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U a T ::~ s 

1. GESiUlP is an advisory body consisting of specialized experts nom.tna.ted 
by the Sponsoring Agencies (IMCO~ FAO, tJN.E:SCO, UIIO, lmO, IJJ::.ll., un). 
Its principal task is to provide scientific advice on marine pollution 
problems to the Spol'lsorin9' .Agencies and to too Inter-gowrnmental 
Ooeanographic Conunission tIOC). 

2. This Report is available in English, French, lli!ssian and. 8IJa.nish from 
any of the Sporuloring Agencies. 

3. The Report contains vicws expressed by exports acting in their 
individual capaci tics ,,,hioh nny not necessarily correspond with 
the vie,,,c of the Sponsoring Agencies. 

4. Ponnlssion my be granted by any one of the Sponsoring ~lgcncies for 
the Report to bo .... 1holly or pnrtly reproduced in publica.tions, 
provided that the source cf the extract and the condition mGntioned 
in 3 above arc indicated. 

llICo/FAOjuJlllsco/lmo;\mo/I1\EAjuN Joint Group of Exports on tho 
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TIICO/FAO/UllEScO/l,nlO/WI!O/I1IEA/UN 
JOTIlT GGJUP OF EXPERTS ON TIlE SCIEIlTIFIC 

ASrr:CTS OF MMl.nTE POLLUTION 

lieport of tho Seventh Sossion 

(n1.CO Headqunrters, London, 24-;0 .April 1975) 

Ol'J2nnrG OF THE I'IDIETTI!G 

1. The Joint Group of Experts on the Scientific l).spects of lTarine Pollution 
(acSI'JIP) held its soventh 13oGoion at ll1GO TIeadquarters, Lonclon, fron 
24-30 .April 1975. ~e Ch:lirn:m of GES1JlIP, Dr. G. :BarBEl, opened the session. 

2. I-Jr. Y. Sasnnurn, Director of tho Jlbrine Dnvironnent Division of ll1CO and 
~'l.dninistrotive Secretary of GE&U1P; on bamlf of the Socreta.ry-Gcnoral of nreo, 
\lClCOllOd the experts, the representatives of the sponsorin[; acencies and the 
observero fran other orcan1zntions nttendincr tho session. 

3. The'oBenda of the soventh sossion, as adopted by the Group, is attached as 
.tmne::{ I. Il list of the docunents considered by the Group under each ecrenda iteo 
is shoun at l'umex II. This also includes a list of infon:ntion papers SunnD.rizine 
the recent nctivities of the sponsorinG asencics in tho field of ~~rine pollution, 
Or relating to mtters under diocussion. . . 

4. L list of participants, cooprising the exports, the representativcs of the 
oponsoring D.c;cncies and oboervcrs fran other orcanizations, is sho\ID at fume::: III. 
Cvrilla to unforc:Jeen circur.lOtances, Hr. TI.. Gerard ,.ms obliGed to retire fron the 
scanion on 25 April 1975 and wns replacod by Mr. 11.J. Cruiksh.'1nk. 

E_A..lU.JPUL SUBST1J'TCES n~ TIlE HfillniJE mTVTIlO:N:r1CIlT 

(n) ~cview of ha:rof'ul substn.nces 

5. The Group was inforned of evento occurrinc sinoe the last ncctinrr on the 
TIono,'l of Ehruful Subsi:.c.'1.ncos (GE5<"JIJP, vr/10/Supp.l)_ which 10t1 to the rcolJening 
of dincUssion on certain aspects of this paper. ThE! CbIliroan clnracterizec\ as 
unfortunate, the situation in which an arrrcec1 dccioian of the G12:Sl'J·1P experts 
wo.s s1."lbscqucntly rejected by an aaency thus Co.usillG a long delay in the is:minrr 
of the GESIJ1P report nrul a continued delay in the publishina of the o.pprovecl 
;tcvie\1 of ITnrnful Substanoes. 

G. It bod been ucrecd durine tho inter-ocssionnl period t~nt, althOUGh the 
llevicn-T hD.d been approved by GI:SIUfl? at its sixth session, in order to onn.ble 
cerlain specific questions relnting to the effect of oetals on lnu:::!an henl th to 
be resolved, this r,o.rticular section of tho lloviow would be reconsidered' at the 
currant session. L world..na InDer \\'as presented by lmO as 0. basts for this 
re-m:anino.tion o.nd an ucl hoc ,mr1dnc group was orlYlnized to oonsider -the ncn:l 
DD.terial preoented o.ncl. to anend sto.tenents on lru.I:nn health o.spocta uhich had 
boon considered by consul tnnto to lnIO in the inter-soosio!1!11 :poriod as 
innccuro.to or nisloo.dinG. 

, 
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7. The ad hoc "Torkinc croup presontcd the rosults Lf its dclil.lor.::!.Gio.:L i',"]:i.~~: 
included <l ooric3 of <1Ilondnonts to GES/JlP vr/10/Supp.l. The: G::ccup cXln'Gssod itn 
a.ppreciation to the \"!o~idnJ' ,'!roup for hnvinG rouched 0. succoooful c012prov..i.:::o. 
Further COlIlonts of both a. dctuiled a.nd a. conera.l nature Hero subuittec1 lJJlel w'ere 
considered. SOrlO of these "rere included in tho aoendDants and the reminder, 
llhich '\i"ere of 0. norc ceneml mturo, were reoi tted to tho C1m.irr:ol1 of the UorIeinG" 
Group on tho Evaluation of Ihzurds of I-hrr.Jful Substnnces in tho a'lrinc 
Enviroru:1flnt for further consideration in the COlU"GO of tho contL-ruod updatinc of 
the i~eview. The Group approved nnendnento to GES1JIP VI/IO/Supp.l o.s !lhOlm a.t 
i!.l1l1mc IV and D.rrreecl tlmt tho r..ovi(n'l should be published by UN as a. GIJS!J·lP study 
as 800n as possible 1 in accorc1.nnce ,'lith the decision taken at the sixth session 
(GlJSAIIP VI/lO, J!'lrorr=pl, 7). 

(b) INnll'lntion of t~!mz.2-rds of ham.fu1....E...ubsto..nces 

8. Tho Group t.ook note of the decisions cade by the nrco l'-hrine Envirorment 
IJrotection CoDOittee (rillPc) at its second session (18-22 lTovew.ber 1974), ,\,lith 
rCi]'anl to arra:nct:Dcnts for continuinG' the task of evaluatinG tho hnzo.rds of 
lUl.l:'[1fu.l sUbstances carried by ships. In particu1o.r, tho Connittee, mvll1G noted 
the estnblishnent ancl. terr .... w of reference of tho vlorldnc Group on Dvnlun.tion of 
the IInzards of Ik.'unful Su~)stances in tho I1b.rine Environnent1 o.crocc1 thnt the 
Group',s principal function ""'ould be to a3sess infolDlltion received fran vnrious 
sources and to aclvis0 nreo as to wlmt particular data would be nppro}?rioto for 
ovn1uatine substances in accordn.nce uith tho eotabiishod retiorolc 
(GDR'IlP rv/19/Supp.1). 

9. The Group noted and approved tho Report1 introducod by the Chai~ 
(Dr. Jeff(Jry) J of tho first session of tho \;Jorldl10 Group on Evnluntion of tho 
Ibzards of Ib.roful SUbstances in tho Ib.rine Environnent (Gr:s..urr VII/2/1) vlhioh 
,·ro.s held v.t nmo Heo.dqunrtcro on 14 ond 15 Novonber 1974. }~s one of its principal 
ta81m the ,""oxltinG l1'!.'0UP had prepared advice for :mco on the hazard evaluation of 
substo.ncc::J considered for inclusion in the lumcx to tho Protocol li:olntinc to 
Intervention 011 the IIiah Sens in Casca of Uarino Pollution by Substancos Other 
than Oil. Tho Group approved of tho action taJren by the lTorldnc .:;roup inc1ucUnc 
certain v!o\l"s vlhioh it Incl o;""PreGGcd recnrdincr tho ootho(l 9f seloctinG Gubstancos 
for inclusion in the :..n."1.G~: to the Protccol. It vIas noted that all tIllS info:rrntioD. 
Imd beon taken into account by l'llrC which rod c3qJrGssed itD npl)X'ccio.tion to 0.11 
concerned \Iii th the conplction of the li3t wi thin the required deadline 
(30 Noyonbcr 1974). 

10. The Group \i<l.s furthoX' inforned of tho vlOrIt: beine carriec1 ou.t by tho :mco 
SUb-ComritteC! on the CarriaGe of DanGerous Goods vlith 0. viC"l to forr:ru.latinC 
ncosurcs for the proventim1 of pollution by hn.roful sub::Jtances carried. by sea 
in packaeoc1 forDS or in freiGht contninerG, portable tanks or road and rail tm1l~ 
wo..cons. The Group noted that, at its tvlenty-third 08s£oion (17-21 June 1974), thc 
Sub-Coooittee had. req:t.lCsted advice fran GES1:J·1P concerning the feasibility of 
identifying certain qua11ti tics of pollut<:,nto below which it could be rccardc(l as 
~lnllecossary to apply pollution prevention DOo.aurOS, and tho bosic or! terin or 
other 1iDitinc factors l'1hioh shouJ.d be considered if ouch on npl)rC'c.ch w:.fJ o.cloptcc1. 
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11. The Group aGreed thD.t tIns enquiry fell within the tems of reforence of 
the I'Torldna Group on Evulmtion of the Hazards of ITnrnful SUbstm1.ces in the 
Marine llivironnent \,1hioh, o.t ito first session, bad rrucrgostcd II possible o.pprooch 
to too problen. This info:ron.tion had boen noted by tho niCO Sub....cormitteo at its 
twenty-fourth session (28 Jammry - 4 FebruAry 1975) when it re«uested GESiJIP to 
cont~tuc its study of the probloo and to calculate the oritical quantities 
involved in respect of those substances listed in GESfJ'1P IV/19/Supp.l for which 
the relevant data arc readilyavnilablc. The Group acrreed thct.t the world.ne group 
should continue to develop this approach to the probleo, including tho . 
calculation of the critical quantities involved for 0. nuooer of substances, to 
illustrate the use of this llpproo.ch. This task is to be undcrlaloon in 1i.."118on 
with the TIICe Sub-CoDI-uttea ond/or l':D]FC so that any views Ylhich DD.y be expressed 
by "those bodies cnn be tn.l:en into account as and when n.ppropriatc. 

12. At its ab:th oession, GESfJ1P hIld noted that, for oany substances, 
considerable tine and resources were required to produce the authoritative data 
necessary for evaluatinc the hazards of substances in accordance with the 
rationale (GES1JIJP rv/19/Supp.l). This difficulty was l"'rt1cularly ov:ident uhere 
laboratory worle was noc(!ssn.ry to a.ssess such factoro as toxicity effects on 
rarinc organisos. At that tina Gr:S1U:-lP had also noted thnt the 1973 Conference 
mel invited G'ovornnents to pursue studies on the envirOIlDental hazards of 
hn.rnf\U substances and to provide nICO with available infollJation, and S'llt..:,""Gosted 
tInt the use of eoverl1DCntal experts or consultants night well be tho Dost 
effective n.cans of obtai.nine" the necessary data. 

13. It was noted that ll'i8?C had specifically invited eovernn.ent.s to supply data 
on substances carried by shipa, drawing their attention to Uesol:u:tion 14 of the 
1973 Conference. lIowever~ it was further noted toot even by the date ef too 
seventh. session of' GI::Sl.!MP, no Menber Governnent had supplied data to IHCa that 
,muld el'lll.ble tbis \'lOrk to proexeso. 

14. The Group expressed concern that this \~ork of' assessinG the hazards of 
haznful Bubstances carried in ships was proceeding so slouly and it is 'W1cleretood 
that a Djnilar concern haD been expreosed by certain 111CO 1>loober Governnents. 
The Group considered that this criticioo arooo froo the lack o£ data, and that 
no proGreso could be nade or expected by the GESi\MP worki.n.e Group or by any other 
body that nicrht consider the hazards of substances carried at sea tll~til the 
required dn.ta bad been m~tracted froo Governnent archives or the necessary 
fu:rther experinental ''lork hn.d been underta.kcn. 

15. Tho Group gave fuxther consideration to the probleu of ho\" such oxporinental 
\wl'k could be 'W1dertaken and concluded thnt there were t,,[O possible DCCbD.nisnG 

fox this, nauely by direct coDOissionina frau an intcrnationni body such as IHCO 
to a narius laboratory or labora.tories to undertake this work, or by diroct 
cotnJ.i.ssionincs fron Ueooor Governoents of TI1CO to 0. oorine laboratory or 
laboratories capable of' undertaking this work in accordance ~ith accepted 
scientific practices in this field. 

16. It \0[0.0 considered thnt before such work was cODDissioned, the world.ng croup 
should exnnine the liot of substances for which data. wore required, to deteroine 
if priorities could be assiGned to particular substances or groups of substances. 
Tho 110rldnG' CTOUP should 0,100 o.ttenpt to [sTOUp the oubstancos for which dato, nrc 
:roquirod in such II wny o.s to fo.cilita.te tho expar1oenta.l werk required. 
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17. It was further noted that dlffioultieo were beinG' experienced in lJLl.!drlC 
a ohenical identification of a nunber of substances know to be ca.rried in lJull;: 
by shipo o.nd Imown only by tmcle nanelJ. It wan agreed that the list of these 
substancQa should be reported to !MeO, with a vim" to D0ekinc asoiotanco fron 
MonroI' Governnents in resolvin(; this difficulty. Tho worldnc {jrOup, should also 
oontinue ito efforts to nnke the identification of those substanoes. 

18. The Group Ol.1C'G'9stod that ll. circular be Dont to eovcrnnents by nlCO sooldne': 

(a) Identification of trade naterialo on n list to be cruppliod by 
the workinc [,TOUP; 

(b) toxicity da.ta on oubstances for ",hioh the work:l.na goroup has 
attonpted to ovnluato the hazcrd but been unable to locote 
toxicity and other data; 

(0) c.ny new data ava.ilable on natcrio.ls that hnva already boon 
evaluoted to 9lmble nny necessary revision to bo Dnde. 

19. The Group sucaested thD.t one of tho reasons for tho laoI:: o:f rcsponlJO to 
earlier requests for tmdcity data could have been that tho oiroulnrs sent out 
by nICO had not reachec'c tho apprcprinte dopa.rtnonts of tho GOvcrnnonts ooncomod. 
It st~[l[]ed tho inportance of eneurine, in future, that such requests ore 
referred to the authorities nost likely to have tho required inforoation 
available, e.G., health authorities" :fisherios dopart:o.ents, etc. 

20. The Group fUrther pointed out that the nost likely source of infonontion 
recrardine tho identification of trade onterinls would be the nnnnfncturers of 
the subntances concerned. The Group recOtlIJendbd therefore that il'rco should 
consider possiblo va~~ and neans of obtainine the requisite infor.ontion fron 
such sources. 

21. It 'WO.s proponcd to net a tine linit on the receipt of this infoJ:'lJll.tion, 
and the 3-4 nonth period frau the third to the fourth seasioM of l,mrC woe 
:JUeaostcd. Following this, the GESlil1P \tOrkincr Group would asle for n further 
circular to be subni ttcd to Menber Governnents requestinG' trot fundnnontnl work 
be coonisoionecl on those fJubatanco8 for whioh it had not been possible to obtain 
data. Ideally this work should be undertaken and the asscsff.Dcnts oonploted by 
the llorkinc group in the Spring of 1976 before the fifth session of lnJPC o.nd the 
ll"IOO Technical Synposiun in Uexico. I:f roquired, tho llorki.ne aroup wouJ.r.1 bo 
prepared to ndvise on how these fun.danentnl d.a.ta oould be obtainod. 

22. In tho ptlot o.nd at present, GESl'J{l? has endeavoured, not only to evo.luato, 
but also to cath~r appropriate data for the developnent of ~~Z~ profileD. 
This effort Inlst nOli be reinforced by IMCO and/or Govcrnnonts UD the data 
availability bccones noro linitod and in Dally cooos non-oxistent. If the nost 
effective use is to be mdo of GCS1I1'jJ?l0 United resources, then tho co-opo:mtivo 
efforts of IMCO, eovernnents a.nd G:8S11I,jp are ncedecl to on3UXe thnt tho needs of 
DICO for adequate and conprehensive ha.zard :profiline for noxious ouhstlll1coS 
oarried by ships \Y'ill be net. 
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23. In respect of i tci: lOll-.:;-tcrD role in the lLOGQSSlJ.6nt of the ffizard profiles 
of haroful substnncoa, the Group confiroed that the principal funotion of tho 
world.n€ [,TOUp was to £LOseGS the inforoation rooeivccl fran nIDO, crave:rnoental and 
othor sourcos and to advise INCa as to which partioular data would be appropriate 
for evaluating the envirollnGntal hazards of each of the substances in aocordance 
Hi th the GESM1P rQ. tiqnale. 

24. In order to expedite n.ction to obtain the necessary data, it 'WIlS agreed 
that nreo should be askod to arl.'ElIl6O for the early distribution to lfunber 
Govornoonts of these cOrlIlcmts by the Group, in order to dra.w the nttention" of 
lIenber Governnento to tho urGency with which the Group vie't'lccl. this probleo, and 
to provide notice prior to the third seasion of ~TIrPC of the need for oxperioental 
work to be undertaken. 

SCJE1lTlFIC MSIS FCil TIlEDISPQSAL OF WASTE nlTo THE: 5&\ DY D1lI'Il?lilG 

25. The_ World..rl.G Group on the Scientific Dosis for Disposal of Uaste . into the 
Sea suboittad its finnl report which was prepared at its second nesting fran 
5-11 Ccto'ber 1974 at the .'ma Rccrional Offica for Europe, Copenha[,"On. 

26. The Cbairnnn of too workincr eroup, Dr. Ifullen'bercr, introduced the paper and 
infomod the Group that both the discussiono about tho prelininary report of tho 
,-rorkine [,'TOUp, which took plD.oo at the sixth session of GES1.l1P, and tho 1a'itton 
CODDcnts received fron a selected nunbar of scientists fron vnrioUD disoiplines 
were taken into account by the workine' croup for the p~paration of the final 
report. 

27. The COOiman also pointed out that tho work:l.nG Group had reoonsidered the 
title of its report in the lieht of tho debate at the sixth cession of GES!l!fP, 
o.nc1 aGreed tInt the title ohould read "Scientific Criteria for the Selection of 
Siteo for Dunping of Hastes into the Scnlt. It wa.s felt tmt thio would indicate 
nore cleaxly, than W<lS expressed in tho present title of the HorkinG group, that 
its roin task was to discuas the factors whioh oust be considered in tho , 
selection of sitos for issuinG a poroit for tho disposal of waste into tho seo, 

28. Tho Group coooended Dr. Kullenborg ond the work:i.ng group for a .thorO'll8h and 
useful report, particularly with reforence to the inpleoentntlcn of the London 
and Oslo Conventions on ocean dUDpinc'. l...rter adoption of Goverol anondDents, 
tho Group nrrreed thD.tj besides includina the report as an l.nnex to the report of 
this Sesnion (Annex V , the roport should also bo published separately by FAD as 
D. GESIJ'1P study. The Group requested the h.dnin.istro.tive Socretn.ry to nnke copies 
of the report nvailable to tl1B depositaries of the London, Csl0 and Baltio 
Conventions • 

nIT'.\CT OF OIL Oil TIlE 11fu,nlE Dl1VIll.mlMENT 

29. The Horkinc Group on the Inpact of Oil on the Ni:l.rino Environnent helc\ its 
first session fran 28 Cctober - 1 :Novcmber 1914 nt F1l.0 IIeo.dqun.rters, none, nnd 
its reIJort ,-ms introduced by its Coolman, Dr. ThoI.lpson. As pni1_pf its'Uorle 
ProarD-nne, approved by the sixth session of GESM1P (GES1UYIP VI/I0, l.nnox IV), 
~ o.s a basis for discussion an topics of speoific concern, n nunber of worl~ 
pa:pors \'lere subni tted to the world.ne crroup (see ilnnex VI) a 
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30. The Group \.'o.s inf'oJ:'lJ.ed tl'J.o.";.t, C1ft0:'~ dctnilacl cUocu,soi.on of thG • .;or~:.l :~' :;';~lJeJ:'s, 
tho lvorkine c;roup rod aereed upon their substances ill genoral~ and had' decic'_od to 
devolop a coonon i'ort" ... 1.t for their presentation in' tho final report. '1JJ.. c:ctro.ct 
fran tIro -rcp~rt of the lforld.11G BTou,p is ai v-on in ~'umox VI. 

31. Tho Group considered tho proposed content of tho report nncl. the dctD-iled 
outlines of the various chapters cuboi tted by tho worldne c.raup in docunant 
GE&U:1P VII/4. /~ nuober of lJugeentions' ware :Dado for' anenc1nent:J or'" chn.nGes which 
\-lill be taIcen into consideration by tho workinG' group at its sooond sossion 
soheduled to be held in Rone in Septo:o.bcr 1975. 

32. Sona nonbers of tho " Group OA1Jrcssod concern about the broad scope of the 
paper arid, in particular, about tho ralntive inportance of ~lQ various topics. 
IIowover, the Group f'elt~ ospeci.J.lly in viou of tho need f'or advice to Bovernnenta 
of devolopine countric8, tlnt the wor1":: prOer0J::!I]8 of tho worldnc graulJ wOuld not 
necescarily bo chanacd. Further CODDcnts eJc:pressod by nenbors vera noted by tho 
ChnirrJan of the uorkinG' g""..:oouP"and will be talccn into account in tho further work 
to be dono on this subject. 'ifi th roe-aro to offshore production and distribution 
of potroleuon, special attention should be given to ·the papers prepared by the 
llor1dnc Group on the Scientific Aspects of :Pollution l'.risi11i3' frOD. the Explora.tion 
and ~loitnt1on of tho Soo-Docl. The workine croup should reconsider the list 
of -topics nt its next session. 

33. The Group 'Was inforned that, owine' to other conoitnonts~ tuo of the nonbero 
of the working group (Prof. Johannes and Dr. Erhardt) hnd been ooliecd to resi{jll. 
1mthemore, Dr. Okubo 1 "'ho was propo:Jed an a \wrkinG' group Denber, coul~l not 
accept this invitation. Tho Group stronely 8UGcostod tlnt U oorine biolo[,'int 
(ecoloB'ist) ,should be includod when replEl.cinc thane nODbers of the wOrldne aroup. 

SCillNTIFIC BASES Fm THE nl'lTmUIDlATI01! OF CONCENTRATIONS t;11D 
=CTS OF lWlINE POLLU'rl\JIlTS 

34. The report of' the llorI--.ing Group on the Scientific funoa for tho Det~rnino.tion 
of Concentrations and Effects of Ua-rine Pollutants, Hhioh oet at Dubrovl1ik, 
Yueoslavia (Ill-IS October 1974), '\oro,.:::; llrol:lontcd to the Group by tho Chairrnn 
(Dr. Goldberg) for oonsideration ond approvnl. The Group felt thnt tho report 
should include a preanble "g.ivin{; the background and the purpose. Those ",ere 
indicated to tho plenary by the Technical Secretary for Ul'ICSCO: the report is 
intended to prcvide guidance -to tho ICC and HIlO for the devolopnent of tho 
Joint IOC/HHO IGOSS Pilot Projoct on Uarine Pollution Monitoring, ancl- to the 
IOC's ICG for Gm·lE to enable it to identify research needs for inclusion in its 
Conprohensive Plan. It ,'1O.S also contioned that Cm-IS niGht benefit froD the report. 

35. Tho Group considered that tho title of tho roport did not reflect tho 
contents accurately, and trot thero 1:1aS sona lack of coherence bohmen tho tvlO 
DEin sections on levels and effects and tho introduction. Tho report liLrltcd 
itself to dofininG a global open-ocean narine pollution nonitorillG syston. 

36. The Group 8npbnsizod tho noec1 to stato clearly why a Global systen is 
neoessary. Sooe reasons given durinG' the discussion were: a need to lmoli tho 
backe-round levels and nny accunu.lation of potential pollutants; tho com;oQuenocs 
of undetected yet irroversible c1.o.r1O.C'O to the open-ocean; the role of the opon
ocean in understandinG the dynnnics of oarine pollution in cny part of the sea. 
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37. It .... ms pointed out tInt a. global nonitorina oysteD bad tlro nS:Qoots: 

(i) scientific 

(11) orcrani""tional 

and that the report bcfor() tho Croup -really dealt only with (i). Tho 
organizational aspeot W<lS tho conncxion to be established bot\o[een such an 
open-ocean syoteo and tho national nnd rogioml systena. 

38. The Group felt that the torn conitoring wtl.S given 0. rllJlG6 of neSn.:i.ngs in 
tho report: froD neasurcoents related to a specific risk assessnont, to nerely 
repetitive ocasu+enents. Tho proposal that the systen should Deasuxo present 
levo1s and tQDPoral trends ws thought to require additional oonsldemtion, 
bo1;;h fron -the organizational o.ncl. aconoma points of v:tow. 

39. The choice of pollutants to be nonitorcd was based on a. clear and definable 
threat; sone doubt was-e~rossoa that this criterion had been "fir.nly established 
for oo.ch of thO ·pollutant groups chosen, eSlleoially 'litter. Tho rallon indicated 
BODe difficul tics in neasuxinG pollution by SODe of the proposed pollutants, 
litter and oil,' for e:mo.ple; it was pointed out thnt adequate noasuroncnts were 
required to define tho tbxcat so the report was to sona extent self-contradiotinu. 
However the Cbainw.n of the worldn(; croup eave severol eX&lJ:'llea of these threats. 

40. The Group believed toot no.ss-baUmoe Dodels on which 'the proposed 
nonitorinG systen was baoed, should be related to tho tine scales involved in 
the vo.riouo zones of tho occan (e.g. upper oixed layer, doep lroter). 

41. There HOro several other teclmicol and scientific objections or queries, 
and these, a.s well as the corments outlined above, were considered in the 
revision of tho report which was under~ken by. an ad hoo draf"tine' croup appointed 
d'UXinG the ses.sion. SonG neubers of the Group felt that tho report would 
benefit fran the inclusion 'of key references but it vms enpbasizcd thnt no hard 
and fast :rule in thia regard should be established for GESM1P working croup 
reports. The Group rcvie''Ied the revised report o.nd approved it ill the foro 
shoYlll. at .'innox VI. 

nlTillCIllJlGE OF POLLlJT;l1lTS ruTl= TIlG ATIlOSPIlEm:: 1IIID TIlE CCDlillS 

!r2. The Group was inforo.ed that the uno Exeoutive CoDDittee nt its twcnty':""aixth 
session md endorsed the. l'ropoaal of GDSlJ.11P at its sixth session for tho 
cstablishncnt of an ad hoa grou'p on intercha.n.&o of pollutants .between the 
o.tnosphere aXJ,d the oceans. This ad hoc group consists of t\~o ne.:t.coroloeico.l 
experts and two ocennorrraphero noDinated by ,~O and ICC respectiyely. Such 
oouposition was considered to be satisfactory at this stage. Uhen the .\-/orld.n& 
croup on this subject is established. by GESfJ1P 0. wider representation of 
exports would be desirable. 

~.3. The followinG' subject o.reas that night be usod by the c.d hoc group in 
developing its sco~c of studios have boen discussed: 

(1) Selection of air pollutants which ron P..l1.ter the oceans in Aisn-i..f'icfIl.1.t 
quanti ties on a regional nnd global scale; 
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(2) Prclioinary assesnccnt of the budget of selected pollutants; 

(3) Selection of ocean-originated pollutanto l'Ihich can enter tho 
ntnos~1ero in sicnificant quantities on a rOGional and Global scale; 

(4) 

(5) 

(6) 

(7) 

The life-cyole in tho atoosphore of ocean-originated pollutants. 
Particular attention should be given to the f~te of cantanination 
exposed to such effects as ultrn-violet radiation; 

Seleotion of ocean contaoinanto which night diroctly or indireotly 
affoot atnospherio processea over oceana; 

A survey of ourrently available nothods of Doasuroncnts ruu1 projected 
developoents related to oensuronent of selected pollutants in the 
atnosphero nnd the oceans on a alobal scale; 

Heteorolo{3'ico.l and oconnoeraphio factors Governing tho traru;port of 
pollutants fron the land to the seaj washout and fallout of pollut~ts; 

(a) Theoochnnisns ITOvomine the intorchnnge of pollutants botween the 
atnasphero a.nd the ocean::: at the interface and their possible 
oothcoatical description; 

(9) The nechanisns governi.n3 the atnospheric tmnoport of narine 
pollutants on a reGional and global scale and their pOD sible 
nnthcnatical description; 

(10) Developoent of a. GUideline for a. Donitorina proaranne for the 
atoospherio trnnsport of pollutants fran the land to the soa. 

~r4. The Group felt that, in spite of the restrictions ioposed by tho present 
state of nethodoloey, the breakdown of orannie nateria.ls in the atoosphero aver 
the ocean should be considered by tho future working group. 

45. Tho Group, in discus sine this question, pointed out tho inportanco of tho 
problem of intercba.ngc of pollutants as vlOll as its conplexity nnd connected 
di£fioultics. Ca.reful identification of pollutants of terrestrial origin 
entering the ocean thrOUgh the ntnosphere in significant qunntities was 
conSidered to be essentinl. The atoasphcre Is alno a najor pathway for 
pollutants entcr!ne tho sea on a regional and locnl scnle. 

46. It was agreed tho.t UUO should be nsked to naintnin the prcs'cnt ad hoc 
worl~ croup on interchanGe of pollutQnto for the next inter-sossional period. 
The nain task of the croup, at this ota.rrc, would be to identify tho soope of 
the studies and to develop a workinc papor outlinjL~G and suoonriz1nG the oontent 
of the studies. This 1'1orkinG paper should be presented at tho next session of' 
GBS,IlIP. 

ffiINCIPLES Fill DEVELOPDIG COASTAL Iff-TEll QUALITY CllITrnIA 

47. The lIork1nc Group on PrinCiples for Dovelopine' Conotal Uater Quality 
Criteria, which was established at the fifth sossion of GES1J.1P, hold ito first 
oessian fran 25-29 Hovenber 1974 at Fl~O IIeadquartcrs, llone. 11 report \'ro.8 
subnitted to this session of the Graup for cli.scllstlinn (GESJU:lP VII/7). 
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48. The Chaimnn- of the warl'"...in6 ttroup, Dr. Ualdichuk,. lntroduoed __ ,thcLptl.per and 
pointec1·out thn,t the report ua.s based em the deliberations of an· nd hoc l10rking 
!rl'.ouP at thefJ.fth .ession of the Grou~.(GElS1lMP V/IO, J\nnex VI) aM the '. 
di.OU!l.ions held at the sirth se •• ion (GI:SlIMP VI/lO, ""mgraphs 50-52).· He .. 
emphasized :that this :r:eport from tlw first meeting 'was a. pl:'91ilninary, bne. 
(See Annex VIII). . ' ... , . ...•. '. 

49. Tlw Group discuss~ the report at length, taking note of. its. preliminary, 
cha.:ral?ter, and mauo, a numbor of oommonts;w}1ich wore 'appreciatod:,by -the Cbnillll£Ul 
of t~ worldng ·group_ Ho assm;e,d .:the .Group,j;hat these cOIlllllent:r wOUld 'bo duly 
to.lwn into consideration when the working group meets for _,its sooond 2ossion in 
October 1975 in order to fil1aliza its report for approvnl ~J the eighth session 
of GDSl!1-1P. 

. . 
50. IJiho Technica.l. Socrpttlory for WHO, on request·· from the :Speclal, Secrotary of'· 
the ThlvirotlI:lont (~liniotry or Int""io:r of tho State .. 0£ Guawbam, _il),' brought 
to ,the -a.ttention of the ptl.rticipant&,1;hG new legislation -enaoted in' .the Statn of 
Gtumaba:ra in regard to i;he quality of water,requira.d for bathing.m.that State. 

SCJL~lTIFIC ASPEC'l'S OF l?OLLUTION ·1IRISlNG FRoM TilE .EXPLW.TIOll ,urn ' 
EXPLOITATIOlf OF TEE SI:A"= 

51. Tho Uorking Group on the Sci<mtifio Aapects of Pollution arising from the 
Exploration and E:x:ploi tatiol1 .or--the Sea.-bed, .which had. .been formed" at .. the si::cth 
sossion- of the -Group; -,"ms. Cho.ircd:. by:-Dr. Co1.S, who _presented tho I'esults of tva 
inter-sessional. meetings· in the form of.:a. report with three appmd~ces. The 
torma of reference '\-rere xcviewed o.nd the Group wo reminded: that this was a. 
firat report and much 'Work romaineP-' t9 be dona-. 

52'. The _priority itcma -in ·the: tetiIlO.'_.of reference: petroleum .~e8Ci nodules, 
dXodging and offshore oonstruction had been selected in part wi t11 tho intention 
of presenting an approvod report -tci the un Conference on the. La\1 of tho Sen. 
Tho SChedule of this Conference being cmnged, I!lUch .,of tbn p:rccourc to approve 
a report on certain priority items had disappeared. 

53. The aspects of tho 'lOrlcing group I (] task dealing with petroleum had led to 
SODa overla.p with the Uarking Group on the Inpact of Oil on the Itlrino 
L'nvirO!lI:lCnt. steps ,,,ero taken during tho intor-oessioml period' to o.wld 
Ulmcco'ssary dtil,lication of .£!ffort and to . confine the. work on oil within this 
working grouIJ strictly to an asseSSDcmt of tho ',pollution hazards o.risi.ng 
directly fro~ offshore exploration and exploitation. 

54. } .. s a conscCluence of -the change in the need to send the report td the illT 
Conferenco on the La.\i of the Sea and noting that the Harking Group on the Inpact 
of Oil on' tho Ilb.rine EnvirODDont would present a finaL report at tho next 
session of GESfJ1P, the Chairoo.n of the working group suggested, and the Group 
agreed, trot neither the conclusiono nOr the Appendix on Pctroleun be discussed 
at the presont sossion. Tho Group further'agreed that. the oonclusions on the 
pollution iDDlicntions of exploration and exploitation of potrolouD fron tho 
oen-bod presentocl by the 'mrldng group, together with the Appendix, be rCI;littod 
to the l:lorking Group on the Inpnct of Oil on the furino Environnent for seriouc 
conniderntion during the inter-sessional perioQ. and for full discussion at tho 
next session of GESlJ1P. 
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55. It was deoided, hcnwvor, that cortain mtters rela.ted to petroleuo. 
exploitation, but outside tho tems or reference of the other l1orki.ng group 
(such as prevontion and oontrol neasurGs and production natorial effects, e.g. 
drilling nuds and heat axclw1<Jo ""dia), would be abstmctcd fron tho Patrolatm 
paper and be oonsidered in future -work by referenoa to drilling activities in 
gonerel (Bea also pare=ph 32 above). 

56. A nuober of subjocts brought out in tho planery discussion and requiring 
further attention by the worldng group ware acoepted on behalf of the working 
GTOUP by its ChD.l:tna.n. Those ·will bo added to the work progro.one and reported 
UPC?ll at the next session of GI:SAMP. 

57. The first report of' the worldng {;rOUp containing mjor soctions on 
Hang-anose llodule Hining and the Dispersion of Fine-gra.1ned Ha.terwls wns 
discussed and accepted by tho Group as .howu at MnOX IX. A langthy diacussion 
was hold on the ways and !leans of incorporating the longer papers on these 
subjeots which had been oQO[J6llted on and EIllended by the wor~' t,'TO'll!l but not by 
the Group in plenary sossions. It was agreod to annex the report (.fumex IX) 
and attach these two papers as Appendices an condition that the original author l s 
nane would ba included together with a .tcteoont that they had not been a:xanined 
by the Group. Tho inportance of not areotina' a. precedent for the consistont 
in<;,luaion of worltinc' papers wns stressed. 

58. Tlla Group agread that the working group .hould continuo it. work in the 
inter-sessional period 'and accopted -the view of the working group Cho~ that 
a ooopleto report based upon the pro sent torns of reforence could be presented 
to the eighth session of GESAUI? This report would 1noluda oonsideration of 
those additional mttors Dontloned in pa.racrraph 56 above. In addition, the illr 
Tcohnical Seoretary had. requested tho workillB' group to tnke note of 
Resolution l802(LV) of the Econooic nnd Social Council concoming coastnl area 
dovolopnent. As Q. consequence, the world.nff GTOUP had given particular attention 
to pollution ariSing iron nctivities in coootal nre.o.l3 and will include this 
subject in its finel report. 

Su)?I>Ort fron 1JNEP 

59. The Group expressed appreciation for the finnnci.:l.l support given by UUEP 
during the inter-sossional period for neetings of Gn:S.'lNP worldne groups on tho 
followinG subjects; 

(1) Prinoiples for developing ooostal wat~r quality critori1l; 

(2) Scientific bases for the dotexoination of concent:mtiono and 
affects of narine pollutants; 

(3) Soiontifio basis for tho disposal of waste into the sea.; 

(4) Inpact of oil on the Darino environnent; 

(5) Scientific aspects of pollution ari.inG fron tho exploration 
and exploitation of the sea-bed. 
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60. The progress of tho U11E8CO Group of Experts on the lIorld ReGister of Rivers 
DischarGine into the Oceans \"lQ.s reported to tho Group. It 'lIma oXJ;>lained thn.t, 
althOUGh tho paranoters ,,,,ere linited to tho .river' above the tidal reach, and 
c.l thOU£.\'h r.nny sie:;nifioant processes were kno\m to take place in the estunry and 
possibly to alter the river derived polluting load discharGod into the sea, the 
Pc.eG'istcr was of interest to GESAliP inaat:IUch as it had been proposed to noaslll'o 
several potentinl oarine pollutants in the rivers to be included in tho RoCistor. 

61. The Technical Secrct.o'\ry for \rIMO inforned the Group thn.t the dcvolopnont of 
the IGOSS pilot project has been considered by the fourth Joint Session o:f tho 
IOC lIorkine' Comrl.:t;tc@ for IGOSS and tho l·IMO IJxecutivc Coooittoo Panel on 
lletoorqloaie:al Aspects of Ocean Affairs held fran 4-12 Pebrtn'l"jr 1975 in Paris. 
COl1siderine the extension of tho pilot project, that nectins ~d invited tho ICC 
foJ:' GJ1II.iIE,·, in consultation l'lith the ''lI10 r:C Po.nel on Environnentnl Pollution and 
GESlu-1P, to consider the need for inclusion in the pilot projoct, at a lnter 
stnee, of pollutants othcJ:' than oil. 

62. The Group ,·ro.s further infomed that the "1110 IJC Panel on b'nvirol1I1entnl 
Pollution, at its first sespion held in Geno'\1D. frOD 1-5 I.pril, lmd acxeQO. that, 
if tho pilot projeot is extended, consideration should be given to the inclusion 
of: 

(a) h~avy oetals (e.g. lead, oerm~) 
(b) halogenated h;ydrocarbons (coG; PCB's, DDT) 

(c) doterconts 

(el) CO
2 

63. At the conclusion of the session, the Group c::prossec1 o.ppreointion to all 
the Chairncn and Danbers of its .. ,orking Groups, both fron "lithin anc1 outside 
GTIS1Jf2, \o,ho had contributed to tho preparatory work durinG' tho inter-sessional 
period. This bad considerably facilitated the conpletion of the substantial 
itenn during tho soooion. 

64. The Croup notod tlut tho Horking Groupo on the Scientific fusis for the 
Disposal of '\lasta into the Sea and on tho Soientific Bascs for the Detcrnino.tion 
of ConcQntrntions nncl I:ffects of Nnrine Pollutants had nou con:pleted their current 
,",ark. It ,ro.s therefore ncrecd toot thone it-IO worldnc groupo should bG! c1isbnnded 
at. the conclunion of the seventh (Iession. 

65. Hi th rc;prU. to ito futu:rc work the Group requested tho follen·dne vrarkil10 
GTQ't1.pS to continue to clanl .. ,ith tho tasks alloen ted to then a:J set aut in 
l:nncJC VI to the Roport of the sixth session (GES1J·iP VI/IO) : 

(1) Thmluntion of tho lfazards of Hamful Substances in the 
Ha.rinc Envirom1Gnt; 
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(2) Principles for Developing Coastal Wat~r Quality Criteria; 

(3) Inpact of Oil on the Mlrlae Environnent; 

(4) Scientific Aspsots of Pollution ilris1nc fron the Ilx:plomtion 
and Exploitation o£ the Sea-bed. 

66. Tho Group sereQd to oonsider, at its next sossion, tho need for 
establlsh:irle a new Vlorl".!nG Group on Interchange of Polluta.l1te between tho 
Atrlosphere and the Oceans (oee paracmph 42 above). 

DNl'G AND PMCE OF = SESSIOlI 

67. The Group was infomed that mr would aot as host aGency for tho eiGhth 
eess'ion of GESJi.MP -which was tentatively scheduled to be held in New York f'ron 
22-26 Harch 1976. Sines the date would conflict with the ll1CCj"Syuposiuo on 
Prevention of Morine Pollution fron Ships (~i.capuloo, 22-31 Harch 1976), the 
UJ:T Teclmicill Secreta.ry was requestod to oonnult his Organization ,nth a view to 
c~ the dates of the session, or to explore alter.nativo neona of avoidinG 
this conflict. 

E~CTIOlI OF CllAnu~UI f~ID VICE-CllAnu~\N FCiR _ NEXT IN'ITlR-SESSIOlTAL mRICID 
AND FCiR TIm: EIGll'l'H SESSION 

68. The Group 1lllll.:rUnouoly elected Dr. G. Kullenberc as Chn,l:rrn.n and 
Dr. C.H. Thoopson, as Vice-Chalroan for the next inter-sessionn.l period and for 
the eighth sesGien of' GDS.llMP. In taking this decision, the Group expressed its 
sincere appreciation to the retirinG' Chni:rrn.n, Dr. G. Berge, and tho retirinc 
Vice-ChairtlOn, Prof. 11.. I. Sinonov, for the efficient way in which they hml 
curried out their responsibilitios durine their taros in office. 

COJ:TSIDEllATION AND nPPROVAL OF THE REPORT 

69. Tho present Report of' the Doventh session of GES.llHP (GTI:SJI.MP VII/9) ,m.s 
considered and approved by the Group on the last day of the session. 
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EVALUATION OF THE HI.ZllIDlS OF I!1\RMFUL SUBSTAITCES 
IN THE NARIl~ ENVlROlHOOlT 

.£mendments to the Revim·! of Hannful sUbstances 

As a result of certain questions relating to the effects of metals on human 
health, the Group~ in the inter-sessional period, agreed to reoonsider the ' 
particular section at their session. On the basis of a paper prepared by 
.Dzo .. Faile (GESMIP VII/2/2), [',dditiollS and changes were made, as recorded below, 
and refer to GESPJIP VI/10/Supp.1). 

1. PO@ 2 

Paragraph 5, after l~st line, add the following new sentence: 
"Sinilr..rly, Dore e:l....-tended and detailed reviews of the hazards associntec1 with 
radioo.ctivity oro o.vcilnble iroD IAEA." 

