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PREFARATION OF THIS STUDT

This document is ithe adited and approved original English version af the report of the
GESAMP Working Group on the Scientific Bapis for Dimpesal of Wasite into the Sea whioh met
from 4B Pebruary 1974 in Rome and from 5-11 October 1974 in Copenhsgen with the following
members pariicipatings Dr. E.K. Duursma, Dr. B.H. Ketchum, Dr. 0. Kullemberg {(hairmas),
Dr. S.-A. Malmberg, Dr. J.E. Portmamn, Dr. G.E. Tomczak, FAO (Teohnical Secretary), Dr. M.
Waldichuk and Dr. &,F. Weichart.

The Working Group wes charged with identifying gaps in our present knowledge, focumaing
attention on urgent reasarch needs and suggemting remearch priorities, particularly aa
regards the fate of the waste into the sea, and ite activities were financially supported
by the Umitied Natlone Enmvironment Programme.

The study is 2lac being issued in French, Spanizh end Russian,
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Due to the diffieculty of covering all conditions occurring in nature, careful attention
ahould be given to the selection of ervirommental conditions Ffor fiald experinents, so that
expenaive field experimente can be backed by sppropriste laboratory experiments., In many
inptances, large-scale dvmping experiments can give required information more rapidly, on
both physical and chemical behaviour of wastes in the sea.

There ie a gevere lack of information about the influence of the waste on the mixing
procempes, as well as sbout the possible physieal interactions between various typea of
ratarials. At present, it is not possible to take into account properly the miltiphaee
character of & waate when predicting lte phyeical fate.

In reletion to disposal in deep waters, there is an urgent need for studies of deep-
water and near-bottom dispersion procesaes, including the development of new techniques,
e.g. for measuremente of currents and turbulent diffuaion.

8.  REFERENCES
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In order to be able to have a better appreciation of the appropriate factors and time
effects, long-term {one or more generations) "flow-through” tests are required to evaluate
poterntial sub-lethal or chronie effects. ’

It is recognized that combinatione of two or more wastes may be mora, or less, toxic
than each waste separately, A4t present, there is little information on how the effacts of
such combinations can be predicted for comditions in the marine emvirenment,

Woch more detailed infeormatien ia remquired on the mode of action of particular chemicala,
eapecially in relation to uptake ang availability from a toxiec action standpeint, In this
context information im also reguired on the various forms of & chemical subaiance which may
be present in the sea, e.g. valency state of ionic species, metallo-crganic complexes,
adnorhed metal or organic compounds.

Similarly, and especially in relation to huwan health implicationa, studies are required
of the form and toxicity of the compound cnce it has been acoumulated by a marine organism,
e.g. the forms of mercury, cadmium and argenie in marine organisms and the wey these may be
aliered., In this connexion, studies are reguired to provide more detailed informaticn on
the mechanisma of bioaccumlation within a single organism and {ransfers in a food chain,

Yany inerganie and organic compounde find their way to the pediments. The rate of such
transport, the residence times of substances in ihe sedimenis, and their subsequent mobi-
ligation, are generally not well undsrstood. For deep-sea disposal, research is required to
improve and modify the methodelogies and measuring techniques,

The persiztence of organic chemicals, espeeially petroleum and shlorinated hydrocarbons
is a matter of concern, The rates of decomposition under varions emvirovmental eonditions,
such as tropical, fempesrate and arctie conditions, need {0 be established, Information is
required on the dependence of marine bacteria on threshold concentrations of the organic
substrate, and inorganic mutrients. The axtent to which microbial activity takees place under
teep-aea and wid-depth presaure and temperature conditions, reguires detailed imvestipgation.

In order t{n be able to assees the impact of a wagte in the marine emvironment, some
aatimate of existing levels of waste constituents and their sources is required. Riwver or
pipeline inputs can be determined fairly readily, but the influence of aerial transport,
including that on breakdown and production of prollutanta, is unknows for most suhbstances,
although it is now generally recognized as being of great importance,

It is known that a mmber of entero-pathogenic micro—oreganisms are quite resistant in
sea water (Uameson, 1975). Further work is required in the siudy of the behaviour ant fate
of micro—orgenisms associated with wastea euch as sewage sludge, especially the influsnce of
such factors as temperature, light salinity ard sedimentation,

T.a Pl_lxsical aEpects

Carefnlly desigsmed field experiments are required in order to obtain information for
Jeveloping and tesling models for predicting the depth of penetration and poagible collapse
of a falling cloud of waste, Measurements should provide information on the concentration
listribution during descent, turbidity yeneration, settling velocity and subsequent dis-
rersion in relation to physical comditiona. Such experiments would need to be carried cut
mder a variety of environmental conditions, ranging from guisscent to near-storm conditions
ind in boih deep and shallow, stratified and unstratified waters. Particular attention
should be paid to those conditions likely to give the least initial diluticn and/or subsequent
lispereion.

