine Pollution Monit », wag asked to provide
advice to the Joint IOC/IO Planning Group for IG0SS (IPLAN) and contribute to
a review of research aspects being carried out by the IOC Working Group on
Research as Related to IGOSS (IRES). GESAMP decided to identify, at the fourth
session, the components which could be included irmediately in the fiwrst phase
of IGOSS. This referred to physical and chenical parametors. GESAMP agreed on
the physical oceanographic parameters proposed, but felt that the strictly narine
pollution paraneters oould not, at that tinme, and given the state of Imowledge,
be adequately specified.

At the fifth session, in view of the continuing concern to specify these
paraneters, a sessional working group was established to develop this subject.
GESAMP was not able, at that tine, to agree with sone of the proposals in the
working group's report. After rmch discussion GESAMP agreed that no global
rarine pollution nonitoring systen should be linited to physical and chenical
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. b :



GEsSAP VII/9
ANNEX VII
Page 2

At the sixth session of GES! J-IP the Chairman of the world.ng group reported
that in the present state of the art of biological monitoring, it was not
feasible to specify biological parancters satisfactorily. Correspondingly, the
working group was expanded to include biologists and was given revised terms of
reference; this expansion involved a change fron the apparently sinple
specification of paranecters to the scientific bases for a global marine pollution
nonitoring systen. It was agreed that the working group should be established
with two panels, one to specify parancters relating to concentrations, and one
to specify those relating to effects (GESAMP VI/10, p.5). Professor Goldberg
was noninated to chair the pancl on concentrations, and Dr., K&cket the panel on
effects. The terms of reference for the two panels were approved as given in
GLS:JIE’ VI/10, Ammex Te - .. .. : _

Tho expanded working group net in Dubrovnilc, Yugoalavin, in Ootober 1974 to
revise and expand the report tabled by the working group at tho fifth session,.
The working group decided that it should propose an .open ocean nonitoring pro;;ec'l;
as an intemmational venture, recognizing that this could eventually. be
co—orclina‘l:ed with regional and national nonitoring prograrmes. -

‘I‘b.o pain purposes of the presen'l: repoxrt axe to advise the IOC and WMO on 'l:he
noni‘horing that can now be under‘ba.]nen, particularly within the framework of the
TGOSS. Pilot Project on I-Iarine Pollution lMonitoring, and to indicate to the ICG
for GIPME the subject areas in which research requives-to be pronoted. The
Governing Council of UNEP has already approved the GEMS. progrermes,. which oontaina
a marine monitoring oouponent, and it is interested in the views of experts on
thig subject. FAO, also, has a considerable interest in Mmowing what biological
paraneters could now be nonitored, and is following this work closely, especially
its relevance to the work of its own ACMRR Working Parties on- bioaccmla.‘bion,
eoolo{;ioal indices and effects of pollutants on marine organisns.

1. Intzoduction

The main purpose of a glo‘ba.l parine pollution monitoring prograrme is to
provide a basis for the managenent. of those materigls that con jeopardize human
health, the stability cf parine ecosystens, or the anenities of the environment.
The proposed nonitoring prograrme will consist of systematic neasurenonts of
changes in marine ecosystens and pollutant concentrations in oceanic: waters, airs,
sedinents. and orgenisns, as well as in their torrestrial counterparts where deenmed
neccgsary. - These neasurenents would need to be repeated on o tenporal basis, the
tine-gcale of which would be indicated by the lovels found initially. - The oceanic
pollutant levels can be corpared with "acceptable levels, defined as these which
gooiety is willing to accept on the basis of a pre-detemﬁned risk assessnment, to
provide a rational bagis for applying controls on the release of materials fto the
onvironment. National and regional progrermes 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 global marine nmonitoring prograrme is designed to deternine
the pollutant levels and any cffects they night have upon living systens in the
open ocean ag opposed to the coastal ocecan and marginal and' enclosed seas, the
nonitoring of which is usually carried out through national progrormes. Coastal
waters may be defined as those whose chenical and physical properties are = -
gsignificantly influenced by their contacts with the continents or the sea floor.
_In general, such waters extend over the continental shelf. /An effective global
narine nonitoring prograrme rmst be co-ordinated with national and mm.oml
water nonitoring prograrmes. ]

It should be recognized at the outset that the time and space scales of a
global riarine monitoring prograrte are substantially greater than those for
coagtal zones and nost rarginal and seni-enclosed seas. Vhereas in' general
distances of tens of kilometres may define a coastal arca, and distances of =
100 4o 1000 kn are characteristic longths of marginal ond seni-encloged seas,
open~ocean water nasses can extend over thousands of kilonetres. Flushing of
coastal waters normally takes place over periods of a year or less. In the
open ocean, surface waters nix with those fron greater depths over periods of
tens of years, while for the deeper layers tine scales fron oenturies to
nillenia are involved.

Herein lies the rationale for a global nmonitoring prog e Cuxr concern
is with the irreversible loss of open-ocean resources because of the extrencly
slow build-up of persistent pollutants originating fron nany sources. The
problen is to prevent the titration of the open-ocean systen with a pollutant
for which the ondpoint would be either an irreversible losg of a major ocean
resources or the severe contanination of open-ocean waters which were previously
available for the dilution of the already polluted coastal waters through nixing.
In coagtal regions we have depended upon the scientific corrmmity or upon
catagtrophes to initiate the formulation of policies concerning the release of
pollutants to the marine enviromment. For cxanple, the injections of artificial
radioactive nuclides fron reactors are regulated by some notions upon the basis
of their potential build-up in cormereial food products or the degree of hunan
cxposure by other routes, e.g. on beaches. With conditions of high public
interest and concern, regulatory prograrnnes nay result within & year, but
normolly situations of grave danger rmst be clearly indicated from monitoring
prograrmes otherwise there may be a significant delay in controlling the '
discharge. For exanple, it took a decade to institute the regulation of nereury
releases to Minamata Bay waters following recognition of their impact upon hunan
health, Tho first inputs of nercury wastes took place in 1939; the firgt victins
were recognized in the 1950s; and the first regulation of releages was in the
19608, The lower levels of pollutants in the open ocean and the perhaps less
obvious effects expected upon living systems underline the difficulties in
initiating nonitori.n(; Prograrmes.

2, - Pollutants to be nonitored

At the present tine, five groups of substances have go far been reoognized
as potentially serious pollutants in open-ocean waters -~ artificial radicactive
nuclides, petroleun, halogenated hydrocarbons, héavy netals and litter. These
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groups of raterials are found in the surface waters of tho open ocean and sone-
tines at depth following entry fron coastal waters, fron the atnosphere or fron
shipgs. lMethods are available or can be envisaged for the anclysis of the five
groups of pollutants in organisns, sedinent, water and air sanples.

2,1 Artificial radionuolides. Fission products (9081:’ 1370_5, etc,) indubed
acotivities (551-.' o 652:1’ eto,) and the transuranic clenents (239, 240'Pu-, 241_;1‘]1,

ete.) are being produced in ever inereasing anounts and their environmental
concentrations are expected to increase. The present lewels in the open occan
are a consequence of fallout following their introduction into the atmosphere
during nmuclear weapons tests. The conpounds of the transuranic clenments,
produced in nuolear reactors and weapons are anong the nost toxic substances
known, on the basis of their chenistries and of their radicactivities. Basclino
neasurenents upon the open-ocean burxdens of plutoniun and anmericiun isotopos
ghould be initiated as soon ag possible to gain an egtimation of their prescnt
fluxes to the open ocean and to allow predictions of future fluxes on the basis
of increased uses of nuclear encrgy.

2.2 DPetroleun. Of the two billion tons of petroleun ammuelly produced,
about 6 nillion tons arc estinmated to enter the oceans directly. This figure is
nerely a fraction of the estimated matural hydrocarbon input into the oceans
originating fron the release of biosynthesized hydrocarbons, the decay of organic
natter and natural seepage. It has to be nade quite elear, however, that the
compesition of petroleun differs markedly fron the composition of biogenic
hydrocarbons produced in the nmarine environnment. Petroleun hog substantial
quantities of aronatic hydrocarbons of known carcinogenicity. Pelagic nmarine
orgenisns carry body buxdens of petroleun; any effects upon life processes have
yot to be dononstrated for presently observed levels, The chenicals contained
within petroleun, in combination with such synthetic organic chenicals as the .
halogenated hydrocarbons, may strees living organisns. Sonc beaches of the
world, as well as the waters in open-ocean shipping lanes, are soiled with tar
balls and oil glicks.  Sone scientists arc concerned about the effecots upon
hunan health through the transfer of carcinogenic potroleun compounds found in
figh and shellfish. Thexre is a need to reduce losses 1o the oceans as far as
practicable, and to ascertain the effects of improved handling through a

nonitoring programme.

2,3 Hal ogere+ed hydrocarbons. The two nost ubiguitous groups of synthetic
organic chenicu.s in the oceans are the polychlorinated biphenyls (PCBs) and DDT
and its netabolites (DDT), Both have been inplicated in deaths or reproductive
failures of marine birds. There is evidence, on the basis of actual use, that
the anount of DDT presently being dispersed about the environmment is roughly the
gane as it has been over the past decade, about 100,000 tons per year. On the
other hand, there are now decreasing rates of production of PCBs., Yet both
groups of conpounds are still being transferred fronm the continents to the occans
in measurable anounts. IMarine organisnms today carry parts per million (wet
weight) levels of these collectives of chenicals. Present concerns involve their
interference in hormone production in higher organisns and possible impacts upon
the photosynthetic processes in some algae., The PCBg, if ingested in sufficient
anount by man, may cause a chloracne type of disease tY‘D’SHO).
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Other synthetic halogenated carbon compounds are neasurable in surface
waters of the open ocean: the chlorofluorocarbons used as acrosol propellantss
dry-cleaning fluids and solvents such as trichlorocethylene, perchloroethylene
and trichloroethane; aliphatic chlorinated hydrocarbons, such ags the constituents
of the EDC tars and waste products involved in polyvinyl chloride production;
and hexachlorobenzene, an agricultural fungicide and a waste product fron the
nmamufacture of halogenated compounds. Sone of these naterials are resistont to
breakdown and are toxic to marine orgenisns at highor levels than now presently
observed. Their mamufacture and use is expected to inorease.

2.4 Heavy netals. Two netals, of established toxicity to man in elenental
forns and in their compounds, are entering the oceans in amounts that may affect
1life processes. These are lead and nercury., Although increases in marine levels
have so far been agsociated with coagtal areas, nonetheless their continuing use
in indugtrial activities indicates a possible rise in their open-ocean
concentrations. Perhaps cadnmium falls in this category, although there are no
definitive reports on its increases in coastal waters.

2.5 Marine litter. On beaches, surface waters and the sea floor there is
a multitude of society's discards that are not rapidly decomposed: plagtic-ware,
plastic bags, glass-ware, netal objects, etc. The flux appcars to be about
6 nillion tons per year. lMany of these artifacts are used as ocontainers or
wrappings of substances and goods used by society. Some, such ag polystyrene
spheres and discs, are discards fron manufacturing processes. A substantial
proportion of the litter appears to come fron ships, but neasures are being
takon to control this (Intermational Convention for the Provention of Pollution
fron Ships, 1973). Statistically valid sanpling techniques are urgently neccded
to evaluate ancunts of litter in surface waters and on the sea floor.  The
offeots of litter upon components of the ocean syston can only be hypothesized.
Perhaps they provide new cconiches for organisns, and hence alter the structure
of marine corrmmities. The accurmlation of solid wastes on the gea floor may
decrease the exchange of chenmicals between water and sedinenta, n.nd. pe:r:lﬂpa
affoct the activities of benthic organisms,

3 Descriptive and Predictive lModels -~ the mga-Balance Apprdé,ch

In order to deseribe present dispersion of a pollutant about the . ..
environnent and its open ocean concentrations, and to predict future wvalues,
nodels rmst be developed to relate quantitatively the source functions, -
environnental levels, fluxes between resexrvoirs, and sinks. Such nodels attenpt
to halance inputs and outputs and are known as "mass-~balance;models". Thoy can
be developed for the steady state situation or for the transiont case in the
“following generalized forxm for the open seca:

éc=(0b+0m+CB+cg+ca)-(cB+cpx+cpb+gg+ca)
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whore

" .AC. is 'I:he change in the pollutant content of the. open ocean 2
in a given interval of tinmej i

c is the contribution from rivers or coastal outfalls; .

b

Cn is the oon'bﬁbution by duoping into the sea from ahipé; 0
GIB ig the outflow caused 'by_ water exchanges | |
CI'; " 'is the inflow caused by water cxchanges;'

“0.'" is the flux to the sedinents fron the open ‘oceany’

C.' is the Flux from the atnogsphere to the open oceans

a
C; ig the flmc_ fron _the open ocean to the atnosphere;
€] s the flux fron the sedinents $o the vater of the open ‘docan; -

C_.  is'the loss of pollutant by chenical or radicactive
PX aisintegration; and | - :

Cp.b is the loss of pollutant by biochenical degradation.

It nust be enphasized that 'the above nodel is only an illustration of a
possible approach and cannot be applied to the ocean in general in short tine-
goales of the order of a year or years. It can be applied to the surface layer,
i.e. to the upper nived layer, for time scales of the order of 10 years. This
inplies that o nonitoring prograrme rmet be of sufficient duration to’'allow the
dynariics of the ocean-atnmosphere systen to achicve equilibriuns It mmst be
recalled that the nixing and transport processes in the ocean are much slower
than in the atnosphexrc,

These nodels and their included mass balances are an integral part of a
nonitoring progrerme, The pollutant levels and fluxes are combined with the
physical paraneters to describe nixing and transport processes.:  On a global
basis;, the validity of the nodel deponds upon the availability of reliable
production and use data which-up to the present time' have often been difficult
to obtain. In the cases of all pollutants considered in this report, there: is
an urgent need to asscrible such data now. To formmlate these models, the rates
of nixing and advection rmst be sought from enpirical'and theoretical information
in the literature of physical oceanogrephy. At present, the available
information is not adequate for highly precise calculations; nonetheless, the
nodels developed so far have been successful in describing pollutant dispersions.
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4. General Strategies for Determining Pollutent Levels

-

in an Open-Ocean Monitoring Programme

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

1. Semple numbers. The smallest number of samples, consistent with
* ensuring the statistical validity of the mags-balance model in
which they are used, should be sought., Ideally, sampling locations
should be related to the salinity/temperature field, and not
arranged only geometrically.

2+ Bample collection. Since the risk of contamination is usually
“great for those pollutants whose concentrations are extremely
low, sample collections should only be made by qualified
Persomnel aware of these difficulties.

3+ laboratorics. A small number of laboratories should be involved -

in the analytical work. Most of the pollutants have very low
ooncentrations in environmental samples and require highly
sophisticated equipment for analyses. Competent analysts are

few in mumber. For example, there are fewor than ten
laboratories in the world currently measuring eithor DDT and

PCBg or the transuranic elements in sea water, because of the
great diffioculties involved in the analytical techniques. '

The laboratories should prepare reference samples for inter-
comparison with each other and should attempt to relate their
results to those of soastal monitoring prograrmes.

The procedures of analyses should be made available to other
laboratories for evaluation and use, '

5. Sampling for Environmental Levels

5.1 Sampling procedures. A long-tern global monitoring prograrmo should
first determine absolutc levels of polluta.ntg in the marine environnent and then
as neoessary temporel trends of those levels, Such a prograrme will meed a
nothods handbook describing sampling nmethods, sanpling equipnent, sanple handling
and sanple storage, Thore are precautions to be taken with regard to contaminatior
of sanples because of the very low levels of those pollutants in tho sanples.

The handbook should describe in detail the precise procedures Yo be followed.

Such action has alrendy boen initiated in certain regional programmes (e.g. ICES,
. _OECD and NOAA (USA)).

15,2 Sanpling types, To formulate rass-balance nodels and to ~understand
the processes of pollutant transfer and storage and mechanisns, it is' important
that the following corponents of the envirornent be sarpled and analyzed:

(a) The particulate and gaseous phases of the atnosphere.

(b) The particulate ond the dissolved fractions of rain-vater.
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(¢) The particulate and dissolved fractions of the suxface nicrolayor
(upper few m) the surface waters, and the deeper wate:r: nagses of

the get.
(d) Several species of organisns which concentrate Bpébifj.o--polluﬁanta.

(At the present timo, except for such fish as the tuna, there is little
information on the biocaccurmlation of pollutants by pelagic organisms in
-+ the  open' ocean and hence a research prograrme. to identify appropriate
species is urgently needed. Organisns or substrates artificially
introduced to a given area might be used to.monitor pollutant levels.)

5+3- Sanple freguenoy, .The wealth of existing open-ocean oceanographic data

suggests that the chenical. oonposition of open—ocean areas is rather constant
over short periods of time. Changes in major wind systems and current pattexms
are seasonal in nature; thus, changes in pollutant level due to changes in
atnospheric input and wa‘ber—msa novenents need not be sanpled nmore than two or
four tineg per year. Boundary or ccastal stations pay need to be occcupied more
often than open-ocean stations, because of the variability due to runoff, storns
and variations resuliing fron local input patterns. It should be noted also
that the deep~water sphere should be sanpled over decades and not merely over

geasons to note signii‘ioan‘b changes. 51 %

54 Sa.::r_oling_sites. Tyo types of saupling site have ‘been considored:
"open~ocean stations" and "boundary stations". The former category should neet
the objectives mentioned below; the latter category should provide the data to
calculate the fluxes into the ocean fron the coastal areas and narginal seas,
and should preferably be part of exisgting or future mational ‘or regional
nonitoring schenes, The working group considered that the often used terns
"bageline station", "regional station" and "inpact station" are less appropriate
for the schene presen'bed here. _

For the "open-occan stations" the following objecfbives were defined:

1, To docunent the levels of pollutants and their long-tern changes.