2. Page 2 

Add a new section ~ter the Introduction and b~fore the oetals ere 
discussed: "General Notes on the Review 

A general probleD that arises in connexion with the toxicity of certain 
DctnJ.S is that the interaction between then is not well understood, OJ.though 
it has clearly been deLlonstrated that in the presence of one elcnent, the 
anticipated toxic effect of another Day not b,e fully observed. CaDoiun and 
zinc, lead and ca.lciUD r:tn.y react in this.way. The intera.ction of oercUI"'J and 
oeleniun is noted belm·l. 

It should be notod th..""tt bioaccuoulation of Gone heavy ueteJ.s is a 
reversible process anrl that with ncmy organisDs, the incre8.8ocl oet21 levels 
that occur followinG an acute exposure will fall onae the source of pollution 
io reoovod. 

It is stressed that the toxicity effects of oetals cnn only be considered 
in relation to the valency state(s), solubility, stability of cOIJr}lexes and 
mmy other fn.ctors. Thls is particularJ..y true of the short-tern effects. 
Consideration of lonCer tOI'l'....l effects oust tnl<;;e into accOWlt the fom::: to which 
the neto.1s and other rm.torinls are converted in the oarine envirol1nent. 

The conpleted revieu reflects the state of knowledge available to the 
c:Q1erts at the tioe of its cOD~ilation. Scientific knowledee is cont~~ly 
chnnGinB and developine, nnd as i t do~s so, changes will be required in this 
roview. For this reason, this docunent will be updated regularly. It is 
stronGly recor.nended that the DO:Jt up-to-date version of it shOUld be used 
wherever possible." 
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:Po.u~ 2 

~. P%" ~ 

Paragraph 4, second line: Clwnged to read "There are certnin siDilarities 
to arsenic but unlike arsenic it shmfs no tendency to be stored in tissues and 
0.180 shows difference in toxicity." 

4. Paqe 4 
Po.raeraph 3, first line: Changed to read "Certain inor&nJ.1.ic coopounds are 

lmOlm to be carcinoe;enic and are highly toXic to r:::trul on acute or lonG-taro 
nc1oinistration, •• ,11. 

5. PM" 5 
Par3{Jraph 3, after the last line add the following nmv sentence: 

"IIowever, data are linited and caution is necessary." 

6. Page 7 

Pnrneraph 1, third line: ChanGe "could" to "are known to", 

7. Pav,e 8 

Paragraph 8, first line: Change "non, being a cooponent" to "oan: it is 
o.1so a cooponent". Delete thnt part of the sentence after the som-colon: 
Ilthe anount •• , weeI<:". J..180 delete the finnl three words of this parac:raph, 
"is extrsoely snall". 

8. P"B" 10 

Paraeraph 3, fourth line: Delete "roughly twice •••••• requireuent." 

Para[,Taph 7, sixth line: Change lIis declintncrJl to "can be expected to 
decline It • 

9. Pare 13 

Paracraph 1, fourth line: Delete "who requires 3-9 DC'. each d2..y. II 

Parneraph 1, last linG: Insert "at the present tine" bet,·recn the ''lords 
"do not" Md "prer.ent", 

Paraeraph 6, second line: Changed to rend lIThe role of leachi.nc of the 
uotnJ. into the sea is uncertain, since it has •• , sedioent,1I 

Paragraph 6, lant line: Add the followinrr new sentence "Under these 
conditions sooe conversion to alkyl oercury nay still occur. II 

10. Page 16 

Paraeraph 2, fourth line: Add the following section after " ••• hnzard."., 
IIAnd at the present tine, with the present levels of nickel in the l1.."U'ino 
environnent, the consunj.)tion of seafood is unlikely to be ho.xoful. 1I 

Pnragraph 2, lost line ~ Add the followinff new sentence: "i. hazard could 
arise if increasing ooounts axe to be discharged into the sen." 



11. Page 17 
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Fa&> 3 

Fn.r~aph 3, fifth line: Delete "fran polluted areas". 

l\dxagraph 3, -last line •. 
concero could arise ,.,rhcre the 

12. PaF,e 20 

Add the following new sentence g "tTeverthelerio'; ~ 
dischar/je of soleriiun coopounds -ocoura, II", 

ra.:raeraph 1, last line: ll.dd ·the phrase ~~than in fresh .'\rlO.ter anir.mlsl~, 
o.fter II ••• laHar". 

Pn.roern.ph 4, thiro. lino~ Chance "hiBhly polluted" to lIcon~a.tedll. 

Paragraph 4, fourth line: Insert "sincel! o.f'ter n ••• conpounds ll
• 

Pn.rasxaph 4, lest line: Insert "preoent day" ber,ore "seafoods". 

13. P!lf(e 21 

After paraGTaph 1, add a new paragrn.ph to the Radioactivity section: 
"There ore three different types of radioactive substances, nonely those_ that 
Give riBe to ~ (alpha), ~ (beta) or y (BODO') oDiBsions (or oixtures of these). 
Each of these activities has a characteristio energy. Different iDotopes have 
different hnlf-lives and pathways in the oarine env1ronoent antI these, tocrcther 
H1 th the different types of erllssions lead to different dearees of ha.zard. 
For Dare cooplete and detailed inforoation see, e.g. lAEa Inforontion 
Circular 205/ndd.l, 10 January 1975. (Convention on the prevention of DOrine 
:pollution by duo:pine of "mstes and other 'oattat)." ' 

14. Page 22 

Under "FJrIIYLENE DIIlTIOn:IDE", pnrugra.ph 5, second line, add: ", and the 
ru:'.tcrio.l is blown to be both carcinogenic and outaeenic" after "bio<'1cc\ltIUlation". 

15. page 2; 

Poracraph 6, third line: Inoort 11(20-30 oe./l1tre)" ";)eforo "injury through 
conta.ct". 

16. Paee 24 

Table 1, title ch2.X\.;'r8d to rend: "Decren of Ioportnnce as J?ollutonts 
According to the Ibjor Cc.te,gories of Marine Pollution necoc;nizcd by GESf.Nl?". 

Delm" this he2.dinc n.dd the follo1trin6 Note: "The ratineo in this table refer 
to knowledee of the stc.te of oarine pollution at the present tine. La such they 
C2l1 be considered to provic1.e euidLmce on future levels of pollution, provided 
e~dstinl3 controls oxe rmintoined or atronc;thened." 
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.As 11 Footnote to the table add: "It should be noted that, eSl)ecially in 
rele.tion to nany of the netala, WIIO has ouch core detailed in:fornati6ii. ori the 
hazard to nan that these pose under' n variety of environnental end other 
expoml+'C situations. TIus "JIIQ docuoentnUon Dhould be consul. ted vhenever e. 
fuller apprecia.tion of these hazards to rum is required. II 

Table 1 

Under Coluan 2, I'Hazards to hur:lon health": 

For Lead change "(+)11 to "+" 
Arsonic change II 1" to "(+),, 

S 91 eni un clm:nu"'9 "_II to "(+),, 

Derylliuo chnn6~ "_" to n(+)11 

llJ.lyl alcohol "+" to "_" 

17. Paee 25 

Table 2 

Add the sane note as below the headine for Table 1: 

liThe ratings ••• strenethened". 

Add the sooe footnote as for Table 1:" "It should be noted ••• requiredll
• 



ANNEX V 

Second Session 

(Copenhagen, 5-11 October 1974) 

GESIu'IP VII/9 

The Fifth Session of GESAMP (Vienna, 18-23 June 1913) decided to estnblish 
0. "larkinG Group on the Scientific Dasls for Dispooal of Waste into the Sea. with 
tho follOwing teres of reference: 

"Wi th reference to Annex III of the London Convention for the Prevention 
of lmine Pollution by Duupine of Wastes and Otlier Matter: 

(1) To oa:rry out a critical review of our present knowledce of those 
aspects of dispersion and physical, cheoical and bioloGic21 
procesSes relevant to the selection of sites for discontinuous 
injeotion of wastes into the cmrinc environoent in both deep and 
shallow waters; 

(2) to identify BPps in our present knowledge, focus attention on 
urgent research needs, and suegest research priorities,lI. 

The working eroup held its First Session at FAD Headqutu""ters, Roue, fron 
4-8 February 1974, ana prepared a prelioinar,y report for discussion at the 
Si::.cth Sesoion of GES1\MP (Geneva, 22-28 March 1974). A second neetinG of the 
.lOrking Group took place at the WHO Resional Office for Europe, Copenlm.{:,"en, 
durinS 5-11 October 1974. 

The Deubers of the worl""...ine group participatin& in these sessions Hera: 
Dr. G. Kullenbers (Chairnrun), Dr. E.K. DuursDn, Dr. D. Ketchun (Second Session 
only), Dr. SeA. Mnlnbere, Dr. J.E. Pormann, Dr. ?II. Wa1dichuk, Dr. G.E'. '.1eichart. 
Uni'ortuna.tely, Prof. A.I. Sioonov, who was noDinated as a oeuber of the workine 
[;TOUP, was unable to attend the Deetings. Dr. G. TODCZak (FAO) provided 
secretariat assistance (see Appendix I). 

At the Second Session, the workine eroup was welcooed, on behalf of the 
host agency, by Dr. M.J. Suess, who also participated part-tiDe, toeether with 
Dr. A.n. Wahbo. froD the ReGional Office for Europa, in the discu:::sions ood in 
the dro.ftine of this report. 

The workinG' croup took note of the discussions on its Sunnnry Ileport of the 
First Session held at the Sixth Session of GESAMP, and of the written coooents 
on this report sent to the Clk'lironn by various reviewers, and discussed what 
mondnents should be Dade to its report so as to take account of theoe cODDents. 
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It was agreed th~tt althouGh not specifically stated in the title of the 
workinG group, its omn task was to discuss' the factors which I!IUst 'be considered 
in the selection of si tee for disposal of wastes into the sea, and that this 
should be clearly indicated in the title of the final report. 

In the followine, therefore, the title has correspondinely been chanced, 
and the workinG' group SU8'GCsts that, in the future, reference to ito work should 
be nade by usinrr the title "Scientific criteria for the selection of sites for 
duo]?lne of wastes into the seall

• 
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JlJJSTMCT 

SCIEN'I'IFIC CllI'J'lIllll FOR TIJE: SELECTION OF SITES 
FOR lllJMPING OF WASTES INTO TIJE: SEll. 

The oain concerns with dUl:lping of' wastes at sea nre their possible adverse 
affects on living resources. Effects on hunan uses are r:lainly associa.ted with 
bioaccur:rulation of substances by carina organiaos, taintinl) of sea. food and 
reduction of aoen! ties arisinB' f'roIJ diacolouration, turbid! ty and floating 
oaterials. The wastes of sreatest concern are those which are toxic to carine 
organisos or accumula.te wi thin organiso8 to a. concentration substantial11 
grea.ter than that in the envlloonoent, and which reach the BeD. in larr:,'6 aoounts 
or persist there for lonff periods of' time. For liquid wasta disposal, a 
principal objective is ra.pid and widespread dispersion. . 

Th.u!lIling of those oaterials pemi tted under the London Convention should be 
done in such a way as to avoid, or oin.i.I:U.ze, undesirable effects by: . (ll ensuJ:!ng nax1.I::roo initial dilution through an a.pproprln.te neans of d1sposaJ.; 
(2 selecting areas where dispersive procssses (transport and ~) ore -active 
and (3) avoiding particularly sensitive areas. 

Sewage sludge and dredge spoils constitute "about 90 per cent of the total 
oateria.ls presently being duIJped. Doth can contain heavy ostrus, petroleurJ. 
hydrocarbons, anioal and vegetable fats and oils and chlorinated hydrocarbons. 
They nay also introduoe into the sea oioro-orcraniscB which require special 
attention, particularly the pathogenic bacteria and viruses. 

Wastes are sonetimes oontainerized. fJIJ. overall denoity of at least 
1.2 g/co.3 is recoDClended to ensure that containers of wastes sin!:: to the botton 
and reoain there. Since containerized nateriala. and bulky solids interfere 
with bottoD trawl1rlg, they should be dunped only in selected areas in the deep 
ocean. 

Diological observations o1ght be expected to include ~ fishGries resources t 
priI;mry productivity, zooplankton and benthic populations, as well a.a tUrbidity, 
dissolved o:xygen nnd the na.ture of the aedioente. Chenioa! osa.surenents in 
wa.ter, benthos and sedioonts night include orBWlochlorine substMces, petroleun 
hydrocarbons, nutrients and such oetale a.s oercury and cadoiuo.' I1lysical 
observations should be oainly directed to evaluating dispersion processes. 
Hind and wave fea.tures, vertical density distribution, includinB -8:ixed-lo.yer 
depth, and data on currents and bottoo conditione would bo dasir~ble. 

A nuober of research priorities have be~n identified which, if oet, would 
greatly ioprove our predictive ,ability. 
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-The duIJpinB* of wastes into the Bea is only one oethod of disposal of a. 
oaterial and--should be 'carried out only after other al ternntiva--uathods 'of ,
deo.linG' with the waste have been fully 'conside'red. "Ideali'y, ,the,'only Ultioate 
nethod of elioinatine- waste -disposal of- conservative substanceS 'jo-'recovery ,and. 
reutilization of tho rmteriolo presently considered to be wastes; other' 
disposal operations oerely nOVe oaterial froo one part of our environoant to 
OJlother. The decision ·to consider a substance a '''waste'' rather thon no potential 
"np.tural resource ll is based on econooic rather'than on scientifi6 principles,
because the- teclmoloBY to recover the na.torial in useful :foro. is a1 thor not 
available, or is Dore costly than the value of the recovered product. 

For certain wastes, end.under. particular circUDate.nc9s, the cost of 
disposal at sen cay be less than that of recycling or of disposal'on lend, but 
the coat oust be assessod against the risk and· cost of d.anage to no.rine·, 
resources. Thus, 10\1 olleratlng costs nay have to be Bet against costs of 
d8Dll(;e to the environoent which nay be quite high. It oust be recognized, 
however, toot the environoent is not divisible' into neat oonpn.rtnents and ··that 
the cost· and;risk.of effect of waste disposal.;ln B. variety of alternative ways·,. 
wuat be exooined. In the event it oay be necessary to select ons nethod, even 
thouGh sona dooage ~does occur, amply because it provides the safest 10n~-terc 
oolution; finanCial considerations nay or oay not help"justify such 2. course 
of action. 

IIowever, the" GESlilTI? Working GrOup on the Scientific'1"Iasis for Diaposai:"of 
Ho.ste into the Sea hns not considered. cost 'benefit analysis, which is 'involved 
in waste disposal as currently practised, nor did. the workinff ~oup discuss 
o.lterriative disposal oathods, but agreed that thase will always h2.,ve to be ..... 
token into account "lhen choosing the best procedure. The PurPooe of this . 
report, according to the tems of reference of the workinB' group (see.1qlpendix II), 
is to consider bow the effects of waste disposal can be assessed and reduced 
to a niniOuo, and in,particular, what· scientific principles are involved in 
the selection of sites for duopinff. 

The working group ncreed that the disposal of waste at sea c~ be 
scientifically discussed without taking into account consideration of the 
justification of waste disposal. The sea has a capacity for receivin6 a 'finite 
anount of waste. This is often largely. related to its great volues. The 8e11'- . 
purification and bufferinl3 capac! ty of the water· is lim ted, while 'the sea,.-bCd . 
as a. oink will.not be effective'for all oaterials~ 

The working &TOUIl did not discuss the disposal of radion.ctive waste into' . 
the sea, as this is being covered by a specialized workinff t;rOup (11..&\, 1974:',1975). 
Duoping in relation to specific oarine geological features waD consiuered at 
the fourth oession of GESAMP by an ad hoc Working Group on the Conse~uences of 
the lIunnn Perturbation of the Deep-Sea Floor (GESAMP IV /19, Annex VIr). 

* The definition of durlIline used by the workine eroup is that given "by the 
London Convention on the Duopine of Wastes at Sea (UN, 1972). 
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In preparing thiG report, the working group waD aware that considerable 
experience could be dxawn upon in relation to the effects of narine dU01)inB'. 
Sooe exnoples have been cited froD the cenbexsl own experience; such exonples 
should not be aSSUIled -t9 Dean that disposal of thoBe particular wastes is safe 
under all conditions. The reader should therefore pay due attention to the 
particular conditions existing in any proposed area of dunpinB', before uaking 
a decision for any. new situation. 

The ass8Bsnent of the probable effects of waste disposal at Sen involves 
several disciplines, naoely, physlca.l oceanography, chemistry, sedirJ.entology and 
tk~ine biology, all of whioh are interdependent and none of which can be 
considered in isolation. In a report o:f this scope 1 t has been necesaa:ry to 
concentrate on an identification of those natters of prioary ioportance in 
order to prediot the behaviour and ,effect of Dnterials when dunped at sea. 
IIaving done this, nn atteo.pt has been Dade to identify those subject OX9as 
where knowledge is reasonably precise and also those in which knowledee is 
lacking. 

Detrioental effects of pollution of the Bea include ham to oarine 'orgm:Uens, 
h2..za.rds to hunan hecl th, hindranoe to oar! tioe activities and reduction of 
OD,GP! ties. Of the various uses of the sea likely to be affected by the disposa.l 
of wastes by dUDpinG, the working group considered that attention should be 
fbcuDoruparticularly on the living resources of the sea and their exploitation. 
This waB interpreted as including those species which are, or nay be exploited 
coooercially, and the food oreaniSDD on which they directly or indirectly depend, 
plus the need to avoid interference with fishina a.ctivi ty. It should be noted 
that, in D8JJ.y ca.ses, the young staees are particularly vulnerable. Certain 
o.reas of the oarine environoent, although not at present supporting corJO.eroial 
resources, have potential value in this respect and should be protected. The 
working group also xeDlized that.huonn health aspects oust be oonsidered, 
especially in respect of possible contaoination of food resources. 

Poasible concemn which Day be inportant in special cirCUDstances include 
aquaculture, recreo.tion, preservation of endnngered species end exploitation 
of nineral resources on or under the sea-bed. 

In nakinff an assessoent of the'Dost sensitive opecies or use to be 
protected, it is worth noting the oeri t of- the critical pathway nppronoh which 
has been used with success in the field of radioactive waste disposal. The 
prableos involved in o.dnpti.ne this npproach to non-radioactive waste disposal 
are cooplex owing to the graater variability of the sensitive species or use 
to be considered, plus the different types of waste and different nodes of 
action. Nevertheless, the systen should be. applicable and has considerable
Dertt since, once the deoision hos been oade as to what has to be protected, 
0.11 other interests arc subjugated (Preston, 1974). 
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dCG'XD.dable :6nd' n6ri-decia:de,Ule • siiQstances, and e.';sg 't~ degree ,of to~~~ty ,d~ 
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",,2.1 Diolo[p..c'8.l 'chatrict:eristics '~a:"erfE!cts 
, ',n" _ _ .' • ". _, • _. _ > '!, . ,", 'rr, , . 
'''-, ,- .. ',_", ': ' " --, -"j'"",.', ;.. f:~" .-.1- " " _ \r, '- - t' 

tp1~ was't-es p~ crrerites1( poncerri ,relat.tye '-1;q -q~ine ,'+1,fe, ,;t.~cluae thQ~e 
ua1feJ;iala whiqh')\.r~ ~9xio to .',~~e, orgalp,sps! aii4/or :,~re :~.~~li~d· ~ th1p , .' "-:.' 
orGDnisoa to a concehtration sUbstantially greater tli8n' that in·the env~r~~t, 
or which reach the enviroIlDent in large ElDOunts, and/or which persist in,' the ' -' 
ol1viroIlDent for lone periods of tine. Sone substances are generally recoBllized 
as beinG of a particularly hazardous nature to the oarine environnent or i tB 
resources; these nrG listed in llnnex I of the :Du.oping Conventions, end thoir 
deliberate disposal by dunping is not permitted. 
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Lesa hnzardoua wMtec, a.cr. Elew~"'G sludges and polluted dred@ spoils, DIJ.Y 
elso iritrOclUoe' into tho soa. Dic~or&onisca:' -and--"as such oay still reqUIre .special 
a.ttention. - or. principal 'concern c.re the pat.hOaen1C: bo.cteria. and virusQo. -
jI..noeb~, para.sites', :Y"easts and run~, wbigh c~ cauoa ht~.disea.s~s tlO.y !'ileo 
be present. The pr1nciptll. concam when ~1:nS such contaoina.ted waste is to 
avoid thO poealbl11 ~J of their 8nc:roachnent 011 beaches or the re'tUnl to non' via 
hiE1 food; eepeolriJ.ly shel_l~i8h whi~ rilly b~ eatot:l ra~. or wi ~hput_ ~Dt~rillza.tion _, 
by adequate cooking. llaJ:v<i.tin(; of BhellfiBh in the vioinity of 'sludee or Bpoil 
duops, and their onrkettne, DAY need to be prohibited or at least be -subjected 
to systeoo.t1o, hy/3'ier4c con~l, ,~ o~r __ t9 __ p;ote,ct hunan hea;t the ; IIowever, 
sl1;Sllfi,sh growth or ~pr6ducti_on tmY, IlOt nece'ae~11y be adverse~y: c.f.foctod. 

" ,-,-, 

hi ':~rder to cause"hunt:1n disease, patho~c'- agents DUst ge" .t~~el1 in' at 
cert~ tfninnl 1nfe,ct~ ~I?se IGVal~. For ._01~l'O-'ch8rtl.caJ.' ~,~dfiJ, cortnin 
ho.m.f\il lavale are elsa 'needed. SoCii enterO'pa.thogenio cic*6rc;oniD!lB ere qui ~e 
resistant to the various ef'facte of sea. wa.tEir. It is clear -tho.t mcro
biological research should be conducted on the probleos ,associated .,d th ~ewp.ea sludge. " ""',' , -, " -', \ ' 

The ooute toxicity of waste oa.terials to oo.rine organiso.s ~at b~ 
evo.luated in order to, spocif'y tho'degree of'- dilution and dispersion nGGde,d to 
render ~ waste ~ess. The custooar.1 oethod,is to 'canUuot-abioaasny teat. 
eaneroJ.ly for 96 hoqrs, to .detel.'l!l1ne. the concentra.ti(lll whiol) .will kill, bnlf of 
the population or to.t or(lriniacie in t1mt period of. tine. Ideally; the test 
or[,"fllliso. should be either the oost sensitive, locally ioportlUlt' in the proposed 
cluupine' a.xea., or an orennima critical to the ca1nt~nonce of the ecosystEm of 
the ;:\%Ga. This ienot alwaYs,POBS1bio, oinco'the firet typelIllli bo difficult 
to keep ~ive &V,en '~der the:best -of' la.bomt,ory conditions;' eciuaJ,ly, it i9 
oft~ not pOSsible to _!JB.1nte.1n ,the cost 'sop.sitiye life staffsB_;' f1nalJ,y, tho 
critical. organisos DaY' not 'b,e known.-· ,Thus, tho resul,ts of'bioo.ssnys 'are applied 
with application f'o.ctors, Of one to' three 'orders o£ ~tu.da. . ' 

Another cocpleXi ty of o.pplyins bloasB_3Y teat results to ducpi118 of Ha.s:tes t 
,,,here dispersion and dilution 1s the -objeotive, rests in the foot thnt the -
orgq.nisos in the eea are not exposed to a ,fi,.xed eoncenu-n.tion, but _ra.ther to a. 
constnntly ~_oreasin(f conccntnltion as "',natUral. nixing 'and dilu~ion' \rl.~ :', " ' 
uncontaoinated eea. wa.ter follows the -:disp6sal •. DioBssays whic~, sirIulo.te 'this 
no.tural' dilution, in the laboratory woUld be useful, but at present Proollo:ty 
unrealistic'ally dif'flcul t to achieve 'Qn~ ,control. Therefore, it is' -sue6Gsted 
that as a. ~ra.l rule tho cOncentra.tfon 'found to be toxic in a 96-hour 
bioassay oiBbt be stipcl.o.ted as a. naxiI::roD allowa.ble concentration at _tho 
disposal site one hour after dischargG:. ·-The £urtber naturaJ.-' oixine and dilution 
would be expected to eiva addit:f,onal footers of sa.f'ety durinlZ' tho neJ;;t four 
cl..ws. Fuxthar safety footors oight ~e necessary for wa.stea which ncououln.t~ 
either biologically or 'phyo+cnlly, or'i.,f the discharge 1,s nado' under quiescent 
conditions.' " .' 
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The possibility of sub-lethal, chronic~ toxic effects DUst -also b~ evaluated. 
These longer tero effectG rmy interfere with bepavioural activi t;ies of Da.:i:'1ne' , 
orGanism Duoh as feedinG', breedinG and oierations. - There is also the poss1.bl11 ty 
tha. t exposure to- "sub-lethal concentrations of 8008 pollutonts Day render the 
organiSIJ. DOrc susoeptible to disease or to other environoentnJ. stres~.· llovlever t 
if the waste is dispersed in an area of rapid circulation these sub-lethal 
effects oay not be of STant ioportance. SODe waste disposal operations nay 
produce local concentrations of the pollutants on the bottoD, such as the 
disposal of S8Waee oludce -or dredBinB spoils. In' such cases the chro~c' effects 
need to be evoluated. 

r . . . 
LivinC' oreenisns eM a.cctlDUlo.te BOlJe pollutants within their tissues to a 

concentration ereater tb.ntl 'tha.t found '-in the" envirODDen~. 'l!'or "exriwle, heavy 
Deto.ls 'Crol conbine with proteins', 'and petroleuD'" and chlorina.ted hydrOcarbons 
arc concentr~ted in the lipid cooponents. This bio-accunulation resUlts froD 
en mbnlance botween tbe rate of assioilation and the rate of excretion. The 
conce'ritration factor (the ratio of the cop.centration within the orgaIuSlJ to that 
in ,the water) Day reach several orders or" rulgnitude. "When these .oreanisus are 
eaten, the predator is, in turn, inBestirig larger quanti ties of the 'poliuta.nt 
than it would be exposed to otherwise. Al though substances such as riercuxy and 
DDT o.nd i t:J breakdown producto axe recoBIJ.--ized as beine potentially haroful to 
llttrine organisDs or to nen, it should not be assUDed that bio-cccuoulntion 
per £t is harnf'ul, -since bio-accuoulation pay ru.so represent a bechfillisu by 
which the orgnnisQ counteracts the toxic effect. 

1Inother indirect effect of d\lD.pinC Dieht be the change of h[l.bit~.t. 
ch2.Xacteriotics. '-ThiS would be nost' critical with wastes which accu.r..ru.late on 
thE:! botton. Sessile benthio or@Ilisos can be soothered if the ,mate o..c~w:rulateo 
to a depth of a few centinetrcs, r:nd the characteristics of the botton llight 
bc cheneod so that it in no lonGQr sui~able- for the life style of the np..tuxo.l 
benthic biota and orBenioos feedincr thereon. Chnracteristicnlly,'sUch Dodified 
l)ottoos will be invnded by opportunistic species (such as the worn '-6o.pi't~lla) 
",hich breed rapidly and axe tolerant of polluted condi tiona. iii thouGh in sane 
circunstances they ony h8 ~eplo.ced by other exploitable ap,ecies, previously 
present species of value to Dan, such as lJollusc~ shellfish, lobsters and 
crab13, nay be excluded fron theGl~ Dadifio,d bottons .. As- ocntionecl o.bov~, if 
oicrobinl contru:Jination 'is 0180 present, harvestins' oay have to be prohibited 
even in adjacent areas where the orBanislls survive, in order to prevent the 
clancor of retuJ::n of pathoGeno to Dan. 

2.2 Cheoical ch2i-n.cte:i:istics nnd effects 

It is possible to obtnin BODG clues, but not a full cheDicnl characterization 
of a wnste, fron 0. lmowlcc1ce o'f the raw oaterials nnd the production process 
used. A standard, full-scnle onalysis for an extensive list of chenicoJ. eleoents 
or oonpoundo i8 not noces::lQ.ry; rather, onCl.lysis should be tailored to the needs 
for ea.ch waste. llo"1Gver, ccrt::un eeneral guidelines cnn be Given. For' exoople, 
nnalysis for total solids ~ totnl particulates, oreanic oatter anc1 611ecifio ' , . 
gra.vity will eenero.lly be ~:pplica'Jle. Ano.lysis for' several trace oe:t;c.ls, 
pesticide coopounds and' peDs will provide' useful infomation on p'ersi:Jtcl1.t 
substancoo; these are likoiy to be present in Dany wastes. 
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Sea water has ~ considerable bufferine capacity for neids end nlkolia. 
For cxaople, the acid-iron waste froD the production of tit~iun dioXide uoine 
the sulphuric acid process is rapidly neutralized on relecse into the sea. 
Followine neutralization, tb,e oriBinal ferrous sulphate is oxidized to the 
ferric state, thus 'exertinc; a. cheoical o:xy~n deonnd, and is precipitE'..ted as 
ferric hydroxide. 

Under stagnant condi tiona, ,wastes with a hiGh chaoica]. oXYGo~ denanu. ( COD) 
and/or bio-chenical oxYGen denand (non) can lead to deoxygenation of the ''1ater 
or the ssdinent (oXBLlpies are sewago .s~udge, pulp-nill wastes ClIld food 
processingwn.stos). This decooposition of organic natter can lead to relea.se 
of larGe aoounts of nutrients such as phosphate and available nitroc,"Gn H'mch, 
if not adequately P1spersed, can cause local enrichoant of the water, and chances 
in species composition. in such circuostances, blooms of alGne, ~ncludinff 
those associated with reC1.-tides, nay· occur and 'ultiDately, on death rule:. aecoy, 
CaUse deox;ygenn.tion and odour p'robleIJ~. 

Certain chenicals, of which the chlorophenol a are probably the best lQ'lown 
exnople can, even nt very low concentrations, cauce taintinG of fish end she.ll
fish, rendering then unacceptable for humm consUoption. It is irJportant, 
therefore, to avoid dispooal of su,?h wastes to the sea. 

other cheoicols (e .e. c~de,· free chlorine, organophosphorus COI:J.l)ounds) 
are acutely toxic to carine life. In nnny cases, they a.re·.ra:~her rapidly 
renderod hamless by chaDiaal or biological processes. Cyanides, "\-linch are 
present in sone heat troatnent salts usod in the case-hardening of 'steelS, arc 
hydrolysed to fomic acid and 8DOonia. TIariUD., which may also be present in 
sone heat treatnent salt oixtures, io precipitated by the sulphnto o:f the sea 
water as insoluble haxiun sulphate. Chlorine is reduced to chloride, , ... lrich is 
<l De-jor constituent of' sea '-Inter. The highly toxic organophosphorus COIr.!?ounds 
are hydrolysed in sea ''later, \d th a haif'-li~e rangine fran n f'eH dayG to ce.vera1 
conths. IIowever, oolloidaJ. olcDenta1 phoophorus is only very slowly oXidize.d. 
in sen watel.' and has b~en known to cause dno.nl?13 to carine resources. (Jongnnrd, 1972). 

Hany heavy Qetals are accuoulatod by Darine oreanisoG. The slteciaJ. risks 
posed to hunan heal. th by .mercury and cadniun are recognized by total prohlb! tion 
of disposal (except as trace 'contarJinants) under both Duopine Conventions •. 
Investieations have shoHn . that , in the aquatic environnent, Cercury ia transforoed 
into oreonic Dercury COT.JPOungS, ~.B'. cethy1 oercury, which o.re far Llore toxic 
than inorl:W!lic or oetallic oercury (Jen.el8v, 1969). 

HastAn ocnta.lnir.g other metals or elements such as lead, zir.o, oopper ·and 
arsenic, can lJe duo.ped but require speciaJ. attention. A local build-Ul) of any 
of these cocpounds or elenents is likely to be, undesirable. AGa.in, the cheDical 
state is iDportnnt; in insoluble foro, and in 8009 cases also in conploxed fom, 
tbe acute toxicity.of' lend, zinc and copper is ouch reduced. In Moxie areas of 
the sea, where, hydroGen sulphide o'ccurs, I:lDIly heavy n.etaJ.s cem be olioinated 
froD the sea water by :foroatlon of vory insoluble netal sulphides. One 
,,"xception is iron, vrhich as :ferrous sulpl:llde, 1s nore solubie in sea water than 
in the :fom of ferric hyclxoxide which 1s the noma! forn under o::.QT:3"ena.ted 
~on(lltions. In 80De cases, the precipitation of heavy netals as sul.:pllides can 
Je prevented by cocplexinG o.gcnts present in sea water Which .fom 30luble natal 
~oDplexes. It should be noted that it has been :found that under Llnoxic conditions, 
lercury sulphide is Dare soluble in sea water than would be expected frOD its 
lolubility product (IAEA, 1971). 
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It should be pointed out that certain oetals. nnd .orBDJrlc substances o:r:e 
readily and stronely adsorbed on to and/or absorbed into, particulate oattar, 
such as clay or natal hydroxides, There is BODe evidence toot in this fore they 
oxa rru.oh less readily ava.ila.ble to narine organi8IJs, i.e. tl?e rlsk of bio
accuoulation or toxic effects is reoi".lC9d. Sioilar effects may also be created 
by the faroation of organic cooplexes, but this would be lar~ly depalldent upon 
the stab!li ty of toot cooplox. It should be noted that the valency state of an 
eleuant is of inportnnce when its effects on norina orgonisos are to be predicted, 
e.g. arsenic is less toxic in the pentavalent foro than the trivnlent fom, but 
he~mva1ent chrooiun is oore toxic than trivalent chroniuo. 

The incinerOl.tiou at seo. of chlorinated hydrocarbons results :in the fOllJation 
of 1nree noounts of caseous hydrochloric acid and water vapour~ These coobine 
end condense to foro. droplets, which precipitate usually within a rela.tively 
short distance of the incinaration vessel. The acid is readily neutralized by 
the sea water. 

2.3 Physical characteristics and effects 

It is necessary to knO\v whether the waste is a liquid or solid, or a solid 
in suspension, and the 'density of the waste as a whole and of any solids it nay 
contain, since these properties will influence both initial dilution, and 
subseClUel1t dispersion and settleoent. SettlinG velocity will be i.nfl.uenced by 
tho shape, size and density of the particles, and aggresated uattex will settle 
nore rapidly than individual particles of the SaIle denai ty. Under stratified 
conditions, particulate oatter o~,be retained or have its vertical disperSion 
suppressed in a 'pycnocline layer. 

Paxticulate oaterinJ. con influence the IJBXine environnont in several. waya. 
If it oottles in Ia.:t"G'9 nnounto in a. confined area, the benthic flora and fauna. 
uill :proba.bly be c.dversoly a.ffected. If the solids are orGOIlic, anoxic 
conditions could becooe established. 1i.l.though in so~ Bea oxeaS the natural 
suspended particle load is high, addition of suspended oatter will increase 
turbid! ty ond Day cause discolouro.tion of the water with poasible (l.c1:verse ' 
effects on fisheries ond :x:ecren.tiono.l interests. Certain foms of Imrticuln.te 
wa.ste ony clog gill en.u:facee: of Dtlrine fish, crustacea and bivaJ.ve shellfish. 
If a. waste is practicaJ.ly insoluble and positively buoyant, it will flo~t and 
chipping or anenity interests nay be adversely affected. 

2.4 ~ganic~tter 

In spite of the fect that natural dissolved oraanic substances decoopose 
under favourable conditions (Duurspa, 1965) t they have a residence tiDe of sane 
thous~ds of years in the deep water of the open ocean (Willlaos, 1969). This 
Denna that an introduction of nore stable artificial. or(j!l11ic cODpounds into the 
dsep sea could lead to an oven longer residence tiDe. The conditions close tc 
land are Dore favourable for deconposition since, owing to the presence of Bolid 
natter, lower pressure and generally hiGher teDperatures, thG bocteriol activities 
nre ou.ch hieher; as a. rasul t a. rapid turnover of dissolved arGOnia Do.ter!als is 
cODLlonly observed (Jonnnach, 1969; Jnnnasch et &, 1971). It should be noted 
that the rates of such proceGoes are substontially reduced at 10\,1 teDl)eratures, 
8.e. in hiBb latitudes. 
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This does not iDply that dissolved organic ontericla should preferably be 
d'UO],)ed in coastal area.s. It is clear that aspects other than deeradation are 
inporiant. In particular, sone toxic coopounds are reaist,ant to de,grwation. 
For certain oaterlals, disposal in areas £a.r froD land D~ be preferable to 
dilution and degradation in near-coastal waters. For ariificiOl or~c wastes 
it is' usually safest to neelect degrada.tion (which oay be very Slow), c:uid to 
ones the 'evaluation of linits on the concentration achieved by physioal 
dispersion. 

2.5 Sowaee slud£J8 -and dr9dgG spoils 

On the basio of United states and European fieures, the Inreest bullt of 
oo.terlals dunped into, the sea. is dred.ee spoils (about 80 per cent) ond CQvege 
sludBe' (about 10 per cent) ~ For this reason, special attention io oven to 
these wastes. Doth can be oontaoinated with netals, bacteria and viruses, 
polynuclear aroontlc hyClrocnrbons, petroleun hydrocarbons o.nd ore;nnohclorrens. 

Dredge spoils conaiet of' a. heterogeneous lJ,ffgreention of uaterirlis, very 
often MOXie, in a broo.d IJpectruo ,of' sizes, rlllleincr fran suboicron cl~ IJoxticles 
to stones of nMy centinetres in dioneter, with often a loxffE! proportion of 
organic naterial. Sm-mea sludge is a. ClOre unifom oixture of f'iner oreanic onc1 
inor,gnnic substances. 

The principal ecological probleos ~inlng f'roo the disposal of dredee spoils 
and sewage sludges are the large oxyean demand ond deposition on the botton to 
considera.ble thickness. Doth na.y also have associated hunan health ioplications. 
Decooposi tion of the or(5Ol1ic content of dredge spoils or of set"aee sludce, 
particularly undi{jested sludee, con d.eoxyaena.te both the sediuents and the over
lyine water and lend to the fomation of hie;hly toxic hydroeen sulphide. 

The health hazard posed by pathogenic bacteria.in sewllu"'e sludge can be 
clli:rl.n.ished by dieastion. Only dilution will decrease residuaJ. lulzards of the 
viruses. In order 1::0 cause hunan diseases, pathoeenic agents oust be inE;'Gsted 
at certain nin1r:run infectine doses. For thece reasons the duepina of Se\"aee 
sludQes !lUst always be carefully operated accor~ to tim local oceanocrnphic 
conditions. 

2 a 6 Ilulky and containerized t..-astes 

The deliberate placinc on the sen.-bed of bulky objGcts, sUch as old ca.ro 
2nd car tyres, has been M.vocated by nunerous interested parties 8Ild h.:"!.EJ been 
ca.rried out on ail experinental bacis in a few countries. The a.rtificiOJ. reefs 
so famed are usually reported to provide GOod settling surfaces for a. variety 
of sessile oreanisos, and havens for creatures such as lobsters; they elsa 
appear to be attractive to n variety of species of interest to sport fisheroen. 
]JnJ.ed uunicipal wastes tlD.y provide ainilar havens, but buoyant Do.teriru.s, e.g. 
plastiC, DUst either be pocked so that they do not return to the surfo.cc J or 
be pre'treated in on appropriate way. In no.ny of" the continental. chelf areaS 
trawl fishing is 80 intensive toot great care would be necessary in order to 
c.void interference with fishing aotivitips. 



GESfJ'lP vn/9 
1\l"X.JlX V 
Pace 13 

Particular care is reQuired in rcl~tion to areas of fish~~G activity when 
duwpinG waste in contDino~s. The recovery of such containers in the CQursa of 
fishing operations ooulcl be hazoxdou3 to the crew of the fishinG ves,sel, C 

espccinlly as the container is l:ikely to be seriously weakened by corrosion. 
Under· the teros of the Oslo Convent:ton, disposal' 'of bulky and containerized 
\1c.stes is prohibited except in deep ,water. 

It is considered necossctry when dunpinG a containerized waste in the sea 
to ensure that di::::posc.l avoids known deE1J-,sea cables, _in caGe these Llicht be 
(1~.:1@3d. by the iDpa.ct of no contciner on the cable~ In several instonces 'mates 
QXe containerized to avoid release of the' waste in the upper or Diddle layers 
of the ocenn. Occasionolly the waste nay be in a container oerely bec~use ,this 
provides a convenient -Deuns of handline. llowever, nost wastes disponed of in 
containern arc toxic to LlM. Of the exarJIlles knmm to the neubers of the 
\forkiIlG' croup, Dost w:J.stoo dun:ped in contnJ.nero are solids and also toxic to 
r.u::.rine orgnnisDs. Dut since they are also solids in oost cases they \'lill 
cUssolve only slowly into the 4!?Op water layers. <'OU1d the axeo. li1:::e1y to be 
nffected by toxic action can be ohown to be relatively soa11. (National Acadeuy 
of Scienceo - Nntiono.l TIeseo.xch Council, 1962).' In SODe cnses, Ho.otes dunped 
in contciners are 8i ther nixed with concrete or tho container io ·enco.l)sulated 
in concretej in both cascs the ra.te 'of release of the waste to the water is 
likely to be ouch reduced. Hevertheless, ony narine organisos - in the iLlLlediate 
8Xe;J. of a container of. "mste on the deep ,sea floor Day be at ris~,. 

The oxeas of interest froD a coonercial fisheries point of viell nm-r extend 
to tlw continental slope regions down to at ieast 1,000 n. Pherefore, it such 
,-Tastes are to be disl)Osed of in deep water, they should be dutI'.,?ed 'Hell C11·my 
fran the continental slopes. Sihlilarly the higher regions of deep sea ridges 
should 'be nvoidod. It should be noted that, although no definition is c:tven in 
the London Convention, for the purpooe of the Oslo Convention, doep \lutor 
d~Ding areas nre defined as beina at least: 2,000 D deep and 150 nautical niles 
froD landi addi tiona11y, it has been ae;r~ed that dunpiU{S should not tcl,-o '111ace 
,within 20 nautical Diles of any known cables. lloweyer, these criterin. clone are 
not suffiCient, nnd care should be tnken to avoid ecologicctiy s,ensitiv~ ,ar,ea.s. 

3. 14ETlIOD OF DISPOSAL 

Duo:pinD' is defined by the temo of the London Convention on- the Irunpincr of 
'I;luotes at Sea as an interni ttent injection of wo.ste Dateria10 into the sea, and 
it is pertinent to distineuioh between the dunpine, of: _ 

(i) 'iaote confined in containers, or in the foro of CODl't1oted bo.les, 
nnd/or bulky sera]! uatcrial.,; and 

(ii) uncontaincd Haste in a bulk cargo. 
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3.1 Confined ~stes 

Wastes of 0. heteroe,'Oncous type can be handled ouoh nore rendily in 
oontained fom then in bulk, unincorporated state. Municip1:'J. solid "Tastes can, 
by high pressure coopaction, be transfomed into stable 'bales suitc.ble for 
transportation. 