ABSTRAC

The main concerns with dumping of wastes at sea are their possible adverse affecta on
living remources. Effects on humn uses zre mainly associated with bicaccumilation of
subatances by marine organiems, tainting of aea food and reduction of amenities arising
from digcelourstion, turbidity and floating materials. The westes of greateet concern are
those which are toxic to merine orgeniame or accumulazie within organiesms to a concentration
substantlaily greater than that in the snvironment, and which reach the sea in large amounts
or pereipt there for long periecds of time. For liquid waste dieposal, a principal objective
is rapid and widespread dispersion,

Dumping of those materials permitted under the London Convention should be done in much
a way as to svoid, or minimize, undesirable effects by: (1) ensuring maximum initial dilution,
through an appropriate means of disposal; (2) salecting areas where dispersive proceases
{transpert and mixing) are active and (3) avoiding particularly gensitive areas.

Sewage sludge and dredge spoils constitute about 90% of the total materials prensently
heing dumped. Both can contaln heavy metals, petreleum hydrocarbona, animal and vegatable
fats and oila and chlerinated hydrocarbons. They may alac introduce inte the sea micro—
organiems which require special attention, particontarly the pathogenic bacteria and
viruaes.

Waates are sometimes containerized. 4n overall density of at least 1.2 g\/cm3 is recom-
mended to ensure that containsrs of wastes sink to the hottom &nd remain there. Sinee
containerized materials and bulky sollds interfere with bottom irawling, they should be
dumped only in selected areag in the deep ccean,

Biclogical observations might be expecied to include: fimheries resources, primary
productivity, zooplankton and benthic populaticons, as well as turbidity, dissolved oxypgen
and the rature of the sediments. Chemical memsurements in water, benthos and sediments
might include organschlorine substances, petroleum hydrocarbens, mitrients and such metalg
gs mercury and cadmium, Physical obeervations should be mainly directed to evaluating
diepersion processes, Wind and wave faaturea, vertical density distribution, including
mized-layer depth, and data on currents and bottom conditions would be demirable.

A rumber of research priorities have been identified which, if met, would graatly
improve our predictive ability.
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4 mumber of other elemenis, e.g. zinc, copper, lead and arsenin, may also be acoum-
lated and should be measured. The highest concentrations of most of the substances listed
ebove are likely to be found in sediments and benthic animals., It will in general be
undesirable that the organic centent of the sediments be unduly increased: as a meagure
of this, loes om ignition, or more preferably total orpanic carben centenl, should be
measured. If the waste contains substantial mantities of mutrients such as phosphate,
nitrate, nitrite or ammonia, these should be measured in the water column.

It ie perhaps worth pointing ount that substances considersd to be harmful in the fresh—
water environment may be less me in the warine enmvironment, e.g. cyanide due to complexa—
tion with metal iens, and anmonia dum to the buffering effect of sea water, or svan
virtwally harmless, e.g. chloride, sulphate or barium (the former are present maturally in
sea water at high concentrationa, and the latter will precipitate az barium sulphate).
Jubject to such fairly obviouas execeptions, in general, if a eubstance ie known to be
present in waste In high concentration, its presence should be expected in the dumping area
and apprepriate measurementz should be made,

6.3 Physical observations

Frem the point of view of dispersion, the physical conditions at the dumping site ehould
be obaerved, and a general assessment of the sxchange rates betwsen the waters in the dumping
area, near-by-areas and the open ocean should be made.

Observations of the physical conditions might be expected to include:

(i} wind and wave features;

(ii) vertical density distrimtions during different weather conditione, including the
mixed-layer dapth on a seasenal bapis; water temperature and its sessconal varistions;

(iii} ecurrent conditions, including the vertical curremt distribution, veleaity ranges
and directions, time-deperdence, oecillations and residual currents;

{iv} bottom conditions and reological characteristics, such as the nature of the
sediment and topographic features {e.gz. [lat bottom, trenches, ridees);

Useful tools in such cobservations include dye diffusion experinments, ihe use of radio—
active tracers, wave gauges, grab and core samples of the sediments.

T- SUBJECTS REQUIRING FURTHER REGEARCH

In the course of preparing its report, the Working froup hae identified a rmuber of
areae whers bagic information is either imprecise or lacking, In partiocular, it con-
sidered that the predictive ability in a relatively unstudied area ie inadedquate, It is
conpidered that research in the following smbjects would be most productive in providing
information relevant to the gelectlon of dumping sites.