2. To ﬁ:ovide background information for the evaluation of data
obtained in regional or local nonitoring schenes,

3. To develop mss—balance nodels of pollutants on oceanic and
global scales, and %o toot their validity.

It was rocognized that meny marine pollutants reach the ocean in significant
quantities via the atnosphere, and that for sone naterials this is the principal
pathway. Therefore, for the developnent of nmasg-balance nodels, the mon:l.toﬁng
schenes  for the oceans and for the atnosphere should be intercomnected, and, in
parbioular, nonitoring of atnospheric and oceanic pollution should, uhere
possible, be done at the same stations.
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With regard to specific requirenents of the sanpling sites forx.'open—ocean
stations” the working group felt that: ' '

1, Both the ocean oirculation patterns and the general oireulation of
- the atnosphere should be teken into account, -

2. The nonitoring should preferably 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 thesc
-conditions oan be made. The weather ship stations, or areas where
repeated observations are being nade or are plammed, could play
an inportant role in this context.

3, The siting should be clogely co-ordinated with the network for
nonitoring background environnmental pollution over the land.

4. Available information should be used and prelininary surveys
should be orgonized prior to the establishment of such stations.

It hae been reccognized that only a linited mumber of such stations can be
establighed because nost pollutonts of concern have very low concentrations in
the open ocean, and require special sanpling procedures and highly sophisticated
equipnent for analysis. . -

Although it is premature to forrmlate concrete proposals for ococanie

sanpling sites, ten stations for each ocean is considered a reasonable maxirun
mmber, -
The "boundary stations" being preferably part of national or regional
nonitoring :schenes have to be located on the bagis of regional considerations.
In the context of a global nmonitoring scheme the setting up of national or -
reglonal schenes should be encouraged, with the provision of technical
assistance, training and financial support where needed. Special emphasis
ghould be given to the intercomparability of the data, end laboratories charged

with the global nonitoring should, where needed, organize standardization
prograrmes (intercalibration exercises). Find

As an exanple, a rational network of sanpling sites for the iflantic Oocon
is suggested in the Appendix.

5.5 Additional paraneters to be included in the levels prograrme.
L proper-and full interpretation of the neasurencnts of pollutants requires the
obgervation of additional pareneters (physical, chenical and biological). Only
vhen the senpling procedures for the pollutants have been developed will it be
possible to give a critical listing of these parancters. The following :
paragraphs only give indications of what nmay be necessary. ' '
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1, In situ tenperature and salinity of the water sample, together with
an STD record; in oxder to asgess the composition of the water mass
as a nixture of various water types, and to show the degree of
vertical honogeneity of the water colurm and the depth of the mixed
layoer. '

2. The total anount of partioulate matter in tho water colum being
sanpled, in order to relate it to the concentration of the pollutant
in particulate form. '

3« The paranmeters doscribing air and sea state, in order to relate the
sanpling conditions %o the normal ‘conditions, "

Chen.i_.ca.l pnra.na‘bers _

1. Dissolved oxygen; in order to distinguish deep water nmasses.

2. Concentrations of nutrients in surface waters, in order to assecos
the potential biological productivity of the water mass, On a local
or regional scale these paraneters may be comsidered as indicators
of pollution, but their inclusion in this global ‘schene is not based
upon this aspect.

LAg indicated in section 3, on nodels and mass balances, our knowledge of
the transport process taking place is not enough to allow us to calculate the
fluxes of pollutants accurately. Therefore, further investigations of these
procesges are needed which nmay involve monitoring of physical parareters on a
wider seale than nentioned here. It is suggested that the term "pollution
nonitoring” be restricted to'the nmeasurenments mentioned in this seetion. Other
neasurenents night also be made to facilitate mass balance studies. TFor exarplo,
it would be desirable to include long=tern observations of currents and
tenperature (possibly salinity also) by neans of moored rocording instrunents.

6. lMonitoring the Effects of Pollutants on Marine Corrmmities
and Ecosystens

6.1 Introduction. Although ohanges in the structure of marine corrnmities
and ecogystens under the influence of pollutants are evident in many coastal
areas, the majority of these result from gross pollution by sewage or other
wastes with a high oxygen demand, and sinilar changes could occur in the open
oceans if the pollutant concentrationsg recach a critical level, Structural and
Punctional changes in open-ocean corrmmnities and ecosystens may be used as ‘
indications of the overall pollution effects. It was recognized, however, that
it will be difficult to define a clear cause/effect relationship between the
existing concentration of a single pollutant and the observed changes, without
additional experinental (Ja‘boratory and in gitu) investigations. The primary
role of these investigations is to link the body burden of single pollutants
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and the levels of pollutants in anbioent water, particularly those that nay
inpair the behaviour of the organisns, to any nmeasurable effects of pollutants
on m&iﬁdual narina organisns or their populatiom, or on artificial acuaystens

The synerg:latic or antagonistic effect of different pollutants is -virbtnlly
an mexplored field, Additional data awe also reguired on the offects of - -
environnental conditions such as dissolved oxygen concentrationsy salinity, and
tenperature.

The 'msulta of laboratory investigations will assist in providina‘ an
understanding of the chanpges observed in situ, but the difficulties in ca‘bm-
polating from laboratory experinents to conditicns in the sea are genexelly
recognized. Correlation should be sought between the rosponse of tho na.:vina
ocu:u:nmity and the obgerved Body burdan. a7 i

6.2 I.a‘bomtory studies. In'situ studies to de'bemine thﬂ effacts of .
pollutants on open-occan specics and corrmnitics are necessarily lon@-tem, but
often it is critically inportant to identify effects before such studies axe
oconpletes This can sometinmes be accorplished by obtaining information on tho
body burdens of pollutants that occur in occan orgenisns and utilizing th:LB
information in laboratory evaluations. (R

It is difficult and often inmpossible to denonstrate effects of pollutants
on'certain ocean organisns in gitu or in the laboratory, primarily because of
the difficulties in retaining then in gitu or culturing then in tho Ilaboratory.
It-nay be possible, however, to conduct meaningful tests on othor sensitive
narine ‘species that are compatible with a laboratory testing prograrme. :mﬁ to
nake reasonable extrapolations of the rosults to the ocean enviromnent. - Me‘bhods
are available for sclecting sensitive laboratory organisms and forx conﬂ.ucting
laboratory tests to doternine the effects of pcllutants on then., Sensitive..
organisns in this sense nean those organisns that are espeeially suaceptible
to a partiocular pollutant; for example, crustaceans react adversely to part
per-billion levels of halogenated hydrocarbons and some netals, and can be
considered sensitive "indicator" orgenisnms for effects of these chenicals.

Laboratory tests should include indicator oxgenisms and experinental
ecosystens, and criteria for effects on behavioural responses, growth,
reproduction, physiological processes and species diversity should be

established., The laboratory experiments should in no case be linited to
individual organisns, but ideally should cover populations, where subtle
¢hanpes in behavioural pattorns could serve as early warning signs and lead
to the possibility of predicting the monent at which the orgenisns will be.
harned at the population level. '

Experinents also can be conducted in the labo:ratory to deternino rates of
acourmlation and loss of pollutants and concentration factors (mtio of the
anount of pollutant in an organism to anmount in the water per nnit volune) for
various organisns. Knowledge of concentration factors for a specific pollutant
in laboratory orgenisns and its concentration in related indigenous or@anisna
pernits estimation of levels of the pollutant ocourring in the environnent fron
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which the indigenous organisng were taken. Furthermore, these experinents lead
to an estimate of the oxpected body burden, where the body burden of the
pollutant is in cquilibriun with the pollutant concentration in the environment
and night in particular circunstances be used for the assessment of the expootecl
changes in indigenocus narine corrmmities,

6.3 Non-indipenous oxpanisns, populations and ecosystenn. The low
population densities of pelagic plankton and fish commmnities in the open occan
nalke neaningful assesanent of pollutant inpacts upon their structures and -
functiong aifficult,. Alternatively, it may be possible to employ mnon~indigenous
organisns cultured on snell islands, buoys, platforms or weather-ships.
Pollutant biocaccurmlating organisms hopefully can be inported and cultured
in gitu, The biocaccurmlating organisns which cen survive in pelagic arcas
:I:‘ollmd.m: transport fron their normal habitats have not iyet been identified.
Initially, mussels and barnacles night be used for such a role., In conbination
with laboratory experinents, it may be possible to relate their body burdens of
pollutants and changes in their functioming to enviromnentel levels.

Fouling plates with indigenous corrmmities may provide a basis for relating:
a'bruct‘t_::ral and functional changes to the changes in pollutant levels.

‘6.4 Monitoring of marine cormunities and ecosystens. To obtain neaningful
in gitu Bagoline data and to observe long-torn changes of paxaneters . -1
chamcterizing a ‘certain open—~ocean conrmmity, the structure and functional state
of such a corrmmnity should be nonitored sirmltaneously with the physical and
cheriical pardnctors that may be rclated to such changes. Due to intrinsie
difficulties, inadequately developed nonitoring technigues, and the lackiof a -
cormonly acceptod methodology, it is recommended thatthe monitoring should be-
restricted only to a few selected areas representing typical open-ocean waters
and should be carried out by frequent sanpling. Because of large natural '
variations in populations, only long=tern studies can reveal neaningful changes,
and therefore, it is recormended that whenever possible the nonitoring exercises.
should be launched in areas where relevant long-tern series of biological
observations, such as plankton or fish~egg surveys, alrcady exist. Iven so,
the linking of such changes with pollution as effect and cause will be c:xtramly
difficult. :

In developing the nonitoring strategics, use éhculd be made of the varimm
docunents dealing with this matter, such as the Report of the SCOR=ACMRR~UIIESCO-
TBP/EM Working Group 29. (See also ICES Coop. Res. Repts 39.)

The Group recormended the following nonitoring exercises:

Honito cf ph3 lmzk'bon cormunities

The saleotion of an ccoldgical sub-systen for nonitoring purposes in

“the open—occan is beset by practical difficulties. At the present
tine, the best choice appears to be open-ocean phytoplankton, but care
will be required in interpretation of the results. The nost useful
groups of pareneters to be studied are:
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- Commmnity structure (species diversity and abundance); it does not
bear directly on productivity but structural indices ocharacterize
the community and might reflect the impact of pollutants;

- Punctional indices (primary productivity, primary production,
metabolism), Carbon assimilation integrated over the euphotic
zene, i.e., values per unit area of sea surface, chlorophyll .
neasurenents, particularly the measurenent of chlorophyll a as an
index of standing crop, and ATP determinations, probably yield the
most significant information on the functional state of a
phytoplankton comrmunity;

- Body buxrden of pollutants in the standing orop, as an indicator of
the acoumilated level of the pollutants and for use in the
assessnent of the possible transfer of pollutants to highexr trophic
levels;

- Level of pollutants in sea water, simultaneously with the biological
parancters, to detect their variations over short tine periods,
Physical and chenical properties (irradiation, light attenuation,
tenperature, salinity, oxygen and mutrients), sirultancously, to
obtain background data for a better understanding of the nonitored
community.

Monitoring of figh populations

The presently used methods for stock assessnent could porhaps be adopted
for use in monitoring changes in fish populations. It will be difficult
to correlate the observed changes with the lewvel of pollutants in the

- gea water and with the neasured body burden of pollutants, inasrmch as
natural varintions in a population and the offects of fishing make tho
interpretation of results diffioult. '

In nogt studics to date the determination of long-tern trends in =
pollutant levels in the environmnent have been hanpered by the lack of
adequate base-line data. For this reason, it is recormended that
nonitoring of the body-burden of econonically inportant occan-living
species, such as tuna, swordfish and whales, should be cormenced.

Migratory species which during their life cycle enter coastal and fresh
wator (eels, salnon) pose special problens because they acourmlate
substantial anounts of pollutants fron non-open ocean sources. For
such species nonitoring of the body burden should be done in both fresh
waters and constel waters.

The working group noted that there have becn o nunber of reports on
teratogenic effocts in fish fron contaninated coastal waters, and
recormended that an assessnent of these effects be mode for possible
ineclusion in an open-ocean progrorme. The nost practicable approach
seens to be a simultaneous nonitoring of norphological changes and
body burdens.
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.IJ‘

Cpen~ocean ialand. ecogggtems

Marine ecosystems around remote ialﬂ.nds which are free .f:r:qm caastal
pollution werc congidered ‘as very good monitoring zones. Voloanic
islands or ones with large bird colonics or a geal colony might have
signifiocant’ "natural®™ inputs of "pollutants" In such ooosystems
various ‘gub~compononts should be monitored, porticularly the
functional and Btmc'btml ohangoa in their benthic oor:ﬂmmitieu. :

Fish-cating binds or othor orgonisms ot high m levels

Such populations are often of great inportance in studying curmilative
pollutantsy since effects are often worst in such aninalsy and
accordingly noticeable earlier. For fish-eating birds which nest in
colonies on dislands, there is also the enormous advantage of ‘being
able to obtain aocura‘l:e standardized counts of populations, breeding
success, etc.

' Open-ooean bacteria

The diversity and obundance of the indigenous morine hacterial flora
geen to be dependent on the quality of seawater.  Therefoxe, the
group considered that the nonitoring of open-ocean bacteria is
feagible, although it was recognized that further research is needed
before such a nonitoring exercise can be fimly recormended. :

l*ﬁcrolaﬂa_r atudies

me boundary 1ayer 'between 'l:he a.tnosphere and - the ocean is in- mny

. respects o unique zone, whose biological- components eould be espeo:l.a.lly
pusceptible to pollution. Foxr exanple, welatively high levels of .
halogenated hydrocarbons ocour in surface slicks that are rich in
nicrobes., Future research should include efforts to better characterize
this layer biologically and to develop teolmiquea for, asseaaimg
pollution effects on it. it af

Genetic effects

The in nitu nonitoring of 'l:ha gene'l;ic effects of pollu'ban'lss on m:r.'ine
~ecosysténs does:not scen feapible at present, and such studies should
'be restricted to laboratory experinents and observations,
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Appendix I

GESAMP WORKING GROUP ON THE SCIENTIFIC BASES
POR THE DETERIMINATION OF CONCENTRATIONS AND
EFFECTS OF MARINE POLLUTANTS

Terns of Reference

The terns of reforonce forthe'bwopa.nels a.ppraved'byGESMIP?Iaroas-

followss
l. For the panel on levels:

2,

(a.) chenical and nicrobiolog’icallhpollu‘banta to be nonitored;

~(b) associnted chenical, biological and physical paronctors of

the systen to be neasured, including those neccssary to
pernit an assessnont of the chenical nodifications of the
naxrine enviromont;
(¢) sarpling sitos, including waters, airs, sedinents and or@niana :
(d) sanpling and storage procedurcss
(e) sanpling frequoncys
(f) the formlation of scientific methods, models and mass balanoéss

(g) mtorlabomtory canparisons and preparation of standard.s.

For the panel on effects:

(a) eoffocts on physical and chenical processes and properticss;
(b) effects on marine corrmmities feasible fc-tr' ﬁonitoring; -
(¢) effects on biological resources;

(d) suitable organisns which can be used as pollution indicators
or indicators of ecosysten changes;

(e) sites, sanpling and storage procedures, frequency of
nonitoring and cffects;

(f) formlation of scientific nethods (nodels).
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Appendix II

GESAMP WORKING GROUP ON THE SCIENTIFIC BASES
FOR THE DETERMIOVATION OF CONCENTRATIONS AND
EFFECTS OF MARINE POLLUTANTS

Dubrovnik, 14~18 October 1974

LIST OF PARTICIPANTS

Expexrt nenbers

Profeggsor E.JD. Goldberg, Chairman
University of Califormia

Soripps Institution of OOGanography
LA JOLLA

California 92037, USA

Dr. Stjepan Kodked

Ruder Boskovic Institute
Centre for Marine Research
Rovinj laboretorics
ROVINJ, Yugoslavia

Observexs

Dr. T. Dukei*

Dr, I, Zrajeveki] :

Vorld Meteorological Organizn.tion

Case Postale No. 5
CH-1211 GENEVA 20, Switzerland

Secretary of the Working Group
MHss Z. Tonisié

NOTE s

Dr. T. Yoshida
Tolyo University of Fisheries
TOKYO, Japan :

Dr, L. Otto

Royal Netherlonds Meteorological Imstitute
DE BILT, Netherlands

Dr. B. Schneider* '

National Marine VWater Guality Ioboxotory
Environnental Protection Agency
NARRAGANSETT

Rhode Island, USA

Drs Rﬂmm]d Cs Griffiths
UNESCO Technical Secm‘tary
Place de Fontenoy

75700 PARIS, France

Dr. A,I. Sinonov was unable to a.t‘band-.owing to illness.

Dr. E.E. Geldreich was obliged to withdraw fron the group for

professional recasons,

% Dr, Schneidor replaced Dr. C.S. Hogre,

¥t Dy, Duke is a biologist who was in Dubrovnik during the last two and
a half days of the neeting and who was invited by the Chairman to

git in on the group's segsions,
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Appendix IIT

PROPOSIED OCEANIC SAMPLING SITES FOR POLLUTANT CONCENTRATIONS
IV THE ATLANTIC OCEAN (the nunbers refer to attached map)

Surface water flowing into the Polar Seas; and the deep water, as one
of the sources of the North Atlantic Deep Water. (Oceanographic and
neteorological conditions are well-kmown because of Ocean Veather
Ship "Mike" and connexion with regional air pollution data fron
Faroes and Shetlands is possible.

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

Deep waters close to the major sources of North Atlantioc Deep Vater.
(Influence of atnospheric transport fron North Anmerica can be
nonitored, and oceanographic data fron former Ocean Veather Ships
and International Ice Patrol are available.)

The stable Sargasso Sea waters. (Long tine-geries of data awvailable
fron Berrmda Iaboratory.)