The pr~ requireoents for the containers and bales are that they neat 
the npp~prlate transport regulations and retain their contento durinG the 
descent to the sea-bed, or sone pre-deteroined interoediate depth. In n 
si tuatlon where proloncrod con:f'inenent 1s required, the containers should not 
'brenk owinB' to the increased pressure. Their overall density should exceed 
1.2 [J/cn3. 

Depending on the shape, size, integrity and weight of containers of waste, 
and the character of tho sen bottoo where the containers are dropped, there axe 
a nunber of ways in "/bleh the containers nay behave: 

(i) 
(a) 

(iii) 

sink intact into the bottoo ooze without disintegration; 

sink into the bottoe ooze nnd disintegrate; 

rennin intact and sealed indefinitely on the bottoo without 
sieni£lcant penetration; 

(iv) rupture on inpnct Mcidentally, or deliberately charged to do 
so, spewine; their contents onto the ocean noor and into the 
overlyine water; 

(v) irJplode under the high presauxo, or era.d:unlly disinteGTato on 
the bottOD, reloasing their contents to the surroundincs. 

If the container and contents sink into the botton ooze without 
disinteeratlon, they,,,ill, in effect, be peronnently interred In battoD sedioents. 
Provided the bottoo is not disturbod later by ninine or deep ared£~nc notivities, 
the effect on the botton vater and sediDent will be ainioal. Disinte[,To.tion 
after penetrating the sedinents would lead to local sedioent contnuination. If 
the container explodes or ioplodes, because of pressure, iopnct or eXl)10slv8, 
the contents will be SUddenly released to the water and scdioents. 

3.2 1Julk cargo ,mstes; Release techniques 

In this case the wastes are dischar[,'"Od fron barGeS in bulle, Usually two 
Wes of boreas are Ufwd, self-propelled or towed, diocharc,":inB' 01 ther by 
pULlping or by gravi tntion. In SD.all dredeine operations botton releo.s8 (bottoD 
d\1I.1p) nay be used, 'iherens o.utonnted tank barges nre used for sewc.e."'G and 
bldustrial sludGes and liquids. 
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The size of the D8.:t'80S varies frOD 300 to 8,000 tons, end tho uischnreo is 
usually a.bout 5 oetros belo~ .. the surface throUSh pipes which cnn hc.ve c1io .. neters 
in the ranGe 10-,6:.) cu. The releaso _is usually carried out at sree(s of 6-10 
knots, at a disclUl..r£;"e rate of 4-250 tons/¢nute. 'S~wage sludGe is usually 
dischareed froD a. hopper barge at 0. :r:o.te .. of 100-200· 'to~S/D;i.Il'u.te, usine c:ravity 
o.lone or in coobination "'j. th 1m1( pressure air (EPA, 1971). -, _ 

The incinera.tion at sea of coobustible waste oateriala con remtit. in the 
faroation of laree aoounts of Gases. In nast cases, these will be transferred 
back to the sea by the precipitation. The subsequent spreadin6- of the. reDains, 
uninly in the surface layer, con be 'expected to be fairly rapid in Dost oo,SGa. 

3.3 Bulk cnI',,)o "matcs: Dispersion 

The release technique haG a conoidernble influence on the initial 
dilution and conoequontly. the lOnG-tero physical dispersion in the uo.rine 
Gl1vironnent. 

Physicol dispersi'on in defined as the c~Dbined action of ~(a) niY..i.n(! on 
relcase followed by the t"t..U-bulent nixinc in the sen., and (b) the' txwsport by 
currents. 1m effoctive dis,]?ersion r8quires eood cixing conil;itions end 0.. b:LBh 
rate 4f excharigc bet\oTeon the 'C\.unping area. and the surroundine; SGrl, so, that the 
\laste becoues diluted. by'Co largo volune of water. I~ is prinarily by neans of 
the physical dispersion that -the inpuct of the' wo:ste on tho .o.&1.no eJ;lviron;J.ent 
cnn be controlled. EO~lCver, as noted earlier, there are a nur:itJ,er of _9tber 
l)rocesncs acting in t~ oena directlpn and the'se help to nininize the iopo..ct .. 

TWo stD.Ges of 
~hnse covering the 

the diirpersion phn.S(;l are considered, nQUcly, the 
initicl dilution, ;8ll.d, the subsequent dispersion. 

initic.l 

(i) The uixine on release will 'depend both upon the charncteristics 
of the wnnte nnd the technique of release. The inportMt 
Jlhysicc.l cho.ro.cteristics of the waste in this connexion nre the 
density distribution', ---the content of solids- Dlld their s:;"zc, 
distribution. The initial dil"U,tion is nainly conko:Iled '-"by the 
rate of rci"ec.::::c ond the speed 'of the vessel d:u:ring J::ale:::.se. 

In ureas where there is Done degTee of density stratific'C'..tion, 
the waste no.tcrial cnn be dis-persed so as to retain it 
tenporarily ,in the aurface layer by 'releasing it into the, unl.co 
of the .stanDing ship. An initic1 dilution 'of the order of 
l~lOOO.of the ';IIlate shortly after release will reduce the 
density of the uixtu.re to an acceptable level under -Dost 
stratified nnrine conditions. This dilution is usually reached 
about 500 D Gstorn of the ship, in its wake, at speeds of 6-8 
knots (1thr~ et 0.1, 1912). When the water colunn is 11.000-

geneouo, the contmiino.ted .water will sink or renain at the 
surface I delJCl1dinC upon "l.!lhcther the density of the l'Insto io 
greater thnn, 1030 than, or the snne 0.0 that of sea water. 
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Wastes with an average density higher than Gea water duopad 
fron an aloost stationary vessel, or in great eoounts over n 
short period of tine (order of one hour), will sink due to 
their initial excess density and nonentun. Two phases of the 
in! tial dispersion can be defined (EPA. 1971). 

Ca) Convective descent - due to initial excess density 
and oonentun; 

(b) colla.pse in a. pycnocline lo.yer where the fallinG 
waste cloud OM be tra.pped. 

Tho in.i tial dilution appears in this case to be of the order 
1:100-1:500, but this is ba.sed on relatively few observations 
(Crickcore, 1972; Kullenberg, 1974). Models have been 
oonstructed for predicting the depth of penetration (i.e. 
~ depth) of the waste and the vertical concentration 
distribution in the cont~ted water coluon, but they aUtfQr 
freD Dally amplifying assuoptions and approxinatlons (E?AJ 1971). 

(li) The subsequent environnental dispersion is due to the turbuJ.el1t 
nixing and the transport by aurrents in the wa.ter. The rata of 
dispersion can be very slow and will depend prioarily on several 
physiCal environnentol factors to be discussed in Section 5 on 
oi to selection. IImvever, the dispersion can be influenced 
considerably by the initial concentra.tion distribution of the 
wa.ste iooediately after the dunping has been coopleted. IJ.hls 
will depend upon the oethod of disposal, the choracteristlcc of 
the waste and the dons! ty stratification of the disposci areo... 
Spreading over a. large vertical distance will in practically ell 
casea favour a rupid subsequent dispersion. Accunulation of 
waste at density interfaces will always suppress the rate of the 
subsequent dispersion. Suoh ncououlation can ocour by tra.ppinG' 
of the fallinG oloud of waste in the pycnooline layer, or by 
tro.ppinB' of' buoyant waste oaterial at the surfaoe. Tra.ppinG of 
lcrn.f't-ni11 effluent tron a euboarine diff'user outfall Ims been 
deoonatrnted by 'laJ.diclnlk (1964). 

It eOll be oonc1uded tho.t in nIl oases when a rapid dilution is required, 
the oothod of' disposal should be in the wake of a steanine ship. In general, 
an initial dilution IlS high as feasible should be secured; reasonable values 
vhich can be achieved under nomc.1 conditions axe in the rnnge 1: 200-1: 2000 
(Ueichnrt, 1972; Cricknore, 1972; AbraJmo. £i &, 1972; EPA, 1971). 

Since both the diS'"gosoJ. technique ond the waste cba..racteristics can be 
a.djusted, at 1eo.st to 0. certain extent, an initinl dilution can usually be 
obtained which will Deet requireoents for ~ iopact on the env1ronoent. 
Generally, trappine or collapse in pycnooline layers should be avoided. 



GESJI!W VII/9 
A1Tl'~'5JC v 
Po,ge 11 

The duopinJ frequency shO''.11d be n.djusted according to the capacity nnd 
dispersion characteriatics in the dlmpin,; area: in areas of rapid nixing and 
transport, the frequency of clie:llosal can be higher than in areas bf less vigorous 
dis!,ersion.. A builO_-up of wa.ote naterials in the water coluon should 'be avoided. 
I.e a uoeful eeneralization, the dVDTl.1nB' locations and frequency shouJ.d be 
ndjusted BO that individua.l waste cloudo do not overlap. This uill be relatively 
easy in the open sea but na.y be .i.z:::lposaible in an estuary. !J.. prelioinn:r:y 
£'.sseoment can be on.d.e on the basis of the ourrent oondi tiona in the area, such 
as tidal, wind-generated, ond residual currento. 

4. or= USES 

Uses of the oarine environoent other than for ocean-duopinB are oanifold, 
they include fiahinB, transportation, recreation, includin6 sport fish1n0, 
Dining including cheo1cal extraction, aquaculture. In addition, sea ,mter is 
used as process water and ca.bles are laid on the ooean floor. Many_ of these 
uses can be rLdveroely affected by oarine pollution, but for the puxposes of this 
report, only the relationshlps beti'18en the other uses and ooean duo'ping are 
consid.ered~ 

FishinG: Fishine is one of oan1s major activities in the narine 
enviro~ent. The world fisheries (includinB all marine or~SDs) exceeded 
65 x 10 oetric tons in 1913 (FAD, 1914). It has been estimated that the 
I:1arl.nun suot.a.inable yield of world fisheries 'Day be a.bout twioe this figu:rs. 

Transporta.tion: Shippl.ne ond transportation is another of the major uses 
of the soa, and continually increa.ses. Ocean dUlZipine' operations nie;ht 
interfere with the shippine directly by interference with nav-:g&tion as well as 
by such effects as blockc.ce of cooling syste~ and foulinB' of propellers. 

llecreation: Outdoor recreation increases oontinually and sen shore 
recre~tlon ranks· ns one of the ~st inportant, econooically and 8o.cially~ it is 
therefore ioportant to. avoid the strandinG of aesthetically undesirable naterial 
such os gre~set plastic and other slowly deeradable oreanic natter. 

Min.incr' Ocean DininG on the bOttOD of the Bea and extroction of cheuicals 
fran sea water D~ be affected by iopurities or physical obstructians introduced 
by d_inB. 

Aquaculture: t..quo.cultuxe practices in Llarine and fresh wa.ter contribute, 
at present, 5-6 nillian oetric tans to. the world food oupply of which about 
85 per cent io proCiuced in Asia and the Fox East res:ion (Uabannl, 1974.). The 
potential is Great but ecanonio factors currently confine the practice to high 
qunlity fish, invertebr~tes and seaweed. 

Suboarine cables and pipelines: Suboa.rine cables and pipelines t:l8y be 
affected by ocean dunpine, cheoically as well as physically_ Desides tILls 
possible direct effect of duopine on subraarine cables end pipelines, suboarine 
slides trigGered by duopinG could be a. potential threat to then. 
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Scientific research: Geophysical exploration, meteorological-oco.ru1of,-Taphical 
measureQents, for instance by means of ooored buoys, or even studies on 
variations in fish stocks due to natural causeo, Day interfere with or be 
disturbed by dunpine activities. 

5. SITE SELECTION 

The selection of duopine sites oust be made in such a way as to ninioize 
the influence on present and potential other uses of the sea. 

5.1 Diological chnxacteristics 

~in eValuation of the biological sen8itlvi~ of a potential d~~inG area 
should alW~8 be made. Disposal sites should, obviously, be selected to avoid 
nreas of bigh biological productivity, intensive fishing, breedine or nursery 
GTounds, and r::dern.tins routes of inportant fish resources. Sone of these 
nctivities, such as breeding and oigration, nay be seasonal and 'dunp1n3 o.t other 
tines of the year nay be acceptable, provided no substantial Dobilizntion of 
toxic oaterial occurs after dUIlpine. Du.r:lping in active fishing f'Xens nay not 
only n.f'fect the livine; resources .of the sea, _but the operation Day interfere 
wi th fishing vesselEl, and BODe kinds of wastes nay danage or foul the nets or 
the fishine gear. The Darine environr::lent and its 11vina resources nrc sensitive 
to natural changes and they have to be carefully guarded against artificial 
changes. 

Food production is one of the oajor uses of the 8ea~ Many arens nrc 
already over-exploited, lIhereaEl others are Dore or less untOUched (F,AO, 1972). 
The present world cntch is largely restricted to tho coastal zones and 
continental slopes where input of pollutants fran all sources is likely to be 
highest. In recent years, fishing for new species has extended to ouch greater 
depths on the continentnl slopes than previously. It should be noted also that 
sienifico.nt pelaeic fisheries exist in Bone open ocean areas, e.IS.· the eQuatorin1 
zoncs. 

In relation to waste disposal at sea, it should be noted that the highly 
productive areas in the oceans are often related to au,ch physical features as 
cyclonic BYTes. upwellin5~ lateral boundary currents, ocean ironto, i.e. all 
r>-.Xeas of divergence. 11.11 these conditions are Dare or leBs conducive to hiGh 
nutrient supplies and pri00ry production and zooplankton concentrations, on 
",hich fish stocks and other narine life depend. 

Conversely the ocean circulation gives rise to convoreence such [tEl the 
Sa.rgo.sso Sea, equatoria.l convergences and coastal conver8'8ncos. fl.lthollah 
productivity is generally low in such areas, waste oo.tter nay accurlulo.te there, 
especinlly if it is resistant to degrad~tion. 
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The no.tural stres;.: to Hhi·::h orGanisos are subjected varies in oo.cnitude 
und frequency, For exaoD~e, seDson~l variations in teoperature are extreoe at 
hiBh latitudes when coopered with the tropics. f,. high deeres of seasonal 
variability pan also occur a.lon6 ocean fronts. It is always cold end dark in 
the deep water of the open oceal'l, \'j'")nc salinity, light, and teD)?erature con 
change rapidly in estu.-.'"\Xies, on tid.ol, daily, and seasonal tine sc<.'.les. The 
organisDs liv~g in such highly stressed environnents have evolved to \Tithstand 
these chnnges, but nay not be well adapted to artificial stress. Siuilarly, 
pollution oight· affect their capacity to adapt to natural changes. 

Special attention DUst be paid to ooiDal nigration. Migrating species use 
their acute sense as 0. Guide in hooing on 'their" native region. Interference 
with the natural characteristics of these waters by·introduction of foreign 
n~teriols COll disrupt fish 18 detection processes. 'DunI>ed' oaterinls could 
conceivably cask nBturcl characteristics of the sea water or of tribut~ streaos. 
This night confuse DicrratinG' fi::>h, possibly to the extent that they be~ODG lost 
and GO Ullspawned or foil to find food. 

Closely connocted to tl1oso aspects are spo.wnine, nursery and feedinG 
procosses of no,rine orennisos. Critical speCies, vertical and horizontal 
biological transports, bio-nccUIJUlation, bio-transforoation, ond taint shOl.lld 
aIM bo considered. ' , " 

Depending upon the chc.ro.cteristics of the waste no.terinJ., certc.in general 
precautions should be observed in planning tho disposal operations. If the' 
wQste contains toxic neteri81s, the dilution achieved during disposal O1lC1 tho 
BUbseQ.u~mt nixing' of the "'aste with sea water should ensure that the. 
concentrations are not sufficient to danage the oarine biota. For substances 
that settle to the bo'ttoo, nrea.s of Ii ttle or no benthic productivity should QO 
solected, or, if not possible., the Dacrifice of a part of the benthic population 
should be aosessed as part of tho "cost" of the disposal. 

5.2 Sedioent characteristics 

Sedioents of the soa bed of the oajor ocean basins have a potential sorption 
capacity for all kinds of ootals and oreanic substances. However, ua.terial . 
originating froo duopin~ of '-tastes nay be dispersed in the water colunn rather 
than sorbed to the' seD-bed/sea water interface. In the presence of hi311 turbidity, 
there io a scavengine effect by solid nnterials of substances fran solution. 

lfucn the naterials reach the sea bottOD, a hie;h affinity of tho sedioents 
for the waste Daterinl leads to a larGe total uptake by the sea bed. I'"i.O'·lever, 
this uptake is prionrily in a thin surface layer of the sedinent, nnd 
penetration deeper into the se~-bed is slow. Therefore, if resuspension or 
erosion occurs, tbe natcrial night be recycled to the water and to the benthic 
(1)i£1oro. and epifaunal Thus the sea_bed will not always be the ul tinate sink 
for duoped wastes. 
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i'lastes suboergocl in the sea-bod would :in principle be renoved f'ron the 
water systen. Migrc.tion to the superrJ.Cl.tant sea wn"ter takes a long tine \omen 
the wastes are buried under several centirletres of sedioent. IIovever, lJuxyinG" 
of wastes inoide the sea-bed 1s teohnically difficult to achieve. 

For liquid or dissolved wastes, unless sedioents are stirrecl up, little 
ooterial will be bound by the sea-bed. In a duuping site, mst of the dissolved 
substnnces will becooe so dispersed wi thin the water systen that sorption by the 
sea-bed will be extreoely linited. However, with xeopect to repeatod duoping, 
especially of' naterials which are not rapidly degradable, the area will 
accunulate nora and oore oaterlal 1n the sedioents. This will apply partlculorly 
to certain heavy oetGlo for \-lhioh a phenoI!l.cnon of 1oo.obl11zation eJd.sts via 
absorption inside crystal lattices of sedinentary particles (Ros_Vicent et ~ •• 
in press). 

5.3 DisT)ersion chn:r8.ctoriatica 

The turbulent rtl.x1ng in an area, and the rate of excht'IlglS! with the 
mlXTounding sea, should both be studied in order to assess the dispersion 
characteristics of' a potential dunping site. In studying the physical dispersion 
choracteriotics of on nxea, the following @neralizations should be borne in 
nind. 

A. MiXine rate 

The turbulent nixinG in the sea is detemined by such phy::licti factors as 
wind, waves, nixed layer thickness, density stratification, current a including 
their taoporal and epatial variationc (Okubo, 1971; \-'eideoann ElJ1d Sendner, 1972). 
In cany shallow water areas, the tidal currents are the dooinAtiricr Dixine ~nts. 
In conditions of stable (ltrn-tificn-tion, the nixinG' is suppressed, and very 
narkedlY so in pycnocline layers. There the rate of dilution is slm'l and varies 
very ouch with tine, i.e-. the niXing is interoittent. For contru:J.inants lofhich 
do not a.ffect the nO~/J clilution rates of less than 1:10 in 24 hours have been 
observed in enclosed areas (Kullenberg, 1974a). Sioilarly sUPDressed nixing is 
likely to occur in strongly stratified open sea areas •. Under those conditions, 
particulate oatter settles duo to gravity, dlthoueh near-neutrally buoyant 
uatericl nay reoain in lJuspcnsion. The settling veloci.ty of the waste 
particles \o1ill vary, c..1 though a rate of 1 o/hou:r appears to be representative 
for tho flocculated ctate (Cricknore, 1972). Trappine of a1Qost neutrnlly 
buoyant lJaterial can occur in pycnocline lo.yerrl. 

In the wind-nixed layer the dilution rate is considerably hieher; a. 
lilution in the ranGe 1:10-h50 over a. period of 1-5 hours can be Gxr>ected 
tnder light wind conditione. During strone winds, the rate of dilution increases 
Lppro:x::inD.tely with the square of the wind speed (Dowden at ru.., 1974; 
:ul1enberg, 1971). - -
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Close to the bottOD, there will often be a turbulent boundary layer, tbe 
thickness of which will depend upon the botton roughness and currant voloel ty. 
1.n indication of the tranSl)Ort conditions alone the bottoo ann often lie obtained 
iron the type of sedincnts at t:le interfa.ce. Fine-grained D<.9.teriru. nOI'O.ruly 
suggests weak tronsport and a. favourable settling environoent, ,vhereo.s coarse 
oc.tarials suGgest re:::;uspension and erosion. TIowever, care should be tnken in 
applying this concept, and it should be noted that conditions often very 
scnooru:Uly. 

In estuaries and river Doutha, the conpensation current transports Daterial 
alone the bot too tovlD.rds the shore. This can also occur in shoJ.lmrl "1Cl.ters with 
horizontal density differences, eddies or wind-induced coastal. upuelling. The 
ooci11a tine (tidal) currents in Deny e.reao will cause restlspension ond 
fractionotion due to differentinl settlinG. This iDplies that the fine-ernined 
fraction of a. waste, which can serve as a carrier for pathogenic orGanisDs and 
other pollutonto, on.y be selectively t:ransported inshore. 

Available inforoation on deep sea, near-bottoD cur.rents 8UB'BGStS thc.t 
r03Uspension will not tnlcrJ place except in certo.in areas. These are Dainly 
located at the lateral boundaries ond are related, in part, to topoGT~vhic 
featureo such as slopes, canyons and ridges. 

D. Mi:xi.nG oeclli'lnisDs 

In the wind-nixed layer, the vertical ojxing down to the prionry interface 
io quite rapid. Tlll1s , the thickness of the wind-nixed layer is siGIlificwt in 
deteroining the nixinG characteristics. An ioportant dispersion oechanisD for 
scales in the range 1-10 ko is the vertical shear effeot, i.e. the conbined 
effect of vertical nixinG and vertical current shear in generating horizontal 
C!ispersion. For an initiDlly thick contaoinated voluoe, the stretch:1nG due to 
the vertical shenr is aloo inportont. In this cormexion, the tine-dependent 
and, in particular, tho o~cillntory conponents of the current arc inport~t in 
cloternining the spreadina. 

In the surface layer, the vertical oixinG depends upon the .... /ina, the sheax 
Mel the stratifica.tion. In internal stratified la.yers the verticcl nixing is 
sUPllressed, and is inversely proportional to the stratification. IioDinont 
fCD..t1.U"8s of the internal Dation in the sea. are internal waves which only [,'ive 
rise to nixing when breaking. 

At lnraer scn.!es, above about 10 kn or several days, the loxge-scnle 
horizontal variations of the currents will doDinate the nixinG. 

c. Exchanrre rate-

Vfllen considerincr the dispersion characteristics of an aree, it is 
neccsooxy to take into £l.ccount the rate of exchange with the connected open sea 
c..reo.. f~ useful indicc.tor of the rate of exchnn/39 is the reSidence tiDe for 0. 

lJcxticular elenent, which can be estioated by Deans of a natural tracer. This 
holds true in particular for enclosed or seni-enclosed areas like fjords, . 
U'lI'rJinal sena and the land-locked seas. The residence tioe will ciso give a 
11CGsure of the build-uD of a persistent oaterial in the area. 
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F:roo the point of' vie'" of' dispersion, the .followine three categories o:f 
:)J:'eas Day be defined: 

(1) llrec.s of ereat turbulence 

lI.reaD of tidnl nativ! ty are often characterized by a. hieh 
deeree of turbulence; nod such area~ offer creat possibilities 
for natural dispersion. Care 10 necessary, hmvever, to avoid 
conflict uith local interests, especially aesthetic and 
recreationoJ., and also in order to predict where partioulate 
oatter in the waote niGht ultLoately be deposited. 

(ii) Confined basins 

Confined bn.sins (e.g. Do.ltic or Dlack Seas) will, in ucny 0(,,888, 

periodicn.lly nppronch MoXie conditions and bo subject to 
periodic tunlover. Such areaS oight sonatioas be considered 
for the disposal of inert woctes, and perhapo also biods6Tadcble 
onos, liowever, persistent and potentially bio-a.ccunula.ta.b1e 
substances should be C!voided p oinee u1 t1nataly they oicht be 
returned to the productive surface waters. It should ba pointed 
out that, a.a in cl1 other cases, local conoiderations nust be 
taken into a.ccount. 

(U1) Other area,s of rrl.ni.nal turbulence or "quiescent" conditions 

Those areas are characterized by 11 distinctly lioited c~pccity 
to receive \'lIlstes, since transport out of' the area end renewnl 
of oxygen supplies etc. t Q;r:oe 0.11 lioited. Tho all-ioDortant 
considera.tion in Haste di £,posnl in such areas is therefore how 
to a.chieve nr!.Xir:run possible initial dilution. The BcoJ.e of the 
operntion l/ill also ha.ve to be c'Jntrolled. The Dore inert a. 
Bub'3tance, in eenoral, the ereater the acceptable ncole of 
duoping, but in this context the local existine or potenti~ 
Darino resources oust be considered. 

D. Methods of prediction 

Predictive Dodelling of the dispersion of' various wastes followinG a 
d~pinff operation is of exea.t interest, but Buffers as yet fran several 
defici,mcier::. Nevertheless: 01.op1e nodels have been used with ::::ntiofa.ctory 
results in predicting the di.cperuion of radioactive wastes. lLtteopts ho.ve been 
oade to nodel bot';:,~ ~hQ initj.::!.l ffild the 8l:lI8('-qunnt diopersion (EPi1, 1971; 
Koh and CbanG', 19"(3). Iloll;);r·Cjr, the ro.?:l.! .. ts r:::;:\c.~t be reearded with crea,t cilution 
siDce n nc~]ber o£ vc·ry lilJ~.t:' .. 't"!3 n.:~r""Tr}l~·I.~! r;J1.S o.:;:e D;:".~l,.3, such as treatinG' t:1.G 
car:·:;:::.,:r1.~::U1to as paef;iY8. rIJ:·(1 1 c.ck oi' r·c; ::.c.:"-cr .. ~· c.';' 1.)J:vo.tionc.1 ini'ornation is at 
PJ?e~·,c:·.lt the nast sewre hinclr(IJ.lCe to fLU'Lher developnent of the predictive 
uodels. 
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Once a preliI:l1Il?XY Dolection of the a1 te .for disposal. has been nccle on the 
ba3is of existing knoi'lledge of condi tiona in the area, a series of observations 
of the physicaJ., cheoicru. and biological characteristics should be oade. Ideally, 
these should extend over a period of at least one year in order to tal~e account 
of variations which "rill occur with seasonal changes. It should be notoc1 th:.'l. t 
long-tel.'IJ. variations arise as a result of pureiy natural causes one_ at present 
it is often extrenely difficult to distinguish these fron nrtificiaJ.ly induced 
changes .. 

Observations of turbidity und cheoical and biological chaXooteristics 
should be continued aft'er dUIlping comnences to .ensure that no detrinentnl 
ch..'\Ilges occur. All-observations should be Dade at and around the selected aite, 
Q.Ild it should be recosnized that in the light of the pre-dumping, or even post
dunping observations, a new site nay have to be selected. 

6.1 Dialogical observations 

Prior to upproval of a di8posal site, biological observations to 
characterize the site are usually essential. If repeated disposals nt the SaDO 
location are expected, those observations should be nade at all seasons of the 
year and repeated Dare fre~uently at critical tioes of the year, both to nonitor 
the bioloeical effects and to account for year-to-year variations. For a single 
dunp, which is not expected to-be repeated, a Single assessoent prior to the 
dunp should be acceptable, but observations following the dunp would be deSirable 
to evaluate the effect and to foro the basis for future decisions concernine 
sioilar operations. 

Desirable observations night be expected to include: 

(i) Fisheries resources. Data on this subject are probably nlready 
available in the appropriate neoncies or ninistries for Dost 
coastal regions. 

(ii) PriDary (plant) productivity as related to light intensity and 
nutrients. This is especially ioportant if decoDposable organic 
oatter is included in the waste, and if its decouposition would 
release nutrients stirJUlating plant growth, . sooetinas v1i th 
undesirable effects such as Dodification of species coopooition. 

(iii) Na.tural turbidity of the water, and the changes in turbidity 
which t18\f be produced by the waste disposal. Turbidity influences 
the anount of light reaching various del)ths in the sec, ond .:l 

persistent increase would be expectod to :raduce pl:mt 
productivity. IT.m.rever, if rapid dispersion (or sinki.nc) of 
the waste is achieved, and if' the circulo.tion in the area is 
such toot the turbi"di ty increase is trmlsi tory, little offect 
on productivity froD. a non-toxic waste would be expoctad. 
Phytopl&lkton reproduce at such a high rata that recovery froD 
a decrease in photo-synthesis is likely to bo rapid. 
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(iv) Zooplankton populations and their vertical ditl.l'l1eJ. oigrn.tions. 
These orQO.PiElLls night transport eleo.ents £roc one level in the 
water column to another, through absorption, feeding and 
excretion. 

(v) The oXY€;en content of' the water and its natural vaxiability,' 
This will help to evaluate whether or not a waste wi tIl an 
oxygen denand DD:Y reduce the oxYGen content to levels' which 
will be detrioental to carine organisos. 

(vi) Structures of llomal benthic populations, whether or not tlley 
ore of cOlJD.orcial iIJportance. This is especially iDporto.nt 
whenever tho waste cay reaoh' or accumulate on the battoo of 
the disposal site. Since benthic cnicals rennin in o,'-fixod 

,location (in contrast to fishes and pla.:Dkton), they reflect 
the inteernted effoct of chronic exposUre to'the pollutant 
and can provide eurly wa:cnillG of potential doo.age. 

(vii) Microbiolo6~col indices with respect to water quality for 
protection of huru:n health. 

6.2 Chenical observo.tiono 

The desi&n of the cher::d.caJ. observot1ouG, unlike those of a. bioloGiccl or 
physical nature, can be tailored to the chenical characteristics of the waste. 
For exaople, if the waste to be duoped contains no nutrients, there is little 
point in carrying out an exhaustive survey of nutrient levels in the axea 
oelected for disposal. 

It is difficult to provide a cooprehensive liot of SU'0stnuCCS which' should 
be ileasuxcd in the c.ren., but depending upon the coaposi tion of the vmste, the 
following substances I:1ight b8 \-lOrthy of attention: orennochlorinc pesticide 
residues, PCDs, petrolou:w. hyc1rocnrbonEl and oetaJs ouch ns nercury null cndrliuo -
these are all prohibited under the tel'rS of Annex I of the Duepine Conventions, 
but they are lmown to be present in wastes such as setvo.ge sludGe and c1:cec1t;e 
spoils ond oay be found in n. variety of industrial wastes. The Harkin[\' Group 
noted that such substances n.ra pernitted to be present in trace aocunts, 
rCGnrdless of the volUD.e of the waste, and this raised the question in tho 
Dinds of the ner::lbers of the ''lQrking c;roup, that perhaps a prohibition l'..S 

currently prescribed in the Du:/;}pinG Conventions was debatable. Tho point hiGh
lirrhts tho need for the continuous reappraisal of the Annexes of the Dun:JinC 
Conventions and their definitions. 

1l nunber of other olO':1.e'nts, e.fl. zinc, copper, lead and arsenic, uay aloo 
be o.cCUIJUla.ted and should be nea.sured. The highost concentrations of Dost of 
the subotonces listec1 above are likely to be found in sedinento onel benthic 
L'.ninnls. It will in eeneral be undesirable that the arSonic content of the 
sedioents be unduly incre~oQd; 0.8 a censure of this, loss on ienition, or narc 
prefera.bly totnl OrB"Dllic cnrbon content, should be nensured., If the 'l-lUOte 
contains suDstnntinl quantities of nutrients BUch as phosphate, nitrcto, nitrite 
or orJIlonia, these should be Deasured in the water colunn. 
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It is perhaps worth pointing out that substances considered to,qe"haroful 
in the frealruater environnent nay be less so in the oarine envirorinent, 9.!r. 
cyanide due to coo.plexntion- with Dotal ions, and aooonia due to the bufferinc 
effect of sea water, or even virtually harolcss, 9.6. chloride, sul].Jhn:te or 
bc.riUD (the forner ore present" 'naturally in sea water at hieh concen~r(>,tions, 
end the latter will precipitate as bariun sulphct.;)_ Subject to ouch f'a.irly' 
obvious exceptions, in genercl., if 0. substance is known to be preseilt in, \'nl.ste 
in high concentration, its presence should be expected in the duopln[(nron. mid 
appropriate neasureoents should be Dade. 

6.3 Physical'o'Jservntions 

FreD the point of view of disperSion, the physical condition3 at 'the 
dunping site should be observed, 'and;). general assessucnt of the cY..chcnaG ,rates 
between the waters in the dunpinrr area, near-by-areas ond the open oconn should 
be [k'\de. 

Observations of tho physical. conditions niBbt be expected to include: 

(1) wind oncl wave fenture:J; 

(ii) vertical denSity distributions durine different "leather 
conditions, includinff the uixed-layer depth on a seasonal 
baSiS, 'ltfO.ter teuperature and its seasonal varia.tions; 

(iii) current coneitions, including the vertical current 
distribution, velocity ranGes and directions, tiDe
dependence, oscillations and residual currents; 

(iv) botton conditions and eeoloGical characteristics, such as 
the nature of the sedicent and topograDhic features 
(e.e. fl~t botteu, trenches, ridees). 

Useful tools in ~ch observations include dye diffusion €X?erioents, the 
usc of r::ldioa.ctive -trn.cers, wave gauges, grab and core sanples of the sodments. 

7. SUllJECTS REQ.u:mnTG FUilTllER llESEJillCIl ; 

In the _course of preparing its report, the workine erOup hn.s identified a 
nUIJ.ber of areas where basic infomation in either iElprecise or Incldne~ In 
particular, it considGred that the predictive ability in a relatively unstudied 
o.ron. is inadequate. It is considered that research in the fol101!lint; subjects 
Nould be nost productive in providinG infornation relevant to the selection of 
c1uoping sites. 

1.1 DialoGical o..nd cheDicnl aspects 

Dasie acute bioassay teclmiflUos are reasonably well estc.blished. Further 
attention is re'luired in -relation to the selection and cul tuxe of -the nost 
Dl,JDrOpriate test orCnlliSD for a pnxticular set of site conoitions. Thin should
t21~e into account pOGcible food chain accunulation and the Dont lJ.:;,)propriate life 
stage. 
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In order to be nbls to have a better appreciation of the aDpropri~to £actoro 
nnd tine effects, lonG ..... tam (one or nora eenerntlons) "flow-throueh" teats me 
required' to evaluate potential oub-letlml or chronic effects. 

It 1s recognized that coobinationo 
less, toxic thnn each' \·raste sepct.ra.tely. 
on how the effects of such conbinntions 
carine environnent. 

of two or nors wa.stes oay be noro, or 
At present, there is little inforoation 

can be predicted for conditions in the 

Much nore detailed inforontion is required on the nous of nction of 
particular chenicnls, especially in relation to uptaka and availcbility froo a 
toxic action standpoint. In this context inforoation is Olao re~uirea on the 
vorious foms, of a. chenical f1Ubstance which nay be present in -tho se<!., e.B'. 
valency state of ionic sFecies, Detallo~oreanic cocplexeo, adsorbed Detal or 
organic cODpounds. 

Sioilaxly, and especially in relation to hunan health inplicntions, 13tud1as 
c.re required of, the foro and toXicity of the conpound onca it lUlS been 
c.ccuoulated by a nnrine arc,"Olliso, e.e. the fame of oercury, cndniU!:J .:'lid' arnsnic 
in nnrine organisos Ellld the way those nny be altered. In this connexion, studies 
are required to provide Darc detailed infornation on the oechnnisos of bio
nccunula tion within n oingle or6[!lliso n.nd transfers in' a food chc.in. 

Many inorgmric and ar8anic conpounds find their way to the sodioents. The 
rate of such trnnspart, the residence tines of Bubsto.nces ill W secli.nentai and 
their subsequent Dobilizo.tion, are eeneraiiy not well understood. For doop-sea 
disposal, reoearch is required to inprove and DOdify the nsthodolot?;ies Dnd 
nensuring techniques. 

The persistence of orEYll1ic cheoicnls, especially petroleuo ,:md chlorinated 
hydrocarbons is a oatter of concern. The rates of decooposition under vnxious 
environoento.l conditions, such as tropical, teoperato and arctic conditiono, need 
to be established. Inforoation is required on the dependence of oorine ba.ctoria. 
on threshold concentra.tions of the oreanic substrate,- and inor[,'Onic nutrients. 
The extent to which oicrooiul activity takes place under deep-aea. and.Did-depth 
pressure and tenperature conditions, requires detailed investieation. 

In order to be able to assess the inpo.ot of n waste 1.n the oarino 
environnent, sane efJtin...1.te of existing levels of waste consti tuonts cnd their 
sources is required. River or pipeline inputo can be doteroined fairly readily 
but, the influenoe of aerial transport, includine that on breru<down and produotion 
of pollutani:e, 1s unlQ1Qtm for nost substances, nlthough it is no'l</ e;ener811y 
recorrnized as beine of C:rcw,t inpartanoe. 

It is !mown tho.t 0. nuribor of ontero-po.tho(~'8nic nicro-organisno aro 'lui te 
resiutont in oeo. water (Gnoeson, 1975). Further work is required in the study 
of the behaviour and fate of Dicro-oreanisos Maoeiated , ... 1 th wastes Guch c.s 
sewaG~ sludes. especially the influence of suoh factors as tonpero.ture, licht, 
snlinity and scdioentation. 
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7.2 Ph,vsico.l nsnects 

Cnrefully desiened field expe~ients arc required in order to obtain 
inforoation for dGvelopin6 and testing Dedcla for predioting the depth of 
l)enetration ond possible collo.pse or a falling cloud of waste. l'iJ:eas1.ll'enents 
should provide info~~tion on the ooncentration distribution durin6 descent, 
turbidity seneratian, settling velocity and subsequent dispersion in relation 
to phyoicru. conditions. Such experioents would need to be carried out under 0. 

variety of enviromlentrJ. conditiona, roneing froo quiescent to neox-storn 
conditions nnd in both deep and BhoJ..low, stratified and unstratified ,·mters. 
Pnrtlculax attention should be paid to those condi tiona likely to Give the 
lenst initial dilution ~'d/or subsequent dispersion. 

Due to the difficulty of covering all conditions occurrine in no.tu:re, 
cnreful attention shoulo. be Given to the selection of environnentc.l conclitions 
for field experioents, so that expensive field experiments CM be bacl;:ec. by 
appropriate laboratory e:x:periuents. In oany instances 7 larGG-scale dtlllpinB 
oxpGr~nts can give re~uireQ infornntion Dore rapid1y~ on both physical and 
chanica]. behaviour of \IE!.Stes in the sea. 

There is 0. Severo lock of infomation about the influence of tho \'Tc,ste on 
the nixinG :vroceoscs, as \Tell as about the possible physical intero..ctions between 
VUl'icuo types of onterials. At present, it io not possible to tDJ:::e into account 
l)rOllerly the multiIlhcse Ch.'lxa.oter of a waste when predicting its Dhysical fate. 

In relntion to dis~oscl in deep waters, there io an ure~nt need for studies 
of deep ''later and near-bottoD. disperoion processes, includine the developncnt of 
ne,.l te~1miques, e.G. for oeacurencnts of cur:mnts and turbulent diffisuiol1. 
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,Appendix II 

GESAMP Wor:'ti.ng Group on the Scientific Basis 
for Disposa1 of Waste into the Sea 

TerGs of reference: 

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

"'\-lith reference to lmnex III of the London Convention for the Prevention 
of Marine Pollution by Donping of "laates and Other Mattor, 

(1) to c~ out n critic~l reviow of our present knowledge of those 
aspects of dispersion and physical, chenical and biological 
processes relevant to the selection of oites for discontinuous 
injection of wastes into the oarine environoent in both deep and 
sha.llow waters; and 

(2) to identify gaps in our present knowledge~ focus attention on 
urgent research needs, and suggest research priorities." 

*** 
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IMPACT OF OIL ON THE MARINE ENVIRONlOOlT 

(Exoerpt from PROGRESS REPORT submitted by the Horking Group on 
the Impact of Oil on the l~rine Environment to the Seventh 

Session of GESAJ·IP - Documentation: GESAl1P VII/4) 

C01lTE1lTS 

1. Content 

I. INTRODUCTION 
(Thoopson, lead export; TODczalC, YoUI1.{\') 

1. PuxDose of the ReDort 
2. I·'Illnner of Study 
3. Bacl:cround Inforr:J.ation 

3.1 Liternture and expertise used 
3.2 Outline of study sections 

((i

l
) ~!~~t~)s 

(i~~ ~ackeround 
(iv Dato 
(v . <:=ent{s) 

(vi) Conclusiol1(s) 
(vii) Rocouoendntion(o) 

II. SOURCES tum SIGNIFIC!JICE OF OIL DISCHlillGE TO BIOLQGIC!ili EJ!FECTS 
(Ehrhardt, lend e::.::pert; Levy~ Pllloork) -

1. Caused by Han 
2. Caused by Nature 

III. ROUTES !JID/OR STATES OF OIL AV!.IUJlLE TO Ilm HI BIOLOGIC!ili SYSTQiS 
(Levy, lead expert; Ehrnhardt, Iiironov) 

1. Physical, ChaDionl, Bioloaicn1 J.lcchanisos 
2. Hetabolic or BioloGical 

IV. lu.'T1I.LYTIClI.L TECffiTOLOGY STATUS 
(Palnork , lead oxport; Levy) 

V. CHillUCIU. J\1.ID PHYSICAL EFFECTS OF OIL DISCHf.RGES 
(Jeffery, lead export; :Palnorlc) 

1. Gas Transfer and DeOXYGenation 
-2. HeatinG'IJffccts 
3. Pollutnl1.t Sorption 
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VI. J.lICROBIl.L POPUIJcTIOlJS - EW2CTS IlELEVt,m TO OIL DISCHt.RGES 
(Thonpson, lead expert; Uironov) 

1. I.ficxobial Attack of Oils 
2. Oil Effects 011 r-Iicro-ort;anisn Populations 

VII. HIGHER Utilillm LIFE FORlIS _ illTIDIL t.Nll SUBLETHtcL EFFECTS lITtOt'! OIL DISCHtiliGES 
(Levy, lead expert) 

VIII.HUHIl.'u EFFECTS FIlOH OIL DISCHliRGDS 
(Blo.ckoan, lead 8JqJ6X"t; ]?clnork) 

1. Loss of Harine Food 
2. Health Effects 

2. Hanner of St.ns!;( 

l~t a first Ilreli.1:Jinaxy neeting of the GES1J'iP neobers of the workinG croup 
(Geneva, 20-21 Berch 1974), the GToup took note of Resolution 6 of the 
International Conference on Harine Pollution, convened by IHca in 1973, 
recorJOa."l.dine that tho OXC;UJ.ll.zation tnlw nppropriate steps, at an eo.rly dnte, 
to review, on n cODprehensivo basiS, the environnontol probleos created by the 
discharB'C of all Ilotroleuo-dorived oils into the narinc environnant, with 
particular reference to the probleDs associated with the disclmrce of liGht 
refined oils. The vorlcil1G croup wa.s also inforned that p with a view to 
inplenentine the above reco~enda.tion, the r1arino Environnent Protection 
Coonittee of II~CO had requet:tod GESlllIP to accelerate its worl\: on this subject. 
The '\rlOrldnG' group used ns the ba.sic for its otudy tho work pro(;raIZlo aGreed at 
its lJre1ininGr'J oeetinff, and adopted at GES1U1P VI (GESf.J1I? VI/lO, lumex IV). 
I~t thd prelU:!innry DoetinG I!Lead Experts" t-rerc appointed with the task of 
identifyinc specific references, reviews, sy-~posia mld other oat erial fron 
"hioh the data base vould be constructed for each topiC of concern, as 
identified. This nark had beon undertnl.o;:en intersessionally, Md ,,,..orkinB' 
papors were presented c.oscribirl,g thin intersessionlll activity for Dost of the 
topics listed. 