T.1 Diological and chemical azpects

Bagic acute biocassay technimues are reasonably well esiablished. Parther attention
is required in relation to the selection and culture of the most appropriate tesi organi=zm
for a particular set of site conditions, This should kake into meceount possible food chain
accumlation and the most appropriate life stage.,



DPegirable obmervations might be expected to include;

{i} Pisheries resources. Data on this mabject are probably already available in
the appropriate agencies or ministriea for most coamstal regions.

{ii} FPrimary {plant} productivity as related to light intensity ard rmirients. This
im eapecially important if decomposeble organic matter is included in the waste,
ard if ite decompesition would relemse mitrientas stimilating plant growth, some—
times with undesirable effects such 2z modification of mpecies composition,

{iii} Yatural turbidity of the water, and the changes in turbidity which may be produced
by the waste dispoeal, Turbidity influences the amount of light reaching various
depths in the sea, and a persistent inerease would be expected to reduce plant
prodmetivity. However, if rapid dispersion {or sinking)of the waste is achieved,
and 1f the circulation in the area is euch that the turbidity incresse is transi-
tory, little effect on productivity from a non-toxic waste would be expected,
Phytoplankton reproduce at such a high rate that recovery from & decrease in photo—
synthesis im likely to be rapid.

{iv} Zooplankion populationz and their vertical diurmal migretions. These organisms
might transport elements from ene level in the water column to another, through
abeorption, feeding and excretion.

(v} The oxygen content of the water and its matural variability. This will help to
evaluate whether or not 2 waste with an oxygen demand may reduce the oxygen content
to levels which will be detrimental to marine organisms.

{vi) BStructures of normal benthic populations, whether or not they are of commercial
importance. This ls eepecially important whenever the wastie may reach or
accamelate on the bottom of the disposal mite, Since benthic aplwale remain in
a fixed location (in comtrast to fighes snd plankton}, they reflect the integrated
effect of chronic exposure to the pollutant and can provide sarly warning of
potential damage.

{vii) Miero-biclogical indices in respest to water guality for protection of human health,

f.2 Chemical observations

The design of the chemics] cbeervations, unlike those of a biological or physical nature,
can be tailored to the chemical characteristics of the waste. For example, if the waste to
be dJumped contains no mitriente, there im Iittle peint in carrying out an exhaunstive survey
of mtrient levels in the area selected for disposal.

It ip difficult to provide a comprehensive lirt of eubstances which should be measured
in the area, but depending upon the compesition of the waste, the following substances might
he worthy of attention: organochlorine pesticide remidves, PCBe, petroleun hydrocarbons and
metals surh as mercury and cadminm, — these are 211 prohibited under the terme of Ammex I of
the Tumping Comventions, but they are konown to be preasent in wastes such as sewage aludge
and dredge spoils and may be found in a wariety of industrial wastes, The Working Group
noted that such substances are permitted to be present in trace amounts, regardless of the
volume of the waste, and this raised the question in the minde of {he members of the Working
Group, that perhaps a prohibiticn as currently prescribed in the Dumping Comentions waa
debatable. The voint highlights the need for the continuous reappraisal of the Arnexes
of the Tumping Covventions and their definitions.

1.  INTRODUCTION

The dumping* of wastes into the sea im only one wmethod of dispesal of a material and
should be carried cut only after other alternative methods of dealing with the waste have
been fully considersd. Ideally, the cnly ultimate method of eliminating waste disposal
of conservative aubatances is recovery and reutilization of the materisls presently com
pidered 1o be wmates; other disposal operatiocns merely move material from one part of our
emvironment to another. The decielon te consider a substance £ "wagte® rather then a
potential "matursl resource" is bamed on econmomic rather than on scientific principles,
becauga the technelegy to recover the material in useful form is either not availsble,
or is more costly than the value of the recovered product.

For certain wastes, and under particular circumetances, the comt of disposal at asa may
be lesa than that of recycling or of disposal on land, but the cost must be agsesaed againet
the riak and cost of damage to marine rescurces. Thus low operating coets mey have to be pet
against coats of damege to the environment which may be quite high., It must be recognized,
however, that the emvironment i not diviaible into neat compartmente and that the cost and
rigk of effect of waste diaposal in & variety of alternative ways, must be examined. In
the event it may be necessary to select one method, even though some damagze does coour,
simply because it provides the safest long—term solution; firancial considerations may or
may not help justify such a course of action.