The area of the Horth Equatorial current and the associated North
Bast trade winds; the Mediterranean outflow at sub-surface depths;
and the neighbourhood of the proposed atnospheric baseline station
in the Canary Islands,

Vent-Bast transport by the equatorial current syston.

Deep water nasses originating at southern latitudes on their najor
pathway to the north; and the atnospheric transport fron
South Aneriea.

Surface waters in the westerly drift of the Antarctic Ocean; and
the neighbourhood of the proposed atnospheric baseline station at
Tristan da Cunha Island,
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REPORT OF THE GRSAMP WORKING GROUP ON THE PRINCIPLES
FOR DEVELOPING COASTAL WATER QUALITY CRITERIL

First Session
(FAO, Rome, 25~29 Novenber 1974)

Some members of the working group (Appendix I) met briefly on 28 March 1974
during the sixth session of GESAMP in CGeneva and decided to consider aspeets of

water quality criteria related to human health as well as those of marine
resources. '

‘The first session of the working group took place at FAO Headquartors,
Rone, fron 25-29 November 1974, under the Chairmanship of Dr. M. Waldichuk.
The Agenda is attached as Appendix II, The neeting was attended by
Mr, J.S. Alabaster (acting as Rapporteur), Dr, A.L, Downing, and Dr. C.S. Hegre.
Prof, A, Ia Fontaine was represented by Mrs. S. de Maeyer fron his institute.
Drs. S. Ketke§ and J.B. Sprague were umable to attend. The working group was
welconed by Dr. H, Kasahara, Direcctor, FAO Fishery Resources and Environnent
Division. Dr. G. Tonczak (FAO) provided secrctariat assistance to the group.
lfr., R. Pavanello (WHO) attended the nmeeting part-tine.

The group took account of instructions given to it as a result of
deliberations during a sessional working group meeting on principles for
developing coastal water quality criteria and during discusgions in plenary
session at the fifth session of GESAMP. It further noted the urgency of its
tagk for IMCO, as expressed at the sixth session of GESAIP, arising out of
Resolution 12 of the Intermational Conference on Marine Pollution, 1973.

A 1list of background papers prepared by nenbers of the working group on
specific aspects of the coastal marine environnent are given in Appendix III,
Other pertinent literature was noted as further background information, in
partioular, "Water Quality Criteria, 1972" (Report of the Cormittee on Water
Quality Criteria, National Acadeny of Sciences, Washington, D.C., 1972).
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1. INTRODUCTION

Following a recommendation of the report of GESAMP V/10 (mﬂ; 20) the
working group defined "oriteria" as the required scientific information on whioh
a decision or judgement may be based concerning the suitability of the
environment to support a desired use, recognizing that the health of man ig
paramount and that the latter can be affected either directly or indirectly.
The working-group considered that criteria for the marine enviromment showld
include congideration of all aguatic compartments rather than water alones ' It
dsfined ngoastal waters" as the coagtal region containing waters having asalinity
of more than- 0,5 parts per thousand and extending to the edge of the continental
shelf, or, in the casc of islands comparablc areas. Congidoring the request in '
the same paragraph, the working group concluded that its report and recormendations,
as well ag any oriteria that might be formulated therefron, might be for the
benefit of international and national groups of scientists and intorested persons.

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 ahould

describe response to either concentration of constituents or nass inputs to. the
systen in relation to tine,

The working group considered that the "critical path" method outlined by
Prostond/ was consistent with the above, since it could 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 given purpose, and in
others as mass flow, For example, it would be possible to express criteria
related to hunan health in terms of concentrations of neterial in an edible fish
product, without excluding the possibility of also expressing them in texms of
the concentration of the same material in the water or bther media, given the
necessary data relating the two. Also, it would be possible for criteria
regerding a particular waste to be expressed in a nunmber of other ways, the
choice being dependent on the target or use to be protected,

The working group reconsidered its terms of reference, nanely:

(1) to evaluate the nature and extent of problen areas in order to establish
an order of priority of coastal water quality characteristics which

should be considered for the formmlation of coastal water quality
criteriag

(ii) to consider past and current work and to identify gaps in our knowledge;
and

(1ii) to formulate tentative coastal water quality criteria.

1/ Preston, L., 19T4: The application of critical path analysis techniques to
the assessment of environmental capacity and the control of environmental
waste disposal (pp. 573-583). In: "Comparative Studies of Food and
Environnental Contanination", Proceedings IAEA Symposiun, Helsinki, August 1973.
International Atomic Energy Agency, Vienna, lAustria,
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The working group agreed 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 worling group recognized that it
would be necessary to collect and analyse appropriste data frot'national and
international bodiess Useful data are regarded as summary statistics on the
incidence and goverity of observed pollution incidents, their probable causes
and projections of potential problems based ‘on the expeected growth of water use,
It noted that much relevant information is available 'in the literature and that
additional data may be fortheoming as a result of the ‘activities of marine
workshops, such ag those being conducted by intermational 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 tern, comprehensive field studies in
clean and polluted areas would be essential,  The working group envisaged that
the nain 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 on essentia.l-firs.t step, it would atm:l:..-'by.
considering the principles to be taken into aceccount in formulating coastal water
quality criteria and neke recormendations, Subject areas singled out for
consideration weres

(1) 'Ecosystens

(2) Hunen health
(a) Fish and Shellfish.
(b) Bathing waters
(c) ALesthetics

(3) Living resources
(a)  Fisheries
(v) Fishing Aotivity
(c) ' Aquacul‘ture

However, the group recognized thet other uses, such as desalination,

transportation and waste ‘disposal are also inportont and night warrant attention
in the future,

2,  RECOMMENDATIONS

The following prelirdinary list of recormended principles for the developnent
and application of water quality criteria should not be used or token out of
context without a careful study of the docunent as a whole, + The succeeding’
sections from which these recomnendations orise provide definitions and insight
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valuable in applying then to unforeseen circunstances. Furthermore, sections on
specific uges contain guidelines as to the neaning and value of environnental data
relative to those mses, and often, suggest appropriate formats or useful forns of
expression of criteria in relation to a specific use. A procedure which night be
used in establishing criteria has been given in some detail in Appendix IV.

()

(2)

3)"

“should be made to identify the critical factors on which thisruse

(4)

(5)

©

(1)

(8)

“The health of man is a parenount consideration (p. 3, paragraph 1),

and can be influenced either directly or indirectly by changes in
water quality. | - . ¥ hange

Studies of real fiold situations, whothor or not damage has been noted,
arec an essential clenment in establishing whether or not a problen really
existe and in developing valid criteria (p. 7, paregraph 53 D. 8,

_ paragraph 2; p. 9, paregraph 63 p. 12, paragraphs 1 and 7; p. 14,

paragraphs 1 and 2), In cach case, these ghould take full advantage of
the critical path approach (p. 3, paragraph 3; p. 8, paragraph 1).

In developing criteria to protect a partioular water use, effort

depends, Priority should be given to establishing the emomffmt
relationships for these factors (Appéndix IV).

Criteria should Be expressed in such terms as are likely to be nost
useful in the establishnent and enforcenent of control neasures,
including standards.

As a general principle, it is important to éstablish the reliability
and relevance of criteria in order that the desired degrce of

protection of the wators! use can be accomplished with confidence at
ninirun cost. This is particularly applicable where it is nccessary

t0 rely heavily on Tesponses observed under laboratbry conditions™
(p+°13, paragraph 2). - ASRISLC Ry o sae R B SRR
The nost effeetive critoria will be those that take into account; o’ -
‘the greatest degree, differences in local circuristances suchas '
population fusceptibility and environnental factors (p. 7, peregraphs 4
‘and 53 p. 8, paragraphs 1 and 2; p. 12, paragraphs 2 and _3)- P

The great uncertainty concerning the accuracy of available data on

‘exposure/response relationships nay be sufficient justification for
adoption of repulatory standards based on the lowest exposures found -

to cause an undesirable effect.

It should be recognized that, for practical reagons, thore may be V.=
justification for using standards for which no exposure-effect

‘relationship has boen established. ' This night apply, for exanple, ~o
whore copts of control neasurcs are smll relative to those involwed -
‘in establishing criteria (p. 13, paragraph 5). Tn such a case it ds™ !

assuned in effect that no exposure is acceptable (p.”7, paragraph 1y
P« 15, paragraph 6; p. 20, paragraph 6(b)), and that there has been
general accoptance of ‘the desirability of some corbrol rieasure which -
could obviate the meed for'a criterion (p. 14, paragraph 7). £



GESAMP VII/9
ANNEX VIIT

Page 6

(9) Where weter quality problens extend over the arca of jurisdiction of
nore than one control authority, every effort ghould be pade to furiher
~ the use of oriteria derived according to a cornon mthodolow agrecd
upon by the au'bhori'bj &g Ixrolyed,

(10) Criteria for the protection of a givea use should first be established
independently of other uses which ray or oy not be nade of the area
of concern, and then on the assumption that the eventual standards
will be based on the nost restrictive criteria,

(11) In developnent of oritoria to protect acsthetic satisfaction 1% 1s
considered that, pending further information on the nmature and extent
of the problems, priority should be given %o developnent of exposure—
effooct relationships for turbidity, colour slicks and odours dorived
fron sewage and other wastes (p. 13, paregraphs 4 and 53 p. 14,
peragraph 1).

(12) For the preservotion of ecomystens for ssicntific sindy; the eriterion
would be the virtual exclusion of nan-rade chnnges (ps Ts poxagraph 1).

(15) For sone substances that cannot be rea.aom.bly q'mtii‘ied and that
constitute a hazard, e.g. driftwood, plastics and druns of wasto, the
cnly reagonable ocriterion is virtual absence of the suhst&noaa

(ps 15, paregraph 6).

(14) The validity of ériteria should be roviewed in the 1light of new
knowledge (p- 12, pama:aph 5)e rtia

3« ECOSYSTEIS

It has been held;that the protection of any living marine xregoumces can be
nost certainly accomplished by protection of the integrity and balance of the
greater or smaller ecosysten of which it is a part, While this can be acoepted
as bagically, true, many charecterigtics of such systens act to nake this a nost
difficult task. Only by considering imdividuals in greatly restrieted groupings
of interdependent organisns and in sinple enviromments:or (in the:opposite
extrene), by considering as an entity the whole systen rather than. each conponent
haaa.nyprogreas been nade in nredictive nodelling

In the first cage, biological 1npu1: and output: 'bemﬂ of +the nodel-.are each
predicted or obserwved values, resulting fron the activities of individual species
within the aggregations of organisms. The inportance of the contribution of ecach
included component to these terms rmst be known. In the second "black box" case,
individual species disappear entirely and resulis are thus not easily used to
prediot the response of desirable specics,  Difficultics in nodelling axe
especially oritical in marine waters, where the systens of interest and intor-
actions within then have often not leen adequately desoribed. For example, many
life cycles are still unlmown. This, of course, linits the success of atterpts
at quantitative descriptions of inter-octions. The situation is fuxther
oomplicated in regard to oriterda by the fact that, especially in temperate waters,
the oorponents of a local systen change with season, the various ecological niches
being filled by species of varying semsitivity at different tinos. :
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In consideration of the foregoing, aside fron a recommendation for more
research, the guiding principle for protection of natural ecosystens for scientific
study rust be total non-intervention, It must be recognized, however; that even
if this is possible, the systen beilng "preserved" is subject to natural change.

i ‘Eeological principles do, however, offer qualitative if not guantitative
guidance in the development of criteria, whether the approach used is inductive
or deductive, Although a2 change induced in one conponent will result in changes
dn other components, this will not necessarily disrupt the ecosysten, but nay.
rather result in o new series of oscillations (e.g. fluctuating population
density ratios), These are gradually dampened but never disappear entirely.
The systen and each organisnm 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 menagement, Thus, if preservation of one species, or a.
fishery, is to be an objective, criteria which fall short of non-intervention
will usually be effective, This consideration applies most forcibly where the
interests and well-being of mon are concerned, The quality of human life is
enhanced by co-existence with a wide range of species, The protection of hunman
health obviously denands intervention, but further consequences of alternative
courgses of action need to be carefully weighed,

Not all systems cre equally robust, Many scientists consider that arctic
systens are particularly fragile because fewer species are available to fill
vacated niches, Even in species with many systems, the complexity of inter-actions
anong components provides sone stability and is also responsible:for the fact
that alterations in one portion of the system can cause desirable or undesirable
effects in seemingly unrelated portions of the system. For example, bioaccummlation
of toxic substances mey produce a hazerd to consunmers, including naon,

act of 016 cal considerations on the dev:

. Discussions of the effects of pollution on, for example, plankton in relation
1o fisheries, as well as to anenities, public health and shellfish quality, -
iliustrates the difficulties encountered and thus the difficulty in formulating
criteria, and is therefore of value in clarifying the principles operative in
arriving at criteria, Various marine organiems, by virtue of ocecupying different
ecological niches, have different relationships to various types and modes of
introduction of pollutants, These deternine the nature of their exposure,

The essential differences involve varying tine scales for exposure (constant,
internittent or cyclical stress), alterations of the pollutant before or;during
‘exposure, and the route of administration to the target organism (i.e, via water,
suspended sediment or food particles, detritus, ete,). Consideration of these
differences has led to the formulation of basic procedural requirenents for
obtaining data on which well-founded defensible criteria should be based.
Observance of one or all of these requirements is essential to criteria
development, dependent on the resource for which a specific criterion is to be
set and the importance of those characteristics in limiting its use, Not
surprisingly, generation of completely adequate information on which o base
criteria requires, in almost all cases, satisfaction of all requirements listed
in Appondix IV, rid yionhi
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Most of these requirements are dlso .recognized by EIFAGL/ and, “token as a

-~ ‘whole, embody-the prinéiplés underlying the formalized "critical path" 'I;'eehnique

referred to earlier,  The working group gave some 'thought to classifying the
various known strésses; ‘according to the applicability of the various requirements
in the establishment of criteria, but agreed that this approach would offer then
little real help, ‘because it ’'is unlikely that consideration of wvarious uses would
result in sinilar groupings of requirenents, ''Alsd, éven within a reasonably
inclusive group such as inorgenics, extreme variations are known to occur-in
duration of bioclogical ¢ffect as a result of recycling pathways, bicaccurulation
and physical or chemical alteration, . 'The same may be assumed for groups of
chenmicals not” yet considered or even synthesized, Furthérmore, .the ‘pattern of
iﬂﬁc‘l;u_a’.tion in concéntration with time within'a class ‘or for a'eingle compound,

is extremely variable Between pointsof introduction where criteria may be of
value, This is also true for major énvirommental variables (oxygen, temperature,
salinity, ‘eto.).  In-genéral, the gréster the.temporal variation, the greater
the“obligation to test using'a multi«factorial approach approxinmating the-exireme
linits of local variation of each fadtor as well as thevobserved local rates of
fluctuation, "It should Ve bomne in-mind that the most oommon appearance of most
contaninants ‘is'as a conponent of a mixture, the total effect of whieh is-of
concern, - Consideration of “the componénts.of ‘the mixture is likely to indicate
the complexity of procedures reguired'for developing criteria,

~ I T thé ihti:oductary' part. of this report sl definition of coaatal wa.ter a0
quality criteria has been given in the most general-terms acceptable to-the
group, 'Critéria' for coastal waters-in regard to hunan health!should ideelly be
sets of ‘quantitative exposure-response relationships: between environmentalo: ic
exposure factors'and effects on the population groups exposed, 'When dealing with
hunan subjects, it is often difficult to establish even a basic cause-—effect
relationship, and even nore 'difficult to obitain a'graded response, 2

Acute effects.of exposure to high-‘levela of chemicals or pathogens are nore
easily linked to human response, than 'are.effects of chronic exposure to the low
levels ‘8o often typical of the environnment, At the lower end of the response '
spéctrun, sub-clinieal changes in’behaviour or' enzyme activity (the biological
significance of which is difficult to assess) have been detected down to the::
"no-effect level™, i,e. below the exposure level at which'no gross pa.thological,
physiological or metabolic ‘inpairnent has been detected,

The observed no-effect level is of course related to the choice of the
indicator(s) of response and the sensitivity of the: nethods available or adopted
-~ for its neasurenment, The 'same cah be said for'the identification and neasurcnont
of the exposfn-e. Unless ev:.&ence is ava.ila.ble that auch aub-clinica.l ohangea

1/ Eu.mpean Inland Fisheries u&v:!.sory Cormission hibk Wmﬂd.ng Pa.rty on Water
Quality Criteria for Buropean Freshwater Fish which: docunents background
inforhation and fron tirierto time publishes this invdnternational :]oumals,
18,84y 'BIFAC, Water quality’eritoria for European r::eslmn,ter fish,: Report o
Finely Divided Solids and Inland Fisheries, EIFAC Tech,Pap., (1)221 D, 61964)
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are sinply adaptive, and do not prejudice survival, reproduction or quality of
life, they must be assuned to be detrimentol, There are, however, well
established principles, such as those enunciated by Bedford Hill (1965)-/
which should be used for testing the significence of cause-effect relationships
derived fron epideniological data,

4.1 Fish and Shellfish

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

The influence of the physical, chenical and biological quality of fish and
shellfish growing waters moy extend beyond effects on marine organisns thenselves,
Effects on consunmers include: bacterial infections and intoxications; parasitic
diseases; intoxications due to accurmlated chenical poisons or biotoxins;
allergic reactions; responses of undeternined etiology; and offensive flavour
causing nausea or rore acute illness due to tainting of the product, Effects on
non-consuners include: occupational diseases 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.,)—/ , sumnarizes the principal
bacterial, parasitic and viral diseases in nmon which are transnitted by fishery
products,

The adequacy of the basis for criteria should be taken into account when
contenplating 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 Vaters

Seawaters near sone beaches are becoming increasingly polluted chemically
and nicrobiologicelly and nmoy be a health hazard for man. One of the scientific
approaches to denonstrating the relationship between water quality and disease
is the epideniological survey,

1/ Bedford Hill, A,, 1965: Proc,Boy,Soc.Med., 5032295
2/

WHO, 197.1: Fish and Shellfish Hygiene. Report of a WHO Expert Committee
convened in co-operation with FAO, World Health Organization, Geneva,
Techn.Report Series 550, 62 pp.
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- For waterborne diseases, such as typhoid fever, cholera and viral hepatitis,
the link between disease and drinking water, or between disease and shellfish
eating, has been firnmly established, whereas, for diseases occurring at the
seaside, the link with bathing is more difficult to establish, Monitoring of
woter quality is one of the meons of assessing the potential risk, However,
the recovery of pathogens fron bathing waters does not necessarily indicate a
substantive health danger.