Uith this inforoation in nind, the workinG' croup recognised that its 
deliberations should be e:ctendecl to a discussion on certain physical nnd chenioal 
effects Hhich have a considerable ini'luenco on the bioloGical effects. The 
Group also found it o'lpproJ)rinto, for the purposes of this Report, to liDit tho 
scope of its work to consideration of the oils fallinG' wi thin the definition 
of "oil II as set out in l.nnex I of tho International Convention for tho 
Prevention of :Pollution froD Ships, 1973, Le. Tlpotroleun in any fom includine 
crude oil, fuel oil, sludGe, oil refuse and rofined products (other thnn 
petroc11coicnls ,\-1hiob are subject to tho provisions of l.nnox II 'of the present 
Convention) and, without linitine the L~norality of the foroGoinG, includes the 
substances listed in Lppcndix I to this Annex" (see Table 1: List of Oils). 
It is the understal1dinc of the workinff eroup that thiEl definition includeo 
weathered petroleun products4 
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11.8 a basis for disctlllsioIlC at tho First Sossion of tho workine croup 
(nODO, 28 October - 1 Ibvoober 1974) the followinG l!orki..n[>' Papers ~cro 
prellared: 

K.H. Paloork: To.inti.nG 

r.G. Jeffery: 

R.h.A. Blaclnnn~ 

::c .11. Levy: 

II.G. Ehrhnxdt, 

n.R. COvlGll and. 
J.D. Hc.lL:er: 

Effect of oil pollution 011 oXY'B'en transfer 

Coxcinogens 

The effects of oil on naxine orB4nisD8 

Oil in tho soa; routes into and within biosysteos 

Inpnct of petroleuo hydrocarbons on oicro-orcanisDD 
in the onrine environnont 
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LIST OF OILS" 

Asphalt ~olutions 

BlendinG Stocko 
Hoofers Flux 
StrniQ1t Run nesiduG 

Clnrified 
Crude Oil 
lllxtures contnilrinc crude oil 
Diesel Oil 
Fuel Oil no. 4 
Fuel Oil Ho. 5 
Fuel Oil Ho. 6 
Residunl Fuel Oil 
noad Oil 
Transforoer Oil 
L.rono.tic Oil (c:ccludiuC veGetable oil) 
Lubricatinc Oils and Dlerulinc Stoc1m 
IunoraJ. Oil 
lIotor Oil 
Penetratinc Oil 
Spindle Oil 
Tuxbinc Oil 

Distilh.tcs 

straiGht Th.m 
Flashed Feed Stocks 

Gao Oil 

Crc.ckod 

Gnsolene Blending Stocko 

1..1kylo.tco - fuel 
ilcforoo.tes 
llo1yner - fuel 

Go.solenes 

Casin(lhend (mtural) 
i:..utonoti VO 

I~via.tion 
StraiGht nun 
Fuel Oil No. 1. (Kerosene) 
Fuol Oil Ho. l-D 
Fuel Oil Ho. 2 
Fuol Oil Ho. 2-D 

Jet fuels 

JP-l (Kerosene) 
JP-3 
JP-4 
JP-5 (KerosGne, IIe.:wy) 
Turbo Fuel 
ICcrosene 
l1inol:'2.l 8p1r1 t 

Solvent 
l'etrolcULl 
lieo.rtcut Distillate Oil 

Intornationo.l Convention for the ITcvention of Pollution froD Ships, 
1973, (1)nno:o I, j'PDel1dix r)(n;CO). 

':·-This liGt of oils sh;).11 not noccDso.rily be considered as 
CQDl1rehomlivc 
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It was noted that certnll~ additional topics of concern will be considered 
includinG 

Heatinc effects ~ effects on carino orG~sDs rurrd oubstrnta 
due to elevated tenpernturc produced by absorption 
of solar radiation by oil filDS 

.L\bsorption of pesticides such e.a DDT and Dotaln by oil filus and layera 
on tho sea surface and the effects trot this .o.ic;ht 
rove on oo.rino resources 

Each worr-..i.ng Tlnpel: (seo paraGraph 29 of the no.in body of the report) 
was :presented to the workinG croup and oxtansi voly difJcussed in ordcr to 
identify the sicnificn.nt data. and assuolltions, to ex..."'lJino the shortcooings 
ElIld eaps existillG in the present studies a.s woll as in present stotc of Imoulcdco. 

In addition, the Cho.ir.:J3Il. mde availnble two bibliogro.phies on the "Effect 
of light refined oils and DetroleUD hydrocarbons on the oarino environoent", 
one of then containing 0. conplote set of the references Biven in the worldng 
papers, the other eiving n1ll~otations of 153 additional articles suboitted by 
over 70 or(f<llllzations throughout the world ilwolvod in petroleUD hydroccrbon 
research. 

4. FOrD<lt of Study 

It uns agreed that the studies on each topic of concern should be f"urther 
developed intersessiono.lly, but that 0. CO:LJiJ,on outline or foroat should be usee. 
as follows: 

Definitions 

Problens 

COCD:lCnts 

Conclusions 

- 0. statenent of the topics of concern. Those were 
iuentified a.t tho prelininary oeeti..'1g of the working 
groull ond nD.:plified at G~S!J-12 VI 

includu1g D. stateocnt of the controversy (if it cnn 
be ic1entifiod) that exists concerning onch to;Jic. 

- the co~~te:::ct in which the controveToy has c.risen l'.l1d tho 
necessary baclcGTound inforoo.tion to eno.blo tho 
controversy to be considered 

tho scientific evidence relative to both the problcD 
mlc1 the backGroul1d to it 

in particular tho extent to '1hioh the elata cnn be 
validntod, the existence of GUllS in the data base 
and oDinions CXl)resoed about the dcta 

initially v.. resolution of the controversy in qua.lita.tive 
terns, but develoDcd \-lhenever possi1Jlc into a. qun.ntito..tive 
D.GScs:JDent 

these should hiGl-u.ight those [,'Ul)S in the cxiotil'lG 
Immrledgc that huvc prt;:vented ('\. full nssess--ucnt of the 
prohlens. und cOLloent on hmr these C<J.IJs jJay be filled. 
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lN11EX VII 

Bill'ORT OF TIm GESiII·!P vlCJRmlG GROUP on THE SCIEnTJFIC 
BAggS FOR THE DE'l'E1lMlNATION OF CONCENTRJ.TIClIIS MID 

MID EFffiCTS OF Ut.RlNlJ POLL1lT1\lITS 

Dubrovn1k, Yugoslavia 

14-18 October 1974 .. ' 

Guidelines for ~ ope~ocean oonitoring Elyptao 

HlEFACE 

'At i te third session GESllMP was naked by the 100 to review a'l?loper by the '. 
lOCls Group of Experts on 1onB'-Tem Scientific Policy and PlOllIlinB (GELTSPAP 1/17) 
en oarille pollution in the f:ronowork of the Long-tero and Expanded l'rog:roone of 
Ooean Research of whioh the Global Investign tion of PollutiOn in the lobrine 
lJnvi:rcnoent (GIPllE) is on inportant eleoent. Two SDAll seosional working groupo 
were established to study' the above-nentionad ·_docunont. One of tb.elJe wor.k::ine 
groups denl t with the scientifio' bases on whiCh a. syeten of mrine pollution 
nonitoring could be found. The systen envisaged at that tine was roBionru. end 
,-me intended to include the recording of deliberate ar accidental disomrBQ into 
the mrine environnent •. Three I tYPe I roBions were proposed, (:su.ltic Sea, lTorth 
Sen and. Puget Sound, US1~). Five groups of potential pollutnnto were proposed: 
hiJ.logenated hydrocarbona, petroleuo., heavy namis t :radionuclio.es o.ncl nutrients, 
a.s well as certain environnental panmetero. The report of this sessional 
\'lork:ing group was approved by GES./lMP at its thim session and reni tted to the 
IOC. This Working Group IS report was clearly a policy proposal. 

At its fourth session GESAl'IP, in den1inB with the subject of Tronsport and 
Dilution of Pollu~ts and Marine Pollution MPnitor1ne, was nsked to provide 
advice to the Joint Ioc;\nlO Pl.e.nninB' Group for IGOSS (IPLLUI) end contribute to 
a review of research o,Dpects being carried out by the ICC Wor1d.ni; Group on 
Resooroh as Re:U>ted to IG06S (lI'.ES). GLlliJl[J? decided to identify, at the fourth 
acssion, the conponents 'lrlhich cou.ld be included inoediately in the first pbllsc 
of IGOSS. This referred to pllysiool lll'ld olleolcnl plU'aOctcro. GES1J1P agreed on 
the physioal ooean,ogrnphio paraoeters proposed, but fe:lt tho.t tho strictlyoarine 
pollution paraneters ooUld not, at tha.t t1oo, ond. given the B~te of l:nowlcd60, 
be adequately apoc1f'ied. 

At the fifth session, in view of the oontinuine concern to specify these 
paranetera, n sessionnl working group was cBtabllshod to develop this subject. 
GES11NI? was not able, c.t that t1.Oe, to agree with BODe of tho proposals in the 
wor1d.ne- &roUP's report. 'After rn.wh discUllsion -GES1U{P agreed that no global 
narine pollution Donitoring eysten should be lioited to phYsical and 'chenicnl 
:pa:ronoters, _but should include biological onos. The report of the workinG' aroup 
was not o.ooepted by GESIIUP and the eroup was asked to address itself to the.s~ 
problena lnter-Bessionally. 
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At tho sixth session of GES.ru-w tho CI1ll.i:t'Cl£l.ll of th'e workiTIg group reported 
that in the present state of tnc art of biolocrical oOniiorinc', it Wll not . 
feasi~la to specify biological pa~eters satisfactorily. CorrespondinGly, the 
worldng Group ,vela expo.nded to include biologists and wos given revised tODlS of 
referenoe; this expansion involvod 0. cho.nu'J'Q frOD the apparently sinple 
specification' of parnocters to the scientific bases for 0. global DUrine pollution 
nonitoring systen. It was aGreed that the worldne GToup should be established 
uith two panels, ono to spGoif'y ~otcrs rolat1..ne' to ·conoentmtiori.s, and ono 
to specifY those relatinc to effects (GESAMP ~lO, 1'.5). Profossor Goldbcre 
,.;no noninated to chair the panel on ooncentrotlons, nnd Dr. KOclmc the panol on 
effects. Tho toms of reference for the two panels wore o.pprovod as Given in 
G".GStllll.) VI/lO,' Annex I.' .. . 

The eXIlaniled 'worl~ l]TOup net in Dubrovnilc, Yllt..,"'Osla.viD., 4l. .. pctober 1974 to 
rovise and. cxpa.nd. the report tabled by. tho worldnG group at tho filth session. 
The workine group decided that it should propose. an opcn ocean :cotiitoriI;lG' project 
as an international venturo., :recogriiz1ne tha.t this _.cOuld Qvcmtunlly be 
co-ordinatoo ,dth rerrional and mtlannl nonitorinG"·proerannes. 

~ '. . , 

Tho Dain purposes or "the present" roport arc' to' advise the IOC ll.llQ. llIfO on the 
nonitoring that ca.n nOH be underlnkon, particuJ.o.rly within" too fn1newo.rlc o.f the 
IGOSS Pilot Project on rnrine Pollution 11onltor.i.no, and to indicate to the reG 
for 'Gmm the subject areas in 'thich research .requ:f,res to bo pronoted. The 
Govc:rning' Council of IDIEP has already " approved the GDr1S prour;\ntle, which oontai.nl3 
a I:1O.rine nOnitorine oociponent, and it is interested in the views of experts on 
this subject. FAO, also, Me n considerable interest in kno.wil10 ,.;hat biolOGical 
paranetors could now be nonitored, anG. is f'ollow!ng this trork closely, espqcially 
its rOlcVllIlce to the 'work of" its own l~cr'mR Worldnu Parties all. bioacCUIIlllation, 
ecolOGical indices and effects of pollutants on narino orcanisos. 

1. .Introduotion 

Tho n.:ii!l purpose ,of" a. global mrinG pollution nonitorinG pro~o is to 
provide a brisis f'or tho qri.na.gooent of thoso mterials toot O<.'"ln joopardizo hurJAn 
health, the stability of narine ecosysteos, or tho nnonities of the envirqnoont. 
Tho proposed Doni torinc progrllrJOe will conoist of systona tic ticasurenont:J or 
cha~'7'QO in mrine ecosyatens and pollutant conccntrotions in oceaJ:Uo wators, nirs, 
sedinonts arld .. oramisruJ, 'ns well as in their terrestrial counterparts \ihere deeIled 
neccsso.ry. Those neasu.:roncnts w~d need to be repented on a tenpornl oosis, the 
tine-coo.le of which would be indico.tod by the levels f'ouil.d initially. The ocennio 
pollutant levels can be conpo.red with "acceptable ;LewIsII, defined as those ",hioh 
society is willinG to. accept on the basic of a pre-deteXbined' risk.assossnen~, to 
proviqe 0. rotiono.l oosis for applying oontrolc on the release of mterials to the 
environnont. National and roeion£1l proBTannos of thio "t-'".roc 00;.:6 been .forrn.ua.tecl 
for the controls upon relea.sos of nercur,y and artificial radioactivities to tho 
narine onvironmmt. 
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The proposed Global oarine nonitorincr proGTODOO is desiened to deter.nine 
the 'Pollutant levo'~s uuc. Ilny cff9ctG thJy night have uilou livina' systena in the 
open ocean as opposed to th9 eros i:;:.l o~el.i.~ and IJO.reitJal and cnc::L:9.scd, Bons, the 
noni toi'inG of 'fhich is uoun.lly carried out tlU'mJeJ,l no. tional prOfrZ'D.OIJ.es. Coasto.l 
watem my be defined as those Hhose cheoico.l and physical l?ro~erties 'a.:ro 
eic;nificantly influenaGd by their contacts with tho contmenta or the flon noor. 
In general, such wat~rs extond ovor the continental ohelf. /In effective globDJ. 
narine noni taring p:rog:rono.e oust be co-ordina ted with national and recrionnl 
water nonitoring progra.IlDes. 

It ahouJ.d be recoG1lizcd at the outset that the tine and. space scnles of a 
eloool oorme ooniterinG proa:ronne o.ro eubsto.ntip,lly grenter than these for 
cOQ.st<ll zones and nost rn.xe:tno.l and sooi-enolesecl seae. "1hereas in generol 
distonces of tenD of l:ilonetreo roy define a constal area, and disto.nces of 
100 to 1000 1m are characteristic leIlor:rtho of mrGiml llIld sd-enclosod sens, 
open-ocean water msses co.n extend over thousands cf Id.looetres. Flusllirlg of 
coastal waters no:ron.lly ta.kes place OVer );leriods of II Yea.r or less. In the 
open ocean, surface wnte::co :oiz with those fron greater dept~ CiVDr ppriods of 
tens of years, while for the deopor layers tina scales fran centuri£18 to 
oillonia Ure invol vcd. 

Herein lies th'3 rationale for a Global oonitorinS p~"Ocrrame. Our concern 
is with tb~ irreversible 10S8 of opcn-ocean resources beCQUDe of ,the extrenely 
sleu build-up of persistent pollu-tnnts orieinnting freD. rony eouroes. The 
pro1:llen ia to prevent the titration of tho opon-ocean SystCD with a pollutant 
for which the ondpoint would be either an irreversible loos of a rojor oaeon 
reequroes or the Devera contaoination of open-ocean wators which l'rore previously 
available for the dilution of tho already poiluted coootO.l wntero thrO'llG'h ni:rlnc. 
In coastal reeionD we have depended upon tho scientific ccornmi tY or upon 
catastrophes to initiate the foruulation of polioies concerning tho relense of 
pollutants to the om:ine environnent. For oomnple, the mjections of artificial 
radiooctive nuclideo f:roo reactors are regulated by sone :na.tions ,upon tho basis 
of their potential build':"up in cormercial food products or the degree of hunan 
exposure by other roUtes, e.g. on booches. "lith conclitions of hiGh publio 
intorest and concern, reGUlatory prcgmIJDes nay result within a year, but 
no:mo.lly situations of erove do.nger oust be clearly indicated ;'rs>.I1 nonitorinG 
prorrronnes otherwise thOre nay be a significant ,dolo.y in controlliIlG the 
discharee. For exru:lJ?lo, it took a decade to institute tho rceula.tion of DOrcury 

reloases to Mlnnnata Bay waters follm~ recognition of their iopact upon ~~ 
health. The first inputo of DOrcury ~stes took place in 1939; the firot victins 
were recognized in the 1950s; and the first regulation of releases "rae in the 
1960s. The lower levels of pollutants in tho open ocean and the perhaps less 
obvious effects expected u~on livine systcno underlinG the difficulties in 
initiatinc nonitorillB' procroones. 

2. Pollut.nnt8 to be nonitoJ:'(ld. --, -
, 1l.t the present two, five crrou,po of substances have so far been recoenizod 

as potentially serious pollutants in open-aaron "inters - nrtificial radiooctive 
nuclides, petrolcun, lnloconnted hydrocarbolllJ, heavy netals and litter. Thoso 
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(\TOUpS of mtorials are found in the surface waters of tho open o<?ca~1 and sooe
tines at depth follo\<I:l.na entry f'roo. coaotal wtcro, fran the o.tnosphero or fran 
ships. l1cthods are available Or can be envisnced for the ruw..lyois of the fivo 
gToupS of pollutnnts in orc;nnisoB, sodinont, ,ro.ter and- air 8onplcD~ 

2.1 Artificial. rodlonuclid.,l?p... Pisoion producto (90Sr' 137Cs' etc.) induced 

aotivities (5~o' 65Zn, etc.) and the tronsuxnmo elcoents (239, 240Pu, 241.".rJ.' 

ctc.) Qre bei.n[; produoed in ever increo.sinC o.nounts nnd their environnontal 
ooncentrotiona are m'Pcoted to increase. The present levols in the oIlen occo.n 
are Do oonsequence of fallout :fallowinc' their intxod:l1.dtion into the c.tnosplloro 
dur~ nuclear weD-pons tests. The oonpounds of the transuronic olenents, 
produced in nuolear reactors and woo.pons arc nnone the nest tone au.bstancos 
known, on the basis of their cheoiotries and of their radioaotivities. Baceline 
neaaureoents upon thG open-oceon burdens of plutoniuo and anerioiuo isotopos 
should bo initiated ns soon as possible to gain on estloatlon of their present 
fluxes to tho open ocean and to allow predictions of fUture £luxes on tho basis 
of increased uses of nuclear energy. 

2.2 PetrolcUiJ.. Of tIro two billion tOllS of petroleuo o.nnually procluoed, 
about 6 oillion tons arc estiDnted to enter tho oceans directly. This fiGUXO is 
norely a fraction of t~ estiDnted natural hydrocarbon input into tho ocenns 
originatinc frao the rolease of biosynthesized hydrocnrbonri, the decay of orgnnic 
mtter and notural seopaco. It has to bo nado quito olear, hOlieVOr, thn.t the 
cODposi tion of petrolouo differs nnrlrodly frao the oonpos! tion of biOGeniC 
h;ydrocarbons produced in the D£l.rina environoont. Petroleun hns substantial 
quo.ntitiee of arooo.tic hydrocarbons of known carcinogenioity. PelnGic narino 
orcrurlsDS curry body bu:rdeno of patroleuo; any effects upon lifo proccDses havo 
yet to be dCDonstrntecl for preoontly observed levels. The cher:dools contn:inod 
l1ithin patroloun, in oonbination with such synthetic or.G'OJ1ic cher.rlcals aD the 
halogimated hydrocarbons, roy stress Iivine' orcnnisos. SODe Deaches of tIro 
world, as well ns the lJaters in open-ocean shippina laneo, are ,s~:lilCld "dth tax 
balls and oil alioles. Sona sciontists are concerned about tho o1!cctc upon 
hunan health through tho txonsfer of co.rcinoconic potroleun coopounds found in 
fish and shellfish. Thoro is Q need to reduce losooo to the oc~nns 0.0 far 0.0 
prooticll. ble, nnd to ascertain tho effects of inproven bnndlinc throUGh a 
Donitorincr pr~e. 

2.3 Ibloe;cnn t,!'d J.1.i:r.9..!'oc,fl.rbons. Tho "tl'lO nast ubiqui taus [JI'ou:ps of oynthotic 
orc;anic chonicals 1.n the Ocenns are the pol;yuhlorinntod biphenyls (PCBs) n...""1d DDT 
and its net~bolites (DDT). Both hnve been inplicntod in deaths or reproQuotivo 
failures of rorine birds. There is evidence, on tho ooois of actuAl uso, toot 
the no.ount of DDT presently being dispersed about tho cnvironnent 1s roue;hly tho 
sane as it has been oVGr the past decade, about 100,000 tons per year. On tho 
other hand, there are no,'l decrcaoinc rates of production of PCBs. Yet both 
groups of coopounds oro otill beine' trannferred froo the continents to the oeanna 
in oeasurable noounts. Nn.rine orcnnistll today carry parts per Dil110n (Hot 
''leiaht) lewIs of those collectives of oheoicals. Present ooncerns involve their 
interferenoe in hornono production in highGr orcnnistll and poss1.blo inpncts upon 
tho photosynthotic prooesoes in oane alene. The PCBs, if incestod :in flufficient 
anount by ron, nay onuse a chloracne typo of disease (YUSHO). 
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other oynthetic l-zlocomtoc1 co.rbon corrpounc;'o o.re nGo.S\.U'D.bl~ in surface 
''latora of the opcn OC8r.[l: tho ch~c':",ofluorocarbonG used as aerosol propellants; 
dry-cleaninG fluids and oclvcnt.s ::;-.lch eo trichloroethylene, l)Crchloroethylcne 
nnG. trichloroctbano; o.lil~b.a.tic chlorinntcd hydroco.rbons, such fiS the constituents 
of the IT.DC tars and llnote producto involved in polyvinyl chloriuo 11roc1uction; 
o.nd hexo.chlorobenzenc, nn nrrdculiuxo.l .f'uncicide· a.nd n waste p:roc1uct :f'rOL1 tho 
nanufncture of balo[.,"el1tlted conpounds. Sone of these roterio.ls nrc resistant to 
bronkdotm and arc tmdc to narine oreanisDs at hiaher levels tr.nn nOll presently 
obsorved. Their mnufacturo Ilnd usc is expected to increaso. 

2.4 Heavy notall'._ Two Dotals, of ostabliohcd toxicity to ron in oloD.ontal 
foms and in their coolloun.ds, nrc ente:LinG the oceo.no in aoounts thai my affect 
life )!rocoosos. These arc load o.na. Dercury. ~U thouGh increases 1r~ mrino lewIs 
have so fnr beGn asoociated "lith coastal arens, nonetheless their continuinc use 
in incl.ustrial activities indirotcs 0. posaible rise in their opon-ooean 
cOl1ccntrntions. ·Perha1?s cadniun falls in .this co.tegory1 although there arc no 
definitive rOJ;lorts on ito increascs in coastal ,.;aters. 

2.5 Harina litter. On beaches, surface "ro.tcrs and the Eloa floor thoro is 
0. Ullltitud~f societyfs ·diocarcls that arc not rO;Ilidly deconposcd: plastic-,·ro.rc, 
plnstic baco~ /j'lo.ss-,rorc, Dotnl objects, etc. The flux appco.rn to be about 
6 Dillion tono per year. l'bny of these artifacts are used as oontainers or 
vrraDDincs of substances a~~ Goods used by society. Soon, such as polystyrene 
sIlhereo and disc:;;, arc discards fron ronufcctuxinc IlroceoGc:3. L. substantinl 
proportion of tho litter apDenrs to cone fran shipo, but oonsures arc beinG 
to.ken to control this (Intor1w.ticnnl Convention for the Prevention of Pollution 
fron Ships, 1973). Statistically valid sanplill6 techniqUGS are lttcently needed 
to evalu.a.te anounts of Ii tter in surface wa toro and on the ::::00. floor. The 
effects of litter ulJori oooponento of the ocean SystO!.l can only bo hypothesized. 
Po~hallS they :provide new. oconiches for orcanioos, and hence 0.1 tor tho structure 
of rorinQ COD!.1unitics. The accunulation of solid waste:::: on tho soo. floor my 
decrease tho exchange of chanica-ln between wo.tor and sodillents, and pcrp..aps 
affect tho. activities of benthic orGEl-nisns. 

In order to describe present alSDersion cf 0. pollutant about the 
onvironnent and its open ocean conoentrations, and to predict futuro vnluco, 
uadols lRlst be developcd to relate qunntitOotivGly tho source· functions, 
envir6nncntal levels, fluxes bet\'Ioen reservoirs? and s1nlcs. Such uOdels o.ttcopt 
to balance inrmts and outIJUts and are lmo,m as Ilnnos-no.lanoo Dodclo ll • They can 
h~ developed for too stOo.c1..y state situo.tion or for tho transient case in the 
followinG eono~lizod fom for the oDon soa: 
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where 

6 C is tho chance in the pollutant contont of' the open ooean 
in a eiven intGl.'val of tine; 

Cb is the contribution froo rivers or ooastal outfalls:; 

Cn is the contribution by du.o:pine into the sea fron ships; 

CB is tho outflow' ou-used by water exchru'Jee; 

CB is the 1nf10l" caused by wnter oxcha.nee; 

Cc is tho flux to the sedioents fron the open ocean; 

Cn, 1s the flux !':ron the ntnosphore to the open ocean; 

C ' is the flux fron the open ocean to the a tnospherc; a 

C... 1s the flux iron the sed1n.ents to the water of the open ocean; 
{'; 

c 
px 

is the 10S8 of " pollutant by chaDiaal or radioactive 
dlsintoero tion i and 

Cpb Is the loss of pollutsnt by biochcnicnl deeradation. 

It IlUSt be enphasized that the aoove nodel is only an illus.tmtion of a 
p?s~ible approach and oannot be applied to tho ocean in canaral in short tine
scales of the order of a year or years. It cnn be applied to the aurfaoe layer, 
i.e. to the upper nL"'Cod layer, for tine Bcales of the ardor of 10 yaa.rs. This 
inplies that a DOnitorine proeraaoe nust be of sufficient duxotion to allow the 
d.ynD.n1cs of the ocean-atnosphero systan to a.ohiove equilibriun. It DUSt be 
reca.lled that the nixine !Uld transport processes in the ocen.n are ouch alotlor 
thnn in tho a tnosphero. 

These Dodols and their included onsc balances are on intecrnl part of a 
Donitorinc prOcrrorme. The pollutant levels and fluxes are ooobined with tOO 
physical paraoeters .to describe Di..:x:ine lU'ld transport processes. On a cr10001 
OOoia, the validity of the nodel depends upon the availability of reliablo 
production and use data which up to the present tine hAve often beon· di:ffioul t 
to obtain. In the cases of nIl pollutants considered in this report, tmro is 
an uxc;ent need to asscnble such data now. To fo:rnula.te these nodels, tho mtcs 
of nixine nnd advection OUDt be couaht froD oopirical nnd theorotical inforoation 
in the literoture of physical oconnoeraphy'. At present, the availablo 
inforoation is not a.dequate for hiehly procise calculations; nonetheless, the 
nodels developed so far havu been successfUl in doscribine pollutant dispersions. 
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4. .General Strote£i.as_ f.o):' Determining Pollutant Levels 
in a.n· QPen-Ocean t~.E-.toring Programme -

An o~en-ocean monitoring ~rogramme should be developed with the following 
charaoteristics: 

1. §ample numbers. The smallest numbor of satlples, consistent with 
ensuring the statistical validity of tho mass-balanoe model in 
whfph they are ~ed, should be sought. Ideally, sampling locations 
shouid·be related to the salinity/temperature field, and not 
arranged Only geometrically. 

2. .§ample collection. Since the risk of oontamination is usu.al1:y 
~ea~ for those pollutants whose concentrations are extreoely 
low,. 'sample collections should only be made Oy qualified 
peisOl'lnQl avtarc of these- diffibulties. 

3 • .!ru0rat_orios. A sml1 nuober of laboratories should be involved 
in. the annlytioal \<-lOrk. Nost of the pollutants have very low 
concentrations in envirannental samples and require highly 
sophisticated equiDnont for analyoes. COI!lpetcnt analysts are 
few in number. For exaoplc, there are fe''lcr than ten 
laboratories in the world cu:rrently DoaDuring e1 thor. DDT and 
P(:Bs or the tronS1l.I'Snic elenonts in sea. wter, because of the 
great dtffioultics involved 1n tho analyticnl techniques. 

Tho laboratories should preparo reference saoples for inter
conparison with each other and should atteopt to relate their 
~s~tB to th~se of coastal oonitoring progranoos. 

Tho ~rocedurcs of analyses should be nade avnilablc to other 
labo:ro.torics for (l'Vtl,luation and. use. 

5. ·SaoplJng for EnVi.I'9.!1fJ.£rrltal Lov:.els 

. 5.1 Sao]?ling l?r;.9s:_~~~eo. A long-tern Global noni toring·'Dr~gra.nno should 
f~rst dete~ absolute levels of pollutants in the norine environocnt and then 
M neccssmj-" ton-poml trends of those levels. Such a progrnnne Will need a 
nothods handbook describing Saopl~lg oethods, cruopling equipnont, saoplo handling 
a.."1d coople stomgc. Tho:rc arc precautions to be t<lken with regard to oontnnination 
of sa.nplcs because of the very 10'111 levels of thoGe pollutants in tho so..nples. 
The hanclbook should dccoribc in detail the precise proceduxos to be follo\·rcd. 
Such action .. has nlreo.dy boon initiated in certain regioMl progrotlDos (e.g. ICES, 
QLOD nnd NoAA (USA)). . . 

. 5.2 SauE.l!pg· tY]?e~. To fo:p:rulate nass-balance Dodele and. to undorEltana 
the llrooesseo of pOllu:tant tJ:tmsf~r arul storoge am1 DocmniOIJ.S f it is .irlportant 
tbat tho follo"ling cOUPOl1.Gl1.ts of the environuent be satlJ?led and a.nnJ.yz:ed: 

(a) The 1)8.rticulate and gasoouo Dha-Ges of tho o.tnos);Jhoro. 

(b) Tho IJ<).rliculJ:l.to n;nd the dis301vctl fractions of roin-1m,ter. 
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(0 ) The :part1C"mte and. diasolwd £motions of' the sur.faoe morolayer 
(upper :few DO) the ourl'aoe waters, and the deeper water masas of 
the soo" 

Several species. of organ.:!.sns lvhich concentmte sP«;loif'io P?llutanta. 

(At the p:resent t1oo, oJCoept for such i'ish as the tuna, thore is littlo 
ilU'ornation on the bioaooUnu.1a."tion of pollutants by pelc.Wc orgBnisns in 
the open ocean and. hence a research prog::ro.I::lOC to identify apPropriate 
species is ut'gently needed. Orga,niCDS or substrates artificially 
introduced to a given nrea ni€,pt b'3 used to nonltor pollutant levels.) 

5.3 ~!£....f're9JlenCY. ThA wealth of existj.ng opon-ocean oceo.nogmphic data. 
suggests tha.t the chenical oooposition o.f open-ooean areas is rather constant 
over short periods of tirJe.. Changes in mjor wind systeos and. current patterns 
arc sOll.sonal .In nature; thuoJ, changes in pollutant level due to ohanges in 
ntnospheric input and water-nass novenants need not be sanpled aore than two or 
fou:r tines per year. Bou.ndary or coastal stations my need to be occupied noro 
often than open-ocean stations; because of the variability due to runoff, stoXOG 
am. mr.iations resulting hooo. local inlJU.t patternsQ It should be noted also 
toot the deep-water sphel.'O should ba sanpled over deoodes nnd not oerely over 
seasons to note significant ohanges. 

5.4 Sanplina sites. TIro "",pes of' sanpling site haw been oonsiderod: 
"opE?n-ocean stations" n.nd l'boundary stations". The fomer category should neat 
the objectives nsntioned below; the latter category should provide the data to 
calculate the flwces into the ocean £:ron the coaatal areas and pargi.n£Ll seas, 
and should preferably be part of existing or fu.tu:ra nntional O:~ regional 
nonitoring Bchenes~ The working group considered that the oi'ten used tems 
"baseline station", "reGional station" and "iopa.ct station" are less appropriate 
for the Gohene presented here 0 

For the "open-ocean stations" the following objectives were defined: 

1. To docunent the levels of pollutants and theu long-teID ohanges. 

2. To· prcrv""ide baowound inforoation for the evaluntion of' data 
obtain9d in regiona.l or local noni taring Bchenes. 

3. To devolop nass-ba.J.ance nodels of pollutants on ooemU.o and 
global scales, and to test their validity. 

It was rccocrnized tbat nany mrj.ne pollutants reach the ooean in signifiQ[l.IJ.t 
qunntities via the atnosphere, and that for sone oaterials this· is tho principal 
plltl"n'laY. Therefore, for the devclopnent of nass-balance Dodels, the nonito:cing 
schenes for the oceans and for the atnosphsre should be 1nterconnocted, and, in 
pnrticulit.r, oonitoring' of atnospherio and oceanic pollution should, where 
possible, be done at the anne stations. 
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llith regard to 8];locific roquircoents of the SaIlIlllng sitss for I1ClIlan-aoonn 
stational! the working group felt that: 

1. Both the ocean oiJ:oculation pn.tterns and. tho general ciroulation of 
the a toasphore should be taken into a.ccount. 

2. The nonitorinB should preferably be done at fixed. points in tho 
oceans where the aoeanogrcpbic and neteorological conditions arc 
well known or where a long tiDe-series of observations of these 
conditions can be nado. The weather ship stations, 'or areas whero 
repeated observations nre being nade or are planned, could play 
an fnportant role in this context. 

3. The Elitinrr shlJllld bo cloooly co-ordinated with the network for 
Doni taring oo.clcground environnental pollution over tho 1tJ.nd. 

4. 1I.w.ilo.1)lc inf'oroation should be used and prclioinary surveyD 
should be orB'CJ1..1zed prior to the estab1iohoent of such stations. 

It has been recognized that only a linited nuober of such stations can be 
establishod because Dqst pollutants of concern have vary 10\'1 ooncontra.tions in 
the open ocean, and requiro special sanpling procedures and hiGhly sophisticated 
equipnent for analysis. 

AlthOUGh it is prornture to fon::ru.la.tc concrete proposals for ooeania 
saDDlincr sites, ten stations for each ocean is considered a reasonable nax10un 
nunbor. 

The llboundary statiorul ll beinG preferably part of natioMl or roG'ional 
nonitorine Bcllenes have to bo located on the besis of rcgiollD.l considero.tions. 
In_ the context of a global nonitoring schene the settine up of national or 
regional scheoes should be encoura~ed, with the proviSion of technical 
assistance, train.i.ng and financial Dupport where needed. Speoin.l eophasis 
should be given to the intorcoDJ;larability of the data, and labora.tories oharcred 
'"lith the global t1Ol1itorina should, where needed, orsanize sta:nclo.rdization 
prOo~DDCO (interca.libration exercises). 

As an emnple, a :ro.tional net\.lork of se.npline' sitos for the Atlantio Oaeem 
is suaeested in the AppendJL~. 

5.5 ltddi tionC!:.1 ,B§raneters to be included in the level.JI .E..XOW1JOe. 
} .. IJroper and full interpretation of the oeasureocnts of pollutc:mts requireD tho 
observation of additional paraneters (physical, chenical and biological). Only 
,"Then tho saupling procec1ures for the pollutants have been developed will it be 
possiblo to aive a critical listina of these po..roneters. The followi.nG 
~aragraphs only Give indications of what nay be necessary. 
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1. In situ tonporatuxo and oalinity of the water sanplo, toeether with an STD~rOooxd, in order to 0.:::'130138 tho conIJositfon of the water nass 
as n nixtu:re of vn.rious water' tYIlos, and to sho,., tho decroe of 
vertical hono8'Gnci ty of. the ,mota]." colur:rn o.nd tho clcpth of the n.i...i'ccd 
layer. 

2. Tho total aoount of 1lOorticulato mtter in tho ,mter colUIJI1. being 
sanpled, in order to relate it to tho concontration of the pollutant 
in particulate foxn. 

3. The po.mnetcro describing air and sen state, in ordor to mlnto the 
sanplinc: concli Hons to tho nomal condi tiona. 

1. Dissolved O::QTCOnf in oxdcr to distin[SUioh deep Hater :00.3808. 

2. Conccntrotfol1s of nutrients in suxfacn waters, in oNer to asoces 
tho potential biolOGical productivity of tho water nass. On a local 
or regional ocale these lJ8.=ancters my be considered as iildicators 
of pollutionI' but thoir inclusion in tIllS elobal oohono is not rosed 
upon tbis aspoct. 

iJ.s incHca ted in lJoction 3, on nodels and. mos balances, onr l:nOl·tlcclCO of 
tho t:ransport procoss taking place is not enough to allow' us to calculate tho 
fllL"tc.a of pollutants nocm:utoly. Thorofare I further invostications of theGc 
processes al;'G needed vhich nay involve oon1toring of pbytJico.l pnxnnoters 011 a 
l'TldOr ::Icale than nontionad here. It is sU[\,GOoted that tho tam. "pollution 
nonitorinB'u be restricted to the Deo.~3'UreD.o11.t!3 Dentioned in this saction. othor 
oonsurooonts niGht also be ~de to facilitate mas balance studies. For o}au1plo, 
it would bo do'slrnble to include lone-tern observatioru:; of c1..l.'l:'rcnts ru1d 
teopcratuxe (possibly snlinity also) by oaans of n00rcd recordinc 1nstruncnts. 

6.1 In.tr~c1..upt~9l!. jI.lthouCh clnn/jes in tho structure of Durine cOlJOUl1itics 
and ecosystens under tho influence of pollutants aro eVident in OOl1y coastal 
aroD.S, the rojori ty of these result froLl cross pollution by se'l'lo,G,"C or other 
wnstos \'Ii th a high oxYCOn demnd, and (linilar chD.nces could ocC'.J..r in tho open 
oceans if the pollutant conoentrationn roach a oritical level. Structural a11d 
func'tionnl cool1u'"'OS in open-ocean connuni ties a,nd. cco:Jyntens my be usoc~ as 
indications of the ovoroll pollution effects. It ,m.13 rcco/j'Ilized, houevnJ:', tIw. t 
it ,ull be difficult to define 0. clear cD.uso/effoct relationship beil'lOon tho 
cti.stinc concentration of a sine-Ie pollutant and the ob;:,crvecl clk'l.nG'Os I ui thout 
additional oxperinental (laboratory o.ncl El~) invosticatiom:.. The pri.!n::.:·y 
role of those invcstieations is to linl: tho body burden of sinClc pollutanta 
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and the levels of pollutants in ULlbicnt vratcr~ :pnrticu1o.rly those that roy 
inpair.t~c behaviour of tho orcanisoa, to nny neo.surablo effects of pol1utant~ 
on indiVl.dual narino or~sns Or their populations, or on artificial eousystons. 

The synereistic or ant<lconistic effect of different pollutn.nta is virtually 
an 'Ul1explored fiold. ..!'l..cld1tional data arc also required on tho ,Offccts' of 
c11.vironnental conditions nu.ch as distJOlvcc1 oXJ'acn concentrotiOtlS, salinity, and 
tCDpomiurc. 

Tho. results or laboxutory invcstications will assist in providing an 
understanding of the cbancrcs observed in situ t but the difficultiGS in cxtro
polo.ti11G £rOD laboratory cX!)orinerlts toc"OIidftions in the sea are uonex2.11y 
rccocnized. Correlc."\tion should be oauGht between tho response of tho oorine, 
cocrn.uu ty and tho observed body burden. 

6.2 Labou-'1tor,y ~. In .e,ltu studieD to dcteInine tho c;f'fects of' 
pollutants on opon-occnn species and caoounitios are necessarily lon~tcr.o~ but 
often it is critically ioportant to identify effects before such studios arc 
oon:pl~tc. This cnn sonotines be accooplishod by obtainine infoJ"."IJ8 tiol'l on the 
l)ody burderm of IlOlluta.nts tho.t occur -in ocean organisns and utilizine this 
ini'ornation in 1D.borotory ovaluations. 

It is difficult auc1 often inpoaoible to denonstrn.tc effects of Dolluto.nts 
on certain ocean organisns .in ~ or in the laborn.to:::-y-~ priDnrily bocauDe of 
tho difficulties in retaininG theD. in situ or culturing thou in the laboratory. 
It nay be PODSiblo, hOl'lever, to conduct ueanineful tests on other sensi tivo 
narine species that are conpatiblo with a labo:rotory testinG :prog::rxultlO and to· 
rnkc reasonable ext'ropolo.tioTIo of the results to tho ocean environnont. lIothods 
arc avnilllble for nalectine sensitive laboratory 'oru"'O-nisns and for conQuctincr 
laboratory teots to dcternino the offeots of T)ollutants on then. Sensitive 
oreanisDs in this senso nonn thoso oruani.:ms· toot a:ro eSIl,c.cio.lly susceptible 
to a Ilarticular pollutant; for cxauplc, crustaceans react advorocly to part 
:per billion levels of r..o.loGcnnted hydroco.rbons and 60[1e octals, and. O~ be 
considorec:. sensitive lIindico.tor" orGUnisns for effects of thetle chonicals. 

Lnboratory tests should include indicator organisns and OxpcriDcnto.l 
ecosystcns, and oritc~io. for effects on bchnviournl responses, growth, 
rcproduction, IJ}1YSiolocical processeo and ::rpocios div~rsity should be 
established. The labomtory exporinents should in no case be linited to 
individunl 'orcsnniSDs, b>~t ideally should cover populationo, "There GUbtlo 
cl1D.l"'.r;os in boooviam:'ul patterns could serve as early wo.:rnitl6 sians and load 
to the posoibili ty of Ilrodictil1£; tho Dooont at ,\'Thich the oreuniSDS \d11 be 
hnrncd at tho population lovol. 

~xpcrioents cloo co.n be conducted in the laboratory to deteroino ratos of 
acC\u:rulfJ.tion ond loss of :Dolluto.nts and concentration fo.ctors (rotio of tho 
aLlount of llolluto.nt in an erGO-nino to o.nO\.U1t in the ·unte):' }Jer ,upit volunc} for 
various orgnnisDs. Xno'fledcc of ooncentration faotors for a sp~_~ific pollutant 
in lnboratory organisDs ond its concentration in related indigenous orgn.nisDs 
)?Glmts est.inntion of levels of the pollutant occu:rring in· tho cnvironnont fran 
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whioh tho indigenou[l oraonisDs wore takon. Furthomore, thcsq oxperioonts lond 
to an ostin.:l.tc of the oxpected body burdon, whero tho body burden of tho 
pollutll11t is in oquillbrillrJ with tho pollutant concontra.tion in tho (mvixonnont 
and night in particular cirCUDstanoos be used for the nsscssoont of the expooted 
chnncros in irull{3ellous oorino co!:Dllnitios. 