However, the CESAMP Working Group on the Scientific Basie for Disposal of Wagte into the
Sea has noi considered cost benefit amalyeis, which is imvolved in wasie dispoesl as currently
practised, nor did the lWorking Group discuss altermative dispoeal methodz, but agreed that
these will always have to be taken into asrcount when chogaing the beet procedure. The
purpoge of this report is te consider how the effecta of wamte disposal can be asasssed and
reduced to a minimum, and in particular, what scientific principles are imvelved in the
selection of sites for dumping.

The Working Group agreed that the dieposal of waste at sea can be scientifically discuased
without taking into account consideration of the Juatification of waste dispoaal. The gea has
2 capacity for receiving a finite amount of weete. This is often largely related to its
great volume. The self-purification and tuffering capacity of the water is limited, while
the geabed &8 & sink will not be effective for all materials.

The Working Oroup did not diecuss the diepoeal of radicactive waste into the ses, a6 this
im being covered by a apecizlized Working CUroup (IAEA, 1974, 1975). Dumping in relation to
specific marine geological features wam conpidered at the fourth session of GISAMP by an ad
hoe Working Group on tha Coneequences of the Human Perturbation of the Deep-Sea Floor {GESAMP
IV/19, Annex VII).

In preparing this report, the Working (roup was aware that conesiderable experience comld
be drewn upon in relaticu to the effects of marine dumping. Some examples have been clted
from the memberas' own experience; such examples should not be amsumed to mean thet diepomal
of those particular wastes is Bafe under all conditions, The reader should therefore pay due
attention to the particular conditions existing in any proposed area of dumping, befors making
a decigion for any new aituaiion.

*Tha definition of dumping used by ithe Working Croup is that given by the London Convention
on the Dumping of Wastes at Sea (UN, 1972).



The agsessment of the probable effects of waste diaposal &t sea irvelves zeveral
disciplines, namely, physical oceancgraphy, chemiatry, sedimentology and merine biology,
all of which are interdependent and none of which can be coneidered in imolation. In a
report of this mecope it has been necessary to concentrate on an identification of thoge
matters of primery imporiance in order to predict the bebaviour and effect of materisle
when dumped at ses. Having done thim, an attempt has been made to identify thoae eubject
arean where knowledge is ressonably precise and aleo thome im which kriowledge in lacking.

Detrimental effects of pellution of the sea include harm to marine orgeniamng, hazards
to human health, hindrance to maritime activities and reduction of apenities. OF the
various usen of the sea likely to be affected by ihe disposal of wasten by dunping, the
Working Oroup considered that attention should be focuseed particularly on the living
regeurces of the mea and their expleitation, Thie wea interpreted as including those
species which are, or mey be expleited commercizlly, and the food organiame on which they
directly or indirectly depend, plus the need to avoid interference with fishing activity.
It should be noted that, in many cases, the young stages are particularly vulnerable.
Certain areas of the marine environment, although not at present pupporting commercial
resturces, have potential value in thie respect snd should be protected. The Werking UGroup
also realized thai human heslth aspects mmst be conmidered, espascially in respect of pomreible
ctniamination of food resources,

Poselble concerns which may be important in special eircumstances inolude adquacul tura,
recreation, presarvation of endangered species and expleitation of miners]l roROWTGes O O
under the sems hed,. .

In making an assesement of the most sensiltive species or use to be protected, it is
worth noting the merit of the critical pathway approach which has been used with success in
the field of radiocmctive wampte disposal, The problems involved in adapting this approach
to nor~radicactive weste disposal are complex owing to the gheater variability of the
sensitive species or use to be considered, plus the different types of waste and different
modes of action. Wevertheless the ayetem should be applicabld and has considerable merit
since, once the decision hap been made ae to what has to be protected, all other interests
are subjugated (Preaton, 1974).

The report deals with the various properties of the waste which should be known in order
to underatand the way it will behave in the marine ervironment, and corsiders how these may
be affected according to the method of diapoeal wsed. The methode of digpoesl considered
include the dimcharge from hopper barges, diecharges into the wmke of a veswsl and disposal
of containeriged ¢r other bulky wmates. Attention should be drawn to the need to ensure
that conditions of licences are observed, especially in relation to site and method of
diapcsal.

The Working Group wishes to strese that this report is not intended to replace Annex
III of either Dumping Convention {Nawey, 1972; UN 1972), of which note must elways be taken,
Rather, it ia hoped that the report will serve to amplify and clarify the items listed in
the Annex ITI of the two Conventiona, In attempting to satiefy its terma of refersnce the
Working Group has prepared its report in the following sequence:

(1) What are the biological, phymical and chemical characterimtics of the wamte
and possible effects of the waste in the marine environment?

{ii) How can the effects be minimized by appropriate selection of the method of
dieposal?