In practice, the routine nonitoring for pathogens presents various difficulties.
Recovery of pathogens from bathing water is not normally done for routine
surveillance as to bacteriological quality, Enteric diseases can originate fron
drinking weter contaminated by excreto from infected humans or aninals, It
therefore seens inportant to use, as indicators of water quality, faecal organisns,

Although there is no deronstrable correlation between faccal indicators and
pathogens, except for Salmonella, several countries have introduced norms of
bacteriological quality based upon the faecal coli index, After a long discussion
about the linking of faecal indicators with the presence of pethogens end about
the dose~response relationship for pathogens occurring in seawater, the working
group wished to enphasize that criteria for bathing, like those for other uses
such as fisheries, should ideally be based upon well-founded dose~response
relationships., Neverthecless, at the present state of knowledge and under certain
circunstances, an indicator organisn characteristic of the contamination by
sewage of human or animel origin may be used to indicote a potential hazaxd to
hunen health, because of the possible presence of human pathogens., It should be
borme in mind, 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 considerations
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, applices to health criteria as
much as it does to the others considered here,

4.3 Aesthetics

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

In seeking criteria 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 representative
of those whose intercsts the criteria adopted are intended to protect. In nany
coastal areas, this may involve obtaining a proper balance of reactions of
residents and non-residents whose requirenents and sensitivity nay differ,
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Deternination of the association between sesthetic reactions and weter
quality presents considerable difficulties, because it is rarely possible ‘to
expose people in a controlled mammer to a ranpe of conditions in coastal wa.ters
thenselves, though sone guidance can be obtained from assesspent of experienca
at: different sites, where differing conditions exist, or at the sate aite, before
and after a change in conditions, Because of these diffioulties, such
information will in practice need to be supplemented by assessments of the
reaction of people to water quality conditions created artificially in the
laboratory, Such laboratory assessments would probably be most relevant in the
case of taste, which is unlikely to be greatly affected by the circunmstances in
which people exe 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 difficult to simulate realistically in the laboratory,

As a.general principle, it will be important to nmake every effort to
establish the reliability and relevance of the eriteria in order that the desired
degree of protection of the waters' use con be acconplished with confidence at
ninirun cost, This'is especially important where it is necessary to rely heavily
on reactions observed under laboratory conditions,

There is also a problen in deciding on adequate measures of aesthetic
satisfaction and in standardization of their use ®so that reliable data can be
attained, Aoong necsures that might be' applicable in different situations, the
following come immediately to mind: verbal or written expressions of opinion
in graded categories as determined by interview or questiomnaire, trends’ in the
ratio of numbers of visitors to a site, and the accommodation available, trends
in the price of property, or expressed willingness to pay for neasures deaigned
to reduce effects, These matters require f.‘urther atudy

The problems encountered would be ‘simplifiecd if it were to be accepted that
one usual and proper objective of designers of disposal schemes' is to prevent -
any unwelcone aesthetic effects, In developing aesthetic criteria, it is then
nainly necessary to assess the levels of contamination at which such effecte just
beconie detectable.s It is considered that attention should be initially
concentrated on the limited objective of obtaining such information, This,
conbined with our more fragmentary knowledge of the detailed response of people
to the degree of eontani.nation, might well be adequate for most decisions, The
visible effects, whose thresholds of detection are required, principally include
appearance of floating or suspended deoria, turbidity, foams, slicks and colour,

Deternination of thresholds of sensibility presents a variety of d:l.fficulties.
In certain instances, these could be obviated by taking into account that
assessment of detectability in a comprehensive scientific manner would be
expensive, and that it night be possible, in cases where material causing offence
can be easily and cheaply elininated,.to make a pragnatic decision that no material
of this kind should be released, It seems, however, quite feasible to develop
neaningful srelationships between amounts of substances present and sensory
pexception of turbidity, due to suspended matter weleased in waste-waters, or '
recognition of colour, foams, and slicks, Some progress towards this end has
already been reported, Developing such criteria for turbidity; resulting fron
the growth of organisms induced by polluting discharges, also seems feasible in
principle, though more difficult in practice,
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Developnent of criteria for odour presents the difficulty of establishing a
relevant test. Thexre is no problen in determining the level of dilution of a
polluting discharge, or one of its constituents which, when zllowed to establish
equilibriun with a standard volunme 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 be related to the degree of offence, which would actually occur in open

coastal areas, owing to the presence of polluting natter nt the minirun detectable
level so obtained,

5. LIVING RESOURCES
5«1 Fisheries

The sections dealing with ecosysten and impact of the ecological concepts
on the development of principles: for water quality criteria are pertinent to
criteria for fishery resources, .4 fishery is a nanaged systen in a state of
dynanic equilibriun; disturbance causcl by altered chenical, physical and biological
factors is not necessarily inconpatible with the full use oi‘ its resources,

The criteria should pemit all stages in the life cycles of the fish and
their food organisms to be successfully completed, and should not produce
conditions which would couse fish to avoid o region where they would otherwise
be present, congregate in a region where imminent danger existe, taint the flesh
of fish, or give rise to accumulation of substances to levels which are hami‘ul
to the fish.or to the consuner.

. The criteria should, if neecessary, include- separate consideration of cormereial
and sport fisherics, of species and races of different susceptibility and of
regional differences of habitat. They should make allowance for tines when

vulnerable stages of orgenisms: are found, and for the effec'bs of- season, terperature
and water qualj.ty.

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 knowledge and understanding,
Criteria nay be expressed in ptvsiual, chemical and biologioa.l terns, '

D:Lff.tculties arise, however, in their formlation beca.use of the widely
different patterns of fluctuations in environnmental quality and the dearth of
laboratory experinments simulating these conditions, Furthermore, field data are

generally inadequate in that either the fish populations preaent o:r." tha ‘régine
of envirommental quality, are poorly described,

Scientifica.lly—baaed criteria should not be influenced by factors such as
the feasibility and cost of remedial actiom, e.g. depuration, However, the
availability of treatment. processes may create circumstances which obviate the
need for regulatory stendards, TFor example, in cases where!product criteria
ave effective in protecting the use, there may be no need.for environnental
criteria for this particular product, On the other hand, whére the remedial
neasures are likely to fail, environuenta.l quality criteria mmt be invoked to
provide a second line of defence.
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5.2 Fi activities

Comnercizl and recreational fishing can be affected by physical conditions
in the water and on the botton, Floatables, ranging fron logs to fragnents 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 collision
hazaexrd to fishing vessels, while plastic sheets can get sucked into seawater
cooling systens and pose at least o nuisance, if not causing outright damage to
an engine,  Floating oil is o nuisance in fishing activities, because of its
tendency to foul fishing gear and vessels, Moreover, the lighter refined petroleun
products, such as gasoline and kerosene, can be a serious fire hazard to fishernmen,

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

At least two types of pollutents (sewage and radioactive waste) 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 may be modified to such an extent by dunped
solid wastes, both containerized and in bulk, that commercial botton trawling is
seriously affected, Indeed, recreational fishing with hook and line, could also
be adversely affected, but such materials are usually dunmped in deep water far
enough from shore as to be out of the range of most sports fishermen,

Containerized wastes of various kinds have been recovered by trewl fishermen,
and these can danage fishing gear, as well as pose a hazard to fishermen when
brought on deck, Such wastes can include noxious chemicals, radiocactive substances
of low and intermediate level, and military materials, including nerve guases,
all of which have been dumped in the sea, Water-logged wood, sometines escaping
from booms of logs towed in coastal waters, presents occasional but not sexious
problems in some local areas,

Criteria for sea water quality and bottom characteristics, as they affect
fishing activities, camnot 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
debris, should be similarly treated, Guidelines for control of dunping of solids
and containerized wastes are dealt with in recent international conventions,

e,8, ‘the London Convention on the Prevention of Marine Pollution by Dumping of
Wastes and other Matter, 1972, and the Oglo Convention for the Prevention of
Marine Pollution by Dunping from Ships and Aireraft, 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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2+3 Aquaculture

- There is dn¢reasing production of seafood through marine aguaculture,
particularly in developing countries, The practice is carried out on eithéer an
intensive (high density, closely-controlled). om extensiver (low density,
sehi-natural) scale., Water guality for intensive aquaculture must be high to
conpensate for the stresses from crowding, wmbalanced diets, increased waste
cproducts and -general confinement., Food used in:such culture must nheet the same
high standard, although it is recognized that sewage’ effluent is successfully
used for carp ponds in parts of Burope and pig and poultry manure are put into
«fish ponds:in Hong Kong and: Cbina, . The threat of disease is ever present, and it

must be recognized that latent fish pathogens can be stimulated into active
o disease outbreaks by tHe s'breas of “‘inferiox wa:ber quality which lowers the
ﬁah'a ‘resistance, _

Ert:ensive- aqua.culture » ‘being 1ess confined than: ‘bha‘:' :I.n'bansiv'e .fom, “hag
fewer risks from diseases and poor water quality, Howevery:the practice is highly
dependent on the coastal marine environnent, and is, thereforey vulnerabls 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
extrene fluctuations in food supply that may be xelated:to water quality.

It is clear that superior water quality is required for aquaculture, but
this can waxry with species, / For ‘example, salnon require ‘a much higher water
o7 quality than mullet, It must also be noted that ‘cultured organisms are essentially
‘. captive and cannot escape a toxic weter nass, - While the biocaccurmlation of -
certain substances, such as netals and organochlorine conmpounds, cen be-controlled
through use of prépared foody it is known that some of ‘these substances can enter
:I:‘ish directly fron the water through the gills or acrosg digestive nembranea.

:Devalo;memt ‘of criteria. for: aquaculture which hama mmuch in com:uon with those
for fisheries should include considexation of:  environmental stability; - -
continuous control of those factors desirable for healthy and wigorous stocks of
organisnss prevention of deleterious chemical; physical and biological  conditions;
avoidance: of introduction of parasites and diseases; and prerven'bion of envi;r:onnsntal
conditions favourable for development of diseases,

6,  OTHER ASPECTS

' The working group recognized that environnental quality criteria have to be
developed for other uses of the codstal zones. These range fron wnderwatoxr
parine parks and preserves forcwhich maxinun ‘environmental protection is required,
to sea~bed mining and transportation requiring minimal environnental quality.
However, the working group felt that dt-lacked expertise: in its preﬂent nake--up
to ‘deal w:l.th any of these other uses in any detail, i :



Appendix T

GESAMP VII/9
ANNEX VIII
Page 17

GESAMP Vorking Group on the Prineiples for Developing
Coastal VWater Quality Criteria

List of Participants

Dr, M. Waldichuk (Chairman)
Depextnent of the Environnent
Fisheries and Marine Service
Pacific Environnment Institute
4160 Marine Drive

West Vancouver

Canada

Dr, A.L, Downing
Binnie and Partners
Artillery House
Artillery Row
London SW1P 1RX
United Kingdon

Mrs, S5, de Maeyer

Institut d'Hygidne ot d'Epidéniologie
14 rue Juliette Vytsman

B-1050 Bruxelles -~ Ixelles

Belgiun

FAO:

Dr, G, Tomczak (Technical Secretary)
Fishery Resources Officer

Fishery Resources and Environment Division
Departnent of Fisheries

FAO

Via delle Terne di Caracalla

00100 Rome

Itely

Mr, J.S. Alabaster

Water Pollution Research Laboratory
Stevenage

Herts.

United Kingdon

Dr, C.S, Hegre

National Marine Water Quality
Laboratory

US Environmental Protection Agency

Narragansett

Rhode Island

United States of Anerica

WHO:

Mr, R, Pavanello
Chief Sanitary Engineer

. Division of Environnental Health

WHO

Avenue Appia 20
1211 Geneva 27
Switzerland



GESAMP VII/9
ANNEX VIII
Page 10

e
6.

Te

Appendix IT

GESAMP Worleing Group on the Princinles fnr Develomg
-~ Constal Watex ity Criteria

(First Session, Rome, 25-29 Noverber 1974}”*
AGENDA

Opening of the Mee'l:ing

‘Adoption of the .ﬁgend... .

Review of background papera

Alternative approaches to development of constal water quality criteria

“(a) General

(b) " Specific
Preparation of Roptjr% .
Future work

Other natters



GESAMP VII/9
ANNEX VIII
Page 19

Appendix IIT

GESAMP Working Group on the Principles for Developing:

J.5, Alebaster
E,B, Geldreich

CeS. Tlegre
S, Kelked

M, Valdichuk

AL, Downing
E,E, Geldreich

Cgastal Water Quality Criteria

Iist of Working Papers
— The Developnent of Water Quality
Criteria for Marine Fisheries

~ Principles for Developing Criteria
for Coastal Bathing Waters

~ Plankton Ecology in Relation to
Egtablishnient of Coastal Water
Quality Criteria

- Monual on Beach Sanitation (Guides and
Criteria for Recreational Quality of
Beaches and Coastal Waters)

-~ Coastal Water Criteria for Fishing
Activities

- Criteria for Protection of Anenities

=~ Guidelines to Microbiologicel AQuality
of Shellfish Waters



GESAMP VII/9
ANNEX VIII
Page 20

Appendix TV

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

Suggested Procedure for Establishing Criteria

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

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

2, Establish the relative importance of each characteristic -~ usually to within
an order of meégnitude, This again can be achieved in both the field and
laboratory and will further 1imit the number of variables to be considered,

3, Determine the snount of stress being applied to the water mass to be
protected (or chosen for study), This should be expressed in appropriate
units, (e.g, concentration, nass, volume, btu, number of organisms), This
will help define the magnitude of the problem,

4+ Determine the chenical and physical fate and distribution of the stress in
the systen taking into account any time factors, This will require chemical
~‘and/or microbiological annlyses of various compartnents in the systen as
well as hvﬂmloga.ca.l data,

5. Deternine the portion of the popula‘bion or use in the area to be proteu‘l:ed
(or chosen for study) which is subject to several intermediate degrees of
risk, This infornation will be needed when deriving standards fron
criteria, and requires estimation of the rates of input to defined poxrtions
of the systen,

6. Determine the exposure-response relationship which holds for the local systen
in question. This is a fundamental and nearly universally applicable
procedure and will involve:

(a) Deternmination of the most vulnerable point in the systenm (e.g. top
predator, man, fish, life stage, required food organism, enzyme
systen, physiological ];Jtr:omens:€e

(b) Experinental exposures in laboratory and/or field to establish a
fanily of exposure-respongecurves 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 stimulatory to
toxic levels, particularly for biologically essential substances, It
is expected that variations 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 noture of the actunl encounter
of the target with the stress, Factors affecting this encounter include
chenical clterations of the toxicant, intermittent exposure, route of
adninistration, etc, It is expected that as far as possible the
paraneters being nmeasured will reflect response at the most vulnerable
level of the target, This level may not be the same in all degrees

of duration of exposure, This will provide one of the hases for
selecting a particular exposure or response as a criterion in
formmlating a standard,

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

Estinate the effects of several degrees of target response on trophic levels
immediately above and below the target. This will provide o first estimate
of the probebility of renote effects in the ecosysten and requires
consideration of patterns of biomagnification,
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FIRSTREPCR‘I‘ oF mmwmmm ON THE
SCIENTIFIC ASPECTS CF POLLUTION ARISING FROM THE
EXPLOITATION AND EXPLORATION OF THE SEA—IBE.D

Meetings held at IMCO Headquarters, London
6-9 Janwary 1975 and 21-23 Ap:cil 1975

INECEJUCTICRT

1. Two neetings of the working group have 'been held at INMCO, Heudquarbem,
101-104 Piccadilly, London, fron 6~9 Jamuary 1975 and fron 21-23 April 1975.

2. The following exports participated:

Dr. H.A, Cole (Chairman)
Dr, G. Kullenbexrg
. Professor F, Valdez-Zarmdio
- Dr. R. Gerard
Ir, E.J. de Boer (first meeting only)
Mr. M.J. Oruickshonk (second neeting only)
Mr, J,A, Nichols (second meeting only)
- Dr. L.D. Neunon, Technical Seore‘l:ary, o (second neetin@ mﬂy)

Dr. R.G.J Shal’ccm was unable to attend

At the first aession, beca.ua_o Dr. Neuran was mable to attend, Secre'ba.ria'b
duties were undertaken by nenbers of the Marine Environnent Division of IMCO,

'3, Tho torns of refe::onoa of the working group as set out in the Reporl: of the
Sixth Session (GESAYP v1/10 Lomox VI, page 43) are:

(a.) To identify the sources of Information roleva.nt to the Bc:l.an‘l:ifio
aspects of pollution arising:fron present and future activities; related to the

exploration and exploita‘bion of the eea—bed The suggested priorities for
initial action ares :

(1) Petrolown (inoluding naturel gas)
(11) Manganese nodules :

(111) Dredging for both nineral resources and construction
projects, but excluding dredge spoil disposal

(iv) Offshore construction (including platforms, artifio:!.al
islands and reefs).