6.3 N£.n-inc.lac!l~nifJns, p012ulations nne! ocosySj;...9E!!" The low 
pop~ntian donsities of polae1c plankton and fish caoounities in the open ocean 
m.Ice oeanincful aSGos~nt of pollutant inDB-ctn upon their stru.~tuxes and 
functions difficult. ~Ute:rnntively, it DD.y be possible to eop~qy Ilon-imUcenous 
oxcan1StlB cultured on 80011 islands, buoys, platfoms or weather-ships. 
Pollutant blonccuculat~ orcnnians hopofully can be ioportod and cultured 
in situ. The bioocC1..1Dtl1a.ting orannisDB which cnn survive in pelagic arena 
foli~dnG·tronsport fron their nomal hnbitats hnve not yet boen identified. 
Initially, DI.1Bsels ond. barnacles rllrrht be uscd for such n rolo. Tn cmbination 
with laboxatory expcrinents, it nay be possible to rolate their body burdens of 
pollut.1.ntz and chaJ1GCS in thoir functioninG' to cnvironncnto,l levels. 

FoulinG platos l-dth indiccnous cODI".lt1nities nay provide a basis for relatinG 
structurnl and functiono.l cha.nGes to the cbnnee:J ll'l pollutant levels. 

6.4 Nonitorinr; _of oo,E.ne connunities and ecosystefls. To obtain neo.nincful. 
in situ rosaline c1nta and to observe lonu""-tcrn ohn.nces of po.raneters 
oharacterizinG a certain open-ocean caonunity, tho structure and funotional state 
of DUch a oor:rnuni ty should be noni tared sinul taneou.sly with the physioal and 
chenionl paranetcrs thnt nay be related to such chansos. Due to intrinsio 
difficulties, inadequately developed nonitorinrr techniques, and tho lack of a 
CO~1D.on1y nccoptoc1 nethodoloB"Yf it is recO!JDondcd that the um1iterine should be 
restricted only to a few selected orean representinc typical open-ocean ~tcrs 
and should be carried out "by frequent SOJ:lplinc. Because of larGO naturo.l 
vnriations in' population.s, only lOl1G'-tern studios can revenl neanil'lu'J'ful Ohanc'cD, 
and therefore, it is recoonandod that whenover possible the nonitorinc excrcisoo 
should bc In.unched in areas where relevo.nt lon[,"-tCD:l series af bioloGical . 
observatio:ru:, such as plankton or fish-ecG' lJlU"Vcys, alrea.dy exist. Even so, 
the lil'lltin6 of such changes "r1 th pollution as effect and cause will bf! m~trGDCly 
diffioult. 

In developinG tho nonitarinc strategies, use should bc mdc of tho vnrious 
doounents denline with this mtter, such a.s the Report of the SCOR-I.Cl1RR-UIreSCO
IBP/Bti 1'lorld.nc Group 29. (See aIDa ICES Coop. ROB. Rept. 39.). 

Tho Group recOOD.onded tho fallol-ring DOni taring exercises: 

!Ioni toril'l{5' cf phytoJ2.1ankton cotrnlIli tics 

Tho selection of an ocoloGical uuD-systcn for nanitaring purposos in 
the open-ocean is besot by practical difficulties. ~t the present 

. tine, tho best choice appearo to be open-ocean phytoplmlkton, but cnre 
\'/ill be required in interpretation of th8 rcsul ts. Tho nODt useful 
GrOUPS of pa;t:.'O.nCters ta be studiod aro: 
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- Community structure (species diversity and abundance); it does not 
bear directly on productivity but struc:tm:-al indices charaoterize 
the community and might reflect the impact of pollutants; 

- Functional indioes (primary-· productivity. primary produotion, 
I:l8taboliSl!l) I 'Carbon aas1J:lilo.tion integrated over the euphotic 
zone, i.e. values per unit area of Boa surface, chlorophyll 
neamrronents, partlculllrly the oeasuxeoent of chlorophyll Q, ns an 
index of stnnding crop, and ATP dete:roina tiona f probably ,.idd the 
noat significant inforontion on the functional state of a 
phytoplankton conounity; 

- :Body burden of polluto.nts in the standing crOpt as on indicc..tor of 
the,Q.ccuoulated level of -the pollutants and for usa in tlw 
nsseasoent of the possible txansfer of pollutants to higher trophic 
level!'i; 

- Level of pollutnnta in soa water, sioultnneaunly with the biological 
po.rnnotcrs, to detect their variation:J over short tine periods. 
Physical and ch.enical Ilroporiies (irro.diation, light nttenUCl,tion, 
tonpc:ro.turc, salin!. ty, oxygen a.nd nutrients), sinul. tanoously, to 
obtain background dn.ta for 0. better undorsto.nding of tho oouitorod 
con:ouni ty'. 

}loni taring of fish .J2oJ?U,J.a.tiono 

Tho presently used Dothods for stock nnnCSGDcnt could perhaps bQ adoptod 
for usc in Donitoring cl1<11'1o<700 in fish populations. It ,:Till be difficult 
to correlate the obscrved chnngcs with the level of pollutants in the 
sea water arid with tho nOllsuoccd body burden of pollutants, innsnuch ns 
llD.tuml vari(1.tiom.l in a pop1tl.ation and "the offocto of fisb.ing ooko tho 
intorpretation of reaults difficult. 

In nost studies ,to date tho detorD1no.tion of long-toro trends in 
polluto.nt levels in the onvironnent rove been hn.opered by the lack of 
adequate baae-line dato.. For this reason, it is rccouocndcd that 
oonitoring of tho body-buxdon of econooically ioportant ooe~n-living 
species, such ns tu.1"l.'l., S\'TOJ:dfish and ,.,OO1cs, should be cOClllcmced. 

Higra:tory spocieo ,""hioh during their lifo cycle onter coaotlJ,l nnd fresh 
"ntor (eels, Gn,lDon) pose specin,l problens because they o.ccunulo.te 
su'bstontinl nnounts of !?ollutnnts fran non-open ocean souxceD. For 
nuch sD8cies nonitor~1g of the body burden ohould be done in both fresh 
"Kl.tcro ond cooctc.l "m.ters. 

Tho worlcincr grouD noted that there have been ~ nunber of reDorts on 
teratogenic effects in fish fran contaaino.ted canotul ,~terG, unO_ 
rcconnended tlmt an o.ssesoDent of these effects 'be rmde for l)Ossible 
inclusion in o.n open-ocean progrnone. The noat !?xocticablc apDronch 
COens to be 0. ainulto.neous nonitaring of Dorpho1ogica.l Chm1G"3S and 
body ooI:dona. 
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QEen-ooean is12~ coosystems 

v.artne eoosystems around remote islands whioh are freo £ram ooastal 
pollution wore oonsidered llS vary good moni taring zones. Volcanic 
islands or onen with largo bird oolonies or a seal oolony might hove 
significant "no:turnJ." inputc of IfpollutD.nta". In: Duch ooosjotemo 
va.rioua cub-comPOnonto should be mOnitored, partioulnrly'"thc' -
functioml and structur.:J. c~o in their benthio oommul'li tieD. 

!'ish-eatiM birds oJ;._othor .£r~sns at high trophic levels 

Such populations arc of ton of great ioportance in studying cunulntive 
pollut::mta, since effeots are often worst in such llJi.i.rulls, nnd· 
aocordingly noticeable earlier. For fish-eating birds whioh nest in 
colonies on islandn, there is also the enorrious advantage of bei.ll{r 
able to obt.::.in accurate sto.ndllrdized oounts of' populntions, breeding 
sucacDD, etc. 

Qgcn-ocean ba2j:~1l~ 

The divcroity and a.bunclnnce 'of the .indigenous nnrina oootorinl i'lom 
Deon to be dependent on tho quality of seawater. There~oro, tne 
&roup considored that the nonitoring o~ open-ocean bacterin io 
.feasible? although it lroO recoc;n.ized trot further research is needed 
boforo such 0. nonitoxing exercise can be i'i~y recaonon4ed. 

~licrolo.yer studios 

Tho bOlU1do.ry lo..yor botween the amosphore and the ocean is in Dilny 
respects 0. uniquo zona, \'Ihosa biological conponents could be especially 
susceptible to pollution. FOr exuopla, relatively hien levelo of 
halocrcnnted lJydrocnrbons occllI' in -surface slicks that are rich in 
mcrobeD" Futuro XGoearch should include e£forts to better characterize 
tIllS layor bioloGically and to clevolop techniques £or assessilu 
pollution e.f~ects on it~ 

Genetio effect,Q. 

The $ ~ noni toriIl(; of the genetic e.ficots of pollutnnts on mrine 
ecoDystens does not seen .feacible nt present, and such studies should 
be rostricted to laboratory exporioenta and observations. 
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GES1;]!P UORlill1C GROUl' 011 TIre SCIDITIFIC BIlSES 
FOR = DETEIUm1J\.TIO!! OF CONCENTRIlTIONS fJID 

=CTS OF l1<lRTIm POLLUTIJITS 

Terns of Referon~ 

The te:rDs of reference for tho two panole Ilwroved by Gb&'J:o? VI aro no 
follC'ws; 

1. !9r tho panol on lovels: 

(0.) chanical and nicrobiolocico.1_pollutnnts to be nonitored; 

(b) rlssccia.tod chanical, biologico.l and physico.l pa.ro.nctors of 
tho syston to be nonsurcd, includ:l..n[; those necossa.r.f to 
poroit an o.~soSsDCnt of tho chcoico.l oodifications of tho 
nnrinc onvironnont; 

(0) sanpling sitos, includine wators, aire, scdiDcnts and ormanisos; 

(d) sonpling and otorn(,"C procedures; 

(0) pooplinG frequcncYi 

(r) tho fomulation of scientific ncthods, nodels and naGS bnlo.ncGs; 

(g) intorla.born.tory conpo.rioons and pre:pnrotion of sto.ndo.rds. 

2. Fpor the !lunal on offcct..e.: 

(n) effects on physical and chcnical processes cnd pro~ertics; 

(b) effects on Dnrinc coaounitios feasible for oonitoriuc; 

(c) effeots on biological rcsourceo; 

(d) ouitublc orGUnisDD which can bo usod ao pollution indicntors 
or indicntors of ecoSJ~ton changes; 

(G) 8i tes, snopli.nG" and otorc::.ee :procedures, frequency of 
Doni tarinG mill effects; 

(f) foroulation of scientific octhods (nodcls). 
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GDS1J.!P ,1000001G GROlJP ON THE SCIE~ITIFIC llASJlS 
FOR THE D:cT'Gru:mr~iTIOH OF COI'TCI:Jl7lTJ'I.TlOIiS l ... ND 

EFFDCTS OF 1!t.nnlE POLLUT,\JfTS 

Dubrovnik, 14-18 October 1974 

LIST OF PhRTICIl'All!§. 

~rl-.EcDbcrs 

Profcosor D.D. GoldbcrG~ Choixvon 
Univcroity of C~liforniu 
Scripps Inntltution of Oceanocraphy 
1.:.. JOWl 
california 92037, USA 

Dr. Stjcpnn Kedko~ 
nuder Bosltovic Inotitutc 
Contre for Ibrino Rcsca.rch 
Rovinj"laborotorics 
nOVnrJ, YUu"'Oslnvia 

Obscrvors --
Dr. T. Duke .;:->.~ 

Dr. I. Zrnje:vsld.j 
,",arId Hoteorolorrtcnl Gr[;uniza.tion 
Co.so :?ooto.lo Ho. 5 
CH-1211 GnmV!1. 20, Swi tzorlnnd 

Secretory of tho i:lorIs!:n:~ Gr~ 

fIiOlJ Z. Tomsic 

Dr. T. Yoshida 
Tolcyo University of Fisheries 
TOKYO, Ja.pan 

Dr. L. Otto 
Royu.l Ncthcrltmds I'Iotcoroloeic.:U Inoti tutc 
DE BnT, Ncthorlnnis 

Dr. 1::. Schneider', 
lTo.tionn.l lbrinc Hnter Chw.lity I.a.boro.tory 
EnVironncntal Fxotcction 1.{JOncy 
l'UJm.li.G.IJ.TSETT 
Rhode Is lnnd, USA 

Dr. Rnynond C. Griff! tha 
mmsco Technica.l Secrctnry 
Place do Fontolloy 
75700 J?lillIS 9 France 

Dr. 1l.r. Sinonov \'1800 uno.bla to attend owi:Dt; to il1nc~s. 

Dr. :C.E. Geldreich ,ro.s obliGed to witMrz:nl fron the group for 
profonsional re~sons. 

* Dr. Schneider replucod Dr. C.S. Hoero. 

>,-;:- Dr. Du..1ro iG a bioloGist '>lho ,m.~ in Dubrcrvnik du.:cine the la.ot tt"lO an(l 
a balf days of the neotillg' and ltho was invi tad by tho Croi:rr.nn to 
sit in on the CTOUpls oonsions. 
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PnOPosr:n OCOOTIC S/J111?LIHG SITES FOR POLLUTL.NT CaUCbll'I!R .. [LTIONS 
nr THE l~TLlJ-ITIC OCThW (tho nunbors refer to atta.ched 001') 

1. Surface water flO'Wi.ng into tho Polar Seas; and the dcep wato:!:" ns one 
of' tho sources of the Horth l~tlantic Deep Vater. (Oceanoeraphic and 
neteoroloGical oondi tions are lvell-lmown bocause of Deron lTCo. thor 
Ship IlMike" and cormexion with reGional air pollution data. fron 
Farces and Shotlnnds is possible.) 

2. Surface waters of North Atlontic Drift. (01:1S 1IInc11<l" and "Julliot" 
provide good backcTaund inforcation on netcoroloGicnl and 
oceo.noGrnphic conditions.) 

3. Deep wat~rs close to tho r-..a.jor sources of Iiorth Ltlnntic Deep Hnter. 
(Influonce of o.tnospheric transport fron north l..nerico. can be 
DOnitorcd, nnd oceo.no{P:'IJ.phic data fraD femor Ocenn l'lonther Shipo 
and International Ico Pntrol nre available.) 

4. The statle Sar@lsso Son waters. (LollG tine-series of dato. ovn.ilablo 
fron Bcroudn Laboratory.) 

5. The area of the Horth Equatorial current n.nd the o.ssocia.ted ljorth 
Dust trade ''linds; tho IIec1iterronenn outflo,"! at Gub-surface depths; 
and tho neighbourhood of the proposed atoosphcric baseline station 
in the Ca~~J Islands. 

6. Host-East tronsport by the equc.torial current syston. 

7. Deep water IJll.sses oriG"i:nntinG nt southern latitudes on their na.jor 
fath,·m.y to the north; <ll1d the atoospheric tronsport fron 
South ilnerica. 

8. Surfaco vm.tors in tho wcntorly (lrift of: the Jmtarctic Ocean; and 
the neighbourhood of tho proposed aV..Jospheric bo.solino ntation at 
Tristan do. CUnha Island. 



GESAMP VII/9 
ANNEX VII 
Pa.ge 18 

60' 

so· 

,,' 
30' ....... , ... :.- .... ' ... 

:-. 

o· 

'0' 

,,' 

so· 

x; 4 

;,"Greenland:.: : .. '" 
~ ," 

x. 3 
x 2 

x 5 

".::, " 

xc 6 • "'i":"., 

":':' 
South America 

'", 

'" 7 

Africa 

xc 8 

60' 
~,~OoO.·--o9~0.·---8!0~·.--,,~Oo·--~600.·--"5~Oo.,-~.eO.·--"3eO"·.-~,"O··---leO~·r--,O"·r---,~O"·r-","o· 

*** 



GESIJ·!P VII/9 

Ali}lEJ[ VIII 

ru:::POllT OF TIm GES.::J'IP "lonKTI~G GllOUP on TIlE PnTIrCIPLCS 
Fan DEVCL@HTG C(1"I.STAL l:lNEill. QU1~LITY CRlmlL'~ 

Fir::::t Seasion 

(F} ... O, lloUG, 25-29 Hovonber 1914) 

SOD.e noobers of the lforkine Group (Appendix r) net briefly on 28 !·hrch 1974 
durinG' the sixth session of GESMlP in Geneva and decided to cOlllJider nspcctG of 
,·ro.tor quality criteria related to hUIJan health as 'fell as those of DD.rinc 
resO\.1Xceo • 

. The ftrot [wssion of tho worldrte Group took place at P.ii.O ileadquartors ~ 
l1ono f fron 25-29 Novcnbor 1974, 1.U1dor tho Chairoonohlp of Dr. 11. Haldichul-;:. 
Tho _'l.ecnclo. is attached as ~ippendix II. The l10etine was attended by 
Hr. J.8. Alabaster (actinG as TIapporteur), Dr. A.L. Downinc, and Dr. C.S. Hearo. 
Prof. leo La Fontaine 'J<lG represented by Nrs. S. do lIaoyur fron his inctitute. 
J):rn. S. Keckc"S and J.D. Spro.{5\.tc ucro uno.ble to attend. The workine' 6'"L'oup vJaS 

,·relconed by Dr. II. Ifnso.mro, Director, FAO Fishery nosourccs Q.J.""!.d Environnont 
Division. Dr. G. Tonczalc (Fl' .. O) provided secrctnrint assistance to the croup. 
Hr. ll. Pavanollo (\"lIm) attendccl the neetine IlUrt-tine. 

The [)"TOUp took aocount of instructions civen to it as n. re::JUlt of 
dolibem tions c1urinc 0. ncssioml worldne croup ncctine on principles for 
developing coastnl water quality criteria nnd <lurine discusoionq in plel1':":ry 
DOGsion 0. t the fifth oessian of GES1J'IP. It furth~r noted the U!'.aency of its 
tUt;l;: for HmO, ns expressed at the sixth session of G:GS1.JIP, o.ri::dnG out of 
Ii.csolution 12 of the Intenmtional Conference on r·1ll.rine rollution j 1973. 

L list of backcround papers prepared by nonbors of the ''lorld.nG croup on 
opocific o.Ell)ects of tho coo.stn.l nn.rine enviroI1D.ont n.rc given in Appenclb:: III. 
Othor Dcrtinont literature ~s noted ns further baclqrround inforoation, in 
pnrticular, "Uater Q.uality Criteria, 1972" (Ueport of tho CODDitteo on Untcr 
0)mlity Criteria., P"a,tiol"1D.l Lcadooy of Scienceo~ Hoohi.nt;ton, D.C., 1972). 
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Following a recoIill:lendation of the report of GESAI:-~ v/lO (J:)O.~"'TQ,ph 20) the 
l'lOrking group defined IIcritoria" as the required soientific inforoation on whioh 
a decision or judgement ~y be based ooncerning tho suitability of tho 
environment to support a desired usc, recognizing that the health of nan 10 
paramount and that the latter con be affected either diroctly or indirectly. 
Tho "TOrking group considered thnt criteria for the mrinG cnvirO!lIlont should 
includo consideration of nIl aquatic COBpartocnts rather than wnter alono. It 
defined "coastal wo.tcrsll ns the coosto.l region containing wo.tcrs having a salinity 
of nora tho.n 0.5 parts por thousnnd and Qxtending to tho edge of tho continental 
shelf, or, in tho case of i.clnnds cooparablo areas. Considoring tho request in 
the Brule paragraph, tho. ''larking group concludod that it:3 report nnd. raoODDenda.tiona, 
as 11011 0.:3 any criteria that night be foroulnted therefroo, oight be for the 
benofit of international and DOtional groupo of Dcientista rind lntoreotod parsons. 

The "foroat of the criteria", which the working group was specificc..lly asked 
to sueeest, waa discussed end interpreted to uean the oodo of expression of the 
criteria. It was aBreed that expressions of cause-effect relationships should 
describe response to either concentration of constituents or DaSS inputs to the 
systeo in relation to tine. 

The working group considered that the "critical path" nethod outlined by 
Preston!! wa.s consistent with the above, since it could be viewed as a series of 
interacting doss-response relationships, in soue of which the dose would be 
aoenable to expression as aqueous concentration for a Given purpose, and in 
others as oass flow. For exanple, it would be possible to express criteria 
related to h~~ health in teroo of concentrations of Da.terial in an edible fish 
product, without excludinG the possibility of also expressing thaD in terns of 
the concentration of the SaDe oaterial in the water or bther uedia, Given the 
necessary data relatine the two. Also, it would be possible for criteria 
reGardine a particular waste to be expres8ed in a nuober of other ways, the 
choice being dependent on the tareet or use to be protected. 

The working group reconsidered its teroo of reference, nanely: 

(i) to ev~luate the nnture and extent of prob1eo areas in order to establish 
an order of priority of coastal wCl.ter quality chara.cteristics which 
should be considered for the fomulation of coastal ,water quality 
criteria; 

(ii) to consider past end current work and to identify gaps in our know1~dge; 
ond 

(iii) to foroulato tentative coastal water quality criteria. 

11 Preston, A., 1974: The application of critical path analysis techni~ues to 
the aSEQSSnent of environoental capacity and the control of environoental 
"lOste disposal (PP. 573-583). 1£: "CoupCll'ative Studies of Food and 
Environnental Contaoination". Proceedin(3'8 IAEA Syoposiuo, HelSinki, AU@lst 1913. 
International Atonic EnerGY Agency, Vienna, uustria. 
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The workinG group aereed that, while it DiGht be dooir2.ble to proceed rc.pid13,r 
with all iteos, the last iteo in particular was 0. task well beyond its present 
resources. In order to tackle iten (1), the \-Iorking eroup recoen1zed that it 
would be necesoo.ry to collect and analyse npp:rop:r~,,:d;e data fron national and 
intornational bodies. Useful data are regarded us SUODnry statistics on the 
incidence and severity of observed pollution incidents; their probable caUSeS 
and projections of potential probleos based on the expected growth of water use. 
It noted that ouch relevant infor.oation is available in the literature and thnt 
additional data DtJ.y be f'orthcoIJi.ne' as 0. result of the o.ctivities of no.rine 
workshops, such as those being conducted by international agencies for the 
Mediterranean, Indo-Pacific area and Caribbean. The working group considered 
that sueh inf'oroation alone would probably not be aufficient to describe the 
situation adequately and that, in the long tero, cooprehensive field otudies in 
cleM. nnd polluted areas would be essentici. The working eroup envisaged that 
the oain problens are likely to be found in estuaries, inshore coastal 'ofc.ters 
and those seas havine" little exchange with the open oceen. 

The working group felt thut, as on essentio.l first step, it would start by 
considerine the principles to be tnken into account in foroulatinrr co~tal water 
quality eriteric. end oake recoIJDendations. Subject areas sinGled out for 
consideration were: 

(1) Ecosystoos 

(2) HUDrul health 

(a) Fish and Shellfish 

(b) BathinG waters 

(0) Aesthetics 

(3) LivinG resources 

(a) Fisheries 

(b) Fishing Activity 

(0) AqU2.c1llture 

However, the croup recoenizod that other uses, such as desalination, 
transportation and waste disposal are also ioportnnt and oiBht warrant attention 
in the future. 

2. RECOJll1GlIDATIONS 

The follo,dne prclioinary list of reconoended principles for the developoent 
and applicc.tion of wnter quality criteria should not be used or tnken out of 
context without a careful study of the docuoent as a whole. The 8ucceedine 
Gectians froD which these recoooandations arise provide definitions end insight 
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-valuable in o.pplyinc theu to unforeseen circunsw.ncos~ Fuxthcrnore, sections on 
speoific uses contain cuidclines as to tho nenninc and value of environoontnl data 
relative to thoso uses II and often SUB'ccst appropriato forno.ts or useful fonlS of 
expression of eri terin in rolntion to .:l specific use. il proceduro uhich niGht DO 
used in e3tnblishinc criteria. hns borm Given in sone dctnil inJl.ppendix IV. 

(1) Tho henlth of nan is 0. po.xo.nount considemtion (1.'. 3, paracroph 1), 
o.nd can be influenced either directly or indireotly by chnD6~S in 
wntcr quality. 

(2) Studios of ronl field situations, whother or not daoaCe has beon noted, 
n:re an essential clenent in ostablishina whether or not n problcD really 
exists and in developing valid criteria. (po 7, paraaraph 5; p. 8, 
:parograph 2j p. 9, paragraph 6; p. 121 pa.rasrnphs 1 and 7; p. 14, 
:pa:mSl:'Qphn 1 nncl 2). In ench co.oe, fueae ahould take full adv.:mtl1g'O of 
the critical path a:pproach (p. 3, po.raGraph 3; p. 8, paro,[p:'Oph 1). 

(3) In developinc criteria to protect a particular wnter use, effort 
should be Dado to identify tho critical factors on which this usc 
depends. Priority should bo given to osto.blishincr the exposure-effeot 
relationships for these faotors (Appendix IV). 

(4) Criteria should bo expressed in such torns as arc likely to be nost 
uneful in the establisl~ent and enforcencnt of control neasurcs, 
includinG' . stondards. 

(5) ns a eeneral principle, it is ioportant to establish th~_~eliability 
und relevance of criteria in ardor that the desired decree of 
protection o£ tho waters I usc can be acconplishod ",ith conf'idenoe at 
Diniuuo cost. This is particularly applicable whore it is necessary 
to rely heavily on responDes oboervod under laboratory oonditions 
(p. 13, paracmph 2). . 

(6) The nost effeotive critcrio. will bo those that tal:c into account, to 
the areateot derrrCc1 di£ferenceo in locnl circuostanccG ouch as 
population Uusceptibility and environncntal £actors (p. 7, paraGraphs 4 
Oond 5; p. 8, po.m.G'J:'O.pho 1 and 2; p. 12, pnraGTOphs 2 and 3). 

(7) The rrreat 1.lllcortuinty concornillG' the accuracy of avn.ilablc da.ta. on 
oxposure/rc:3ponsc rolationDhi~D nay be mrl'ficiont justi1'icn.tion for 
adoption ef roCU1o.tory standards oo30d on the lmwot expo:.:rures found 
to cause an undosirable effect. 

(8) It should be recoGnized that, for practical rensons 1 there Th"l.y be. 
justification for usinc st::, ~o.rdo for ,~1 :~;h no c .. '·";1!.-:c··c-{':"~..:t 
relationshiD l">.as boon est[?.~',l ~.-:;hGd. T;--.ir1 1::,i...-::;/; D('.):-:.y, i'c,T (:~~_;,::,.r:le, 
whoro eooto of control noasuros nrc sn::-:J.l :='('lJ,"I..::-ve to .I,;~\,x-:c i2.y')lvod 
in establishina criteria. (p. 13, pn.rn.[;'T_:.::;11 5). In such r:. =~'.-::e it is 
assUIlcd in effcct t:b..a.t no Gxp0:3ure io o,,'Jocpial)lo (D. 7, p8...::.:-~.:;-..::aIJh 1; 
:p. 15, l)arncroph 6; p. 20, po.rnarnph 6(b)), and that there has 1Jcen 
[:,"8ne:ro.l accoptn.nco of the desirability of sone control Dcaoure "hich 
could obviate the nona_ for n criterion (P. 14, paragro.ph 7). 
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(9) lihore WIlter quality pro"blcoD extend ovcr the area of jurindiction of 
nore than ono control authority, overy effort should lJC mdo to further 
the UDe of criteria. dcrivc(l a.ccordina to a CODDen Detll0doloGY aGreod 
upon hy tho nuthorities involved. 

(10) Criteria for tho protection of 0. Given use should first "be established 
independently of other USCD "'hich nny or my not "bc meG of the arOO 
of concern, and then on tho nssunption th:l.t the ovcntunl otrumrG.s 
will "bo basod on the nost restrictive criteria. 

(11) In devc1opoont of criteria to protect acsthotic satisfaction it is 
considered thnt, pending further inforontion on tho nnture and extont 
of tho problcr.a,priority should"bc Given to devolopucnt of oA-posure
effect re1a.tionships for turbidity, colour slicks a.nd odours derived 
fron smvnee and other ,m.stcs (p, l3~ paraeroph:::: 4 a.nd 5; p. 14, 
lJl:!.ragroph 1). 

(12) For the prc;Jc:rvn.tion of ocosystc::!O for ncientific study, the criterion 
,.;QuId be the virtual exclusion of rnn-I::J.D,do chnl1u'"'CS (p. 7 ~ :paro.craph 1). 

(13) For nono substnnces tho.t cannot bo rOllsoru:t.bly qunntifiod a.nd that 
constitute a hazard~ e.,'3'. d:df"b.mod, plastics nne"!. dl.'t.lI1D of ua.sto, the 
only rCQ.sollilble criterion is virtual a'.Jscnce of tho oubst<::.ncos 
(P. 15, parnDTaph 6). 

(14) The validity of criteria. should be revimlOd in the liGht of nm·, 
Imowladgo (p. 12, pa.rat;"l.'aph 5). 

3. r.COSYSTEllS 

It 110.0 been held that tho protection of any livinc oarino resourcos can be 
DOl:]t certainly accouplished by protection of tho intecrity and bnlan"CG of the 
erentor or sDo.ller ccooyoteo of "Thioh it il:] a pu~t. lJhilo this cnn 1Je acceptcc1 
as basically true, DOny characteristics of such systoruJ a.ct to L:ake thin a. noot 
(Ufficult tQ.sl:. Only by conoiclerinB' individ:u .. '1.1s in erreatly rostrictocl croupin@3 
of interdeporu.lcnt orconisns and in sinple environnonts or (in the opposite 
crlrcne), by considerinG 0.0 nn entity the ",hole OyotoD ruther than ouch conponcnt 
hnD any proGToss ~een ~do in 7Jrodictive nodellinc. 

In tho first caso, lJioloGica.1 input and outlJut terIJ3 of tho nodol are onch 
predicted or obscrve(l valuon, resultinG' f:r-on the D.ctivitioo of individual opocies 
wi thin the acercga.tions of Or:S£lnim13. The inportnnco of tho contribution of c('.ch 
included cODponcnt to these terns nust be Imown. In the second Bblocl">: box ll CO-GO, 
individual specioD disappear entirely and rosults nrc thus not casily used to 
predict the response of de::3irablo spocies. Difficul tics in I.lodell:inc nre 
especiallY eri tical in no.rine \m. ters, where tho nystctlS of intcre:::t and. intcr
nctions "ltlithin then ho.vc often not been ndoquntolY doocribcd 4 For e:ca.nplc, mmy 
life cycles are stillrullmo\m. This, of courno, linits. tho nucces:;) of attcnpto 
at q1.mntito.tivo c1eseriptiol1D of intor-actiono. The situntion is further 
coe.plicated in rceard to criteria. by tho fact trot, cspocio.lly in tenpera.to ",a.tora, 
the cor.lponents of a local Gynhm. chn.nec with season, tho vnrious ecolocico.l niches 
beinc filled by species of varyinc sensitivity at different tiDeD. 
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In cOl1sirleru.tion of the foreeoing, aside froD a recoIJDendn.tion for Dore 
_T.0Be~rch, the guiding principle for protection of n~tural ecosysteos for scientific 
study QUst be total non-intervention. It DUSt be recoGUized, hO"v16ver, thc.t even 
if this is possiblQ, the E1ysteo beine "preserved" is subject to natural chonee. 

EcoloGical principles dOt however, offer qunlitative if not quantitative 
guidance in the developoent of criteria, whether the approach used io inductive 
or deductive. Although a change induced in one cODponent will result in changes 
in other cooponents, this will not necessarily disrupt the ecosysteD, but nay 
rather result in 0. new series of oscillations (e.g, fluctuating population 
density ratios). These nre gradually daopened but never disappear entirely. 
The systeo and each organiso within it are constantly adjusting to variations in 
stress, whether these be environoental factors or population pressure. This 
elastic or plastic nature of ecosyste:C3 0.1101"8 for 0. certain capacity to n.bsorb 
stress and to tolerate DanaBenent. 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 nost forcibly where the 
interests o.nd well-beine of nun are concerned. The qu.o.li ty of hunnn life is 
enhanced by co-existence with a wide range of species. The protection of hunan 
health obviously deoands intervention, but further consequenoes of alternative 
courses of action need to be carefully weiehad. 

Not all systeos are equally robust. Many scientists consider that arctic 
systerJS nre particularlY fraGile because fewer species are available to fill 
vacated niches. Even in species with oeny systens, the cooplexity of inter-actions 
BOong conponents provides s,ooe stability and is also responsible for the fact 
that alterations in one portion of the systeo can cause desirable or undesirable 
effects in seeoingly unrelated portions of the systen. For exaople, bioaccuoulation 
of toxic substances nay produce a hazard to consuoers, includin6 DCIl. 

3.1 lppact of ecolOGical considerations on the developoent of principles 

Discussions of the effects of pollution on, for exanple, plankton in relation 
to fisheries, as well cs to goenlties, public health and shellfish quality, 
illustrates the difficulties encountered and thus the difficulty in foraulatine 
criteria, and is therefore of value in clarifyinG the principles operative in 
arrivinG at criteria. Various oarine organisns, by virtue of occupyina different 
ecological niches, have different relationships to various types and ~odeS of 
introduction of pollutants. These detoroine the no.t~e of their eJt:posurc. 

The essential differences involve varyinG tioe scales for exposure (constant, 
inter.o1ttent or cyclical stress), alterations of the pollutant before or during 
exposure, and the route of adninistratian to tho target organisD (i.e. via water, 
suspended sedioent or food particles, detritus, etc.). Consideration of these 
differences has led to the fomulation of basic procedural roquirenents for 
obtainine data on which well-founded defensible criteria should be based. 
Observance of one or all of those requireoonts io essentinl to criteria 
devolopnent, dependent on the resource for vlhich a specific criterion is to be 
set and the ioportance of those characteristics in liDitine its usc. Not 
surprisincrly, eeneration of coopletely adequate infor.oation on which to base 
criteria requires, in aloost all cases, oaticfaction of all requireoents listed 
in }'-!Jl)ondiA: IT. 
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,rfust of these requireoents arc nlao recoenl.zed by EIFll.oY nnd, taken ns c. 
whole, eobody the principles u.l1c1erlyinB' the fOI'DnJ.ized "critical path" technique 
referred to enrlier. The workine eroup (§Lve sotle thouGht to classifyinff the 
various known stresoos, accordine to the c.pplicability of the various requiremento 
in the establi:::Jhnent of cri tarin., but aereed that this approach would offer then 
little real help, because it is unlikely that consideration of various uses would 
result in sioila..."!' {3TOUpines of requireoent8~ Also, even within a rea:::::onably 
inclusive croup such ns inoreonics, extreo8 variations are known to occur in 
duration of bioloBical effect as a result of recycling pathways, bioaccuoulntion 
end pbysical or chenical alteration. The SCLle nay be asS't.u::ted for groups of 
cheoicnls not yet considerec. or even synthesized. Furthernore, the pattern of 
fluotuation in concentrc.tion wi. th tine wi thin a class or for a single coopounc1, 
is extrenely varic.ble between points of introduction where criteria nay be of 
vcluo. This is also tl.'Ue for mjor environoental variablos (oxygen, tenperature, 
salinity, etc.). In general, the ereater the tenporal variation, tho greater 
the obli[,'8.tion to test usinG' £l. oul ti - factorial approach eppro::d.no.tine the extreCle 
linitG of loc~l variation of each factor as well as the observed local mtes of 
fluctuation. It should' be bome in oind that the oost OOI'JDOn ap];learrmce' of mst 
contnoinants is as a cOClponent of a Dixture~ the total effect of which is of 
concem. Consideration of the cOD];lOnents of the Dixture ia likely to indicate 
the conplexi ty of prOCed1.lXGS required for developil16 crt teria. 

In the introductory part of tbis report, n definition of coastal water 
qu..-:J.ity crite:r.'ia. has been {!,'iven in the nast eeneral teros o.cceptable to the 
6~OuP. Criteria for coastal waters in reeard to hunan health should ideally be 
sets of quantitative exposure-responDe relationships bet.,.leen environoental 
exposure factors and effects on the population eroups exposed. When dealine with 
hUI~ subjects, it is often difficult to establish even a basic cause-effect 
relationship, and even nore difficult to obtc.in a (1Taded response. 

Acute effects of eJ:posuxe to high levels of cheoicals or pc.thoeens are nore 
easily linked to hunan response, than are effects of chronic exposure to the low 
levels so often typical of the environoent. At the lower end of the response 
spectxuo, sub-clinical changes in behaviour or enzyne activity (the biological 
significance of "'hich is c"':ifficult to assess) have beon detected down to the 
"no-effect level", i.e. below the exposure level at which no eross pn.tholoeical, 
physiplog.icoJ. or oetabolic lopnirnent has been detected-. 

The observed no-effect level is of course related to the choice of tho 
indicator(s) of responeD anc1 the (lcnsitivity of the Hothods available or adopted 
for its lleasurenent. The sane can be said for the identification and nensurcDont 
of the exposure. Unless evidence is available toot such sub-clinical chanees 

11 European Inland Fisheries il.dviool.'Y Cor::u::;rlssion has 0. Working Porty on Water 
C,'Uality Crt teria for Euxope-cn Freshwater Fish which docunents bnckeround 
inf'oXI:1:.'1.tion Emd frou tiDe to tine publishes this in international journals, 
e.g., EIFi'.I.C, Water quality criteria for European freshwater fish. Report on 
Finely Divided Solids and Inland Fisheries. EIFil.C Tech.PD..:p., (1) :21 p. :!1964). 
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are sioply adaptive, nnd do not prejudice survivel, reproduction or quality of 
lifop they DUSt be <lSsuned to be detrinental. There ore, however, well 
established principles, such as those enunciated by Bedford Bill (1965)11, 
which should be used for testinG' the si@lificcnce of cause-effect relationohips 
derived fron epideDdoloGicnl data. 

~.l Fish and Shellfish 

This r0port deals principnlly with criteria :for water quality, but in the 
case of hYGienic quality of fishery products, other fo.ctors my influence 
lJicrobioloa,'ical and hyBienic qualitics of the shellfish. CatchinG', handling, 
processing, storace, no.rketinrr and the way the product is prepared nay affect 
the trensoiosion of disease by fish products, and occasionally fnlsely indicate 
inferior wntor quality. These factors should not influonce the role of criteria. 
for quality of the water where fish and shellfish are Grown. 

The influcmce of the physical, cheIJical nnd bioloGicnl quality of fish and 
ohellfish growing wG.ters nn.y extend beyond affeatG on nn.rine ort;onisoa theoselvGs. 
Effects on consuoero include: bacterial infections and intoxic~tions; parasitic 
diseases; intoxications dUG to accuoulnted cheDical poisons or biotoxins; 
allergic reactions; responscs of undoteXDined etiology; and offensive fla.vour 
Cc.usinC- naucGo. or Dore acute illness due to taintinG' of the product. Effects on 
non-consuoers include: occupational diseases such as seconda~ bacterinl skin 
infecticns, bites, stines, and allerGic reactions due to contnet with shellf1sh 
or rren.r. 

Table 1, derived froo Tables 1 and 2 of "JEO (l974)Y, sunoo.rizes the principal 
bacterial, pnrasitic and viral diseases in Don which nre transDitted by fiohery 
producto. 

The adequacy of the basis for criteria should be tnken into account when 
contenplating control action, which could involve, for exaoplo, the closure of 
fishinG ero\4~dG, requireoents for the reduction of input of pollutants nnd the 
restriction of consuoption of contaoinated fishery products. Such cotions can 
also ~e supported by sanitary surveys. 

_:_.2 Bathinr~ linters 

Sem-mtera noar SODe bonches rtre becoDinG incrcnDincrly polluted cheDically 
end oicrobiologically nnd nay be a health hazard for [k~. One of the scientific 
approaches to denonstrnting the relo.tiol1Ship betl1ecn wilter Quality and disensc 
is the epideoiological survey. 

]) Bedford Hill, fl., 1965~ ~£:Roy.Soc.l1ed., 2.Q.;295 

y lilla, 197-~~ Fish ruld Shellfish Hygiene. Report of D. ".rna Expert CotlDittee 
convened in co-operation with FAO. Horld Health OrGanization, Gonova, 
Tochn.llcport Series 550, 62 pp. 



TABLE 1, CHARACTERISTICS OF PRINCIPAL BACTERIAL AND VIRAL FISH- AND SHELLFISH-BORNE DISEASES IN MAN 

Prinei~al aquatic Sources 01 in'ection Pathogenlclt, Olo.8Oe In man 
Etioiogleat load animals Mode of t,anomlnlon 
Agent In.ol.ed U .Ource lor aoualoc looll 1o. aQuatic to man 

and most Common 

of infection animal lood .nlmal manlle.tallons 

Bacterial s",lmoneUa .pp. f,.h or .hellfi.h .) human laece. and nonpathogenic Ingeotlon 01 raw 0' al !vnhold and pora_ 
Inlectlon a) S. Iypt,i, secandarily con_ waters conllminot@d Insufficiently cooked t.p~aid le.er, 

S.~r.uy~h' laminated through b} human ta""eo contaminated fish or sepllcaemia 
b) "thr.",,· polluted "'aters ar 

b) human and animal shellfi.h b) salmoneIIQ"is: 
cie. (e.g., through imprope, raece., polluted gastroenterltl. 5, r,ph._ handling 
",urium,S . "at@'" 
• nterilldi.) 

Vib.", pa'.- marine fish end organl.", ocwrs may cau'e uouell. t~cough con- drarrhoea, obdomlnal 
ho~",ol,fK:u, sh~IIr,"h o~tu,"lIy io the mario" duth of .umptron of raw or p~in 

en""onln@nt Ih,lmps and Inad&qu.tely cooked 
crab.; e'p.rl. fish or .hellflsh that 
mwnt.lly patho- h .. not b .. en properly 
genic for fish refrigerated 

Bacterlel Clostridium tormented, salted, .edlm~nt, water, to.in can kill Inge.llon "I improperly botuli.m neyrO-
Inlo.lution botulinUm and smoked f,.h anim~II •• ce. fr.h proussed fish or logical s}mptom. 

.~ellfi.h "',t~ hlg~ cue_talOllty 
rate 

SI.pt"lcx:o<:w. fish or .~eUfi.h man-no.~ and tnroal nonpathogenic IngOltron "" frlh 0' .tap~llccocc.1 Inlo,,· 
.ureus secondarily con_ d,.charges, .kln ,h.llf,on eros," cahon nausea, 

ta""naled through le.ion. eontamln.ted afler vomihng, .bdomlnal 
Improper handl,ng cooking pain, prostr.tion 

Bacterial Clo.lrldium fi.h Or .hellrr.h poliu/ed waters, nonpathOgenic Ingutlon of ccoked di."ho@a, abdon,inai 

:~:~~:~I::i"" 1) pe<frlnflens .. cond.rll. <00- holman and anl",ol noh or .h.,lIf .. h Ihal POin 
jaminal@d through laece" sediment hu nol been properlv 
polluted waterS Or relrige,at"d 
throullh improp~r 
handling 

Bacterial Er"i,_lrJilrrlz frlh, partlcularl} nonparhogenlc th.ough sk,n leolono- e'fslpp1old-••• ere 

'"" /npJlou apiny ones (01' ~.ulily In occupal,onol innammaloon of 
Inlftcllon .. oro bin., red I.h) dioe ... '''perfielal cuto"eo". 

~ organ,om I. wound. 
presant In fI.h 
.lIm@lndmnl 

VI .. I .Iru. 01 Ih.Ufloh human faeceo Ind nongothogenlC Ingutlon d raw Or Inle<tloul hepolltls 
Infftcllon Inlectiou. wate, polluted b1 Inodequately cooked 

h.p.Ii~1 human '.ecu eontam,nated .hollfi.h 

1) Intoxication by toxin produced in the body by bacteria present in JleaviZy con
taminated foods 

i 
>-' o 
I·~ 
~;:1 
HH 

;;,-

&. 



TABLE 1 (~07lt 'dJ CHARACTERISTICS OF PRINCIPAL PARASITIC FISN- JlND Sf-!HLFISH-BnRNE nTSF:AS[S TV /'1M1 

Pli~C'PII IQuat,c P.H,ooen,city Di .... ~ in man EI'olog,e.1 lood In,mal. Mode ollransm''''oo 
·o<nl ,",ol,ed ... Ou,ee Uto CY'I~ ot 0"",10 to, aquatic 10 m.n and mool c~mmC" 

0- ,nfeeMn lood .nlmal monif.slaMo. 

ClonOl<~" I, •• ~wo'or f.,n_ \,1 inte,medial. "0.1. .""scle Cy,1 loo.,hon of 'aw~' duno,d" .. " ';on, 
P.-au," .. ~en •• " Cyp,in.d'. t"n,l, ,no,1 inleClIOn ,n.utrlC'~ntl, <Qoo.ed, ond 'ym,lto"" ,.'.I~d 

'nf«tIO~ (eh,oe" ,.er (00., c",p, '04'", 2nd Inle,medi.te hO$t,' inlecled "Sh (d,;ed" to 10, .. da"'dge 
flu •• ) doce) "'" s.lted "' Pldl~d f"n 

- I,o",.tode, Oenn'l,.e nOOl n •• n, maj be ,n.ol,ed) 
dog, col, otn", I;S~-
ealLno ~l.mm.l. 

OQ;$lh",chi. Ireon",.te. !iSh __ 1st IN. hool, ,,~an muocle and In~utlon 01 '.W 0, oo"tho'ehl ..... 
r'liM~' C~prinld.e l'm,ly 2nd ,n\. hoot : f,,~ 'ubCvtaneouO Inoutf,deMly coo'ea, ""no ... 01 the Ii ... 
0_ .i,e"ini (~.g" whit~f •• h, Det ho.l ma~, oog, Cysl mloolio" inlected f .. h 

c.'p, tend" 100, cat, olno, f"h-
b'eam, ba,bel) ~.Im~ mommal. 

H'I'(Op~yu Ire.h"'ote, or l.t inl_ ho.l: sMil Rncy.l in IngestLon 01 row 0' het~rophji •• is 
heioropnyes brocki.n_",al., 2nd 'nl. ho.l, fioh muscle. and Insulfoe,ently coo'.d, Ibdomln.1 pain, 

nsh 0.1. host: man, do~, ,kin infected f;.h (ffe_ mucous dLo"hoea : 
cat, Other fISh-eating :~:dt'/..~~tted or ~"g. rna, Il~ ca",ed 
m.mmal., f .. h_ealing to the bram, 1'10",', 
bi,d. etc_, <.~.inQ alyp,c.l 

"gno 

M~t..gOnjmu. freshwale' f .. h ht int. no.t: snail .neylt tn Oilll, ingestion 01 laW' 01 m.tagM'mi .... ; 
JoIcog."'oJ) (e,g., trout, .weet- 2nd ;nt, host: f"h f,e, 0' 1.,1 Inou!licienlly <<lOlled, us ... II, mM di."ho~a 

fish, daoe, wM~- Dol, ho.l, min, dog, ,nteeted, R,h 
.ba;l) pig, cat, n.h_eallng 

birds 

P~'.Qon/"",,,~ "eshwal~r C'ab 101 ;nt. ho.t: on.,1 encY~t in g;II., l~gEs!lOn 01 ,aw 0' pa,aoon,mla.,. : 
"esl.-mAn/ and c, .. yrLOh 2nd Inl. ho.l, e,ab, mu.cle, heart, In.,,!!le,enlly coolled, """.11, eh,o~1O CQUOh 
P. rmgfl'/ cr.yr..h Ii.~, Inlected c,ab. Or oray- and haomoply ... I,om 
(O"enlalluno O~f. hoo!: man, dog, r.,h, or ing .. tion of flukes tocal"ed in the 
fluko) pLg, Wild C.'""or.' wale' contaminated by lungs: flukes m.y 

melace,ca,lae I"al mv.de olh., o,gan. 
h.~e escaped I'om • 
«lOb 01 «I,nlh 

_ cello ties D,phf/Ic/k:)- I.nnw.ler fish 1.t Int. hosl: coPopod r~~:~i~i~~~on in<leot,on of .. '" 0' d'Uhylioooth"as,. ' 
If>,jum'Mourn (e.g., pike, l'oul, 2nd inl. hosl: f,"" In .. u!!lelenlly cookod, d".B>. may be mild 

lu,bol) Del. host' man, doo , of mUlct •• and noh n,eQuently inode- or inappafent: mBy 
cal, pig, 10>, pola' other o'gons Qu .. tety pickled f,.h) see "O~' of g •• I,o-
bea', other fi.h-e.ting enlNiUs, an.emi., 

~r m.n,mBI. wealmus " " (Jq W 
- nematod .. An;SoI~;' mo,ine f,"n (e,g" infornallllV •• usually I,em ",guiLon an .. ald,as" ~OSinD_ : ~ mllinl cod, herr;ng, infect,on 01 ,a .. or partlolly_ pnilic onle"l" 

mllcke,ol) ccoked, p,ckled or >-'< 
.moked 'h~",ng ;:j;:i 

HH 
'-MOlosuoogy/us flesh ... te, '"'imp, 1&1 in!' host: slug, Ingeslion of faW or eo"nophil" '"' ,.n!<JMn.'o land crab, pos,;bly land .nail ;nadeQuately cooked meningitIS 

cart.;n ,.,aflne n.h Del. nPOl, ,.1 ,hump or e,.bs 
Par.tonic hoot.: (sometimes pic~I~) 
.h,i,.,p, land "ab 
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For waterborne diseases, such no tJl"Jlhoid fevGr~ cholorc. c,,"1C virnl hepatitis, 
tho Unle betweon disease 8.!ld dxinkine vm.tor, or behlOcu clisense wd ohollfish 
eatine', bns boon firoly establiohod, ,,,horons, for diset\cen occurrine at the 
seaside, the linl.,:: with bathing is nore difficult to establish. Honitorine of 
wo..ter qun.lity io one of tno nev.ns of 8.oGeoo:l.UG the potential risk. lloi>Tever, 
tho recovery of pnthoceno froD bathiuB wnte~s uoes not nGcoosarily indicate n 
oubstnntive hcc.lth ck'l.ll-;3or. 

In practice, the routine Donitoring for pnthoeens presents various difficulties. 
Recovery of pn.tho[,"ens fran bnthing water in not noroally done for routine 
surveillance ~ to bncterioloL~cnl quality. Enteric discases cnn orieinat8 fron 
drinkinGweter cont~nted by excretn fron infected h~~s or anioals. It 
therefore seens ioportnnt to una, as indicators of 'dater qUdllty, faecti orgnnisus. 

1~1 though there is no deconstro..ble correlation between faecal indicators end 
p~thoeens, except for Sa~lQ, several countries have introQucod norQS of 
bacteriological ~uality based upon the faecal coli index. After a lonG disoussion 
about the linkine of faecal indicators with the Ilresence of pc.thoeons and about 
the dosG-reGpom:e relationohip for pGtho[,"el1s occurrine; in seawater, the worldne 
group wishocl to euphasize tlmt criteria for bcthing, like those for other uses 
such as fiaheries, ohould ideally be based upon well-founded dose-response 
relationships. Nevertheless, at the present state of' knolVOloclae nnc1 under certain 
circunstnncen, en indicator orGOl1isQ characteristic of the contnoinCltion by 
DGWnu~ of hUCk~ or nnionl oriGin nay be used to indicate a potentinl haznxc to 
hur;um health, beca.UGe of the possible presence of hun-_'1n pnthogons. It should be 
borne in mnd, however, that the dose-resDon8e relationship Hill vary as the 
susceptibility of the population ch3nGes. 

Microbial water quality cd teria are one of the naro iuportnnt considero.tions 
in the derivation of standards applicuble to locnl circunstnnceo. 

The principle of revie,dnG' the valiGity of criteria, in tho licht of 
oX],)erience 8.tl.c1 the ncquiGition of new movledce, npplies to health criteri0. ns 
ouch as it does to the others considered here. 

t; .• 3 Aesthetics 

The enjoyuent of aoeuities is henvily c1epen(',Emt j not oerely on the nvaila1-.)ility 
of an nctivity, but on the aesthotic sntisfaction which it affords. Aesthotic 
satisfaction Ciln bo c. very positive force in preootinG public health 8Jl.cl well-toine. 
It io experienced threue-"'"l the senses of sieht j s~el1, taste end touch. 

In seelci.nc criteria to protect aecthetic qunli ty, one requires ideally, 0.. 

knoWledge of the rclo.tionshipG between ,mter qu.c.li ty, its detectnblli ty by the 
senses, [llld the decree of o,osocinted adverse or favourable reaction. In 
nttonptinc to derive Duch inforJ:k"l.tion it is obviously neceonary" to ensure that 
the population, Nhose reaction is to be assessed, is reasonably representative 
of those "'hooe interests tIle criteria ndoptec1 arc intended to protect. In ocny 
conotal aret'.D, this ;:Jay involve obtainine a proper bn-lance of reactions of 
residents anc1 non-residents whose reQuireoents 8.l1d sensitivity my differ. 
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Deteroination of the association between aesthetic reactions and water 
quality present,s considero.ble diff'1.Culties, because it is rnrely possible to 
expose people in a controlled nnnncr to 0. rance of conditions in coastal 'waters 
theoselves, though SQoe guidance can bo obtained fron assessoent of experience 
at different sites, \'lhere differing conditions exist, or nt the 8nt.1e sito, before 
una. ui'ter a chnnge in conditions. Because of these difficulties, Buch 
inforontio_n will in practice need to be 8uppleo.ented by ossessoents of' the 
renction of people to water quality conclitions created nrtificio.lly in the 
laboratory. Such laboratory o.ssecsnents would probably be DOst relevant in the 
cnSe of taste, which is unlikely to be greatly affected by the circuostnnces in 
which Dp.nDlo O~~ exposed, end perhaps least relevant in the case of reactions to 
certain visible nonifestations of pollution, such as the appearance of a slick, 
which is difficult to si~ate realistically in the laboratory. 

As a eeneral principle, it will be ioportnnt to Dnke every effort to 
establish the reliability and relevance of the criteria in order that the desired 
decrree of protection of the waters 1 use con be acconpliahed with confidence at 
r:rl.:n:ioun cost. This is especially ioportant where it is necessary to rely heavily 
on reactions obServed under laboratory conditions. 

There is also a problen in deciding on adequate neasuxes of aesthetic 
satisfaction and in standerdization of their use so that reliable data cnn be 
attnined. l'llJong n.eaaures that ni@lt be applicable in different Situlltions, the 
followine coDe iooediately to nind: verbal or written expressions of opinion 
in graded cateeories as deteroined by interview or questionnaire, trends in the 
ratio of nunbers of visitors to 0. site, and the acconoodation available, trends 
in the price of property, or expressed willingness to pay for oonsures desiened 
to reduce effects. Those nntters require further study. 

The probleDa encountered would be sinplified if it were to be accepted that 
one usual and proper objective of designers of disposal schenes, is to prevent 
any unwelcoDe aesthetic effects. In developing aesthetic criteria, it is then 
oainly necessary to assess the levels of contuolnation at which such effects just 
bccooc detectable. It is considered that attention shOUld be initially 
concentrated on the liDiteu objective of obtaininG such inforoation. This, 
coobincd with our nare fraeoentary knowledge of the detailed response of people 
to the degree of contaoination, nacnt well be adeQuate for oost decisions. The 
visible effects, whose thresholds of detection are reQuired, principally include 
appearance of floatinG or suspended debris, turbidity, foaDS, slicks and colour. 

DeterDination of thresholds of sensibility presents a variety of difficulties, 
In certain inst~ce8, these could be obviated by taking into account that 
asseSSDent of detectability in n comprehensive scientific oanner would be 
expensive, and that it niGht be possible, in cnses where oateriol causinc offence 
can be easily and cheaply elininated, to oake a prasoatic decision that no oaterial 
of this kind should be released. It aeses, however, quite feasible to develop 
meaningful relationShips between aoounts of substances present and sensory 
perception of turbidity, due to suspended natter released in wasta-waters, or 
recognition of colour, foODS, and slicks. Sone proeress towards this end has 
already been reported. Developing such criteria for turbidity, resulting froo 
the gro~h of organions induced by polluting discharGeS, also seems feaSible in 
principle, thouGh oore difficult in practice. 
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Developoent of criteria for odour presents the difficulty of establishing a 
relevant test. There is no problen in deternininB' the level of dilution of n 
polluting disch.a:cee, or one of its constit1.:sr.ts which, "1hen cllowed to esta.blish 
equilibriun with a standard vO~";.:.:Je of air, can jilst be detected by snell. More 
work is required, hallever, to esta.blish the HJ'J in which results of such a test 
could be related to the deGree of offence, wllic~l would actually occur in open 
coastal areas, owing to the presence of pollutinG' oattsr at the r:li.n.i.nun detectable 
level so obtained. 

5. LIVING RESOURCES 

5.1 Fisheries 

The sections dealine ld th ecoGysteIJ nnd iD]Xl.ct of the ocoloeical concepts 
on the devclopnent of principles for water quality criteria ~ pertinent to 
criteria for fishery resources. A fishery is a oanaged systen in Il state of 
dynaoic equilibriun; dif)tw.~btmcc cauoal by nltered cheDicnl, pr...y:3icaJ. and bioloG'ical 
fectorD is not necesoarily inco~pntible with the fUll Use of its resources. 

The criteria should peroit <JJ.l St,'l[,,'"8S in the life cyclec of the fish and 
their food orgnnisns to be successfully coo.pleted, and should not produce 
conditions which would cause fi-sh to avoid 0. reeion Hhere they would othenlise 
be present,. congreeate in n region where iDninent d311sor exists, tn.int the flesh 
of fish, or eive rise to accu.ouJ.ation of substances to -levels ,.,hich are hi1.:rnf'ul 
to the fish or to the consuoer. 

The criteria. should, if necessary, include sepnrnte consideration of coonercinl 
and sport fisheries, of cpecien ODd races of different susceptibility und of 
recional differences of habi tnt. They should oake n.llmmnce for tines when 
vulnerable stnGes of or[s"fllliso:::; axe found, ruld for the effects of Beason, tenperature 
end "later quo.lity~ 

Ideally the criteria should relate all these factors to the probable iwpnct 
on the fiohery of iop~rnont of each pert of tho life cycle. TIllS, however, as 
nlrecdy discussed, is dif£icult becnuse of our lack of knowledge and Understnnding. 
Criteria DDY be_ expressed in physical, cheo.ical and bioloeioal teros. 

Difficulties arise, howe'ler, in their foroulation because af the widely 
di£ferent patte~s of fluctuations in environoental quality and the dearth a£ 
laboratory cXJ;leriDents sioulating these conditions. Furtheroore, field date are 
cenerally inadequate in that either the fish populations present, or tho reGiDG 
of environment~l quality, are poorly described~ 

ScientificD.lly-banod criteria should not be influenced by factors such as 
the f'easibility.and cost of' woedinl action, e.c. depuration. HOl'1ever, the 
nvailability of treatnent processes nay create circuostances which obviate the 
need for regulatory ztnndnrds. For exnuple, in cases where product criterin 
nre ef'fective in protectinG the use, there ony be no need for environoental 
criteria for this particular product. On the other hand, where tho reneMal 
ueaSuros are likely to fail, environocntal q1ll'..lity criteria. crust be invoked to 
provide a second line of' defence. 
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Coooercial and recreational fishinG con be affected by physical conditionn 
in the wa.ter and on the bottoD.. Flcatables, rnngina froD. loes to frn.gnents of 
Plastic, nay interfere with USe of nets and of hook and line. Larcre floutincr 
objects, Buch as 6ubnerGed logs just below the water surface, present a colli3ion 
h~Zard to fishing'vessels, while plastic sheets can get sucked into seawater 
Cooling systeos and pose at least 0. nuisonce, if not causing outright dnoogo to 
an engine. Floating oil is 0. nuisonee in fishing activities~ because of its 
tendency to foul fishine gear and vessels. 'MOreover, the liBbter refined petroleUo 
products r such as ~soline ond kerosene, can be a serious fire hazard to fishemen. 

Turbidity and c1iscolouro.tlon can codify fishing effeoti vaness with hook and 
line becnuse of the reduction of unde~rater visibility, For recreational spear 
fishing with SCUBA, reduced visibility ie a definite problen. IIovlOver, it should 
be noted that oany estuarine regions are already highly turbid ~s n result of 
inflow of silty, DUddy river water, which con be ageravated by bad agricultural 
practices and other lend activities,-'-

At least two types of Ilo'llutants (sewar;e end radioaotive waste) have a 
psycholoGical icpact on fisheroen, cven thouBh there is usually no physical 
ham to the fisherocn, his gear or his catch. 

The character of the bottoo nay be oodified to such an extent by dunped 
Solid waetes, both containerized and in bulk, that cocnercial botton traWling is 
seriously affected. Indeed, recreational fishinG with hook and line, could clso 
be adversely nffected, but such oaterials are usually duoped in deep water far 
enoueh froJ:l shore as to be out of the rall[!9 of Dost sports fisheroen. 

Containerized wastes of various kinds have been recovered by tra\·tl fisheroen, 
and these can danu(J6 fishing gear, as well as po so 0. hazard to fishernen vthen 
brouGht on deck. Such wastes cnn include noxious chenicals, To.d.1oactivc SU'Jstonces 
of low and intermediate level, and oilitary uaterinls, includine nerv3 eases, 
0.11 of which have been d'Urlfled in the sea. Water-logged wood, sonetines escapiIlG' 
fran bOODS of logs towed in coastal waters, presents occasional but not serious 
problens in some local areas. -

Crlterie. for sea w.l.ter quality and bottoo characteristi.cs, as they 8£fect 
fishine activities, cannot be developod in the way noroully fol1m/ed for ot:ilGr 
uses, but rather, DUst result in totrll prohibition or disJ!osDl in~o deep wo.tcr 
out of range of fishing. Disposal of floatcbles, includillB' plnstics and wood 
debris, should be sinilarly treated. Guidelines for cont1:'ol of du.::.1pint; of solids 
o.nd containerized wastes n.re dealt with in recent internati-onal'"cor~'lcr:\:;ionsJ 
e.{J. the London Convention on the Prevention of I·brine Po1l1.;:tion by J;'h:'~'"~inlJ of 
Hastes and other Iilatter, 1972, and the 0010 Convention for the" Prc\·e:;::;:,:.)ll. of 
Harine Pollution by Duuping fron Ships and Aircrn.ft, 1972. The sclonLi..:'ic aspects 
of tho disposal of wastes at Sea have been considered in the GES1J'U? workinB' eroup 
on that subject. 
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5. 3 Agtlacul tl'txe 

There is increaslne production of seaf'ood through ruarine. nClunculture, 
particularly in developing countries. The practice is carried out on either an 
intensive (high density, close~-controlled) or extensive (low density, 
seni-natural) scale. "'ater quality for intensive aquaculture oust be high to 
coopensate for the stresses fran crowdine, unbalanced dieto, inoreaDed waste 
products and general ~onfine~ento Food used in such culture ~t neet the sane 
high stnndaxd, although it is recoen1zed that sewage effluent is successfully 
used for carp ponds in paris of Europe and pig nnd poultry Iilroluxe are put into 
fish ponds in Hone Kong !lIld China. The threat of' disea.se is ever present, nnd it 
wst be recoGnized that Intent fitlh pathogens can be stinulated into active 
disease Qutbrenk3 by the stress of inferior water quality which lowers the 
fishls resistance. 

Extensive aquaculture, being less confined than the intensive fom, ht::.s 
fower risks fron diseases and poor water quo.li ty. However, the practice is highly 
dependent on tho coasta.l oarine environoent, and is, therefore, ~nerable to 
infusion of polluted water froo great distances. Beins dependent for food on 
the influx of planl;;tonic organisos with the seawater, it cnn also suffer froo 
extreoe fluctuations in food supply that, nay be related to water quality. 

It is clear that superior water qunlity is required for aquaculture, but 
this can vary with species. For exanplo, saloon require a ouch hiBher water 
quality than oullet. It oust also be noted that cultured organisOB are essentially 
captive and cannot escape a toxic water oass. While the bioaccuoulction of 
certain substances, such as oetals and organochlorine coopounds, can be controlled 
through use of prepared food, it is !mown that sooe of these substancec can enter 
fish directly froo the water throuGh the Bills or ccross diGestive neobrnnsa. 

Developoent of criterin for aquaoulture which have ouch in oonoon with those 
for fisheries should include consider~tion of: environoental stability; 
continuous oontrol of those factors desirable for henlthy and vigorous stocks of 
organisns; prevention of deleterious cheL1i.cal, physical nnd biological conditions; 
avoidance of introduction of parasitos and diseases; and prevention of environnentnl 
conditions favourable for developnent of diseases. 

6. OTHER ASPECTS 

The 'Working gTOup rccoenized that environoental quality oriteria have to be 
developed for other uses of the ooastaJ. zones. These range fran undccrwctor 
oarine parks and preserves for which nnxiauo environcental protection is required, 
to sen-bed DininS' and transportation requiring Dinioal environoental quality. 
llowever, the working BrOuP felt that it lacked expertise in its present oake-up 
to deal with any of these other,uses in any detnil. 
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f. upendix IV 

GESAMi? l'lorlcine Grov:Q on the Prinoi!2b'1s for Developing 
.Q9nstal ""ater Qunl! ty Cri "tario. 

(il.pplico.ble 
SUGgested Procedure for Esto.blishinB Criterio. 

Ck~nly to criteria for protection of living Darine resources) 

1. Doteruine physical, cheDicnl and bioloGical characteristics which influence 
the decired use or property of the environoent. This can be partially 
achieved by prelinincry field observn.tions and In.boratory experiments l'..nd 
will liDit the number of variebles to be considexed. 

2. Establish the ralati va inpor·tance of' oach characteristic - usually to within 
an order of 02.enitude. This aBUin ann be achieved in both the f'ield end 
Inborntory and will further liDit the nUI:1ber of variables to be considered. 

3. DeterDine tho cnount of stress being applied to the wc.ter DaSS to be 
protected (or chosen f'or study). This should be expressed in appropriate 
unito, (o.go concentration, nass, valuoe, btu, nucber of' organisos). This 
will help def'ine the nnenitude af the probleo. 

!;.. Detoroine the chenical and physical fate and diDtr!bution o.f the Dtross in 
tho sycton to..ldne into account any tiD.e f'a.ctors. This will reQuire cheDical 
and/or nicrobiological a.r:!alyses of va.rious coopartnents in the systeo as 
well a.s l1ydroloc;i.cal data. 

5. Doterolne the portion of' the population or use in the area to be proteoted 
(01.' chooen for otudy) \"hich is subject to several interoediate degree.s o.f 
risk. This info:r·::1O,ticn \·,ill be needed when derivinG" stnndards frOD 
criteria, and reQuiros estioation of the rates of' input to de.fined poriiono 
of' the GysterJ.. 

6. DetorDine the Oxpool.U'C-rcGponse relc.tionship "li/hich holds for the loco.l systeo 
in question. This is c. f'undaoental nnd nearly lUliversally applicable 
procedure and will involve: 

(a) Deteroination of the nost vulnorable point in the systen (e.eo top 
preoator~ nan, fish, life staee, required f'ood orennisn, enzyoe 
systco, pr~sioloGical ~cesS)e 

(b) Experinental exposures in laborato~J ruld/or field to establish a 
fnoily of' exposure-reopcr.occurves reflecting the eff'ccts of expocted 
variations in conditions and pollutant input on observed response. 
M n.tteopt should be oade to cover the full range fron stlr:ru.1atory to 
toxic levelS, particularly for biologically essential substances. It 
is expected that variations introduced Hill cover the range of' anbient 
conditions encountered in the resion and tha.t the test systens chosen 
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\dll approxioote tho expected or o.ctuo.l nature of the actual encounter 
of the toxcrct "lith tho stress. Factors cf'fectinG' this encounter include 
cher.ll.C~ nltcrn.tious of tho toxicant, internittont exposure, route of 
ado1nistr~tion, etc, It is expected that as fer as posoible the 
po.r~eters beine o0asurcd will reflect reGponse at the DOot vulnerable 
level of the tnxget. This level my not be tho sane in nll dC[7'e8S 
of duro.tion of exposure, This will provide one of the bases for 
selectinc a particular e~1?osure or response as a criterion in 
foroulating a standard. 

7. Deteroine the ranee of nntural variations occurrinG locally in both tho 
density and condition of the to.rBBt :population and in the response 
Ilaroneter beinG nensured. This will provide a perspective or frno.ework 
within which to view the dose-response relationships. 

C. Estioate the effects of several de6Xees of tnrcrot resp0n!38 on trophic levels 
ionedio.tely above and below the tnrrret. This will provide 0. first estinntc 
of the probability of reootc effects in the ecosysteo and requirea 
consideration of patterns of bionr~ficntion. 
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FIRST llEPCllT OF TIlE GESlll1P WORKllIG GROUP ON TIlE 
SCIENTIFIC ASPECTS OF POLLUTION M!ISING FRc!1 TIlE 

EXPLOITATIOIl MID EXPLarulTION OF TIlE SllA-llEID 

HITIlQllUCTION 

Meetings held c. t nrea Hco.dquarters,' London 
6-9 Jonmry 1975 and 21-23 April 1975 

1. Two ooatinGs of the working group hn,ve boen held at nreo, .Headqu.arters, 
101-104 Piccadilly, London, fran 6-9 Jonuary 1975 and fron 21-23 April 1975. 

2. Tll€l followinG axperts pnrticipntcc1.: 

Dr. H.A. Colo (Cbairmn) 
Dr. G. Kllllonborcr 
Professor F. Vo.ldez-Zanudio 
Dr. n. Gero.rd 
Ir. E.J. dclloer (first neetin6 only) 
nr. l-I.J. Cruicl",hmlk (second neating only) 
Mr. J.t.. Nichols (second oeetin6 only) 
Dr. L.D. UeuDOn, Teohnionl Secretary, mr (second neet:tng only) 

Dr. R.G.J. Shelton ,'lO.8 unable to attend. 

At tho firot DcsDian, because Dr. UeUIJO.n wa,s unable to attend, Secretnrio.t 
duties wore undertaken by DODbers of the ~·1o.rine Environnent Division of n·rco. 

3. Tho toms of referenca· of the working eroup 0.8 sot out in tho Report of the 
Sixth Seooion (GESlll'1P VI/10, !.nncx VI, pll/je 43) ere: 

(0.) To identify tho sources of inforoation rolevnnt to the scientific 
aspects of pollution arisinG fran present and future activities related to the 
exploration and oxploitation of tho sea-bed. The suggested priorities for 
initial nction are: 

(i) Petroleuo (includinc natural gas) 

(U) llilnll=eoe nodules 

(iii) DredGinG for both Dinerol resources and construction 
projects, but excludine dredB9 spoil disposal 

(iv) Offshore oonstruction (including platforns, artifioinl 
islanecs and reefs). 

(b) To collato nnd evnlunte, where possible, 0.11 such existinG inforno.tion 
l'l1ithin tine to present an aosossnent to the seventh session 6f GlJS1JD? of current 
nnd potentinl narine pollution hazards fran these activities, nnd confliet13 with 
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other uoos of the sou. \1bioh T.ID.J! aris91 .. i th the: intention ot: oMa:tninG' o.];Jprovnl 
for its suboi33ion to tho Third United Hatiom:: Confcx6nco on the illll of tho Sea. 
at its third sossion projocted for June 1975. 

(c) To aS80SD tho foa::3ibility of extendinG this infol'.'1.':Ution to noot futuro 
llDedD 1 such as nonsuxes to prevent and control DUrino pollu.tion fron thC::lC 
activitios and to r-il,lro propo8uls on the future action of Gr:S.AJ:.lP concor:ninc this 
area. 

4. In plmminC' its proGJX!::::me of ,,,ol~k tho vlO::...~kinc rrroup took note of tho 
objcciivoo as oet out by GCS111IP at its sixth ;.]O::::Jion (CESfJ'1I? VI/l0 1 paracmph 56); 
theso are, in relation to the cnvironnental aspects cf tho exploration and 
oA~loitation o~ soa-bod r03ourcei3! . 

(a) to dct8roino tho poosiblo ra~~e of orIects of oertain"activities in 
differont recions, 3uo11 e.s tho ~lrctic a11d the tropics, and to as sops 
the hnZD..rU3 to mri .. ·w livinG resources, l1t1llU1 hGulth, nnenitics and 
the onvironrlont; and . 

(1) to doteroino the nensuros required to prevent anel control pollution 
fron such activities. 

5. !.t the request of tho United Nations Teclmical Sccriitary, tho liorldnc GrOU1) 
also took noto of TI(:::wlution 1802 (LV) of tho Econonic and Social Council uhioh, 
inter alia, called upon the United. :Nations to undcrinlm an intor-diociplinnry 
s"&fY: oftl1o problcns and opportuni tioD for coc.sta.l nrca. do-<rclopnont. In carryinc 
out its tasks, no stated in the toms of refer.:mec, therefore, the vorldna l7'Oup 
Ca.ve pnrticular conoidoration to the problens of pollution nriEina froD 
exploration and mg:lloita.tiql of the sca-bed in coastal areas, includinG the 
effects of c.rodGinG' for conatJ:uc-tion ane. oinilar activitico. The Horkinc croup 
aloo np11rOVcc. a sueCO:3tion .freD the ChaiITIiln that he should. propare an ad(Utiona.l 
ctatcDont on the l1roble~:::lG of coastal f!rca dovelopnont as vie,,,ed fron the 
pollution standpoint [Ll1d thiG ros boon circulated. 1J. further nonorondun by 
Prof. Vnldez-Za.:::rudio lJnO also mdo available to tho UN Tcc1mioal Secrctury. 

6 ~ In addition to the pI'iori ty taska dGocribod abovo, the \·!orl::~j (P'.'oup 
roviel-Ted ancl rovisod t~le list of other soa-bed activities to bo con:::idcroc1 no 
Givon in the Report of tho Sixth SC8sion (GI:SAI{P VI/IO, pa.raGTD.ph 57, pD.CU 9). 
ThODe cover tho exptoitation of: 

(a) Consolida.tod ooc1inon-i;"!Jry dopo:Ji to: 

(i) sulphur 

(ii) salt 

(iii) potash 

(iV) . conI. 
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. (i) plD.oor doposits of hea.vy netals and dianonds 

(ii) sana ana grnvel 

(iii) linestona shells and calcarooua alt;ae 

(iv) norollifcrous nuds. 

(c) Crysrolline rock notallic deposits axploited for: 

(i) copper 

(11) lood 

(iii) zinc 

(iv) nickel 

(v) /lOld 

(vi) silver 

(vii) tin 

(viii) 00= 
(ix) berylliun. 

(a) other dellosi ts : 

(1) phoophorito 

(ii) Glauconite 

(iii) fresh lID. tor (su~ocobed deposits). 

(e) !'faterials not nentioncd ab""" (e.e. neta1l1ferous brines). 

7. For the purpose of its studies, the worldng erOU? nt;rCcd that the tem 
"Sea_bed" ohould be r0anrded as includinG all bonthic aroo.s fran the bi{jlwator 
line to the deep ocoon floor. 

8. The world.ne' ,;roup took note of previ01lD papo:es and reports in this field, 
particu.l.nrly those pro:;?o.red by GES1J.1P as set out in the Reforence DOCUIlOnts 
listed in Appendix III. 

khaJpon with other GESllIil? llorldnc; r;rou.po 

9. TIr. P.G. Joffery, Chniman of tho llorkine Group on Evaluation of tho Hu.zardo 
of Harnf'ul Substances in tho Ib.rine DnvirollDont, and 0. ncnbor of the i'lorkine Group 
on the Inpoct of Oil on the Unrina Environnent was present at pnrt of the first 
Dcotinrr of this workine {!roup. Dr. C .R. ThOIlPson, CbainJn.n of. the \-lorking Group 
on the Inpo.ct of Oil on the lJo.rme Environnent and Dr. Jeffery also nttend.ed at 
the last session of our aecend nesting. As noted above, Dr. G. Kullenbercr, 
CbD.1ron.n of the '·lork.i.n{r Group on the Scientifio Basis for the Disposa.l of Uoste 
into tho Sea is also a. oeocer of this "Working GrOUp. :t-bny opportunities were 
therefore available for co-ordinntion of the nctivities of these various crroups. 

• 
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10. ~1l.1 typos of exploration llnd exploitation activiH .. 05 on the sea-bed rozult 
in Oh .. 'l.nceS but these are often of 0. local und teDporcry character. .l8.thCYllGh they 
fa1~ Hithin tho dofinition of pollution a.dcptod by GESlJiP at its .. flxst sossion* 
it is d081rable to aSDCOS the nicnificanoo of such pollution in ~~lltion to local 
cirQ'UDstances <ind the extent of tho dill1Q.GO likely to rooul to The Idll.1nG' of ten 
or twenty fish, althouGh it ooy seen to those on tho spot to bo 0. substantial 
act of pollution 1 is ,.;!thout si@\ificant effect on the stacIa:! of \"lhich these fioh 
fom a llart: tho passace of a. DinGle larGc -trawler ,,,ill rosul t in tho incidental 
destruction of ~ croat nany ooro scalI fish of both couoercial and non~coDDDrcial 
specien. lfev<;;!:rtholcss it 'is nooeSGary to oxaDine and evnluate the effects of 
ea.oh and every typo of soa-bed exploration and exploitation so as to be able to 
reco(7lize those ,,,hieh? becauGe of their soale, freQuency, 't:liclcsprbnd distribution, 
peraiatonco or the ~~xr£ul nature of tho by-p~oducts they rolcasc, my oonstitute 
cicnificant pollution. 

11. The principal DothodG by ."hich soa-bed resources my be exploited nrc throUCh 
drill halos (e.c. for oil and ens), by auxfnco excavation (e.c_ dredGinG for tin, 
so.nd or Gravel and mncnncse noclulos) or by lU1deraraund nininG (e.c. for netallic 
o:t:'os). ThorN Df),Y require a mricty o:f structures to be placed on the soa-Ded for 
tho pu...""':po:Jc of c1rillinc, dredGinG of ul1consolida ted sodiDDntary dopesi ts an.d 
oxcava. tion of "bed--rod: doposi ts. EX-fllosi ves my be required. 

12. Such activities my extend fron hiGh,ro.ter to the, deep ocoun floor, but olDost 
all of the cur:t'cnt activity take::: plnco in slmllOl'[ \motor near the shore or on the 
o:!qJosed beach. iiost const;:uction worl: involvinG' sen~bcd disturbance ox"bends Gut 
fran the shore, but there is incroa,dnG interest in the dcvulopncnt of otructuxeo 
offshore for s!J.ip-nooring and unloudinGv for oil storacre, for wasta disposal 
(inclucHnG incinerc.tion) t fer tho sitinc of power cta-tiono, for Dineral procosninG', 
as nir terninuls and for a variety of recreutional purposes. Tho effects of 
builq.ine such works a1?pcnr in tho min to be quito local and confined to ,,,i thin 
n fc~" Diles of the oito, but tho n.ctivities ,·[hioh talm place subsoQ.ucntly on theo 
(c.g. mnernl processinG or·the oporction of a nuclear paver station) could have 
a ouch ,·rider effect. The presence o:f the structures roy cause local but 
pOl.lllnent chanees in the narine onviroIlDcnt e 

(n) Drill!n,,,; ~Ll~extrJ,ction thxouch drill holo~. TPc pI-incipal 
pollution :risks arise fron the uncontrolled release of the proc1uc"!>s uhich nro 
boinG' sou@1t p e.c_ oil, GUs or sulphur. SupploDenta.ry hazards ari?c fran tho 
accident..1.1 or deliberato' release or'substa..nces enployed in drillin'G, :0_13_ to 
lubricate tho drillinG hoac.11 or to prevont the e.Gcape of the produot, or natorialo 
usec1 in other supploocmtnry aetivi ties· 0 .e;o bactericides er ulCicidoD1 anti
corrosive treatTJents, pO"[cr production, etc. Quite ,apart frau leGislative control 
iDposcd for onvironneniaJ. protection by the ccn.mtry on 'I'Ih080 shelf c1rillinG talmo 
plaoo f Inc.ustry takes tho view that tIle value of the product beine DouGht provides 

* This definition is as £ollows: 
IlIntroduction by mn, directly or incliroctly p < of oubstnncos or enerGY into 
the narine cnvironnent (includinff oatuo.ries) rcsul tinrr in such doletorious 
o~fects as ham to +iving roaourcos, hazard to hur.lan-hcalth, hindrancQ to 
:onrine activities includinc fishj.l1l3'. inrB_i_rjnc; of ·qualit.y for "USO of Boa 
water and xe.duction of ~L1enitjes." 
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a strong brake on accidental 10ss8s. Similarly' supplementary materials, such as 
the I.'muds" used in deephole drilling, are usually costly and their loss or wastage 
imposes delay so providing Do marked disincentive to careless use or dispc>,sa1.. 
The flituntion in, hm'1evcr, quito the reverse in respoct of waste IOCl.torials
generated on drilling rigs and offshore platforms and in consequonce"directives 
to cncrurc tho return to the shore nnd tho safe disposal of such waote may be 
ignored with local fouling of the sea. bot.tom and possiblo obstruction to fisheries. 
In many countries near appro~ch to drilling rigs and similar struotures for 
purpo~es unconnected with the operation of rigs, etc. io forbidden by luu, but it 
otill romaino posoiblc for solia rubbish from the rigs to be dropped on tho sea
bed mro.y from the ilnmcdintc vicinity of tho structures by tho vessels servicing 
the rigo and removing those \mstes. 

It ros boen establishod tr..:l.t drilling rigs ill1d other Inrgc st-ructures 
plL!.ccd on tlio pon-bed, or moored for.o. substo.ntinl period, at-t:rnct fish, probably 
becnuse of shol ter provided or growth of a.ttached anillnls and planto. This 
usually represents _0. local rc-distribution and concontrotion of ~oting fish and 
not an -Mdition to the stock unleso breeding and/or escnpc from preclnters is 
fa.cilitated. 

~,(b) DredGing una. beech mi.ni.ng. Dredging involvos the romoval of 
uncOnsolidD.tcd mnterio.l -from the sea.-bed, umm,lly from 0. chip or floating 
pla.tfqrm, but "beach mining-may involve the use of shore-based equipment working 
\",i thin the littoral zone or otandard. earth-moving equipment "twrking behind 
protactivo dams. The iIDncdintc effects are alteration of the contours of tho 
bottoo or the beach, the release of fine material which is likely to be carried 
a.way fron tho opcrotin[r sito by tides nnd currents, and increased turbidity. 
Secondary effects generated, especially if tho exploitation is on a larGO scalo 
or pursued over Do cubstontinl period, nay include local alteration of sedioent
tmnsport :ina. even current regi.t:.es t disturbo.nce of bnnk:J, bcacl:l_ e_rooion or 
enrichoent, blankotinG of the bottoo lecally by fine deposit, interference with 
bottCD-fishing notivitie.3, particularly trow-ling, :-and -local do-oXYt,"Cnntion duo 
to deposition of or{!O.nic lXlterinl (e.G_ driftine sGo.wced) in the halos Dado on 
the coo botton. " In aduition anoxic or even toxic oaterial nay be released froo 
sub-senbed levels. 

Very COI:iI1only fine sand nnd silt is "lashed out of dredged ooterin.l (luring 
its pa.osuge froo" the botton to tho hold of the dre(\,'7€r and this spreads the 
effccto narc widely since surface currGUts nrc often stronger than those ncar 
tho bottoo. Howover, a recent careful study of the action of the three oajor 
types of dxedeine plont (cuttinG head pipeline dredcrers, ~pplc dredGors_and 
trniling suction hopper dredcoro) uDoe:' in tho San Francisco :Bay- area sho\iod 
physionl cffects of ctredG"incr operations to be Dinar \/hen oOD:parod to tur'bid.ity 
and suspended solids increoseD caused by natural events such as high run-off 
fron overlo.ncl or wind nna. \"lO.VO action. 

Dredging con, howGvor, produce seriouD effects if it- I'Atcrinlly 'doDn{~eS or 
destroys discrete spo.vminrr or nursery rrrounds for yOU!le fish ... rhioh ero of eri tical 
iupoxtancQ in DD.intaininc tho" stock. Local effects nay aloo arise fran 
alterations in behaviour inducod by. turbidity clouds or disturbance of the 90tton. 
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These would be chanees in distribution patterns rather tr~ lossos of stock but 
night reduoe,fishing success by preventing concentration of fish or by presentine 
looa.1 fishemen with'an unfaniliar distril,"'ution of their target speoies. Local 
effects on shellfish, particularly sedctl~~r,y species, can be profound by 
rendering tho habitat unsuitablo or by Srlotherin& with fino mterial. Other 
local c~fects con ariso froD alterations in botton-toPOGTQPhy, currents, sedincnt 
trnnGport nnd shom expomu'C nri::3ing fron rcDoval of botton oa.tcrial. Thero i0 1 

h~iever, a possibility of adventitious beneficial effects frau tho sane causes. 

(0) UJ.1,J.9rfjI'01.lEd ninin.e. 1-:I1nil18 of soo-bed rook is a'~ present rarely' 
practised; this statenent excludes operations erlandin&' under tho sea-bed f'rOD. 
tho land. Permps the bC::Jt kno>m oJClnpleo of' true sea-bed rll.n.ine nrc the 
extraction o£ barytes fron" solid rock on tr..c soa-bed in Alaska ond tho Hinninc 
of "sulphur. The latter is, however, obtained by drilling nnd in situ 
liquefaction and so is included in the preceding section on drillinG. 

Al though in theory Il£l.Ily vuluablc mnemIc could be Dined frOIJ. /Jub-seo. rocks, 
in pxactiee offshore "PininG generally gives rise to hieher production oosts than 
exploitntion on land. It bas beGn foreon3t tho.t land supplies will nact even 
c:rently increased noeds for ninero.J:3 ovor the na:~t 30 years and oiTMore nincmls 
"'ill be exploitoe!. only when they onn be D:lrketed coopetitively with those derived 
fran land aouxces. Mvnnces in nining and processing technoloGY are likely to 
benefit land-Dining as rmch, 1£ not nore, than sea-Dining, DO thn.t the prospects 
for a najor extension of tho la.tter in the ionedinte future are not hiGh. 
Nevertheless, exploitntion of otherwise uneoonoDic deposits of sane ~~ernls 
night be subsidized for oh'O.teGic rea:Jona or to achievo IlD.tiolU!.l solf-sufficiency. 
The pollution ioplicutions of such DininG oust therefore be considered. 