(b) To collate and evaluate, whore possible, all such existing information
within tine to present an agsessnent to the seventh session of GESANP of curvent
and potential marine pollution hazards fron these activities, and conflicts with
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other uses of the sca which may arise, with the intention of obtaining approval
for its subnission to ‘the Third United Hat:l.oma Confemnoe on the Iaw of the Sea
at its third session projected for June 1975. .

(o) To assess the feasibility of extending this information to neet futurc
needs, such as neasures to prevent and control marine pollution fron these
activitiegs and to make proposals on 'I:he i‘utu:r:e action of GESAMP concerning this
area.

4. In planning its prograrme of work the working group took note of the
objectives as set ocut by GESAMP at its sixth session (GESAMP VI/10, paragraph 56);
these are, in relation to the cnvironnental aspeots of the exploration and
exploitation of sea~bed rosources:

(a) +to detemine the possible range of effects of certain activitieg in
different rogions, such as the Aretic and the tropics, and to assess
the hazards to marine living resourcel, hma.n health, aneni‘bies and
the environnent; and

(b) to determine the meesures required to prevent and control pollution
fron such activities. :

5. Lt the request of the United Wations Technical Secretary, the working group
also took note of Remolution 1802 (ILV) of the Econcrmic and Social Council which,
inter alia, called upon the United Nations to undertake an inter—disciplinary
study of the problens and opportunitios for coastal arca developnont. In carrying
out its tasks, as stated in the terns of reference,; therefore, the working group
gave particular consideration to the problems of pollution arising fron
exploration and exploitation of the sea~bed in coastal dreas, inocluding the
effeots of dredging for construotion and sinilar activitics. The working group
also approved a suggestion from the Chajirman that he should prepare an additional
statenont on the problens of-coastal area deoveloprnent as viewed fron the
pollution standpoint and this kos been circulated. A" further nenorondun by
Prof, Valclez—Zanudio was also nade available to the UN Technical Secretary.

63 In a.d.di‘l::lon 'I:o 1:he priority tasks described above," the working group '
reviewed and rovised the 1list of other sea~bed activities to be congidered ag
given in the Report of the Sixth Sossion (GESAMP VI/10, paragraph 57, page 9).
These cover the exploitation of:

(a) Consolidated sodinon'lary dc—poai‘ba.

(1)  sulphur
(11) salt
(1ii) potash
(iv) coal.
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(b)) TUnconsolidated superficial depositeo:

(1) placer deposits of heavy netals and dianonds
(1) sand and gravel

(ii4) - linestonc shells and calcarcous algne
(iv) netalliforous rmds,

(¢) Crystelline rock netallic deposite exploited for:

(1) copper
(1) 1lead
(1ii) zine
(iv) nickel

() goua
(vi). silver
(vii) #in
(viii) nercury

U (ix) berylliun.

(@) Other deposits:

(1) phosphorite |
(1i) glavconite - ' <
(i11) fresh wator (sub-scabed deposits). -
(e) Materials not nentioned above (e.g. netalliferous brines).

7. Tor the purpose of its studies, the working group agrced that the tem
"Sca~-bed" should be rogarded as imluﬁing a.ll benthic areas fron the h:l.g'hwa'bor
line to the doep ocean floor.-

8. . The working group took note of previcus papers and reports in this fieid.,
particularly those prepared by GESAMP as set out in the Refcmmce Docunients
ligted in ﬁppendix III. _ .

_'.Liaisdn' gith‘ other GESAIT working groups

9. Dr. P.G., Jeffery, Chairtian of the Working Group on Evaluation of the Hazards
of Harnful Substances in the Marine Invironnent, and a neober of the Working. Group
on the Inpact of Oil on the larine Enviromnent was present ot part of the first
neeting of this working group. Dr. C.H. Thonpson, Chairnan of the Working Group
on the Inpaet of Oil on the lMarine Enviromnent and Dr. Jeffery also attended at
the last session of our gecond neeting. - As noted above, Dr. G. Kullenberg,
Chairpan of the Working Group on the Scientific Bagis for the Dispogal of Vaste
into the Sea is algo a nember of this working group. Meny opportunities were
therefore available for co—ordination of the activities of these wvorious groups.
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10, A%l types of exploration and exploitation activities on the sea~bed result
in changes but these are often of a local and tenporery character. Although 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
cirounstances and the extent of the damage 1likely to result. The killing of ten
or twenty fish, although it nay seen to those on the spot to be a substantial
act of pollution, is without significant effect on the stocks of which these fish
forn a part: +the passage of a single large trawler will result in the incidental
destruction of a great rany nore small fish of both cormercial and non-cormercial
specics. levertheless it is necessary to exanine and evaluate the offocts of
each and every type of sea-bed exploration and exploitation so as to be able to
recognize those which, because of their scale, frequency, widespread distribution,
persistence or the harmful nature of the by-products they release, may constitute
significant pollution.

11, The prineipal nethods by which sca~bed resources nay be exploited are through
drill holes (e.g. for oil and gas), by surface excavation (e.g. dredging for tin,
sand or gravel and manganese nodules) or by underground nining (e.g. for netallic
ores). These nay require a varicty of structures to be placed on the seca~bed for
tho purpose of drilling, dredging of unconsolidated sedinentary deposits and
excovation of bed-rock deposits. Explosives may be required.

12, Such activities may extend fronm highwater to the deep ocean floor, but alnost
all of the ocurrent activity takes place in shallow water near the shore or on the
exposed beach. Mogt construction work involving sea~bed disturbance extends out
fron the shore, but there is inercasing interest in the developnent of structures
offshore for ship-nooring and unloading, for oil storage, for waste disposal
(including incineration), for tho siting of power stations, for nineral processing,
as air terninals and for a variety of recreational purposess - The effects of
building such works appear in the main to be quite loecal and confined to within

a fow niles of the site, but the activities which take place subsequontly on then
(e.g. nineral processing oxr the operation of a nuclear power gtation) could have
a ruch wider effect. The presence of the structures may cause local but
pernanent changes in the marine onvironnent.

(a) Drilling and fluid extraction through drill holos. The principal

pollution Tisks arise fron the uncontrolled release of the products which are
boing -sought, e.g. oil, gas or gulphur, Supplementary hazards arise fron the
accidental or deliberate release of substances employed in drilling, 6.g. to
lubricate the drilling head, or to prevent the escape of the product, or naterials
used in other supplenentary activities e.g. bactericides or algicides, anti-
corrosive treatnents, power production, etc. Quite apart from logislative control
inposed for environmental protection by the country on whose shelf drilling takes
place, Industry takes the view that the value of the product being sought provides

#* This definition is as follows: : : o
"Introduction by man, directly or indirectly, of substances or energy .into
the marine environment (including estuaries) resulting in such doleterious
effocts as harn to living resources, hazard to hunan-health, hindrance to -
narine activities including fishing, inpairing of quality for use of sea
water and reduction 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 and their loss or wastage
impoges delay so providing a marked disincentive to careless use or disposal,

The situation is, however, quite the reverse in respect of waste materials
gonerated on drilling rigs and offshore platforms and in consequence: dircctives
to ‘engure the return to the shore and the safe disposal of such waste may be
ignored with local fouling of the seca bottom and possible obstruction to fisherics.
In many countries near approach to drilling rigs and similar structures for
purposes uncomncoted with the operation of rigs, ete. is forbidden by law, but it
8till remaing possible 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
'l:ho rigs and removing these uastes.

It has been established that drilling rigs and other large struotures
placed on the sea~bed, or moored for a substantial period, attract fish, probably
because of shelter provided or growth of attached animals and plants, This
usunlly represents a local ro-distribution and concentration of “existing fish and
?Ot an addition to the stock unless broeding and/or escape from predators is
acilitated,

' (b) Drelging and bosoh mining, Dredging involves the Tomoval of
mnconsolidated material from the sea-bed, usually from a ship or flogting
platform,; but beach mining may involve the use of shore-based equipment working
within the littoral zone or standard earth-moving equipment working behind
protective dams, The immediate effects are alteration of the contours of the
bottom or the beach, the release of fine material which is likely to bo carried
away fron the operating site by tides and currents, and increased turbidity.
Secondary offects generated, espocially if the exploitation is on a large scale
or pursucd over a substantial period, mey include local alteration of sediment~
transport and evon curront regimes, disturbance of banks, beach _erosion or
enrichriont, blanketing of the botton locally by fine depoai'l:, intorforence with
botton-fishing activities, particularly trawling, and local de-oxygenation due
to deposition of organic material (e.g. drifting seawced) in the holes made on
the sea botton., In addition anoxic or even toxic material may be roleased fron
pub=geabed lovels,

Very c-.o::nonly fine sand and silt is washed ocut of dredged material during
its passage fron the botton to the hold of the dredger and this spreads the
effeots nore widely since surface currents are often stronger than those near
the botton. However,; a recent careful study of the action of the three major
types of dredging plant (cutting head pipeline dredgers, grepple dredgors and
trailing suction hopper dredgers) used in the San Francisco Bay area showed
physical effcets of dredging operations to be ninor when compared to turbidity
and suspended solids incrcases caused by nmatural events such as high run—off
fron overland or wind and wave action.

; ¢an, however, produce serious effects if it materially damages ox
“Qegtroys discrete snayming or mureery grovnds for young fish which ‘are of critical
- inportance in neindaining the etock. ILocel effeots nmay also arise ‘from -
alterations in behaviour induced by turbidity olouds or disturbance of the botton.
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These would be changes in distribution patterns rather than losses of gtock but

- night reduce fishing success by preventing concentration of fish or by presenting
local fighernen with an wnfaniliar distribution of their target species. Local
effects on shellfish, particularly sedentary species, can be profound by
rendering the habitat unsuitable or by snothering with fine moterial. : Other
local offects can arise.fron alterations in 'botton—'bopogmphy, currents, sedinont
transport and shore expocure arising from removal of botton material. . Thore is,
however, a possibility of adventitious benoficial effects fron the sane causes.

" (e)  Dnderground nining, Iﬁning of sea-bed rock ig ab pmso:rrb raroly
practised; this statement oxcludes operations. extonding under: the sea-bed fron
the land. Perhaps the bost known exanples of true sea~bed nining are the
extraction of barytes from solid rock on the sea~bed in Alaska and the winning
of sulphur. The latter is, however, obtained by drilling and in situ .
liquefaction and so is included in the preceding section on drilling.

Although 4in theory nany valuable ninom.,.s could be nined fron sub—soa rocks,
in practice offshore nining generally gives rise to higher production costs than
exploitation on lard, It has been forecast that land supplies will neet cven

greatly increased nceds for ninerals over the next 30 years and offshore ninerals
will be exploited only when they can be marketed competitively with those derived
fron lend sources.  Advonces in nining and processing technology are likely to
benefit land-nining as much, if not nore, than sea-nining, so that the prospects
for a major extersion of the :la-hter in the immediate future are not high..
Nevertheless, exploitation of otherwise unecononic deposits of some ninerals
night be subsidized for strateglc reasons or to achieve national self-sufficiency.
The pollution inplications of such nining rmst therefore be considered.

Pollution could ariso in three ways, firstly by the disturbance a.nd
incidental release of unwanted materials, including surface fine deposits, during
the oponing up and working of tho nine; secondly by the loss of the raterial
during nining, bringing to the surface and tramsport to & processing site,. and.,
thirdly, by the discharge. of wasta materials during the processing operation, if
this is conducted at sea on ships or on a special structure such as a platforn
or artificial island placed in the sea or on the shore. Most of these effects
would be quite local and comparable to those produced by dredging but if the
exploited material woas a netal ore, or a netalloid, then some potentially
dangerous fine material night acourmlate in the botton deposits and be ;
subsequently released, and sone soluble rmaterial night enter the water colurm
directly. + The inportance of such pollution would be related directly to the
anount, solubility, toxicity and persistence of the mterinl concerned, with

mrc'u:cy at the head of the 1list,

If oxplosives were used extensimly in osinblish.mg an mzdersea. nine 'l:hen
additional local damage ocould be done.

(a) - Construction woxk associated with placing of structurcs on the sea-bed.
To place s tures on sca~bed it pay be necessary to drill, emvate, use
explosives, drivo piles, deposit foundation or protective rmaterial, possibly in
very large quantities and eonetines derived fron adjacent areas of the sca-bed
(esg. sand or gravel banks), and engage in all tho processes normally associated
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with, say, dock oonstmo'bim. Clearly this nay enim.il snall losaes of a wide
variety of tho materials used in construction. Barnful effects of construstion
will, however, be local and danmage to living resources will be ina:-cmifieant
exoept in so far as tho construction actually occupies a site of critical .
inportance in the population dynanics of exploited species or so alters 'tha :
curront and sedinent transport rdgines as to affect, in a substantial way, such
a oritical site. An inportant fish spawming ground could be,destroyed or rajor
danage done to a highly productive shellfigh ground; otherwise offacts are 1ikely
to be ninor and of local inportance only,

... Marine construction work can be considered under two ocategories: . offshore
and shorc-commected., Anong the forner are congstructions related to petroleun
exploitotion activities: drilling rigs, production platfornms, well-heads, .
pipelines and storage tanks. Other works in this category include oi‘fshore
ternminals, towers, seni-gsubnersible platforms (c.g. sea thermal power plants)
and artificial islands and reefs.

Anong the shore-gcomnected construction consideration rmat be given to
'Inmnela. bridges and causeways, port installations, breakwaters and mve—danp:!ng
structures, and pipes for discharge. or intake.  Although the. presence of new .
structures may result in long-tern changes in the marine environnent, in nearly
all cases the significant pollution aspects of these constructions are of short
duration, linited to the actual construction-installation activities. . :

Although no sorious pollution aspects appear to be associated with narine
construction, it is recormended that careful environnmental impact studies be
carriod out for each major construction on am individual basis prior to, and
following the completion of, each installation. The permanent alterations in
the narine onviromnent arising fron the presence of artificial structures need
to be assessed. The nore gerious potentials for pollution associated with these
struotures, however, gonemlly arise from thoir use mther than their presence
in the nmarine enviromnent,

Potroleun 1 natural mas
Introduction ' |

1%5. (a) The working sroup was asked, inter alia, to assess the marine pollution
implications of the exploration and oxploi‘hn.tion of the sea~bed for oil and gas
as a first priority task, It was rocognized that there was some overlep between
this part of the group's terms of reference and those assigned to the Working
G::oup on the Inpact of Oil on the Marine Enviromnent under the chairranship of
Dr. C,H, Thonpson. It was understood however that Dr. Thonpson's working group
would be concerned painly with the rogolution of evident areas of controversy
between scientists regarding the biological effects and ultinate fate of
petroleun hydrocarbons. /As noted above steps wore taken to facilitate
co-oxdination between these two working groups. and with two other relevant
working groups of GESAMP,
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. (b). Following correspondence between the Chairman of the working group,
the UN Technical Secretary, Dr. C.H, Thompson and Dr. P.G, Jeffory, it was
decidod that this working group would confine its work on oil gtrictly to an
asgogsnent of the pollution hazards arising directly fron offshore oxploration
and exploitation, setting aside, for the tine being at least, any additiomal |
risks arising fron ship transport and refining although these subjects had been
nontioned in its temms of reference. Pollution risks arising from stoxage at
the production site, loading of tankers at production platforms and pipelinc
transnission td shore would, however, be considered.

(c) The discussions of the working group were based on a working paper
prepared by Dr, R.G.J. Shelton and Mr, J.A. Nichols; it was agreed that a rovised
and edited version of this paper, together with a sumary of the working group's
findings, should be renitted to the Working Group on the Impact of 0il on the
Maxrine Ertvironnen'b for their oonsi&emtion.

lanzanese Nodules

14. ' The working paper on this ‘topic in attached as Appendix I. This paper
addressea aspeots of polilution arising fron exploration and exploitation of
nanganege nodule-deposits, excluding exploi'ha‘l:ion activitics other than n:ln.'ing

‘15, Although detailed understanding of the distribution of nanganese nodulea on
the ocean floor is incomplete, broad regional patterns have been mapped, and
najor deposits appear to have been delineated.

16, No single theory adequately e&plains the origin and dis'l:ribution of
nangonese nodules, nor the rechanisn or nechanisns which concentrato
econonically valuable nmetals within then. Despite: these outstanding questions,
enough is already known about the orc value of deposits in ‘specific areas to
gtimilate cormercial intercsts. Deposits having the greatest econonic potential
1iec in deep ocean basins; those considered nost favourable' for initinl
exploitation are found in the eastern equatorial North Pacific. ;

17. Two methods for nining manganese nodules in 5000 ‘netre dcpths axe in an
advanced state of developnent. Both methods will, in varying degree, haye
potential pollution effects in the surface and botton ocean environnents. Plunes
of suspended sedinent will be created in both zones (depending upon the nining
nethod) which ray have adyverse effects upon benthic or pelagic life, In
addition, the discharge of nutriont-rich nining effluent (botton watér) at the
surface ney have aither positive or negntiva inpact upon pelagic comrmmnities,

18. Pregent information regording nining disturbances is derived fron srall~
acale tes'ts and laboratory studies, and is inadequate %o predict the nature and
soale of potential pollution expected fron full-geale nining. Prelininary
results, however, suggest that it will be nininal, Conparison between the
estinated mognitude of the nining perturbations and annlogous large-gcale natural
pherioniena supports the vicw that no serious pollution will arise fron Langanese
nodule nining activities. TIn reaching this conclusion attention wag given to the
Report of the Fifth Session of GESAMP which exanined the possible effects of
disturbance of the sca-bed on the specialized ecosystens present on the floor of
the deep ocean,
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19. ' The evidenee required to predict confidently the pollution effects of nodule
nining can only be obtained through careful nonitoring of full-scale nining
operations. - Recormendations for nonitoring of certain inportant paraneters are
given in Appendix I. Such investigations will be aided by baseline studies
currently in progress by the United States National Oceanic and Atnogpherie
Ldninigtration at selected Pacific nmining sites which appear to mpresenfl: a
tinely o.nd. o:cderly pm—n:!.ning environnental inventoxy.