Pollution could arise in three wnysp firstly by the dis~b~ce and 
incidental releaso of mmnnted tJiltorinls, includine surface fine A!3Posite, durinc 
the openine' v.p and \forking of the Dine; secondly by the loss of tho no. terial 
during illninc, bringins to tho Enlrfaoo and tronsport to a processing sito, and, 
thirdly, by the discharge of wo.stc mterials during the processing oporotlon, if 
this is conduoted at son on ships or on a. speoial structure such as a plntfor.n 
or nrtificinl island placed in tho sea or on the shore. Most of' those effects 
",auld be quite local and oODpllrJ.blo to those producGd by dredginff but if the 
exploited naterial ';1US a nebl ore, or a ootnlloid, thon sone potentially 
dan~rous fine natcrial night aocunulnto in the bottoo dapo:Jits and be 
sub:Joquently roleased, and sone :Joluble unteriol niGht cnter tho t;1Uter oolunn 
dl~ctly. Tho inportnnoo of such pollution t'lould be related directly to the 
onount, solubility, to;;~icity nnd persistence of the :ontariol concerned, with 
oo~~ at t~~ head of tho list. 

If o;cplosivcs ''lOre used extensively in establishinG' an undersea nine thon 
additional local daooao could be done. 

(d) .Q.9nstruction ,,,ark associated with l?lacin{~- of struotures on tho sea-bod. 
To place struotures on the Bea-bed it nay be neoesB~ to drill, excavate, UBO 
explosives, drive pilos, deposit foundation or protectivo naterial, possibly in 
very Inree quantities and s6ontineo derived fron adjncent areas of the sen-bed 
(e.g. sand or eravol Panku), and encago in all tho processes noroallyassociated 
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uith, say, dock cons"!iruCtion. Clearly this nay entail snail lo~s_es of n. tude 
vnriety of the rotcrinls used in construction. Bamf'ul effects o~_ oonstruction 
\-1111, however, be local and d.lma6C to livine resources will be iru?icrnificant 
~xccpt in so far ns tho conotruction actually occupies a oito of critical 
ioportnnco in the population dynanics ofaxploitcd species or so alters tho 
cur:rcnt o.nd scaincnt transport regines as to affect, in 0. substantial way t such 
a oritical site. J\n inpariant fish spawninc eround could be destroyed or nnjor 
danoeo dono to a hiGhly productive shellfish ground; otherwise effects are likely 
to be Diner n.nd of looal inporta.nce only. 

Hnrine oonstruction work can be oonoidcrod 'W1der two categories: offshore 
and shore-connected. l~oncr the farner are constructions related to petrolOUP 
cXDloitation activities: drilling riso, production platforos, well-heads, 
pipelines' and storoCo tanY..o. Other 'Worlcs in this category include_ offshoro 
terninals, towero, scm-/Jubnersiblo platforoa (e.cr. Boa th.eD:Jal pOller plru1ts) 
and artificial is1cnds onG reefs. 

ftnancr tho shore-connected cOnEtruction considoration oust be Given to 
tunnels, bridgas and oauseways, port inEtallatlons, brcalaro.ters and wnve-daqpine' 
structuroo, and :pipco for dischar~ or intake. lJJ. though the :p:r:osence of new 
structures roy rosul t in long-tero c~s in the narine envirODDent, in nearly 
all oases the oicnificant pollution aspects of these constructions aro of shari 
duration, liDited to tho aotual construction-installation activities. 

l\lthoueh no serious pollution aspeots appear to be associated with nariue 
oonstruction, it is recoDOcnded that careful environnantal inpnot studies be 
carried out for ench najar, construotion on an individual baoia prior to, and 
fol1o"incr tho cOODletion of, each installation. The peroonont alte:ra.tions in 
the onrinc cnvironncnt arising fron the presenoe of artificial structures need 
to be assessed. Tho oore oorioUD potentials for pollution associated with these 
structures, hm'lcvcr, [,"Cnorollyarise fron thoir use :ra.ther than their presence 
in tho oarino enviro:nncnt. 

Petroleun (ino1ud.int; natural (@o) 

Ir;;troduction 

13. (Il) Tho workinc croup ,.;as asked, inter~, to anoees the r::orinc pollution 
inplications af the oXIlla:ra.tion and exploitation of the sea-bed for oil nnd [,'as 
0.3 a first priority task. It liaS reccgnizod that there was sane overlap bO~'lOon 
this part of tho group 1s toros of reference ana. those nesiened to tho Uorkinc 
Group on the Inpnct of Oil on the r.brine EnvirOIll'JCnt under the chnirm.nnhip of 
Dr. C.H. Thoopson. It uns understocd hO''lever that Dr. Thor.lpson1s worldn[; [,'TOUp 
would be concerned nninly "'lith the rooolution of evident areos of controversy 
botween scientists reGQrdina the biolarrionl offeoto and ultiDnto fate of 
potrolCUIl bydrocllrbons. J".2 noted above steps wore taken to facilitate 
co-ordination between these ~'10 world.na groupn nnd with two other ro1ownt 
worl:.il1G 8TOUPS of G:Cs..'\UP. 
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. (b) Following correspondonce bO~'iCon the Clmiroan of tho _ ~o.rl¢.11G' GTOUD, 
the UN Toclmical Socretaxy, Dr. c.li. Thonpoon and Dr. P.G. Jcffcn:y, it wos 
decided that thiIJ worldnc [\raUl) would confino its work on oil strictiy to ,m 
nSDOSSDont of the pollution hazards arisinG directly fron offshoro exploration 
und exploita.tion, sattins' aside, I'or the tiDe beinc at least, any o.dditioml 
risks arisinG' fran ship transport nnd ref1ni.nc a1 though thene subjoctn hnd b~on 
cantioned in ita tems of reference. Pollution risks arisinG fron storace at 
tho p:roduction site, loadinG' of tankers at production plnti'orns and pipelino 
trnnsnission ··to shore uauld, however, bo considered. 

(0) Tho discussions of tho workinG' Grroup wore cnscd on 0. worldlnrr paper 
prepared by Dr. R.G.J. Shelton nild r1i'. J .A. Hichols; it ml.O acreed that a revised 
ana edited version of this pnper, toecth0r with a sunnary of the workinG' aroUpfs 
findinG's t should be rcnittGd to tho l'lorldn& Grou.p on the Inpa.ct of Oil on the 
Hlrino Envirol1lJ.cnt for thGir conoiderntion. 

14. The ,o[orldncr paper on this topic is attached as ~lppcnc1ix 1. This paper 
o.ddrescGs aspeots of pollution nrisine fran explomtion nnd c:Qloitntion of 
Dan@lnese nodule deposits, excludinG exploitation nctivities other tbon DininG. 

15. l~thoueh detailed underst~dinc of the· distribution of nanennese nodules on 
tho ocean floor is inconplcte, broad rec,'ional patterns have been napped, oncl 
najor deposits appcar to have been delinented. 

16. No sinGle theory adequately e:cplains tho oriGin and distribution of 
nancanese nodules, nor the nccbanisn or nechnnisns which concentrate 
econonico.lly vu.luable oetnl::: "f/ithin then. Despite thoGe outstandiIlG' qucstiona, 
enouCh is already 1010tm about the ore vnlue of deposito in specific areos to 
otinulote caaoercial interests. Depooits havinc tho greatest caono[uo potential 
lie in deep ocean baSD1Sj those connidercd nast fovourablo for initial 
o::q;loi tation arc found in the ens tern equatorial North Paoific. 

17. ~TO ~ethods for nininG Dnncnneso nodules in 5000 Detro dcpt~s. nrc in an 
ndvancod state of deyelopnent. Both nethods ,.,rill, in vnryinG' decree, hnvc 
potenti~l pollution effects in the surface and botton ocoan cnvironoents •. Plunes 
of suspDl-;decl seclinont i·Till be creatod in both zones (depenclinc UpOll the DininG 
Bothod) which nay hove adverse effeots upon benthic or pelo.C'io Iii'e. In . 
addition, the discharGo of nutrient-rioh DininG" effluent (bottOrJ llater) at the 
~noc nay have either positiv~ or ne0utive inpnct upon pelaGic connunitico. 

18. Present info:r:'11nt!on rCGOrdine I:!.ininc disturbanceD is derived froD sr:nll
scale tests and la.boratory studieD, and is inadcqua.to to predict tho nature and 
scalf.! of potentiol pollution expected fron full-scale nininG. Pr.clir1il1.<lry 
r8sults, however, sUGGest that it will be nininal. Conpo.ri13on between the 
ostinatcd nncnitude of the Dininc perturbations and analOGOUS laree-nco.le nntu~~ 
phononenn supports the vic", thnt rio serious pollution will ariDC fran mnaancsa 
nodule nininG' activitioc:. In renchinG this conclusion attention HUS eivan to the 
Report of tho Fifth Session of G:CS1J11P \1hich exanined the possible cffectD of 
distuxbnnc0 of tho Den-bed on tho specialized ecosystens present on the floor of 
tho deep ocenn. 



GDSfJIP VII/9 
J>lnlGX IX 
Fa-GO 9 

19. The evidence required to predict confidently the pollution effects of nodule 
nininG ann only be obtained throuGh careful Donitoring of full-:aco.lo Dining 
operations. RccoODondutiono for nonitoring of certain ioportnnt paraoetcrs Orc 
civen in Appendix I. Such invcotications 'till be aided by baseline studies 
currently in procrross by the United StatOD Nntionnl Oceanic and Atoospbcric 
L.dninistro.tion at selected Pacific ninine' sites which appear to represent n 
tincly and orderly pro-Din:ine' environnentnl inventory. 

20, lhnu~neso _nodule deposits of the oceon floor aro, in certain arons, rapidly 
beinG roclassified as proved reservcs rather than unquantifiod resources. Active 
cinil1G oporo.tioro arc expected to begin in the Pacific o.re2. before 1980. 

21. A unique opportunity oxioto to osto.blish internationnl agroonont on 
I'cgulations which l'l'ould :PI'ODoto orderly develoIlQent of these reserves ll!l.d insure 
acainst adverse envirOl1I.lcutal effects arisinG' froD their exploration nnd 
oxploitntiml prior to the ndvent of large-scalo Dining activities. 

p_~s~ers~p~n of fine~ni~~d uaterinl 

22. In nppondix II aspects related to the transport and nixinc (i.e. dispersion) 
of.fine-Grained nnteriul in relation to dredGing and Dinincr operations arc 
considered, denling sopuJ:'o.tely with beach dreClgi11G and excavation, offShore 
Duction drodcrine, and deep sen-bed nininc;. .tllthouch in all cases the present 
theoretical understandinB' of the processes oocurri.nt! is liDi ted and tho . 
nvnilable cxperinentnl data arc few, an assCSSDont of the possible ranGO of 
phJsical effects of the opera.tions ron be oade. 

23. In the nearshore zone it can be shOlm t:b..nt the increaso of turbidity Day be 
considerable, and fine-grained notarial can be carried over larGO distances, both 
alonGShore and offshore. Tho possiblo ioplicutions of dredBinu for the ontariul 
1-udc>'Ct of the beach zono ohould nhlD.Ys be consiclercd. Dredeilli! enn chE:tnu'"'D the 
to~oGTaphic conditiono and consequently the on-offshore caterinl trnns~ort ~ntter.n. 
In the nearshore reeion dispersion is prirm.rily Governed by the ,m:va cendi tions 
and to a lcsser extent by ourrants. The nost effective clisllorsiol1. occurs in tho 
br~okinG wnve zono. 

24. In tho offshore dreQcinc cnne the t~1sport by currents and the nixinG 
conditions noroally can be expeeteu to be effective onoueh to roduco tho discreto 
concentration of wu.Gtc natoria.l to inrJiGI1ifica.nt levels ovor tiDC periodo of 
5-10 houxo. This conclusion is based on eonoonly observed dilution factors in 
the uake of 0. ship rele::-.sinc \~aste Datorial nne. on Imovm. subsequent dilution 
factors in the surface lo.ycrs. Present experience in I!uropc and Horth i\ncrica 
supports thiD ~oneluoion. The sco.11-scale to~oGTaphic disturbances on tho soa 
floor, hm-lOvor, appear to bo very persistent. It should also bo noted that 
intcTI1D.l layers of suspended ~tter in reGions of increased denoity 
strntifieation can be VDry perSistent. 
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25. In the case of deep oon-bod ninine no full-scnlo caso study is nvailn"ulo. 
Sr:nll-sco.le oxporincnts mVQ Docin carried out but thoro is connidcrable dnl1;..,"'Or 
in extrn];lola.ting tho raoul ts of those to the i'ull-scnlo anne. The 1m tinl 
distribution of rosutr.l.)ondod mtox::"o.l in. the "TO,tor colru::ln .. .,i11 dopend vary mlCh 
on tho DininG' toclmiquo u:JOd (coi:1:po.re APDoncLix I). Tn1d.nc tho mneuneso nodule 
DininG' as an oxunplo, and o.oS'Joinc thr!,t 0.0 nucl~ G.:Jdinonmr'J n::.torio.l llS tho 
anount of noduloo is brouGht to tho surfa.ce .:lrid roloo.:::od ,.,i th tho ninin(; 
effluent into the surface layer, an antinate of tho turbidity increa.se in a. 
si1'4],1e 24 hours opomtion :JUBCeSts that the initial concentrot.1on Vlill bo of tIm 
ordor of 100-1000 tines the· natural (o.nbiant) concentration in tho to~ 50-100 
nctrcs. Over a period -of 10 hourG this concentration lIill nOrDnlly decrease by 
at lenst a factor of 100. 

26. In connotion tvith all the o~o:rations ncntioned, environnontnl observo.tionG 
should include _physicnl paronetcrs in addition to biolOGical und ohe:nical onO::1 
in orc:'er to roko a -reasonablY reliable prediction of the possible conscquo:r_CQ:3. 

27. Other physical IJ.Gpectn arc briefly conoiclcrcd. It 10 not :possible to mko 
useful [SonerJ.-l stntenents? only to Dtnto tho.t every case of nec.rshore 
conotruction DUst be investiontcd carefUlly an its ncrit. 

28~ After revicwill[; its futuro ,.;ark pro~o tho workinG c;roup concluded tlmt 
it ",auld need to neet for 3-5 dnys in tho !~utunn. 14 neetinc' in Landen durinc 
Noyonbor 1975 'vus co:.1IJidcrcd to be nOElt convenient. 

29. The need for intcr-sclJsioool ''IOrIo:: to pr<;)pnre fer such a nootine ",e.s 
considered in ~clation to tho~::o :parto of the , .. orkinG eraUl' I s tern:;} of reference 
uhich h..".d not boon covered durinG' the first and oocand ooctin[}J und on 
appropriate divioion of responsibility wac aGT8od. 
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REPORT Oll POLLll'l'IOl{ JUUSIlIG FROU EXPLORATIOll 
f.llD EXPLOITATION OF MiUlGlJiESE NClDULES 

Hote: 1. This Appendix has not been exaninad or aocepted by c:r:S1J.1P. 

2. The ori(linal draft for this Appendix was prepered by 
Robert D .. Gerard. 

3. The ,,,orkinc group oxaoined and aoended this report durinG 
the inter-sessional period and had approved its 
proscntn tion to GCSfJ1P • 

.lll'l'RaoUCTIOll 

Tho winninG of oinornl resources fran the ocean floor involvos throe basic 
taslco: oro body location and delineation, oi.n.ine, and transport to land. The 
first of those nay bo ter!led exploration; the rorolroIlG 'tnsl""41 are part of 
exploitation. A fourth activity, processing at sen, JJ£l.y also be considered 
~or exploitation. The J?UXPosc of this roport is- to exnninc the roturc of 
possible pollution effects arising froD exploration nnd Dining activities in 
connexion with the acquisition of oancnneSe nodules fran the ocean floor. 
Pollution aspects of tho other exploitation activities are not considered in 
this report. ProcesGin[; of rnnc;o.nesc nodules at Seo. nppears to bo unlikely 
~dthin tho next 10 yearn. 

BACKGR01l1lD 

Ibnu~nesc nodules on tho doop ocean floor wore first diGcovered one hundrod 
yco.rG aeo on tho world-1udo CHMsLENGER ExIledi tion (1873-1876) ,_ In the CIDlLillNGER 
report on Doep-Sea Deposits Murray and Renard (1891) wrote: IIIn (:000 reGioua of 
tho ocenn tho CID\LLI:::UGER discovered ferro-rnnvmio ooncretions in D'l.'oat 'abundance, 
the ninutc crrains 15ivina n darlc chocolate coloUr to the deposit, "Thile tho dredc;e::3 
and trawlo yielded ioncnso nunbors of oore or less circular nodules or botryoidal 
meses of these oxides of larCO dioonaiom~lI. l\.s recently as 1970 ne'\"[ analyses 
"lOre still beinG' :published en nodules collected by tho CIItUJ:.EllGER expedi tich in 
the Contral Pacific (Stevenson ~1 stevenson 1970)~ 

1.t tho tw:n of tho 'centuxy, extonsive colloctiono of nodules were' dredGod 
by l\lc:xnndor l!.@1ssiz (1906) aboard tho United statos Fish CODDission Stenner 
f.LMTRQSS in the :equatorial _Pacific while colleotinG opecioQnS of benthic " 
orG£ll1.isos. It is ironic that .1I.ca-ssiz, who IJade his fortune in co-PIler-Dining, 
did not foresee the uetal resource potentinl of nancanose nodules. 

Until tho Did 20th centur,r research on oanonnese depc::3it~ fran the" ocean 
noor was spomdic and oonple collection was I in Goneral, incidontal to other 
occanoGTnphic work. In tho lata 1950 Ts extensive surveys and collections of 
nodules wore rode in the Central P!lcific' under the aeGis of the International 
Geophysioal Yea.r. Those new anta toeethar ",ith anrIiar cbservati0l1S 'ouGGOsted 
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11 broad and denso distribution of ocPCOnc8c nodulo8 in certain dcep ocean bacin 
reeions and wore interpreted by:Uero (1965) as a. potcntinl CCOl1.0Dic rosotU"co by 
virtue of their not<ll content of nickel, copper aud coh1.1t. 

By tho early 197010 COlJD8:rc::"a.l DininG' j=ltm~Gflts in the United. Stntcs, 
Uest GCrr:Jll.l1Y, Ja.po.u .:mel France hD..d Dnd3 con8i1£,.,:)':.:10 invGsment touard 
developinG the' capa.bility to explol.':s, recO'lter, rcfitie and rnrkot deep oea 
ool1{1'cmcsc nodules nnd tlleir netnls. Present predictions ,indicate that these 
oiforto will ronch the exploitation stneo Defore 1980 (Rothstein o.nd Kaufoa.n, 
1973) • 

Fel.'ro!Jll.nu'"2.lloce slovly a.ccunulatcs on the surfaceD of all cu:t"X'ont-c\'lopt :rocl::: 
outcrops 'ulrich accUl:.' on the deep sea floor. It also accunulates on Godinent 
covered bat tOllS (exoept lThore sedinentntion mtes nrc sienificnntly hiGher than 
tho nom of 1-3 IJIJ. per 1000 '-yenrD) in the fom of nodulos and thoOG too nrc 
fOWld in Clreas of battoD OCGan currents. 

:.1thOUGh (lone writers haVQ mdo the nioto.lmn tl.ssunption that mncone8o 
nodules are: e renewable resource, mdiochenists have deteroincd tInt- 6nnennese 
accunula:t;es very slow'ly 01'1 crusts and nodules at mtos of 2-15 nillinotrcc per 
nillion years (Ku and. Brooclcer 1969, Heye and Beiersdorf 1973). 

The United states Inter-University Prot;ron of Rcseo.rch on Ferronn.IlGCl1ose 
Deposits of the Ocenn Floor (1973) cites three general bypotheseo, either singly 
or conbinoc.., t-lhich hnve been proposed to explain the oriGin .:mel diDtribution of 
fcrror:JEl.l1{3Onose o.ccurrulationo on the sen floor. Theac ara: 

(1) the supply of cleoents directly fran the linter coluon; 

(2). the oupply'of elononts by ernnc.tions fron lancous roclm balov; nncl 

(3) 1:he nobiliznti911 of' elements :na.turo.11y occurring uithin thO sedinent 
coluon and the redioposition of these elcnents at po.rticular sites. 

Studies arc contiInline to evo.luate the siGnificance of these proccases -in the 
fD:1.'uation of OOllcanese nodules und to elucidato the nechamsn or DechonisDS ""hioh 
oancantra to Gcononicnlly vnluablo cetnIs wi thin the nodules. 

l1econt interest in tho resource nspocto of ferroIXl.Il[}'D.l1eso deposits has 
stioulated n nuober of reports which have broueht to~ethor ezistinc dato. on tho 
distribution, conqcntration (population density) and notul contont of' ~100C 
nodulos on the, ocean floor: 

- L'winc £i & (1971) have plotted the world diotribution of deep ocean 
onnannose noduleo bnsed, on 50,000 botton photo~pho obtained fXOD 
28 oceanocraphic cruioes. 

- Rom et al (1972a) havo shown tho O'ljor provinces of fcrron:::mconooc 
deposits'bu.ood all dnta fron 6000 deep sea coros throuGhout the world 
ocean. 
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Horn ~ ~ (1972l)) discuss \<iorld pnttcrI1G of ferror.JD.ll6a1lcso noc1uleD 
nnd enorustations booed u~on pinton core and dredge snoples. 

Horn et c.l (19720) DIet end dODc"rlbc the diDtribution and COOpoDition 
of mn;:"'Ulleoe noclules in the Horth Pa.cific in relation to botton 
sodincnt distribution~ A correlation is shown bet''leen 0. relatively 
high nickel-coppo:c content of nodules in the oo.stcrn cq,un.torial north 
Pacific and the siliceous ocdincnt substrate found in this zone. 

Fra.zor aud f ... :t'rhcnius (1972) publiohed cooputer-drnMTI chnrto shot'lina 
the distribu tion of rr.:~.1GD-neSe nodrues in the vlorld ocean tocrcther 
with the weight pc:rcent (if cabal t, nickel nnd copper and the ratio 
of Co+Ni+Cu:Nn+fe. These charts nrc ba.sed on approxinately 800 
nodule analyses. 

Horn £~ Ell (19730.) have ('.ooDilcd dnta on notal contents of nnne;u.ncse 
nodules and crusts fron coreo and dredGos in the onjor ocean basins 
(North Pacific, Harth l~tlo.ntic and Horthern Indian Oceans, South 
Pacific nnd Southam Indian Oceans and South Atlnntic). Inps shmvincr 
tho distri~~tion of sanDles and netal contents for copper, nickel, 
cobalt and onnc;o.noso arc also civeno 

I!OTIl -".t n1 (1973b ) 
provinces a.ncl ohm·l 
va1uos of noclulcs. 
n~G aho\-7l1 to[:;othcr 

discus::.! 1V"Or1d-Hide deep ocean OD.n@!nGse nodule 
their chnractcriotic ecolOGic settings and nctal 
Typical deep-poa botton photoGJXl.phs of noclules 

HI th iopoc;mpi1i0 Dcctimu]. 

Horn £i f!l (19730) dcocribo 0. zone of noneanese nodules hieh in 
nickel end cO:DIJor in the east,)I'll cq".lD.toria.l Horth Pacific. The 
hiGh notal values nre related to properties of the siliceous 
ooc.ioonto on uhic!l the nodule::! lie e 

Goodell et £1 (1973) rop nnd cleDcribe tho sedinont distri~tion in 
the Clrcuopolnr :.Jltarctic recion mill. ShO'4 tho distribution of 

• 0 0 t forrorn.ngauoDe dOllODJ. tn between 30 \-lcst lonai tudc and 120 eas 
lonei tudc (tho I?acii'ic :::001;01') between 1l.nto.rcticQ. and 35° south 
10.""\;1·1;-o.do, Th3 Ledial belt of noduJ.cs lioo Generally "beti·reen the 
.!..nt:.'"!.rctic ConvorGonco (550 south Intitude) und tho i:.J.ltl1rctic 
DiverGcl1ce (650 oouth lntitude) ani in c.ssociated \·rith relntive1y 
stronG "bOttOD currents 8 

Glasby, a!l.d. I? iaMrenco (1974) bavo :produced a sorios of clurts 
sho\·line IJ.Ll.I'..[\Clll0S0 deposito of ~.;ho Sou~h Pacific shOwll1c woieht 
IJorcenta,gcG of the onjor ilo~l constituonts for recovered s<JJJ.P1cs. 

In nIl, about 1500 nnncancse nodule analyses appenr in the above roports 
\"Thic11 hnve "been "linely circulctocl. Eo doubt, 0. t.Juch lnrger l"lUDber of D.!'Jllysoo 
rove been roue by coupanies enGUBod in surveys of potential DininG 8i too but 
those c"to..to. hnvc not boon nnde available publicly. 



GESAMP VII/9 
ANNEX IX 
Page 14 

0( 
u .. 
w 
:lE 
0( 

J: 
~ .. 
0 
z 

~ 

• 
• . 

• 

•• 

" . . i. • .... \.; . . . 
• 

.,. 
: .,. 

~ . ". .' . .". 0".· \: .... . 
" .. '" ... :.:.' •• 

." •••• ~ ... ~'I:." 
.0. °0• • ., .. ... :. -:. ... \ 

• :"1 . . 

0( 

Z 
J: 
u 

... , •... 
•• . ':0" 

~• " io Jo ' . '" :'-' ." . ., . 
• ·';'0 

: .!J:" 
. .:" .;1:.. , 

. ' . 
• 

" · ~ 

.. , .' . .' . ' .. 
. -• 

. 
· • 

.' 

'. · • • 
• 

• 0°· · . .• 0.' • 
" . 

· ... 0° 

• '. 

• 
• · .. '. · ·0 .. · • 

, 

· • 

• 

• 

a 

· ~ . 

• 

• • 

,. , 
• 0-. 

" : .. 
• : &-., 0" · ., • 

• · ., 
• • 
• • :.-. ". • • · . .' . · 

'. . · . 

· · 
· . 

· .' .~ , . . . • •• -+ 'I.. 

.~ 

• · · · 

,~ .' . ( .. , · . ••••• -I " .. 
., 
• , 

•• .' • • 

• 

. . ' . 
-f .;1" 

· • 
• 

• 

· . ,-

• • 

· · 

: · . 

': , 
~ 

. , .. 
• 

• 

• 

• 

• 

.. 

• 
'" 

., . 
• 
• 

• 

" 

• • • • • • p: 
.D .... 
• • 
• 0 • • 

:!: u 

=~ ~U 

• 0 ~ .. 
.~ 

: ;; 'Z ~. ... 
g C " .. 
ii ~ -. 
• • 
] ~ 
" . · " • • _ u 

o u 
• 0 0-

_;: 0 

~f 
-; .!!. ... 
~ E · -~ . 
'i ! 
~~ 
-;: . 
:~ 

~ 

'" 0: 

" " H .. 

'0 
N 

<-
~ 
~ 

~ 

• 
" ~ 
a 
>< 
0 

'" e 
0 
>< 

'" 



GESA!IP VII!9 
AIlNEX IX 
PaBe 15 

___ /~'V/f 
fERROMANGANESE DEPOSITS 1i1 " ;~ ,- • 

PACIFIC OCEAN I,' / 
h' NO., H 

I' 
. 

" , 
0 ,- • , . • 

• • . ,- ! • 

MANGANESE CONTENT r' 0:":'. ..... 
IN WEIGHT PERCENT ~ :".f ~ 
• •• r • 

• .. 
• • • 
• • · 

• 0 O-t 

• • • 
• o 

o 

~ 

• 

• • 
. .; .\-

__ >:'''-_'OOC''-!'':':'::';O~'eO_ • 
/ . ~-

o 0 .0 •• · ~.. ... . ... 
_~ :.:~" 'J'- ••• o o 

o • , 

, . 
0 ., . 

. 
'~ 

, .-_ .. " 

• 0 
0 .. 

o O· 
• ... UST.All ... , 

. .. ( 
• 

o . -. , • 
o '.I 

_N, ...... AND D".C •. "". , ... ...,M'·_I." 
'DOII." """'. TfC"N'C.' ...... , 000,' ... U ..... O. v.',_O" 
C.,..."A"OM'" .... OO ... "ND' lu .... ".W. 

... .. ... :J. •• . .. ,... • 
"!LO \1\ O~ •• '" 'P ... ; • • 

0 
0 

0 • 
0 

0 · 0 
0 -, 
" , 

, . 

0 

\. • . 
'""'-

~/ -oJ 

o 

o o. 
o .. 

~·t .. 
:- -•. , .. 

.0 

0 

o ~ 
0-

: 

0 

0 

o -
o 

o 

0 0 

0 

• 

• • 
•• 

.~ .. 
~-

0\ 

0 

• 

o 

• 

o 

o 

Mangan ... content of '.rromangan ... d.posits of the Pacific OeMn. 

FIGURE 2 

(from Horn et ai, 1972d) 
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Copper cont"nt of ferromanganese deposits of tn. Pllcific Ocean. Chemicol analyses 
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FIGURE 4 

(from Horn et aI, 197 2d ) 
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cobalt ar. obtoined from sampl., of deposits which occur on crests ond flanks of 
submarine topographic: highs. Th. circular grouping of high cabalt volullts louth· 
wesl of Hawaii refl.cls the summits. of a ring of submarine mountllin~ encrusled 
with ferromongan.$H High cobalt values in the South Pacific: IIrlit aha choroc:ter
istic: of relotively shollow water regions of the Monihiki Plotellu lind Tuamoto 
Arc:hipelogo. 

FIGURE 5 

(from Horn et aI, 1972d) 
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Fron the published data it is possible to observe eenerol reGional trends in 
nodule abundance and :pa.tterns of notal enrichnent. For tho follo,rlng S'lJDOO.ry of 
Dnnaanesc nodule reeions of tho world oceans the reader is referred to Fisurco 1 
tmauah 5, taken fron Horn et ::!. (1972d). . 

In the Horth .t,.tlantic, o.n area of rchtivoly rapid sedinento.tion, nodulo 
occurrences are· sencTally associoted with steep topographic features (senoounts 
nnd ridgos) which rmke then 1.lIW.ttmctivc froD the stnndpoint of oining. 'One areo. 
off the southeastern United Stotes shows sienificant deposits on 0. brond, level 
1000 nctrc-doep plo.tfol:D. (the Blnke Plateau) but the notal vnluos nre 1m" 
(Hi 0.52/;, Cu O.OBi;) according to Horn at n1 (1973b). --

The nodule deposits in the South Atlantic and Ind~ Ocean oro sioilo.r to 
the North Atlantic in thnt those areas too nre affected by relatively rapid 
sedinsn~tion. As n consequence the areas favouring nodule dovolopoent nrc 
restricted to iSOlated rosins and topographic highs. The average oetal contents 
for the two ocenns are: Hi 0.5496, Cu o.20}6, Mh, 16.28%, Co O.26~b (Horn et 'aI, 
1973a). These relatively low octal values cODbined with topoeraphionlly ~ 
unfavourable Dining sitos are considered ~oor prospocts for Dinine at the 
pxcsent tine. 

OwinG to lOlf sediIJ.ontntion rates, the South Pacific has hi-cad areas of 
nodule deposits. Notable ao.ong these arc tho Manihiki Pla.ioou, Tuanotu 
11.rchipelago a.nd. the Peru Basin (Glasby and Lnwrence, 1974). \·Jhile the cobalt 
content of nodules on suboo.rinc elevations are relativElly hiGh (00 0.78;'6) the 
average netal contents of South Pacific nodules are too 10\1 to be of connorcinl 
interest (Horn £i~, 1973b). 

Eased on availablo data the nost abundant and widespread deposits of 
IJaXl[]lnoso nodules OCC\ll' in the deep oosins of the North Pacific Ocean. Further
Dare the eastern North Pacific nodules contain tho highest lmmm concentrntions 
of copper and nickel (Cronan, 1972). 

Varioua ostiootes are eiven ns to "rmt netnl percentnCGs in nodules 
constitute acceptable oro erados. Dubs (1913) sug/jests 1 to 1.6~~ nicl:01, 
0.15 to l.~ copper QnQ_ 0.2 to O.3~~ cobalt. Ratiner (1973) lists coononically 
feasible nodule oros 0.0 b.c:Vine: 1.255~ nickel, 1,% copper o.nd -0.2Z;~ coba.lt. To 
be 'of econonic interest n. doposi t shouJ.d have 0. population (botton oovernao) of 
30-355'6, and a conccntrotion of 5 kilog:rons (wet 'fCicrht) per square Detro 
(nubs, 1973). Tho Q(l.stern equntoria.l North Pacific nodule zone (fran 6030 1 to 
20° north latitUde and 1100 to 180

0 
west lon[jitudo) is the only oren ,,,hioh DOcts 

thODe requirenento. Specifically, the nodule deposits cast of 1500 west lont;itude 
associa.ted with siliceous sediDonts have the richest 'octal conoentrations. 
Horn (1973a) eives averages for Ni of l.2g;~, Cu 1.l6~G, and Co 0.23;-6. 

Perhaps the nost corrvincin6 indication that this area best Deets the 
rcquireoonts of deep sea nining is a recent Notice of DiscOVGry' and Chin of 
Exolusivo l'lining RiChts filed by Deep Sea Ventures, Inc. with the United Stntcs 
DerJarment of state (Tenneco -Inc., 1974). Their proposed ala.in indica.toG n 
60,000 squnre ldlODetre arca (to be reduced latcr to 30,000 'oqtmro Jr.ilonetres), 
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centored nt 15° north Intitude a.nd 126 0 \'Toot loncrituc10 in ltm.ter depths of: about 
5000 nctreo. The canpany cillir:!s -to have oonducted oUJ::veys in tha area since 
1969 and describes the deposit as fol'lo,V's: 

.. t'J.veraee nosily (% dry weicht) Unnganeso 

:~VOUlc-e population 
(aerinl porcentncro of sodincnt sttLfncc 
occupied by visible noduloo) 

Averoce oonccntxation 
(ITct~we1ght pcr unit aroo.) 

lTickel 
Copper 
Cobalt 
Iron 

29.0 
1.28 
1.07 
0;25 
6.3 

. , 
30-40)0 

The cOOPllny plnnG to Dine the doposi t for up to 40 years a.."1..d. to produoe nickel, 
copper, cobalt and nnncnncso. 

I;xplorotion 

Tho objootivos of deap ocean nodule exploration arc to locntc larGO deposits 
of tho ore eraue rnterial in desirable environnents and to verif'y the deposit in 
tCrIJO of aconoma valve. The eV21uation oust lead. to a dovelopnent Dlan and a 
production pIon tp~t i~ oconooically,viable for a definable,period of tine. 
IfnufD..:m ;:md S10.pno (1972) have outlined un ideal explo:r.ation prorrraODe in four 
distinct phases, Pb0se 1 involves the location of nodule c~~osits of potcntial 
cOWI;2ercinl interest. Such activity ,,,.ould involve botton topoGT8phio napping
UDine convontional ship-Daunted echo potU1dors. ~ccoptablo ~no sito~ are those 
",h1ch hove a n1nirrun of roUGh terrain and acceptable depth variation ~ithin a 
Given local area of lC'o~ than 100 Dck'es with slopes not exceedi..na 10. Studies 
of botton coveroGe and concentration of nodulos v,ill also be rode usine deoll-sea 
photoC"nlphic Dcthods nne"!. unc1.cI'\'l<'.ter television for continuous transects. 
;~ s<'lt1]?lillG of smll c;:unnti tic::: of ncdules is also mdo in tillS rhaso in ordor to 
aanny thE;! octal content of the deposit. A 10r(5C nunber of soo11,sDnples fran 
repreocntnti-,i"e lecations throuGhout the nino oite io necessary to pc:rnit 
statistionl analysis of the distribution of orc tonor nnd concentration. 
l>:reliDinnry a::3S0YG are !lOde aboard tho survey" ahip and prelininary asseasnont ia 
nadc by reference to pro-ootablishod out-off emdes based upon econordo DininG 
systcu nodele. 

Tho Second Phose would continue tho Firat Pho.se activities and incorporntc 
adcUtionnl \olOrk includinG' larGO qunntity nodule ::mnp1ing (5 tons to 10,000 tona) 
required for.beneficiation and processin[; research, J;li1ot plant deaien nnd 
cllGinoerinC to(lts of nil"J.nc equipnorLt _, Seafloor sodin~nt pro:;Jert1es (physical 
proportien) Dust bo studiod carefully in order to sot tho design for successful 
drcdG'LTJ.G syutons. SnnplinG is COIlliOnly done on larGO box core snnples which a.rc 
broueht to the surface. Envirpnnontal data" inc1udine seasonal ,,,.oothor, sea a.nd 
current conditions, xcquire cnreful <:t.osessnont durine this pbnso of m"''Illoration. 
I:coloijicnl data. 0.100 need to be collected' to dete:rnine dispcroion nnc1 ni::dncr mtea 
of deep water ana. Eoclinont dischnxao nt tho lJuxf'ncQ and tho ef'foo'l;s on the :oarine 
envirom::ent. 
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Fho.SGS 3 und 
rhases ~ but these 
of earlier "wrlt. 

A il1cll1ilo tho SD:':le t~-:JC::J of rlCo.f.m:':':"::lcnt:::; es the fi.~::;t n·lO , ~ - -
0.:::0 carriod out in m,ch c:r.'C!a.tor c:.otn.il bo.sod upon tho rO::Jul t:J 
.I';.dcUtiono.l activitioo 1-Tauld inclu:1o !.licrotoIJOcrnphy studies 

usinc nnrrm-l bonD ccho soundcro and daep-to"'~lCd rddo CC2.!1 ;Jomr G~TIlto::'$. US::'1~5 

the ccnernliZQCL and tho clctnilcd topo::;rnr:hic/~i'lthynotrlc data. cloto.ilod mps 
l1oulc1 be cOlwtructod in order to develop tho DODt effective clrccl[;'irlc; plnns ,dth 
roco.rc. to the tor:roin cho.ro.cto:ciotics and tho c.clinc2toc1 olJstructions. 

JudcinG froD such c typical exploration plnn tho onl~r activity \111ioh could 
result in pollution would appear to bo the t':mnagc saD.plinG ucinG br[3o drodgez. 
TYJ;licnl bull~ drec1ciIlG vouhl expectably recover 5-10 tons of nodules :per d.o.y 
(Isnucs 1 1973). The Clreclcc io likol:50~ to distur"'..l tho scdinont to 0. depth of 
1/2 uotxe and rennin Oil "botton for leGS tha.n one half hour at each station. 

Tho scale of such oDerc.tion3 (a. fov! thousnnd tons of noctulo[: rocovorocl) i8 
u.'11ikoly to cnuoo disce:l.."l1.ible cnviroIU:lcntal d<.1.r::lGo. It io encouxacinc to noto 
thnt the cOIJC.orcinl conpcnios ac1motdou.Ge tho nced for ecological c1ntc in the 
exploratory pha.sco. However, it io inportant that noanincful prcG"'".curmoo be 
osto.bliohod for the collection of 00010c1co.l 2.nd. ell'viroYll:lonml L'J.po.ct datu so 
toot 2. realistic aOSCGSDont con be Dude of pollution Inzo.rda in specific nrco.s. 

The n2nlnc of onncnnoce nodules in ocean do~th3 of 5000 noires 
procluctivo ll1.!l."1cr presonto D.:I.jor enGineeri:nc cnd c:conouic problm:1S • 
present ti::c tuo s;yotCDG o.ro under dcvolol)UCmt und have bC011 tes"~cd. 

sen. 

in 0. 

.I"lot the 
in the dec]! 

The continuous-line bucket drcdcc (Uero, 1972) consists of 0. 1001) of lino 
,",hieh extends froD a GUX'fnce ship to the ocean floor. o-'p("~n nooh ootnl clrcdco 
buclwts arc o.ttached to tho lino overy 20 to 50 netres. lJ.. traction wchine on 
tho shi]! novos tho line so thnt empty buckcto descend on ana li[11) of tho loop, 
contact tho ocoan floor col18ctinG nodulc8, and uro Imulec1 up on tho o.sccnclinC 
lL-:lb of tho 100)) to clischo.rGo their content of nodules on shil)lJoo.:cC,. .l~s tho 
shi]l (o.nd the c1rodco systcn) nove slm,lly 1 cach suocessive bucl'::ot iG 0XIlOGOl-:' to 
n i'rozh otrip of tho ocean floor to collect noduloG. Fi[:,"ure 6 froc.l ITcCnulcy 
(197tr) illustrntos this systcn. Doep oconn tests Inve boen succo8sfu11~r 
o.ccou:p11shcd with tho CLE oy8tcn in tho Pa.cific in 1970 and in 1972. I't.suc"ln 
(1972) 8stinntcs tlmt the CLB cyntan io C0-1Xl.blc of recoverinG' 500 to 1000 tonG 
of nodules pOI' clay in depths of 5000 netroa • 

.I". soconcJ. Dothocl Ul1.clor devolo:pucnt for noclulo D~n~nG i3 dOGcribcd a~ tho 
airlift hydraulic sycton (Garland o.nel H..1.Gorty 1 1972). Thio sY3ton ctl))loyo 0. 

ship fitted-out 'l;r1th c:guipr"lOnt siL~ilo.r to that of a doc)) Gon drill inc vc:::mcL 
}'. ;JiIJc oxtenc10 fro!.'. tIm chip to soo. floor at the botton of ,.,hioh io 0. truna 
o.oDcDbly <lnd 0. droc:'Cc hond fitted .. lith jotn, r.o.rrow blo.cleG, and :r:al::c-li~:o 
O-PIJondo{,"Os optinizcd 1'0:(, GatherinG' nodules of n preocribed size. The oystcn 
io ohoml in FiGUre 7 tal:en frOD HcCnulcy (1974). Transport of nodules froD tho 
soa floor to the nininG vcnsel tllrouGh the pivc in achieved by ontro.inuent in a. 
hieh velocity tro.tor floN. Tho flo\1 io Dainto.inocl by injection of hiGh l)roGi3uro 
air at locations alonG tho pipe ca.usinG' roduction of density of tho fluid insido 



GESAMP VII/9 
ANlIEX IX 
Page 22 

MOTION OF VESSEL 

SEA LEVEL -------.<:f---~'r---
PLAN VIEW 

SCALE 1" - 4500' 

DREDGE CABLE 

FRONT VIEW SCALE 
1"~3OOO' 

INDIVIDUAL 
BUCKET TRACK 

SEA FLOOR 

CABLE OIAMETER AND BUCKETS NOT DRAWN TO SCALE 

FIGU?E 6 

DREDGE CABLE 

SIDE VIEW SCALE 

'''=3000' 

ONLY BUCKETS NEAR 
OCEAN F LDOR SHOWN 

Continuous Bucket Line System of Manganese Nodule Recovery 

(from McCauley, 1974) 



GESAMP VII/9 
ANNEX IX 
PII8e 23 

PIPE STORAGE BOW 
THRUSTER 

ORE CAAHIER 

DUMP VAL VE 

TRUSS HINGE CONNECTION 
& DEAD WEIGHT 

\ 
DREDGE HEAD 

TRANSf-ER 
PENS 

PIPE 

DREDGE 
WELL 

AI R LI FT PUMP SYSTE~l 

FIGURE 7 

(from MCC~':lleYl 1974) 

TRANSfER 
SYSTEM 

" CARGO 

HOLD 



GESM1P VII/9 
lJ·1l1EX IX 
Pall" 24 

the pipe relativ~ to the dOl1!.lity in tho suxroundine' \ro.tcr colur:m.. Teets of the 
airlift fl;yIlton were oorried out in the BloJ.r..e Pla.tec.u area. of the l'iElstem Horth 
Atlantio in 1970 in dopths of 800 octreo. These tests utilized n 23 on diaoriter 
pipe MVine an cst_ted nou rot~ of 562,754 litres vcr hour U.nos et nl, 1972<». 
Hydroulio punPinIT will mise the aDna tonnace of aGdmont as nodulesa:nd'""lO to 
20 tines ll.S rru.ch water (1,101l.incr, 1972). Tho volune dischD.rG'O §f effluQnt iron 
a .full 800.10 nining oporation is expected to be about 260 x 10 IKItroS' por day 
(NOM, 1975). 

Pollution Aspects of I'Jon{:::<ll1oSC Nodule r1ini.ryj 

There has boon considomble discussion reeardine the conpo.rativo econooio 
and engineer:1ne adVtlntnll"s and disadvnntases of each "yutan (I'Taro, 1972) "hioh 
are _not geI'IJllIla to the present discussion. It Boens clear, however, thll.t both 
SystCDS Will bo enployod in the early pooses of deep sea Dinine and. any 
discussion of possible pollution effects InlSt consider those aspects ",hioh aro 
peculiar to each of these n.:i.nine systO!JS. The table below (adapted fran IlJClllll., 
1975) S'\JIlIJll.rizos hOl'1 each syston will a.ffect the narine enviroIlIJent. 

I!J.ning synteo 

Interoction IJyc1.ra.ulic, Mechanical , 
Towed aLB 

I (1) Scrape (loo.fioor X X 

I (2) Bonthic turbidity plune X X 

. (3) Rain cf fines durine o.scent X 

1(4) Dischnree pluno X 

Fi{3\l.ro 8 (fran Hom et aI, 1972b) illuotrotes distribution of nodules in 
tho north Pacific in relation to tho upper sedinent layers. J'1ore tlmn 9C9~ of 
the nodules lio at the scdiDent-woter interface while noot of' the 8mll rooaini.ng 
porcen'to,se are within the top 1/2 DOtro of sediDent. This we of oocu.rrcnce 
ret1UCGB the oinine teclmiquQs to II oatter of skino.ing off this superficial_lnycr 
of 0. fow centinetros depth. Roels (1974) reporto tho.t the aLB sj'Btcn my 
penotrote tho sedinont to a depth of 20 oentiootres but probably DUeh leslJ. 
Both the CLB and i.L 1J~"Stena havo been enaineered to aepnra te the nodules fiOD 
the _sed1nents o.s "rell as possible on the ocean floor and to causa tho loast 
possiblo disturbanco of tho sedioent consistent with efficient colleotian of 
nodules. 

A projeoted 3 Dillion ton-por-year DininG operation will reoover 10,000 tans 
of noo.ulos per day. IT the nodula concentration is 10 k110GJXl.D8 per square 
netro, than 1 squnrc kiloDetre InlSt be swept olear eaoh dny. Conaiderine the 
inefficienoies of bottOD sweep and nodule pick up, probably two or three square 
kiloo.otres oust be r.rl.ned per day (FlipSG at aI, 1973). Usine a dredce head 
15 netres wide, the n:ining ship would havOtoswecp a path about 100 1m lone 
enoh day. The disturbance of a.n operation of this scale on t.1ro ocean Door 
could be c. serious environo.ental conoem. 
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Nodules in the North Pacific oq:ur on the 
surface or sedimentlwater interface. This 
sugguh that mining will b. confined to 
raking the uabed ond will not includ'e 
,xtensive dredging of the substrate. 

FIGURE 8 

(from Horn et aI, 1972b) 
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Unlone at 0.1 (1973) and TIools (1971,2.) list tho likol;j.r effects of both 
SystODS in thO ocean botton onvironnont aD fo1101."18: 

1. Distux1xmcc or clcstruction of benthic area-moos ~ ~l.l'1d ruxl..l1G 
nnd rcnuo:ponsion of sedlnent in tho pnth or the dredGe. 

2. Resottlooont of stirred up sodioont and possible onda1'Cor.ocnt 
to benthic rurlnals nany of \thich nrc knmm to have n very 1310\1 

reproductive cycle (Turoldan, 1972). 

3. Alteration of botton "mtor chooistry: bottoo wntcxo Dny 
retain in solution coopounds loached out of the ocdioont 
or caincd fraD tho interstitial water. 

The two nininB' systoos differ in their potential effeots 'ltlithin tho \'lntGr 
colunn. In tho airlift syntoD tho noduleo m1C1 aosociatcd non floor oatorinls 
aro delivered by pille to tho DininG' ship nnd mkc no contact lIith our.roundine 
sen \'/2,ter. The bucket drod[;,"Cr.J usod in tho CJ..J) systoo are expected to add to 
the tuxbidity of the ocean w-o.ter colUI1l1. ns the oodiDont they con-bin llt1shOD out 
durinG ascont to the surface. This effect is probably confined to the deoper 
oceon lnyars since the 1-uclmts oro obcervecl to nrrivo at the ourfncc relatively 
elcon a.ncl free of lJodinont (Rools at Ql, 1972). 

Tho illle of airlift nin1:nc oysteo ,·Till reoult in suxface dinclmrG'e of 
nutrient-rich botton wa.ter containincr suspended sedinent and fine particles of 
vnncnnesc nodules. The results of such 0. discbnrcc in surfo.ce t-m.tars reportedly 
nny 1m.ve the followinG effects (~'.nos at £lJ." 1972): 

1. Tho increosc of dissolved nutrient:::: roy C£l.U!::e locally 
increa.sed bioloeicnl procluctivity in the euphotic zone. 

2. OrcaniSlJ.S dortnnt in the botton oodinents ~ nay becin to 
c;row in the surface wnters "dth unpredictable results 
upon the existinc" population. 

3. Licht pf")'ll)tration of surface 'ltro.ters Day bo altcrod due 
to tne t~rbid discharee .. 

To C',ctf)~ pr:vnr:).l n_cld stucUos rove boon conducted to il1vcsticntc 
enviror.:~':·:: c.' , .. ~ .; _1]: <:r:t of (-:~-'.~ __ -" .. ~ -,,1. nininc under support of tho Ul"..i ted Stnton 
Hational 0:- .-,,; ·'_--i'.llhic IX:'''' i-'·'-_~~<:.~)~'")ric l~dD:inist:ration. The overall objaotivos 
of this C(,;jJ ~;;'!~'j.ine proj0et [.:W c..s follows (Roels at £ll., 1973); 

(a) thr; c8·::·J.b:;.:ir'_~JJ.0;;+' of T'i'),~rrd;')':l, chenical, anc1. bioloc;icnl bo.solinc
cu:"·1:C0nucn-~ ..... 1 c,)l:'.J.i"\;io!,,J Ll ;,otentinl Dinine aroas; 

(b) tho c1ocUDont:\7::on of coo113'.-)8 induced in benthic and pelnG"ic 
ocooystons by dc:)p-ooa ni~Lincr; 

(c) the elucidation of th~ t4~~orlyinc OGchnn1~os and ioplications 
in relation to cuxrent and potentinl oarinG rDnouxccs; 
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(d) the fo~ulatia.n of ~uidelines for futUre mining o~erations whioh 
will minimize har.mful environmental effects while enhanoing the 
development of potentiallY beneficial byproducts; and 

(0) the determination of the properties which ~hould bo monitored 
during dcep-sea ~ to provido the information neoded to 
ovaluate the environmental impact of specifio mining methods 
and to dcviso mitigating measurcs, if hoc·ossary. 

studios to date under this progra.t:lDo nay bo sUIJtJarizod as follcnre: 

]asolino cnvironncntal conditions in :rolation to mngancsc pining iopaCt 
1'1ore studied in the l"lostern 'North Atlantic (Malone at aI, 1973, 'Rools at 0.1, 
1973). Observationa of benthic bionass in SaopiOB andbottoD photograprmpemit 
an cstino.to of 9 ng per equal'e natro.. Naturol surface productivity of' phyto
plankton was noc.surcd. and conpo.rcd with that using w.riOUD percentages of 
£il tared und unfiltered botton wo.ter. Higher productivity \r.J,S observed in those 
snnplcs ho.ving higher percentages of botton wter. Both productivity and tho 
standing orop wore found to inorease n few percent using ~s which night 
correspond to tho surfuQc ocean lnyor ncar n uining ship discmrge. 

The presence of sed.irJ.ent in the discharge would tend to ep~¥U1cc productivity. 
Enrichocnt experincnts --showed toot accuoulation of silicnte conpounds in tho 
surface layer could nIter tho species cooposition a.s could the introduction of 
dornnnt orgnnisDS froo tho ocenn floor. 

Anos et 01 (19720, 1972b) studied hydrographic conditions and node diffUsion 
oxperinontsincormexion with 0. field test of an airlift oiniIlb sy:Jtoo in tho 
Blnke Plateau area of tho western north Atlantic. Analysis of' hydrographic data 
at the test site revealed that bottao wter raised adiabatically to _the surface 
would be denser nt all seasons but if' wamed to surf'ace wnter tonporotuxe uould 
be loss dense in winter. By using 0. dye tracer in the effluent it was found 
thn.t deep water brought to the surface 1Uldcrwent sufficient \l7O.roing and nixing' 
to rcrn.in in tho upper lnyor after dischnrgc. 

The grotrth of phytoplankton was observed in varying oixtures of surface o.nd 
bottoD waters. It was deternined that a oixture of at lenst l~p Dinina effluent 
(botton water) with 9Oj~ surface water is necessary to increase signific:mtly 
phytoplo.nkton gro\,rth. It \,10.3 estinated ih::l.t full scale Dining activities us:ing 
tho airlift puopine systen would moult in a curfoce water oixturc containing 
less than 0.396 deep ww.tcr and would thorefore be insignificant in teros of 
enhnncenent of surface productivity. 

Additional baseline surveys were undertaken in 1972 in the Pacific netal
rich nodule zone in corinerlon ,d th tests of the continuous line bucket dredge 
systen (Roels et 0.1,'1972, Roels et aI, 1973). ~lrographic profiles reveal 
0. snlinity and-turbidity structurOfuthc botton fow lrundrod nctres indicntin{; 
a nOdorately active circulation. Profiles of nutrient concentration, trace 
clcnonto and J;lB.rticulatc carbon and. nitroG'On were nade. 
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Botton photographs revealod an opibonthic population donGlty of Oe02 to 
0.05 per sC].unro D..ctre, vulucs considerablY lovlOr than eurlier estiuatcs •. 
Attcnpts llOre nade to observe the effeoto of the CIJ3 drec.einc' operotions, but 
.. lith tho exception of' anG photO(;Taph showing possible strio.tionEl on tho seQ. 
floor, none was observed. 

,\nether baseline survey in tho potential ninesitc areo. of the xucifio was 
conducted in 1974 (Anos c"t.Q1, -1975). Intensive physicnl, chanical and 
biolOGical sonpline \Kl'J ennioel out wi thin a 8IJClll area l.U1der precise navigot2on 
control. BottOD photoC,'r<lphy acnin revealed very-lou oren-moo density (o.olill ). 
Current ncnsureDcnts at 2000, 1000 and 200 netros above botton over n 14 dny 
peri cd showed increased velocities toward botton. Current directions were 
tow:l.l:ds east northeast and distinct seoidiurnal current penJcs averaginG 7 cn/acc 
Hcro observed; the hiehest !leak ~El 20 cn/Ewe. IToffles of liGht .GCo.ttcrine 
nhowing n sliaht ,increase in the :botton 1200 netres arc consistent with the 
current ncosurenents' -aml indicate transport nnd/or resu:JDe~:Jion of bottoD 
Bedincnt~ . 

, Imicbnent oxpcrincnts usinG var-ofiIlG pcrccnt!.lGeG of bOttOD vro, tor and . . 
surface wnter confirned earlier rcoults: only \.,hon nixtuxcs ex,oecdod 33~J of 
botto::t 'tm.ter' (n.nc1. contained bbtton sCdi.'J.ent) did the phyto}:llan1cton productivity 
bGcono sienificant. ' 

The }JO.I\A Deop Oconn Hining Environncntal StUdy (Dill1ES) plann to continuo 
buneline invcstiGntionG in tho eastern equatorial North Pacific'pribr to full 
scale nin.ing activitieo (HO~\A, 1975). Their nniD. Goals -"j,rc~ ." 

L To identify potentio.~ onviroonento.l lJroblcDs with rcs!Joct to 
existinc reGUlations. 

2. To acquire infonntion which will help establish environoontnl 
BUidGlines for industrial deop OOGan DininG practices. 

I1:i_nj..n,'j Pollution Co:o.pared. to Natural Uodels 

Dnvironocntol baseline inforootion in potentio.l nnncnneso nodule DininG 
areas is nn ioportant rGquireDcnt in assessing possible pollution arisinG fran 
doep ocean DininG but definitivo"results nny not bo"o.vo.ilnblc for sane tine. 
For the present, Tlorder of men-itudo " eIJtinates of certain effects 'cruJ. be mde. 
froD existinG inforoo.tion. In Elone cases, natural phonoDcnn. uhich arc ano.locous 
to DininIT disturbances cnn provide very useful aodols. 

Tho radiolarian ooze scdinonts in tho nodulo-rich Pacific aron (Svorc1rup 
£i:Q., 1960) connist of about 50)~ rcrnins of radiolarians (includinG' entire 
radiolarians with dincnsiono of 100-200 oiorons) and 5~/o nineral l)D.rtioles 
(ail t to cto.y size particles loss thnn 50 mcrons dinnoter). Once disturbed, 
sGdinents in the nil t size r[l.-UGO and belm" ann be transported by botton current::; 
ns SDall as 1 en/soc. ThG displncencnt of silt !Jartioles (0.06 DO diaoctor) 
sottlinG throUCh 100 Dotres of water in a current of 10 cn/sec ,,,ill be 
approxiDntoly 3 kilonctroo (Knenen, 1960). 
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~~os at 01 (1975) have ooacrurcd nonr botton currents in the potential ~ 
rn:\;i.t and find-rat 200 notren abovo botton) avemcre velocitioD of -1 to 2 en/sec. 
,·lith ];lGnks, 'up ~o 20 cn/sec. Broecker (1968) has ocas~oa. q. J?rof~le _of excess 
radon and calculated an cddy di~fusion value. of 15 on IDce in the botton . 
50 >ootres of the Qco<ln' at a otn tion noar the centre of the "hiGh-vn,lue Pacific 
rn.rl{1Ll.neso nodule zone. If these DooSurcnento rOPI.'o(Jont true avcro.[:,'Os fOr' 
horizontal currents and tuxbulonce in this :reGion of the oceon, ono l",auld expect 
the larGor silt-size porticles to scttle wi~hin a fow kiloootrcs of the ~1~na 
c.1ici;urbancc while -the claY-Giza Dcirticleo could b.o t:c:anoportqd DUch greater 
(1istnncos. 

Bosul tEl of no. tuml processos which introduce larGO q1.Ul.nti't1es of sad:1nont 
at the ocean 'surface and the deep sea floor can be studied to cnin rul undGr
standin& of their environnontal inpnct in-cooparison to that of DininC_ 

Reezen and Ewine (1952) and Hoezen et nl (1954) described larGO' Beale 
GeolOGic effects' of slUD~-cencrnted turbidity currents resulting fron the qrund 
Banks carthClunkc of 1929. Thia event caused the novenent of Inrao quanti tics 
of sedinent fron the Continental Slope near NO"lfoundlnnd to be spread over a 
broad nrea ·of the North .lmerican TIasin. Subsequent studios have shown tmt 
turbidity cuxrents 'arc 0: funda~ntal ,process il1. f;jubror1no ceo1.oGy rule. arc 'in 
fact the chief nccnt responsible for covorillG vast areas of ocean basinlJ ,\'lith 
turbidi to oodinents, sonctinas thou::mnds of netres thick, IDl-'.in{;' the lLbj'Dsal 
Plains the flnttest areas on earth. 

1..n eJmoplc of the rate of turbidite aedmont accurrulation_l,!! _Given by , 
BellDan~ al (1970). Geophysicnl neasurenents in the' Vena Frao~~ Zone 'in ~ho 
oquatorial central ~tlnntic ohow n scdinent thiclcness of noro tbnn 1000 notres. 
The section ws sanpled on Leg IV of tho Deop SOD. Drillinc Project to n depth 
of 610 notres revcnlinc.nn nvcraGC sed1ncntation rate of 30 contioetrco pe~ 
250 ycUrfJ. It is notewortr.y toot this vast '-quantity of sedioont nppenrs to }-1.cve 
Dovcd by turbidity ,c¥rrcnt :flow acrOGS the DCDorora -Abyssal Plain rroD ,0. GOUXOC 

ncar the llnaz'on Cono, Gore than 800 kiloDe~s ,to' the southwest. 

The scale of the Grand :Bnnlcs .turbidity current of 1929. has', boon -~stiriatcd 
by KUcnon (1952). He calculnted th'l.t 0. turbidity current oov:i.ncr dOlm the ' 
Continental Rise 500 kilonotrcs fron the, ini tinl olunp \'las probably 3.5 
ldlonctres lone ~ 350 ld.l'oDatros widc and 100 netras thick. "'rtlis -rapidly nov:inc 
flow contained 100 oubic 1dlonatrco of scdinont ",hieI;!. oettlcd u's n layor 40 to 
100 9D thick over Dore thin 100,000 square Idlonctrcs of' the' :floor of the Horth 
Atlantic Basin. By conparison, it is 'estiootEid (NOl\.!l., 1975) trot a nal1G£l.nCGG 
nodule Dininc operation raisins three Dillion tons per year of nodules niGht 
caUDa roousponsion of about 23 Dillion cubic notron of' acdmont (\JellinG, 1972. 
ostirn.tcs about 1/2 this ill1ount) due to the action of the drodce hend. Such a
Clunntity represents 0.023~~ of tho anount_ of a sin,elo dotruDentcd natural 
turbidity current. EXprossed' -differcntlY1 it would take 40 '-such ninin[; 
oporations workina f,or 100 yenrs to nnkc '-0. conparable scdinont redistribution. 
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Usina oubnarino .qeolocic evidence and records of soo floor cable brooks, 
Hoczon and Hollister (1971) show thnt turbidity currents nre a freqUent and 
widespread phononenon. In the area of the DOUth of the Canso RiVQr, turbidity 
cu.rronts occur intemittentlyat a ro,te of 50 per century. Su:rpris1ne1y, in 
SODe respects the areas affeoted eOOD to retUrn to non:n]. "dthin a short tillo. 
In oor:JIJ.ontinc upon tho post-turbidity current conditions in the Congo Subm.rino 
C<myon, Heezcm o.nd Hollister (1971) 'tn-ito: , 

"HO'tf lonG' they (bottOD orcranisns) require to track the newly depos! ted 
rrud is diffioul t to dotemine, o.nd is probably high.1y w.riablo, but 
the tine IJUSt be censured in dayo ana. wcel:s, not in years. Photoa:ro.-phs 
taken on tho natuJ:nl levees and.in tho floor o£ a distributary oharmel 
of ·tho Conao Cimyon revealed a DUddy, 'bu:!:-r<n·rod, and waked SOil floor 
without obvious evidenco of a.ny recent' co.tastrophic event. .1Uthouah Q 

turbidity current 'my not ha.vo traversed this particular distributary 
for severol years, one night ,not hnve observed a very different sea
Bcape oven if this channel bad experienced a turbidity current a few 
weakS bef'oro tho picture was to.kcn.1I 

To access th~ reooverY ratc cif benthic coDIlUlli ties buried.)y _ sedmont in a 
pancnneoe trl.nirla operation,_ abyssa1 areas 'affeoted by recent turbidity current 
doposi tion should be studied nnd conpared \lith oonparable nxeas not siDilarily 
affeoted (e.ff_ abyssal hills). 

Exaoples of largo Bcalo introduction of sedioontary oaterial into surface 
OOGan waters oan also be f'ound in nature. Tho rivers of' the ,ror1d contribUto 
20 billion tons of' suspended Bedinent annually to the world ocean (Holeoan, 1968). 
11hile nost of this mterial settles out and deJ;losits ncar river oouths, 
sicnif'ioant a.:::J.ounta ,axe carried in the near surface occan ID;rcl.' to the deep sea. 

. Tho ~~zon has the laraost water discharge of any river in tp..e world 
(6,400 x 10 of's) and carries 400 Dillion tons of suopenc1od oedinent OJlllU,D.lly 
into tho' South !~tla.ntic Ocean (Hole.¢m.n, 19(8). By virtue of its dccrca,scd 
salinity, adn1xtures of !.nazon .. ro.ter arid surface ocean water can be t:roccd 
northward into tho Caribboan Soa (Wust, 1964). Jaoobs and Eldnff (1968) haw 
identified suspended particul.a.te Dinerol naterio.l of knzon River oriGin in the 
nellr-surfnce waters of the Caribbean, 3000 kilonetres fran the river oouth. It 
",ould a.ppear tho.t useful analoGies could be drown be.twoen the effects of surface 
discharGed n1ninc cfflu~nts in Open ocean and the effects of sUDpend~d 
pnrticuloto naterials reachina tho 'deep sea as a resUlt of river diachareo. 
The use of hich-quality sntellito :photogxo.phy nnd ir:JaffOry represents a. va.ltmblo 
new nethod \"hich could be applied toward the selection of sitos f'or such studieo. 

1-fonitorinrr of Minina .. "..ctivitics 

Baseline environnental studios of' the Uhited Stnton NO!J~ appear to 
represent a tinoly and considered pre-rri.n1ncr inventory. How'over,' tho nast 
Dcnningful studies for'pol1ution aasassuent DUct await aotual Dininrr oporations. 
llhen tD..a.t phase begins, carofu1 nonitori.ne' of tho disturbanceIJ should bo carried 
out. In addition to the Dare standard nea.surenents, consideration niGht be 
Bivon to the f'ollowing; 
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1. Scdiocnt trnpo on tho ocean floor to ne.asure sediocnt 
redistribution as~ociated with the botton plune. 

2. Direct observation of actual ~ operations on tho eca 
floor using n nanned Dubnersible vehicle (if safety 
considerations pcr.oit). 

3. l~aDureDent of the aerial distributIon of the surfnce plUDe 
using aircraft photography techniques. 

4. Tho usn of dye tracers (injected into the n:In.ing effluent 
outfall) to oensuro tho 3-diDcruJional extent of tho plU!le. 
In ~ r:eaourcncntEl of rhodanino dye oon bo Dlldo usinG 0. 

continuously recordine fluoro~fcr (sensitive to 
eonoentrations as smIl as 10- ). __ 

5. Measureoents of a conbinatlon of na.tura.l tracero to ostablish 
ceparatoly the patterns of distribution of the effluent 
particulate oontent and the 'fatal.' phase. Optical neasurcoents 
(nephelonctor or tranSnissoocter) could eotoblish the 
distribution of tho pqrtigulcte phase. Radon, dls~olVGd 
silicato, tritiuo, CL4 , 018 (or other water tracer) aould be 
oeasuxed to diGtino~sh the effluent water distribution by 
virtue of the differences in the nor.onl concentration of 
those substnnces between surface and botton waters. 

~]lary and Conclusions 

Al though detailod understandinG of the c1i,otr!bution of D.Il.l1ganeso nodules 
on the ocoan floor io tnconplcte, the najor deposito appear to lk~vc been 
delineated. Deposito having tho ereatest cconoDic potentinl exist in deep ocean 
basin aroas. The nangancsc nodule deposits considered oast favourable for 
initial exploi tntion lio in the castom equatorial north Pacifio. lfuthods for 
econonic exploitation of the resource aro in on advanced state of devolopnont. 
Active DininG operationa-aro expected to begin in the Pacific area before 1980. 
Pollution arisinG fron ocean Dininc oight affect both the surface and bottoo 
ocean environncnt. Scientific resoline surveys arc lllldcZ'uuy in the Paoific ns 
pa::rt of :;I. lOllG-ranBo ocean ninina enVirOIlDcntal mpact study. Prclininary 
results sUGGest that no serious pollution will arise frOD oancnneoo nodule ~Jinc 
activities at the scala presently projected. Large-scale natural phenODOnD. 
nnalab~s to ocean nfnine pollution cnn provide useful Dodola for predictinG 
future ninine inpact. Mancancsc nodule deposits of tho ooean floor arc, in 
certain arcos, mpidly chanu~ froo the classification of resources to resorves. 
11.. unique oppartuni ty exists to establish intornatiom.l roauIations which Hould 
proDote orderly dcvc19pocnt of these reserves and ensure aaainst adve~sc 
cnvirouocntal effects arisinc froD their exploration and exploitation prior to 
the naYarit of laree-scalc nin1nC activities. 
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!~2Q.ntlix :r,,~ 

Dif3persi.oi1--.Q .... .f..-E:!.n~::~~ 11ate.rial 
and Other Physical Aspects 

Note=- 1. This Appendix has not been ev..mtned or 
accepted by GESAMP. 

INTRODUCTION 

2~ The original draft for t:t-..is Appendix 
was prepared by Gunnar. Kullenberg. 

3. Tb.e working group examined and. amended 
this repor~ during tho intersessional 
period and had approved ita presentation 
·~o GESJIMP. 

Aspects of the dispersion problem are considered. In doing 80 some 
relevEl..'1t featuxas of circula-cion, transport ood sediment dynamics are discussed 
without gains into details o It should be emphasized that an understanding of 
relevant :phy~d:ia1 processes :13 essential £or rational environmental planning 
al'ld protection. In this note the posf:lible bioloe;ical effects of variations of 
turbidity cau8ed 1y Y"1.riolliJ cpG1:'ations and disturbances on the sea. floo:r' havo 
not b~en considel.'oG.4 

I. DISPERSION OF FINE-GRAINH:D MATERIAL Dl CON.TIJNCTION WITH D:RE:[X;DlG OPERATIONS 

Dispersion is dei'in3o. as the net effect of turbulen-/;; tlixi.n.g nnd transport 
by currents. It i8 nec03saxy to consider F.leparatel~~ dredging in nearshore and 
offshore waters~ 

A. Beach dredging ~d excavati?n: Dispersion along beaches is primarily 
governed b::.r the wave condltior..o and to 0. 16sser extent by clll"z'ents, e.g. generated 
by mGteorologi~al forcing or tides o The nearshore region is subdivided into 
swash, svxf or bre~~er and o~fAhore zones (e.g. Hails 1974). The former 
covers the al~ea 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 takes place. The last zone extends from the breaker line to tho 
depth at which frequent disturbe.nce of bod sediment by wave motion occurs. 
In relation to this division it is pertinent to consider three aspects of the 
nearshore dispersi;:m (Bowen and Innan 1974): 

(i) Processes occurring seaward of the breaker line (in the offshore zone). 
In this region the mixing induced by aeents other thnn waves will 
noroally dominate. 



(ii) 

(iii) 
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In tho surf zono the- broaldnG waven e;onerntc strc;me verticol and 
horizontnl nixing. The tro.nsport acrOSD the breaker line is 
considerably Dore effective thnn the lOl1euhore tronsport. , ' 

The dispersion clue to tho nea.rshoro circu1a.tion call, dovering 
the \Y'idth of the S\;rrf and swoh zones, and consisting of loneshorc 
flow with seaward.- nOlll concentrotcd in rip currents. On a plano 
beach the spncine between the rip currents is of the ona~r of four 
tincs the width of the [Jurf zone. Tl"ru.n water and susp~nded nattor 
are transported into the cur! zone by tho brcakine waves, curried 
aloIlC'Ghorc onel returned by the rip currents. These arc very str~:mG, 
of the o~~r of 100 co/s up to 300 0 or nore fron the ohare, and 
consequently havo considerable trcnsportinrr and erodinG capncity. 

The inportant aspect of this picture is the lini ting 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 
mixinG' is less intense than the mixinG in the breaker zone and the material is 
mainly transported ui th the lonashore current, spreadine aloncr the beach. 
Very little spreadinG occurs upstrean of the current. IIowever, 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 tnlSt be expected. 

Va Llay estmate the voluo.e in ,.hich the released t:laterial becomes diluted 
over E'. tine period of the order cf hours. The heieht (depth) of the surf is 
lib, the ,,.idth of the nearshore circulation cell is Bb and the length of the 
cell (i.e. spacinG bet,.,een rip currents) is~. The observations on straight 
beeches suggest that: 

\lith 0.2 n ~ lib ,,;; 2 D. Thus ,"ie have the volume V :::: lib • 4 • 50 • 50Hb • Hb. 
1;li th lib ~ I IJ. the volu.ro.e is 10; m3. Hi th a dredain/; of 100 tonnea per hour and 
a l;~ overflou of solid material, 1;his implies a turbidity of the order 100 mg/l. 
Thus the increase of turbidity is quite significant. The estimate depends, 
hot'lever, very much on hO,"1 much fine-grained material actually is washed overboard 
t"ith the overf10lti. The dxedging technique has considerable influence in this 
context. 

Observations suggest that the loneshore transport of sand is directly 
proportional to the lonGShore component of wave power independent of tbe grain 
size. This indicates that the bed. load transport is iEportant. It also 
appears that the finer [7'ain sizes are transported offshore more effectively 
than coarser grains for the Same "lave conditions. 

Theoretical mode1a for predicting the longshore currents and sediment 
transport depending upon \.ave conditions and other parameters are available, 
but the verification of these models is unsatisfactory due to lack of reliable 
data (Rails 1974). 
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On-of.fshore transport in the bronker zone occurs as both suspendod nnd 
bed lo~d. Outside this zone, in the offshore zone, the sediru.ent transport is 
mainly bed load, the energy dissipation being caused oninly by botton friction. 

Different kinds of waves have different transporting properties. Generally 
short, steep waves generated by onshore winds have D. stronger tendency to carry 
rmterial offshore than onshore (so-coJ.led destruotlve waves). Longer waves on 
the other ho.nd, genera.ted by distant stOrIilS tend to co.rry matericl towards the 
beach (constructive wa.ves). The nature of the wave, its size, the profile ond 
the coaposition of the bench 0.11 influence the notion of the wave on the beech. 

NomnJ.ly the waveS o.pproo.ch the beach obliquely which results in coastal 
drifting, i.e. longshore transport of'material along the bed. This process 
OEm act as a sortinG' agency separating di£forent gro.in sizes. It would lead 
too fur to discuss all these processes in detail. Clearly they should be 
considered in each separate case. 

For depths excaedinG' 0. few oetroo the ,tnforDD.tion available on transport 
by wave action of suspended eed.iI!lents is linited. Observations show that 
surGes with velocities above 30 co/sec cauce tenporary suspension of snnd 
groilID (Hoile 1974). 

For the offshore region, to depths of any 30 n, an inportant aspect is 
the precence or absence of sand bars. The fornation of these io generally 
believed to be related to waves, in particular edB~ waves (i.e. trapped surfnca 
\lavea). In general thesa sand bars c.re fairly fixed in relation to wnter depth 
and therefore tend not to occur v/here the tides are apprecia.ble. 

Brocldng waves often ffenerate Eland banks. These are built gradually on 
the offShore side of the breaker line, and they will have considerable influence 
on the oc..terio.l budget of the be['.ch, Qodifying the flow po.ttems and the 
tranoport. 

A reasonably safe assesS~ent of the possible effects of nearshore dredgine 
requires inforoation on: 

(0.) wave (including swell) and current conditions, lonB'Shore energy flux 
and the distribution and dissipation of wave enerey, 

(b) depth of ''later and vnriations of the still water level (e.g_ tidal ranee), 

(c) wind and netcorologicnJ. conditions, particularly occurrence of starns 
and starn surc;eo, 

(d) sedi~ent cODpooition and bulk characteristics, 

(e) topographic features, o.s slope, curvnture o.nd plane of beach, 
occurrence of bars. 
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Seusonol vo.riations of certain conditions should be taken into account, In 
tI1is connexion the com:liderable differences in no.tuxn.l stress in different 
cliontes should be obBerved~ 

DredGing can cha.ne;e the topographic oondi tions and thus the wave pattern 
end the on-offshore oaterinl transport. This 1s a very ioportant aspect 
(e.g. Jolliffe 1974), although there are few recorded cases of coastal erosion 
due directly to Dand and crra.vel extraction. This ne..y well be due to the 
110ited research going on in relation to dredging, 

Mathetlo.tical Dodelling, using cODputers, appeo.rs to be 0. very prooisine: 
tool for foreca.stinB' the shape and rate of chonae of the beach, the lanesbore 
sedi.clent transport and areOB of increased erosion. Clearly relevant input 
data DUst be available for onkina a reliable prediction. 

Turbidity curTGnts und/or sliding can be very effective Deans of transporting 
catarial offshore in are.!1S of sone slop9, say 2 - 30 or DOre. The possibility 
of tri1![;'ering slidine motion or even soo.ll turbidity currents artificia.lly 
should be borne in nind. This is perhn.ps in parlicula.r true for activities 
alonG the shelf break or elope, i.e. in connexion with offshore nining. 

B. Suction dredRing- of offshore sand nnd eravel: vie will now consider the 
reQion outSide the necrshore zone. Due to the depth l~tation of, the dredging 
operation (30 - 60 D at present) this does not iD~ly that wave action will not 
influence the botton conditions at the site. It is likely that in areas where 
dredGinG' o.f this type takes place the currents are quite stronG, ioplying 
fairly effective dispersion conditions. Clearly the rate of exchange between 
the site end adjacent sea. areas is Illso 1nportont in this context. 

\'1here hopper dredcerc or 'bn.r[1Gs are used ror the dredgi06 an overflow of 
water containinG fine-grained on.terio.l will occur, thus causing a resuspension 
of sedinent and' an increo.oe of turbidity. When trailing (i.e. under-way 
dredginG), the overflow is initially cprcad in the wake of the vessel. Coooonly 
experienced dilution factors are in the ~~ 1:500 - 1:2000 at a distance of 
0. few hundred oetren fron the vessel. Thus the rm.teriaJ. will bacooe mixed 
quite rapidly in the surface layer. The subsequent dispersion depends upon the 
wind and distributions of current and donaity in the water. Dilution factors 
in the range 5 - 20 per hour con be expected in open sea. areas under noI'O<ll 
wind conditions -(5 - 15 o/s). In the case of vertically hooogencous water 
(in areas of strone wind-induced and tidal o1xing) the oaterial will be spread. 
over the whole water coluqn. In areas with a stable atratification, on the 
other hand, confineQent to the surfo.ce layer is likely. Nearly neutrally 
buoyant particles con becooe concentrated in the pycnocline reGion, (la.yer of 
increased stability) where the mixinB is considerably suppressed. 

When tho dxed.eing vessel is stationary durine the operation the ini tin.l 
dilution of the overflow will be less than in the other caso. Frao experience 
with duopine of sewace sludge one oay expect dilution fa.ctors in the range_ 
1:100 - 1:500. In areas of hoLlOgeneous water 8 laree part of the material will 
sink directly to the botton, .the rest beconing mixed in the whole water colutlIl. 
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In areas with 11 @arlced stratification the sinkinG rate will be depressed 
in the pycnocline layer where nearly neutrally buoyant fine-Brainod naterial 
can becone tr~pPGd at least tcuporarily. The 3inkincr ~terinl will becone 
distributed in a fan-like, layered structure, with considerable concentration 
variations verticallj. 

Since the rate of dispersion iri these dredGinff arens generally is expected 
to be fairly high the increase of turbidity will be licited. An estinnte of 
the increase of turbidity O{).y be obtained as followS. A large dredger Day 

recover sc:y 104 0 3 in 5 hours. 1l.ss1lD.e as 0. workina basis that 15'~ of the 
recovered mtericl is lost with the overfI0'" in the forD. of fine-(STained 
oaterinl with e density of 2.5 e/cn3. Thus we dispose of 50 tanneD per hour 
in the water, corresponding to 2.5 x 104 06/1 overflow. 

In the case of drccGing by trailinG the initial dilution io of the order 
of 1000 inplyine a concentration in -the water of 25 OB/l a few hundred netres 
fron the vessel. bi'ter 5 hours the dilution is another factor of 25 - 100 unc1er 
noxonl conditions. The natllral susponsion in Dost Shelf arecs falls in the 
rMge 0.3 - 5 D{J/l. It Day be- advisable to adjust the dredginG' frequency so 
thct the creaa of increased particle content do not overlap. 

It appears that the dredGing operation end frequency can be ~djusted so 
that nomally the turbidity increase will have no haro:ful effects. The DuxinUO 
concentration in the contcni.natcd areo,s will decrease rouGhly proportional to 
t-2.5 for diffUSion tines of the order of days. 

C. Deep-sea Dining: Deep-sea Dining will eenerate B local increase of 
suapended oatter in different parts of the water colucrn. The disturbance of 
the sea floor is obvious. The fete nnd distribution of the suspenued sedioentz 
will- depend, a.part froo the technique used, on the tYpe and coopoai tion of the 
sedioents, nnd the pl~aicnl conditions in the w~ter, especially currents and 
stratification. 

In the wind-influenced surface la.yer, of the order 100 m thick 
ocean, the dispersion of the fine-GTained cateria! is fairly rapid. 
becone noru or less evenly distributed in the layer. 

in the open 
It will 

An estiollte of the concentration of suspended uatter can be obtnined 
nssunine thnt the aoount of waste sedioonts brought to the surface is equal to 
the UDount of naneanese nodules (takine this ns an exaople of deep-sen ninina). 
Using_ a figure of recove3" of 500 tonnes of nodules / day Hi th 0. son 
floor covere-bG of 10 ke/o (1,iero"l964, p.259), ioplies that a. nininun surface 
orea of 5 x 104 02, or rouehly a square of 220 x 220 0, would be covered in 
24 hours. Assune a surface l2.yer current of the order 12 CD/sec or 104 niday, 
and aS8une further thnt the overflm, becooes evenly distributed in the top 
100 Q. Then the dilution voluoe is of the order 2 x 108 03, and th8 concentration 
of suspended natter (nssuoina that all Boes into suspension) 2.5 nail. This is 
0. conservative eotioate in the sense that nost likely the value is less since 
not all BOes into suspension, the currents cnn be stroneer, etc. After 10 hours 
the oaxioun concentration is expected to be in the ranGe 0.05 - 0.01 DC/I. 
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These values should be coopared with the naturnl concentration of sus~ended 
Do.tter in the aceonic cuxfo.ce l<:'.yor. This is of the order 0.1 - 0.3 nell. 
In a. eQaate.l upwellinc area. (N. \'1. Africa.) the surface layer contains 
0.2 - 0.4 nell. Very clear cce2n water (e.g. SnrGM8so Sea) Generally holds a 
land of 0.05 D~/l or loss. 

At present it appears reasono.ble to expect that the frequency of the 
oper~tion could be adjusted So that _the increase of the surface l~er·turbidity 
in the o..rea ''lould be kept at a very 10\-1 or inoiGrlificant level. 

HOilTever, it is quite conceivable that inte:rn.o.l layers of increased particle 
content will be eenerated, espeoially in conjunction with density variation in 
tho '\'later colULJIl. Such layers can be relatively percdstent in- reGions of weak 
-turbulent ninne, ce.rryine a -substantial load of particles. For thia reason 
the sueeested injection of ninin6 effluent into the deoper part of the euphotic 
layer nay be inadvisable. 

Tho dispersion in internal layers of the ocean is not well Imown. The 
followinG statenents can be Dade: 

(i) 

(ii) 

in the !:lOin thernocline reBion the vertical rll:iine is week, of the 
order of 0.1 cn2/sec <J.eo..inst 10 - 1000 co2/scc in the aurface layer, 

the botton boundary layer is thin, of the order of netres, and the 
bottoQ Gcnercted nixing doeD not penetrate far into the water coluon 
except in certnin arees where relatively high current velocities 
persist close to the botton (e.G. weatern boundaries). 

Since the botton currents in the abyssal plnins eenerally are week, the 
dispersion cf the resuspended sedinents in the botton layer will not be very 
effective (conpare estioo.tos on the spreading of leCknee Lk~terial frOD dunped 
cont2iners» e.e. NAS/NRC 1962). 

A reasonable nsscssOent of ·the itlpact of deep-sea cining as far as -turbidity 
incrccse is concerned requires infornntion on tho DininG technique, tho sedinents, 
the \-/ind conditions, tho currents, the density distribution, and tho existinc 
content of suopended Dutter. . 

II. eTHER PHYSICAL ASPECTS 

I\.. Nearshore (Le. in the nane region as under I.A) 

The nast serious ~zn,rc1 is effects on the beach no.terial budget. Reooval 
of no.terio.l by dredr,inG" cnn raoul t in a change of the circulation and the 
wave pattern. If 80, outerinl transport will also be altered. The possible 
siGDificnnce of this nny be ostiunted by nenns of coo~uter Dodel calculations. 
Sinilar1y a tr~8fcr of no.teri~l froD one plnce to another in relation to 
construction cnn.result in alter~tions of the natural trnnsport pattern. Theso 
chnnses end their possible effects shouid be assessed before any nojor construction 
work is ini tinted. The advnnce in recent yeo.:rs of conputer Dode-l calculations 
oru(es this quite fanoible. It is also advisable to consider what effects 
reGoval or nlterntions of natural bars outside tho beach nay have on the unterial 
supply to the beach. It is cleor that these aspects ~3t be considered for 
ec.ch cQ.Se. 
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B. Offshore 

Dredgine will influence the sen.-bed topogrcphy, crentine aDall-Gcnle 
disturbances in the sea-bed. The recovery tiDe for the:Je disturboncea can 
apparently be very lona, of the order of several yecrs nt least (Diolmon and 
Lee 1973). This oatter requires further study in other areas. 

C. Other constructions 

Considerotion DUSt cJ.ways be Biven to the possible influence of constructioll0 
(e,cr. piers, harbours, tunnels) on local ciroulation and wave conditions. 
Changes in these Day result in serious, often unexpected consequences relatine 
to the transport and deposition pattem of sec1.i.rJ.ent ooterin.1. A@Li.n conputer 
siEulntion techniques are pronising tools in this context. 

Due regard should also be given to the deposition (clunpiIlG) of sedioentaxy 
tk'1.terial renoved for the :purpose of construction, deepening of navigation 
channels, etc. Reference should be made to the report GESfJ1P VII/3, by the 
Wo~ng Group on the Scientific Basis £or Disposal of Waste into the Sea. 
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