20, I'hngmese nodule depos:lta of the ocean floor are, in cert'a.in arcas, :mpidly
being reclagsificd as proved reserves rather than unquantified resources. Active
nining operations are expected to begin in the Pacific area before 19€0,

21, A unique opportunity exists to cstablish intermational agreenent on
regulations which would pronote orderly development of ‘thesc reserves and insurc
against adverse envirommental effects arising from their oxploration and -
exploitation prior to the advent of large-scalc nining-activities.

Dispersion of finc-grained nmaterial

22, In Appendix II aspects related to the transport and mixing (i.e. dispersion)
of fine-grained nmaterial in relation to dredging and nining operations are
considered, dealing separately with beach dredging and excavation, offshore. -
suction dredging, and doep sea=bed nining., Although in all cases the present
theoretical understanding of the procesges occurring is linited and the
available experinental dato are few, an assossnent of the possible range of
physical effects of the operations can be made.

23. In the nearshore zonc it can be shown that the increase of turbidity may be
congiderable, and fine-grained materinl ‘can be carried over large distances, both
alongshore and offghore. The pogsible inplications of dredging for the naterial
budget of the beach zone should always be considered. Dredging can change the
topographic conditions and comsequently the on-offshore matorial transport pattern.
In the nearshore region dispersion is primarily governed by the wave conditions
and to a lesser extent by currents. The nost effective digpersion occurs in the
breaking wave zonc. .
24. 1In the offshore drodging case the transport by currcnts and the nixing
conditions nornally can be expected to be effective enough to roduce the discrete
concentration of waste material to ingignificant levels over tine periods of
5-10 hours. This conclusion is based on cormonly observed dilution factors in
the wake of a ship releasing waste pmaterial and on known subsequent dilution
factors in the surface layers. Present experience in Turope and North Anerica
supports this sonclusion. The small~-scale topographic disturbances on the sea
floor, howover, appear to be very persistent. It should also be noted that
intermal laycrs of suspended matter in regions of increased density
gtratification can be very persistent.
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25, In the case of deep pea~bed nining no full-gecale case study is available.
Small=geale exporirents have boon carvied ocut but thore is congiderable danger
in extrapolating the results of those to the: full-scale case.  The initial
distribution of resusponded material in the water coluim will depend vexry much
on the nining 'I:eolmitme used (coopore Appendix I). Taking tho nanganese nodule
nining ag an exanple,” and assuning that ag much sedinentary material as the
anount of nodules is brought torthe surface and releosed with the ‘mining
effluent into the surface layer, an cstinate of the turbidity inereage in a
single 24 hours operation suggests that the initial concentration will Dbe of the
order of 100-1000 tiries the natural (anbient) concentration in the top 50-100
netres. - Over a period of 10 hours this concentration will normally decreage by
at least a factor of 100,

26. In comnexion with all the operations mentioned, environmental obgexvations
gshould include physical ‘paroeneters in addition to biological and ‘cherical oncg”
in oxder to make & reasonably reliable prediction of the pogsible consequences.
27. Other physical aspects are briefly considered. It iz not poggible to nake
useful general statenents, only to state that every case of nea.rahore
oonstmc‘tion mst 'ba inveatiaa.'l:ed carefully cm i't'.s nerit, -

Future work prograrme

28, After reviewing its future work prograrme the working group concluded that
it would need to ncet for 3~5 days in the luturm.~ A meting in Tondon during
Novenber 1975 was considered to be most convenient.

29, The nced for inter~gsecssional work to prepare for such a ncoting was :
considered in pelation to those parts of the working group's torms of reference
which hod not been covercd during the first and second neetings anﬂ an
appropriate divigion of responsibility was agreed. €
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Appondix I

REPORT OIf POLLUTION ARISING FROM EXPLORATION
AND EXPLOITATION OF MANGANESE NODULES

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

2. The original draft for this Appendix was prepared by
r Robexrt D, Gerard.

3. The working group cxanined and amended this report during
the inter-gessional period and had approved its
presentation to GESAMP,

INTRODUCTION

The winning of ninoral resources fron the ocean floor involwves three basic
tasks: ore body location and delineation, nining, and transport to land, The
first of these may be terned exploration; the remaining tasks are pert of
exploitation. 'A fourth activity, processing at sea, may also be considered
under exploitation,  The purpose: of this veport is to exanine the nature of
possible pollution effects arising fron exploration and nining activities in
connexion with the acquisition of mongonese nodules from the ocean floors -
Pollution aspects of the other exploitation activities are not considered in
thig report. Processing of nanganese nodules at sea appears to be unlﬂmly

~within the next 10 yecars..

BACKGROUND

lManganese nodules on the deep ocean floor were first discovered one hundred
yoars ago on the world-wide CHALLENGER Expedition (1873-1876). In the CHALLENGER
report on Deep-Sea Deposits Murrey and Romard (1891) wrote: ™In gome regions of
the occan the CEALLENGER discovered ferro-nanganic coneretions in great abundance,
the ninute grains giving a dark chocolate colour to the deposit, while the dredges
and trawls yielded irmense nunmbers of nore or less circular nodules or botrycidal
masges of these oxides of large dinensions", As recently as 1970 new analyses
were gtill being published on nodules collected by the CHALLENGER expedition in
tho Oentral Pacific (Stevenson and Stevenson 1970).

At the turn of tho century, extensive collections of modulcs were dredged
by Alexander Ageseiz (1906) aboard the United States Fish Commission Steaner
ALBATROSS in the Bquatorial Pacific while collecting speciriens of benthic
organisns. It is ironic that Agassiz, who made his fortune in copper nining,
did not foresce the netal resource potential of manganecse nodules.

) Until the nid 20th century research on nanganese deposits from the ocean
floor was sporadic and sanple collection was, in gencral, incidental to other
oceanographic worke. In the late 1950's extensive surveys and collections of
nodules were nade in the Central Pacific under the acgis of the Internmational
Geophysical Year. These new data together with earlier observations suggested
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a broad and demse distribution of cge nodules in certain decp ocean Lasin
regions and were interpreted by Mero (1965) as a potential cconomic resource by
virtue of their netal content of nickel, copper and oobalt,

By the early 1970!'s commercial nining interents in the United States,
West Germany, Japan anl France had nade consideraile investnent toward
developing the capability to explore, recover, refine and market deep sea
panganese nodules and their metals. Present predictions indicate that these
efforts will reach the exploitation stage before 1980 (Rothstein and Kaufnan,

1973).

Distribution of Ihnj;gnesé Nodules

Ferronangenese slowly accuwrmlates on the surfaces of all current-swept rock
outerops which occur on the deep sea floor, It also accurmlates on gedinent
covered bottons (except where sedinentation rates are significantly higher than
the-norn of 1-3 mm,per 1000:years) in the :f.‘om of nodules’ an;i these too axe
found in-arcas of bottom ocean currents.

Although sone w:r:iters have made the nie‘baken'asamption ‘that manganese -
nodules are & renewable regource, radiochenists have deternined’that mangonese
accurmlates very slowly on-crusts and ncdules at rates of 2-15 nillinetres -per
nillion years (¥u and Broecker 1969, Heye and Beiersdorf 1973)

The United Sta'bea In‘l:or—Univeraity Progran of Researdch on’ Perromn@.nese '
Deposits of the Occan Floor (1973) cites threce general hypotheses, either singly
or combined, which have been proposed to explain the origin and distribution of
ferronanganese accurmlations on the sea floor, These ares

(1) the supply of elenents directly fron the water colurms
(2) +the supply of elenents by emanctions fronm igneous rooks below; and.

(3) - the mobilization of elenents naturnlly occurring within the sedinont
- colurm and the redisposition of these elements at particular sites,

Studies are dontinuing to evaluvate the significance of’ the-se procegses in the
formation of mangonese nodules and: to elucidate the mechanisn or nechnmisns which
concentrate econonically valuable metals within the nodules.”

Recent interest in the resource aspects of ferromangonese deposits has
stimlated o nunber of xeports which have brought together existing data on the
distribution, concentration (population clens:l.ty) and netel con't;ent of manganese
noduleg on, the ocean. floor:

- Bwing ot 21 (1971) hhve plotted the world distribution of deep occan
- - DANGRNGSe “nodules based on 50,000 botton photographs obtained fron
28 oceanographic cruises.

- Horn et al (1972a) have shown the major provinces of forronangancse
doposita basod on data from 6000 deep sea cores throughout the world
ocean,
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~ Horn et al (1972b) discuss world patterns of ferromanganese nodules
and cncrustations based upon pigton core and dredge samples.

- Horn et al (1972¢) plot and describe the distribution and conposition
of nanganese nodules in the North Pacific in relation to botton
sedinent distribution. A correlation is shown between a relatively
high nickel-copper content of nodules in the eastern equatorial Norxth
Pacific and the siliceous scedinent substrate found in this zone.

~ Frozer and Arrhenius (1972) published conmputer-drawn charts showing
the distribution of nmanganese nodules in the world ocean together
with the weight percent of cobalt, nickel and copper and the ratio
of Co+lli+Cu:Mn+fe. These charts are based on approxinately 800
nodule analyses.

~ Horn et al (1973a) have conpiled data on metal contents of manganese
nodules and crusts fron cores ond dredges in the mojor ocean basins
(North Pacific, North Atlantic and Worthern Indian Oceans, South
Pacific and Southern Indian Oceans and South Atlantic). Maps showing
the distribution of samples and netal contents for copper, nickel,
cobalt and manganese are also givem,

~ Horn et 2l (1973b) discuss world-wide deep ocean mangonese nodule
provinces and ghow their characteristic geologic settings and nmetal
values of nodules. Typical deep~gsea botton photographs of nodules
are shown together with topographic sections.

- Horn et al (1973¢) describe a zone of ranganese nodules high in
nickel and copper in the eastern equatorial North Pacific. The
high netal volues are related to properties of the siliceous
sedinents on which the nodules lie.

~ Goodell et al (1973) map and deocribe the sedinent distribution in
the Circunpolar /ntarctic region gshow the distributiohoof
ferromanganesc deposits between 30~ west longitude and 1‘50 east
longitude (the Pacific sector) between Antarctica and 35 south
latitude. The nedial 'belg of nodules lies generally between the
Intarctic qurgrgcnce (55~ south lotitude) and the intarctic
Divergence (65 south latitude) and is cssociated with relatively
strong botton currents.

~ Glasby, and P. Lawronce (1974) have produced a geries of charts
showing monganesc deposits of the South Pacific showing weight
percentages of the nmajor netal constituents for recovored sarples.

In 211, about 1500 manganese nodule analyses appear in the above reports
which have been widely circulated, No doubt, a much larger nunber of analyses
have been nade by companies engoged in surveys of potential nining sites but
these data have not beon made available publicly.
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Manganese content of ferromangonese deposits of the Pacific Ocean.

FIGURE 2

(from Horn et al, 1972d)
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Nickel content of ferromanganese deposits of the Pacific Ocean. Nodules rich in
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FIGURE 3

(from Horn et al, 19724)
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Copper content of ferromanganese deposits of the Pacific Ocean. Chemical analyses
reveal o broad band of nodules rich in copper south of the Hawaiion Islands.

FIGURE 4

(from Horn et al, 19724d)
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Cobalt content of ferromanganese deposits of the Pacific Ocean. High values of
cobalt are obtained from samples of deposits which occur on crests ond flanks of
submarine topographic highs. The circular grouping of high cobalt values south-
west of Hawaii reflects the summits of o ring of submarine mountains encrusted
with ferromanganes:: High cobalt values in the South Pacific are also character-
istic of relatively shallow water regions of the Manihiki Plateau and Tuamoto
Archipelago.

FIGURE 5

(from Horn et al, 19724)



GESAMP VIL/9
ANNEX IX
Page 19

Pron the published data it is possible to observe general regional trends in
nodule abundance and patterns of netal enrichment., For the following sunmary of
Danganese nodule regions of the world oceans the reader is referred to Figures 1
through 5, taken from Horn et al (1972d). : -

In the North Atlantic, an area of relatively rapid sedinentation, nodule
ccourrences are generally associated with steep topographic features tseq.noun‘bs
and ridges) which make then unattractive fron the standpoint of nining., One area
off the southeastern Unitod States shows si icant deposits on.a broad, level
1000 netre~deep platforn (the Blake Plateau) but the netal values are low

(Wi 0.5%6, Cu 0.08%) according to Horn et al (1973b).

‘The nodule deposits in the South Atlantic and Indien Odean are sinilar to
the North Atlantic in that these areas too are affected by rolatively rapid
sedimentation. As a consequence the areas favouring nodule developnent are
restricted to isolated basins and topographic highs. The average netal contonts
for the two oceans are: Ni 0.54%, Cu 0.20%, Mo 16.28%, Co 0.26% (Hom et al,
1973a). These relatively low netal values combined with topographically
unfavourable nining sites are comsidered poor prospects for nining at the
present tine.

Owing to low sedinentation rates, the South Pacific has broad areas of
nodule depogits. Notable anong these are the Manihiki Plateau, Tuanotu -
Archipelago and the Peru Basin (Glasby and Iawrence, 1974). While the cobalt
content of nodules on submarine elevations are relatively high (Co 0.786) the
average netal contents of ‘South Pacific nodules are too low to be of cormercial
interest (Horn et al, 1973b). :

Baged on available data the nost abundant and widespread deposits of
nanganese nodules oceur in the deep basins of the North Pacific Ocean. Further-
nore the cagtern North Pacific nodules contain the highest lmown concentrations
of copper and nickel (Cronan, 1972). J

~ Various estimates are given as o what notal percentages in nodules
constitute aceeptable ore grades. Dubs (1973) sugmests 1 to 1.6% nickel,’
0.75 to 1.5% copper and 0.2 4o 0.%% cobalt., Ratiner (1973) lists ccononieally
feagible nodule ores as Having: 1.25% nickel, 1% copper and 0,20 cobalt: To -
be of écononic interest a deposit should have a population (botton soverags) of
30-35%, and a concentration of 5 kilograns (wet weight) per square netrg
(ngs, 1973). The castorn equatorinl North Pacific nodule zone (fron 6°30' to
20° morth latitude and 110° to 180° west longitude) is the only area which mcets
these requirenents. Specifically, the nodule deposits eagt of 150 west longitude
asgociated with siliceous sedinents have the richest petal conoentrations.
Horn (1973a) gives averages for Ni of 1.28%, Cu 1.16%, and Co 0,23, '

Perhaps the nost convineing indication that this area best ncets the
requirenents of deep sea nining is a recent Notice of Discovery and Clain of
Exolugive Mining Rights filed by Deep Sea Ventures, Inc. with the United States
Departnent of State (Termeco Inc., 1974). Their proposed olain ‘indicates a
60,000 square kilonetre area (to be reduced later to 30,000 square kilonetres),
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centered at 15° north latitude and 126° west longitude in water depths of about
5000 netres. The company clains to have oconducted Burwys dn tha area since
1969 and describea the deposit as follows: fir

Average assay (% dry woight) =y Iméso 29.0

Nickel 1.28
Copper 1,07
Cobalt: 0425
. ) . Iron T Y '6.‘-3 .
Average populo.tion ' | L 30-40% .

(acrial percentage of sedinon't: surface
occupicd by visible nodules) :

Average ooncontration : T (vet) _-kg/mtreg
(Vet~weight per unit area). : A :

The company pleng to nine the deposit fox up -l;o 40 yea.rs and to produce nickel,
copper, oo‘balt and mnganeso. ¢

nxploration

The objectives of doep ocean nodule exploration are to locate large deposits
of the ore grade naterial in:desirable environnments and to yerify the:deposit in
terns of eooncnic value. The evaluation rmst lead to a developmentiplan-and a
production plan that is econonically viable for a definable-period of times
Keufnan and: Siopno (1972) bave cutlined an ideal exploration programme in four
digtinet phases. Phase 1 involves the location of module deposits-of potential
cormercial interest. Such activity would involve botton topographic mapping
using conventional ship-nounted echo sounders, JAcceptable nine sites are those
vhich have a ninirmn of rough terxain and acceptable depth variation g:l.th:m a
given local axrca of legs then 100 metres with slopes not.exceeding 107, Studies
of botton goverage and concentration of nodules will-also be made using deep-sea
pho-bographic nethods and underwater television for rcontinuous transects.

4 panpling of small quantities of nodules is also made in this phase in order to
assay the netal content of the deposit. A large number of small sanples fron
repreosentative locations throughout the nine site is necessary to pernit
statistical analysis of the)distribution of cre tonor and concentration,
Prolininery ragsays are nade aboard the. survey ghip and prelininary assesstent is
nade by reference to- pro—os'l:ablished out—off grades ba.sed upon eoononio nining

systen nodels.

The Second Phagse would continue the First Phase aotivitiea and 'indorpom'bo- \
additional work including large guantity nodule sanpling (5:tons to 10,000 tong)
required for bencficiation and processing research, pilot plant design and -
enginee topts of nining equipnent,  Secafloor sediment properties (physical
properties) mst be studied carefully in order to set the design for successful
dredging systens. -Sanpling is copnonly done -on -large box eore sanples which arc
brought to the surface.  Environpental data, including seasonal weather, -sea and -
current conditions; require careful assessnent during this phase of::exploration.
Teological data also nmeed to be collectod to determine disporsion and nixing rates
of deep wetor and scdinent discharge at the surface and the effects on the marine
environnent.
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Fhages 3 and 4 include the sane types of neasurcnents as the first two
Phages, but these are carried out in rmch greater detail based upon the results
of earlier work, Additional activities would include nicrotopography studies
using narrow bean ccho sounders and deep-~towed side scan sonar systons. Using
the generalized and the detailed topographic/bathynetric date detailed naps
would be constructed in order to develop the nost effective dredging plans with
regard to the terrain characteristics and the delinecated obstructions.

Judging fron such a typical exploration plan the only activity whioh could
regsult in pollution would appear to be the tonnage sampling using larpe dredges.
Typical bulk dredging would cxpectably recover 5-10 tong of nodules per day
(Isancs, 1973). The dredge is likely to disturb the sedinent to a depth of
1/2 netre and remain on botton for less than one half hour at cach station,

The scale of such operations (a few thousand tons of nodules rccovored) is
unlikely to cause discernible environmental damage, It is encouraging to note
that the cormercial companies aclkmowledge the nced for ecological data in the
exploratory phases. However, it is important that meaningful progranmes be
egtablished for the collection of ecological and environmental impact data so
that a2 realistic assessnent can be nade of pollution hazards in specific arcas.

Mining

The nining of manganese nodules in occan depths of 5000 netres in a
productive mammer presonts major engineering and econonic problems. At the
present tine two systens are under developnent and have been tosted in the deep
sea.

The continmous-line bucket dredge (Mero, 1972) consists of a loop of lino
which extends fron a gurface ship to the cccan floor. Open nesh netal dredge
buckets are attached to the line evexry 20 to 50 netres. A traction machine on
the ship noves the line so that cnpty buckets descend on one linb of the loop,
contact the ocecan floor collecting nodules, and are hauled up on the ascending
1linb of the loop to discharge their content of nodules on shipboard, ALAs the
ship (and the dredge systen) nove slowly, each successive bucket is oxposed to
a frogh strip of the ocean floor to collect nodules. Figure 6 fron lMcCauley
(1974) illustrates this systen. Deep ocean tests have been successfully
accorplighed with the CLB systen in the Pacific in 1970 and in 1972. lMosuda
(19% estinates that the CLE systen is capable of recovering 500 to 1000 tons
of nodules per day in depths of 5000 netres.

A second nmethod under development for nodule nining is described as the
airlift hydraulic systen (Garland and Hagerty, 1972). This syston erploys a
ship fitted-out with equipnent sinilar to that of a deep seca drilling vessel.

A pipe extends fron the ship to sea floor at the botton of which is a truss
agssonbly and a dredge head fitted with jots, harrow blades, and rake-like
appendages optinized for gathering nodules of a prescribed size, The systen

is shown in Figure 7 taken fron MeCauley (1974). Transport of nodules fron the
sea floor to the nining vessel through the pipe is achieved by entrainnent in a
high velocity water flow. The flow is nmaintained by injection of high pressure
air at locations along the pipe causing reduction of density of the fluid inside
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the pipe relative to the density in the surrounding water colurm. Tests of the
airlift systen wore carried out in the Blake Plateau area of the western North
Atlantic in 1970 in depths of 800 metres. These tests utilized a 23 on diancter
pipe having an estinmated flow rate of 562,754 litres per hour (Anos et al, 19722).
Hydraulic punping will raise the sane tonmage of scdinent as nodules and 10 to

20 tines as ruch wator (Welling, 1972). The volune discharpe of efflugnt fron

a full scale nining operation is expected to be about 260 x 107 netres’ per day

(woaa, 1975).
Pollution lLspeoots of lMangancse Nodule Mining

There has been considerable discussion regarding the conparative econonic
and engineering advantages and disadvantages of each systen (Mero, 1972) which
arc not germane to the pregent discussion. It scens clear, however, that both
systens will be employed in the carly phascs of deep sea nining and any
discussion of possible pollution effects rust consider those aspects which are
peculiar to each of these nining systens. The table below (adapted from NOAL,
1975) sumarizes how each systen will affect the marine environnent.

Mining syston
Tnteraction iy 1 | oy
(1) Scrape seafloor X X
(2) Benthic turbidity plune X X
! (3) Rain of finecs during ascent X
(4) Discharge plune X

Figure 8 (from Horn et al, 1972b) illugtrates distribution of nodules in
the North Pacific in rolation to the upper sedinment layers. More than 90% of
the nodules lie at the sedinent-water interface while nost of the small remaining
percentage are within the top 1/2 nmetre of sedinent. This type of occurrence
reduces the nining techniques to o matter of skirming off this superficial layer
of a fow centinetres depth. Rocls (1974) reports that the CLB systen may
penotrate the sediment to a depth of 20 centinetres but probably rmch less.
Both the CLB and AL systens have been engincered to separate the nodules fron
the sedinents as well as possible on the occan floor and to cause the least
possible disturbance of the sedinent consistent with efficient colloction of
nodules.

A projocted 3 nillion ton-per-year nining operation will recover 10,000 tons
of nodules per day. If the nodule concentration is 10 kilogrons per square
notre, than 1 square kilonetre rmst be swept olecar each day. Considering the
inefficiencies of botton swecp and nodule pick up, probably two or three square
kilometres rust be mined per day (Flipse et al, 1973). Using a dredge head
15 netres wide, the nining ghip would have to sweep a path about 100 kn long
each day. The disturbance of an operation of this scale on the ocean floor
could be a serious environnental concern.,
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Modules in the Morth Pacific occur on the
surface or sediment/water interface. This
suggests that mining will be confined to
raking the seabed and will not include
extensive dredging of the substrate.

FIGURE 8

(from Horn et al, 1972b)
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Malone ot al (1973) and Roels (1974a) list the likely offects of both
systons in the ocean botton environmnent as follows:

1. Disturbance or destruction of benthic orgenisns, and nixing
and resuspongion of sediment in the path of the dredge.

2. Resottlenent of stirred up scdinent and possible cndangermont
to benthic aninals nany of which are known to have a very slow
reproductive eycle (Turckian, 1972).

3. Alteration of botton water chenistry: botton waters nay
retain in solution compounds leached out of the sedinent
or gained fron the interstitial watex,

The two nining systens differ in their potential effects within the water
colurm, In the airlift gysten the nodules and associated sca floor materinls
are delivered by pipe to the nining ship and nmake no contact with surrounding
gsco woters The bucket dredges used in the CIB systen are expected to add to
the turbidity of the ocean water colurm ag the sediment they contain washos out
during ascent to the surface. This effect is probably confined to the decper
ocean layers since the buckets arc observed to arrive at the surface relatively
clean and free of sedirent (Roels et al, 1972).

The use of airlift nining systen will result in surface dischorge of
mitrient-rich botton water containing suspended sedinment and fine particles of
nonganese nodules. The resulits of such a discharge in surfacc waters reportedly
noy bave the following effects (imos ot al, 1972):

1. The incrcase of dissolved nutrients nay causc locally
increased biological productivity in the cuphotic zone.

2. Organisms dorpant in the botton sedinents, may begin to
grow in the surface waters with unpredictable results
upon the existing population.

3., Light penetration of surface waters may be altered due
' to the turbid discharge. y

To date, several ficld studies have been conducted to investigate
environnental inpact of deep-sea nining under support of the United States
National Oceanographic and Atnospheric Adninistration, The overall objectives
of this continuing project are as follows (Roels et al, 1973):

(a) the establishnent of physical, chenical, and biological baselinc-
environnental conditions in potential nining areas;

(b) the docunentation of changes induced in benthic and pelagic
ccogystens by deep-~gsea nining;

(¢) the elucidation of the underlying nechanismg and inplications
in relation to current and potential marine rcsources;
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(a) - the formulation of guidelines for future mining ‘operations which
will minimize harmful environmental effects while enbancing the
defvelopmeen't of" potentially beneficia.l byproducts; and

(e) the determination of the propertiea which shéuld bo moni‘boﬁad
during decp-sca mining to provide the information nceded to
evaluate the environmental impact of gpecific mining methada
and to devise: mi-blgating measures, if néce-aary.

Sbudies to date under this prograrme may be mmrized as follows:

Baselim onvirmmen‘hal conditions in' rela.tior_; to nanganose nmining iﬂPﬂC’t
were studicd ‘in the western North Atlantic (Malono ot al, 1973, Roels ot al,
1973). - Observations of benthic biomass in samples and botton photogrephs perrit
an ostinate of 9 ng per square netre., Natural gsurface productivity of phyto-
plankton was ricasured and conpared with that using various percentages of
filtered and unfiltored botton water. Higher productivity was observed in those
sanples having higher porcentages of botton water. Both productivity and the
standing crop were found t6 increase a few porcont using adnixturcs which night
corraspoend to the surface- ocean layer near a nining ship discha.rge.

The pmsence of gedinent in the discha.rge would tend to° enhanco produc'bivi'l:y.
Enrichnent cxperinents showed that accurmlation of silicate conpmmda in the
surface layer could alter the species composition ag coulﬂ the' introduction of
dormant organisns fron tho ocea.n floor.

Anog et al (1972a, 1972b) studied hydrographic conditions and made diffusion
cxperinents in comnexion with a ficld test of an airlift nining systen in the
Blake Plateau area of the western North Atlantic. Analysis of hydrographic data
at the test site revealed that bottom water raised adiabatically to the suxface
would be denser at all scasong but if warned to surface water tenperaturé would
be less dense in winter. By uping a dyc tracer in the effluent it was found

that deep water brought to the surface undorwent m:i'fioien'b mming a.nd nixing
o remain in the upper layer aftor dischargo.

The growth of phytoplankton was observed in varying nixtures of surface and
botton waters, It was deternined that a nixture of at least 109 nining efﬂuen'l:
(botton water) with 9004 surface water is necessary to increase significantly
phytoplankton growth. "It was estinatod that full scale nining activitics using:
the airlift punping systen would rogult in a surface water nixture containing
less than 0.3% deep wator and would therefore be inﬂign.ificant in tems of
enhancenent of surface productivity.

Additional baseline surveys were undertaken in 1972 in 'l'.hc Pacific netal=
rich nodule zone in cormexion with tests of the contimious line bucket dredge
gysten (Roels et al; 1972, Roels et al, 1973). Hydrographic profiles reveal
a salinity and turbidity’ Stotara in the botton few hundred netres indicating
a noderately active eirculation. Profiles of nutrient conoen'bmtion, trace.

elenents and particulate carbon and nifrogen were nade, =X
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Botton photographs revealed an epibenthic population density of 0,02
0.05 per square netre, values considerably lower than earlicr estimates.’
Attenpts were made to observe the effects of the CLB dredging operations, but
with the exception of one photograph showing possible striations on the sea
floor, none was obsorved. ; ;

Another bageline survey in the potential ninesito area of the Pacific was
conducted in 1974 (Anos et al, 1975). Intensive physieal, chenical and
bioclogical sanpling was carried out within a small area under precise navigation
control., Botton photography again revealed very low oxganisn density (0.01/n%),
Current neasurenents at 2000, 1000 and 200 netres above botton over a 14 day
period showed increased velocities towaxd bottonm. Current directions were
towards east northoast and.distinct senidimrnal current peaks averaging 7 om/sec
were observed; the highest peak wos 20 cn/sec. Profiles of light scattering'
showing & glight inorease in.tho botton 1200 metres are consistent with the
current neasurcnents and indicate transport and/or resuspension of botton

- . Enrichnent exporinents using varying percentages ‘of. botton water and
surface water confirned earlier results: only when nixtures excecded 33 of
botton water (and contained botton sedinent) did the phytoplankton productivity
becone significant. ; ) Jotets

_ The NOAA Deep Ocean Mining Envirommontal Study (DOMES) plans to.continue
baseline investigations in the castern equatorial North Pacific prior to full
scale nining activitios (NOAA, 1975). Their main goals arc: o
1. To identify potex;ti:ii environrental problons 'f"ﬁi'&h.'regpgo"b‘ to

existing regulations. . .

2. To acquire information which will help oqj&d‘blish environnontal
guldelines for industrial deep ocean nining practices.

Mining Pollution Compered to Natural Models

Environnental bageline information in potential nanganese nodule nining
arecas is an inportant requirenent in assessing possible pollution arising fron
deep ocean nining but definitive results may not be available for some tine.
For the present, "order of magnitude" estimates of certain effects can be nade
fron existing information, In sone cages, natural phononena which are analogous
to nining digturbances can.provide very useful nodels.

The rediolarian ooze sedinents in the nodule-rich Pacific arca (Sverdrup
et al, 1960) oonsist of about 50% remains of radiolarians :(including entire
radiolarians with dinensions of 100-200 nicrons) and 50% nineral particles
(silt to clay size particles less than 50 nicrons dianeter). Once disturbed, .
sedinents in the silt siZe range and below can be transported by botton currents
as snall as 1 cn/sec. The displacenent of silt par‘l:icletam}o.OG n dianeter)
gsettling through 100 netres of water in a. current of 10 soc .will be
approximately 3 kilometres (Kuencn, 1960).
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Anos et al (1975) have neasured near botton currents in’the potential nining
area and £ind (at 200 netres above botton) average velocitics of 1 to 2 om/sec
with peaks up to 20 en/sec. Broecker (1968) has neaerﬂ:md a‘'profile of oxcess
radon and calculated an eddy diffusion value of 15 en“/sec in'the botton
50. metres of the ocean at a station near the centre of ‘the high~value Pacific
manganese nodule zone., If thesé measurcrients represent truc averages for
horizontal currents and turbulence in this rogion of the ocean, one would expect
the larger silt-size portioles to settle within a fow kilonetres of the nining
disturbance while the clay-size particles could be t:ansported nuch groater
distances.

Results of nattral processes which introdu.ce large quantities of seﬁ:lmnt
at the ocecan surface and tho:deep sea floor can be studied to grin an mder—
standing of their environnental inpac'b in comparison to that of nining,

Heezen and Ewing (1952) and Heczen ot al (1954) described large scalc
geologic effoots of slunp-generated turbidity currents resulting fron the Grand
Banks carthquoke of 1929, This event cansed the novenent of large gquantities
of sedinent fron the Continental Slope near Newfoundlond to be spread over a
broad area of the North American Basin. Subsequent studies have shown that
turbidity currents arc a fundanental proceoss in subnarine geology and are in
fact the chicf dgent responsible for covering vast arcas of ocean basins with
turbidite sedinents, sometines thousands of netres thick, making the Abyssal
Pla.ins the flattest arcas on ecarth.

An exanple of the rate of turbidite sedinent ncctn:mlation ia given by )
Benson ok al (1970). Geophysical neasurénents in the Vera Fracture Zome in'the-
cquatorial central Atlantic show a sedinont thickness of noxre than 1000 rotres.
The scotion was sanpled on'Leg IV of the Deep Sea Drilling Project to a depth
of 610 netres revealing an average sedinentation rate of 30 centinetres por
250 yocars., ‘It is noteworthy that this vast quantity of sedinent appears to have
noved by turbidity current flow across the Demerara Abyssal Plain fron a souroe
near the lAmazon Cone, nore than 800 kilonetrea to 'bhe southwest. '

The gseale of the Grand Banks turbidity current of 1929 has been ea'l:ﬁ:a'bod
by Kuenen (1952). He caleulated that a turbidity current moving down the
Continéntal Rise 500 kilonetres fronm the initial slunp was probably 3.5 :
kilonetres long, 350 kilonetros wide and 100 netres thick. This rapidly novin{;
flow contained 100 cubic kilonetres of sedinent which settled as a layer 40 Yo
100 cn thick over more than 100,000 square kilonetres of the floor of the North
Milantio Basin, By comparison, it is estimated (NoaA, 1975) that a manganese
nodule nining operation raising three nillion tons per year of nodules right
couse resuspension of about 23 nillion cubic netres of sedinent (Welling, 1972
ostimates about 1/2 this anomrb) due to the action of the dredge head. 'Such a
quantity represents 0,023 of the anount of a single doeunented natural
turbidity current. Expressed differently, it would take 40 such nining
operations working for 100 years to make a comparable sedirent redistribution.
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Using subnmarine. ¢ evidence and. records of sea floor cable breaks,
Heezeon and Holligter ﬁ9h§19how that turbidity currente are a frequent and
widespread phenonenon, - In the area of the nouth of the Congo River, 'burbidity
currents occur intemi‘l:teptly at a rate of 50 per century. Surprisingly, in

sone respects the areag affeoted seen to returm to nomal within a short tine.
In comnenting upon. the post—'mrbidity current conditions in the Congo Submarine
Canyon, Heezen and Hollister (1971) write: .

"How long they (bot‘bon organisns) requira to track the newly deposited
md is difficult to determine, and is probably highly variable, but
the tine rmst be nmeasured in days and weeks, not in years. Photographs
taken on the natural levees and in. the floor of.a distributory chamnel
_of the Congo Canyon revealed a mmuddy, burrowed, and tracked.gea floor
without. obvious,cvidence of any recent. catastrophic event. :Although a
turbidity current may not have traversed this particular distributory
for scveral years, one night not have observed a very different sca-
scape even if this charmel had experienced: a turbidity ou:r::nant a fow
weeks. before the picture was taken."

To access the reomry rate of ben‘l:hic oom:nmitieﬂ uried by sedinent in a
nangenesge. nining operation, abyssal arcas affectod by reeent-turbidity current
deposition: should be studied and. compared with oonpa,mble areas not ginilarily
affected (e.g. abyssal hills).

Exanples of large scale introduction of sedinonta.ry material into surface
occan waters can also:be found in naturc,.: The rivers ef the world contribute
20:billion tons of suspended sedinent ammally to the ‘world ocean (Holeman, 1968).
Vhile: nost of this material settles out and deposits near river nouths,
significant anounts are.carried. in the near surface ocean layer to the deep seas

. m:%non ha.s the largest wa.'l:er discharge of any river. in the world
(6,400 x 107 ofgs) and carries 400 nillion tons of suspended sodiment annually
into the South Atlantic Ccean (Holeman, 1968). - By virtue .of its decreased
salinity, adnixtures of Anazon water and surface ocean water can be traced
northward into the Caribbean Sea (Wust, 1964). Jacobs and Bwing (1968) have
identified suspended particulate nineral paterial of Amagzon River origin in the-
near-surface waters of the Caribbean,. 3000, kilonetres fronm the river nouth. It
would appear that useful analogies could be drawn. between the effects of. surface
discharged nining effluents in open ocean and the effects of sugpended
particulate materials reaching the deep gea as a wesult of river discharge. '
The use.of high-quality satellite photography end imagery represents a valuable:
new nethod which.oould be applied toward the selection of gites for such. s'!:udies.

lMonitoring of Mining Activitics

Baseline environmental studies of -the United States NOAA appear to
represent a tinely and considered pre-nining inventory, However, the nost
neaningful studies for pollution assessnent st await actual nining operations.
Vhen that phase begins, careful nonitoring of the disturbances should be carried
out. In addition to the nore standard neasurenents, consideration night be
given to the following:
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1. Secdinent traps on the ocean floor to measure sedinent
redistribution associated with the botton plune.

2. Direct observation of actual nining operations on the sea
floor using a mammed subnersible vehicle (if safety
considerations pexnit).

3+ Meapurenent of the aerial distribution of the surface plune
_ using aircraft photography techniques.

4. The use of dye tracers (injected into the nining effluent
outfall) to neasure the 3-dincnsional extent of the plune.
Insitumammnts of rhodanine dye can be nade using a
oontinuously recording fluomnﬂe (sensitive to
concentrations as small ag 10™

5« Moagurenents of a oonbination of natural tracers to establish
separately the patterns of distribution of the effluent

ioulate content and the water phase. Optical neasurenents
nepheloneter or trensnissonmeter) could establish the
distribution of the te phase. Radon, dissolved
silicate, tritiun, ¢4, (or other water tracer) could be
neagured to distinguish the effluent water distribution by
virtue of the differences in the nomal concentration of
these substances between surface and botton waters.

Surmary and Conclugions

Although detailed understanding of the distribution of nanganese nodules
on the ocean floor is incomplete, the major deposits appear to have been
delineated. Deposite having the greatest economic potential exigt in deep ocean
basin areas. The nmanganese nodule deposits considered nost favourable for
initial exploitation lie in the eastern equatorial North Pacifioc., Methods for
econonic exploitation of the resource are in an advanced state of developnent.
Active nining operations are expected to begin in the Pacific area before 1960,
Pollution arising fron ocean nining night affect both the surface and botton
ocean environnent. Scientific baseline surveys are underway in the Pacific as
part of a long-range ocean nining environnental impact study. Prelininary
results suggest that no serious pollution will arise fron manganese nodule nining
activities at tho scale presently projected. Iarge~scale natural phenonena
analagous to oocean nining pollution can provide useful nodels for predioting
future nining impact. Manganese nodule deposits of the ocean floor are, in
cortain areas, rapidly changing fron the classification of resources to reserves.
A unique opportunity exists to establish international regulations which would
pronote orderly development of these regerves and ensure against adverse
environnental effects arising from their exploration and exploitation prior to
the advent of large-scale nining activities.
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-and _Other Physical Asggct rofge’ 0 A oFar
_Note: 1. This Appendix has not been examined or
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2, -The original draft for-this Appendix.. .- :
''was prepaxed by Guanar Kullenberg, orl ol -~ = ixk
3« . The-working group g-.‘xamined.'and_ amended |
- this report,during the intersessional
period and had approved its presentation
to CESAMP,
IN’I!B.ODUCTI(")N

Aspects of the dispersion problem are considered, In doing so some
relevant features of circulation, transport and sediment dynamics are discussed
without going inmto details, It should be emphasized that an understanding of
relevant physical processes is essential for rational environmental: planning
and protection, . In this note the possible biological effects of variations of
turbidity ceused by various operations and disturbances on.the sea floor have
not been considered, SRR

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

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

A, Beach dredging and excavation: Dispersion along beaches is primarily
governed by the wave conditions and to a lesser extent by currents, e.g. generated
by meteorclogical forcing or tides, The nearshore region is subdivided into
swash, surf or brecker and offshore zones (e.g. 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
essentially tekes 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 aspects 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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(11) In the suxf zone the broaking waves generate strong vertical and
horizontal nixing. The transport across the breaker line is -
considerably nore effective than the longshore transport.

(111) Tho dispersion duec to ‘the nearshore circulation coll, covering

x the width of the surf and swash zones, and consisting of longshore
flow with seaward flow concentrated in rip currents. On a planc

' beach the spacing between the rip currents is of the oxder of four

tines the width of the surf zone. Thus water and suspénded mattor
are tronsported into the surf zone by the breaking waves, carried
alongshore and returned by the rip currents, These are very strong,
of the order of 100 en/s up o 300 n or nore fron the shore, and
consequently have considerable transporting and eroding capacity.

The inportant aspect of this picture is the limiting of effective dispersion
to the surf zone, This is in part due to the less intense turbulence outside
the breaker line, but mainly due to the transport (pumping) of offshore water
through the breaker line into the nearshore circulation cell. The longshore
nixing is less intense than the mixing in the breaker zone and the material is
mainly trensported with the longshore current, spreading along the beach,
Very little spreading occurs upstrean of the current., However, the direction
of the current is influenced by the direction of the incoming waves, and therefore
spreading of material on either side of the dredging site must be expected,

Ve may estimate the volume in which the released material becomes diluted
over a time period of the order of hours. The height (depth) of the surf is
Hy, the width of the nearshore circulation cell is By and the length of the
cell (i.e. spacing between rip currvents) is Iy, The observations on straight
beaches suggest that: :

Lbs4Bbande=(10§100)Eb

wvith 0,2 n < Hy, < 2 m, Thus we have the volume V  Hy, * 4 * 50 « 50Hp * Hyp.
Vith Hy ~ 1 n the volume is 10% m7, Vith a dredging of 100 tonnes per hour and
a 1% overflow of solid material, this implies a turbidity of the order 100 mg/l.
Thus the increase of turbidity is quite significant., The estimate depends,
however, very much on how much fine-grained material actually is washed overboard
with the overflow. The dredging technique has considerable influence in this
Oon'tex‘t.

Observations suggest that the longshore transport of sand is directly
proportional to the longshore component of wave power independent of the grain
size, This indicates that the bed load transport is important, It also
appears that the finer grain sizes are transported offshore more effectively
than coarser grains for the same wave conditions,

Theoretical models 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
data (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
meinly bed load, the energy dissipation being caused mainly by bottom friction,

Different kinds of waves have different transporting properties. Generally
short, steep waves generated by onshore winds have a, stronger tendency to carry
noterial offshore than onshore (so-called. destruotive waves). Longer waves on
the other hand, generated by distant storms tend to carry materisl 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 agency separating different grain sizes, It would lead
too far to discuss all these processes in detail, Clearly they should be
congidered in each separa.te case,

.. For depths exceeding a-few metroes the :l.nfoma:bion a.va.ila'ble on transport
by wave action of suspended sediments is limited, Observations show that
surges with wvelocities above 30 cn/sec cause temporary auapenaion of ‘sand
graing (Hails 1974).

1 o Por the offshore region, to depths of say 30 m, an inportant aspect is

the ;presence or absence of sand bars, The formation of these ‘is generally "
believed to be related to waves, in particuler edge waves (i,e, trapped surface
waves), In general these sand bars cre fairly fixed in relation to water depth
and therefore tend not to oceur where the tides are o,ppreciable. :

Breaking waves often genemte sand banks, These are built gradually on
the offshore side of the breaker line, and they will have considerable influence
on the nmatericl budget of the beach, modifying the flow patterns and the
transport,

A reasonably safe assessment of the possible effects of nearshore dredging
requires information on:

(a) wave (including swell) and current conditions, longshore energy flux
and the distribution and dissipation of wave energy,

(b) depth of water and variations of the still water level (e.m, tidal range),

(c) wind and neteorological conditions, particularly occurrence of storns
and storm surges,

() sediment conposition and bulk characteristics,

(e) topographic features, as slope, curvature and plane of beach,
occurrence of bars,
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Seasonal variations of certain conditions should be taken into accounty In
this connexion the considerable differences in nnture.l stress in different
clinates should be o‘bserved.

Dredging can change the topographic condi‘l;iona and thus the wave pa.ttem
and the on-offshore material transport. This is a very important aspect
(esge Jolliffe 1974)y although-there are few xrecorded cases of coastal erosion
due directly to sand:end gravel rextraction, This nay well be due to the
linited research goine; on in relation to dredging DL

Mathemt:l.cal nodelling, using conputers; appears to be a’very promising
tool for forecasting the shape and rate of change of the beach, the longshore
sedinment transport and areas of increased-erosion, Clearly relevant input
data ust be available for making a reliable prediction,

Turbidity currents and/or sliding can be: very effective means of transporting
naterial offshore in areas of some slope, say 2 - 3° or more, The possibility
of trigpgering sliding motion or even snall turbidity currents artificially
should-be borne in nmind, This is perhaps in particular true for activities
along the shelf break or slope, i.e. ‘in comnexion with offshore mining,

.l 'S crayvel: Ve will now consider the
region - autside the nea:r:shore zone, | Due to the d.ep'bh limitation of ithe dredging
operation (30 - 60 n at present) this does not inply that wave action will mot
influence the botton conditions at the site, It is likely that in’areas where
dredging of this type takes place the currents are quite strong, inplying
fairly effective dispersion conditions, Clearly the rate of exchange between
the site ond adjocent sea areas is also inportant in this context. ‘

‘dhere hopper dredgera or barges are used for the dredging an overflow of
water containing fine-grained material will occur, thus causing a resuspension
of sedinent and an increase of turbidity, Vhen trailing (i,e, under-way
dredgl.ng), the overflow is initially spread in the wake of the vessel, Comnonly
. experienced dilution factors are in the ronge 1:500 -~ 1:2000 at o distance of
o few hundred metren fronm the ‘vessel, Thus the naterial will become mixed
quite rapidly in the surface layexr, The subsequent dispersion depends upon the
wind and distributions of current and density in the water. Dilution factors
in the range 5 -~ 20 per hour can be expected in open seo areas under normal
wind conditions (5 - 15 n/s).. In the case of vertically horogeneous water
(in areas of strong wind-induced and tidal mixing) the material will be spread
over the whole water column, In areas with a stable stratification; on the
other hand, ‘confinement to the surface layer is likely, Nearly neutrally
buoyant p&rticlea can become concentrated in the pycnocline region, (layer of
increased stability) where the mixing is considerably suppressed. o

-+ Vhen the dredging vessel is stationary during the opemtion the initial
dilution of the overflow will be less than in the other case, Fron experience
with dumping of sewoge 'sludge one may expect dilution factors in the range
12100 ~ 12500, In areas of homogeneous water & large part of the material will
" sink directly to the bottom, the rest becoming mixed in the whole water colurm,
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In areas with o ndrked stratification the sinking rate will be depressed
in the pycnocline layer where nearly neutrally buoyant fine-grained naterial
can becone tropped at least temporarily. The sinking material will become
distributed in a fan-like, layered structure, with comsiderable concentration
variations vertically.

Since the rate of dispersion in these dredging areas generally 'is expected
to be fairly high the increase of turbidity will be linited, An estimate of
the increase of turbidity may be obtained as follows, A large dredger nay
recover say 104 n in 5 hours, Assune as a working basis that 1% of the
recovered naterial is lost with the overflow in'the form of fine-grained
naterial with a density of 2,5 g/en3. ’l'lms we dispose of 50 tonnes per hour
in the water, corresponding to 2,5 x 104 ng/1 overflow.

In the case of dredging by trailing the initial dilution is of the oxrder
of 1000 implying a concentration in the water of 25 ng/la few hundred metres
fron the wvessel, After 5 hours the dilution is another factor of 25 - 100 under
normal conditions, The natural suspension in most shelf areas falls in the
range 0:3'= 5 ng/l, It nay Be advisable to adjust the dredging frequency so
that the areaa of increased particle content do not overlep.

It appears that the dredging operation and frequency can be adjusted so
that normally the turbidity increase will have no harmful effects, The naxisun
concentration in the conteninated arcas will decrease :oughly proportional to
£=2.5 for diffusion times of the order of ‘days,

C. 'Deep=gea mining: Deep-sea mining will generate a local increase of
suspended natter in different parts of the water colurm, - The disturbance of -
the sea floor is obvious, The fate and distribution of the suspended sedinments
will depend, apart from the technique used, on the type and composition of the
sedinents, and the physical conditions in the watex, es'_oeoially currents and
stratification,

In the wind-influenced surface layer, of the order 100 & thick in the open
ocean, the dispersion of the fine-grained material is fairly rapid, It will
beconme more or less evenly distributed in the layer,

In estinate of the concentration of susponded mattéer can be obtained
agssuning that the amount of waste sediments brought to the surface is equal to
the anount of monganese nodules (taking this as an éxanple of deep-sea n:l.ning)
Using a figure of Tecovery! of 500 tonnes of nodules /day with a soa
floor coverage of 10 kg/m® (Mero 1964, p.259), implies that a ninimun surface
area of 5 x 104 n2, or roughly a square of 220 x 220 nj would beé covered in'

24 hours, Assume a surface layer current of the order 12 cn/sec or 104 n/day,

and assume further that the overflow becomes evenly diatri‘buted in the top

100 m; Then the dilution volume ig of the order 2 x 10°® m3, and the concentration
of suspended matter (assuning that all goes into auapenaion) 2.5'ngfl, This is

a conservative estimate in’'the sense that most likely the value is less since

not all goes into suspension, the currents con be stronger, ete, After 10 hours
the maxirun concentration is expected to be in the range 0.05 - 0.01'1g/l.
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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/1,

In a coastal upwelling area (N,W, Africa) the surface layer contains

0.2 = 0.4 ng/1, Very clear oceen water (e.@., Sargasso Sea) generally holds &
load of 0.05 ng/l or lees,

At present it appears reasonable to expect that the f:r:equenoy of the
operation could be adjusted so that the increase of the surface layer turbidity
in the area would be kopt at a very low or insignificant level,

However, it is quite conceivable that internal layers of increased particle
-eontent will be generated, especially in conjunction with density: variation in
the water colurm, Such layers can be relatively persistent in regions of weak
“turbulent nixing, cerrying a substantial load of particles, -For this reason

the suggested injection of nining effluént into the deeper part of th.e euphotic
layer nay be inadvisable.,

The dispersion in intemal layers of the ocean is not well known, The
following statenents can be made:

(i) in the main thermocline region the vertical nixing is woak, of the
order of 0,1 cn?/sec against 10 - 1000 cm?/sec in the surface layer,

(i1) +the bottom boundary layer is thin, of the order of metres, and the
botton generated nixing does not penetrate far into the water columm
except in certain arecas where relatively high current velocities
persist close to the botton (e.g. western boundardes),

Since the bottom currents in the abyssal plains generally arée weak, the
dispersion of the resuspended sediments in the bottom layer will not be very
effective (compare estimates on the spreading of leskage material from durped
containers, e.g. NAS/NRC 1962).

A reasonable assessnent of the impact of deep-sea mining as far as turbidity
increase is concerned requires information on the mining technique, the sedinents,
the wind conditions, the currents, the density diatribu‘l:ion, and the exiating
content of suspended nmatter,

II, OTHER PHYSICAL ASPECTS
L, Nearshore (i.e. in the secme region as under I,A)

- The most serious hozard is effects on the beach material budget, Removal
of naterial by dredging can result in a change of the circulation and the

wave pattern,  If so, material transport will also be altered, The possible
significance of this may be estinmated by means of computer model calculations,
Similarly a tronsfer of material fron one place to another in relation to
congtruction can result in alterations of the natural trensport pattexnm, These
changes and their possible effects should be assessed before any najor construction
work is initiated. The advance in recent years of computer model calculations
makes this quite feasible. It is also advisable to consider what effects
renoval or alterations of natural bars outside the beach may have on the material
supply to the beach, It is clear that these aspects rust be considered for

each case,
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B, Offshore

Dredging will influence the sea~bed topography, creating spmall-scale:
disturbances in the sea~bed, The recovery time for these disturbances can
apparently be very long, of the order of ‘several yeors at:least (Dickson and
Lée 1973). This metter req_u:lrea further study in oth»er ‘arens,

Cs  Other cons’cruotions
Considemtion must always be given to the possible influence of constructions

(e.g. piers, harbours, tumnels) on local circulation and wave conditions, '’
Changes in these.mey result in serious, often unexpected conscquences relating

“"ofo'the transport and deposition’pattern of sedinment material, Again conputer

simlation techniques are pronising tools in this context.

Due regard should' also be given to the deposition’ (dunping) of sedimentary
naterial removed for the purpose of construction, deepening of navigation |
channels, etc, Reference should be made to the report GESAMP VII/3, by the
Working Group on the Scientific Besis for Disposal of Waste into the Sea.,
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REFERENCE DOCUMENTS
No, Author Title
GESAMP IT/11 GESAMP Report of the Second Session
GESAMP IV/19 GESAMP Report of the Fourth Session
GESAMP V/10 GESAMP Report of the Fifth Session
GESAMP V/INF,10 FAO Posgible Adverse Effects of the
Exploitation of the Sea~bed
beyond National Jurisdiction on
_ Fishery Resources
GESAMP 19 B,V, Halstead Marine Pollution due to
sedinentation
GESAMP 20 J.E. Portnann Marine Pollution by Mining
Operations, with particulaxr
reference to Posgible Metal-Ore
Mining
E/5120 UN Secretary-General Report on Uses of the Sea
A/£C,138/73 UN Secretary-General Ldditional Notes on the Possible

A/AC,138/87

UN Secretary-General

Econonic Implications of Mineral
Production fron the International
Sea~bed Area

Report on Econonic Significance,
in torns of Sea~bed Mineral
Resources, of the Various Limits

Proposed for Naotional Jurisdiction