{iii} How can the effacts be minimized by appropriate selection of the site for dieposal?
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(ii) confined basina,

tonfined basine (e.g. Baltic and Black Seas) will in mamy ceses periedically
appreach anoxic conditlone and be subject te periodic turnover. Such areas
might sometimes be considered for the disposal of tnert uaates,_and perhape
alag bicdegradable ones. However, persietent and potentially bhisacoumulatable
substances should be avoided, since nltimately they might be returned to the
productive surface waters. It ehould be pointed out that, as in all ether
cases, loczl conslderations must be taken into account.

{iii) Other arees of winimal turbulence or "quiescent™ conditions,

These aress are characterised by a dietinetly limited capacity to receive wartes,
since transport out of the area and renewal of orygen supplies etc, are all limited.
The all-important consideratiom in waste disposal in such areas im therefere how

¢ achieve maximim pesaible initial dilution. The scale of the operation will

aleo have to be controlled. The more inert a substance, in general, the greater
the acceptable scale of dumping, but in thie context the lecal existing er potential
marine rescurces mst be considered.

I. Methoda of predietion

Predictive modelling of the dinersion of various waetes following a dumping operation
is of great intereet, it suffere as yet from several deficjencies., Wevertheless, simple
models have been uped with satiefactory results in predicting the dispersion of ragicactive
wigtes, Attempta have been made to model both the initisl and the subsequant dispersion
(EPA, 1971; koh and Chang, 1973). However, the results mst be regarded with great caution
since a mumber of vary limiting Bssmmpiions are made, such ag treating the contaminants as
passive. The lack of relevant observaticnal informstion is at present the moat mevere
hindrance to further development of the predictive modela.,

6. OBSERVATIONS AT THE SITE

Once a preliminary selection of the site for disposal has been made on the basis of
existing knowledge of conditieons in the arad, & saries of cobeervations of the physical,
chemical and biological characteristics should be made. Tdeally, these should extend over
a period of at lemat gne year in order to take account of variations which will ocour with
seasonal changes. It should be noted that long-term variations arise as a result of purely
natural caunser and at present it ie often extremely diffienlt to distinguish thess from
artificially induced changes,

Observations of turbidity and shemical and biolegical characteristice ghould be con-
timied after dumping commences to ensure that ne detrimental changes ccour. A1l observationm
should be mede at and arcunt the selected site, and it should be recognized thet in the Tight
ef the pre—dumping, or even prost-dumping obaervations, a new site may have to he melented,

6.1 DPiological obaervations

Prior to approval of & disposal site, biological obeervations to cheracterize the site
are usually essential. If repeated disposals at the seme location are expacted, these
observations should be made at all geasons of the Year and repeated more frequently at
critical times of the year, both to mowniter the biclogical effects and to account for year-
to-year variations., For a single dump, which ie not expected to be rapeated, a single
aspesament prior to the dump should be acceptable, tmt cbservations following the dump
would be desirable to evaluate the effest ard to form the basis for future decisions concapn—
ing similar operations.
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Close to the bottom, there will often be a turbulent bourdary layer, the thickness of
which will depend upon the bottom roughnese and current velecity. An indication of the
transport conditions along the hottom can often be obtained from the type of pedimente at
the inierface. Fine—grained material normally sugpeste weak iransport and a favourable
settling environment, whereas cearse materiale sugpest resuspension and eromion, However,
care should be taken in applying this concept, and it should be noted that conditions often
vary seascnally.

In estuaries and river mouths, the compensation current transporta material along the
bottom towards the shore. Thie can aleo cecur in shallow waters with horigontal density
differences, eddies or wind-induced coastal upwelling. The oscillating {tidal) currents
in many areas will cause resuspension and fractionation due to differential settling, This
implies that the fine—grained fraction of a waste, which can serve as a carrier for patho-
genic organi=me and other pollutants, may be gelectively tranmsported inshore,

Available information on deep-asea, near-hbottom currents suggests that resuspension will
not take place except in certain areas. These are mainly located at the lateral boundaries
and are related, in part, io topographic features such as slopes, canyons, and ridges.

H. Mixing mechanioms

In the wind-mixed layar, the vertiecal mixing down to the primary interface is guite
rapid. Thus the thicknegs of the wind-nixed layer is significant in determining the mixing
characterisitces. in inportant dispersion mechanism for scales in the range 1-10 km ip the
vertical shear effect, i.e. the conbined effect of vertisal mizing and vertical current shear
in generating horizonial dispersion. For an initially thiek contaminated wvolume, the atretching
due to the vertical shear ie alse important. In this connexion, the time—dependeni and, in
partivular, the csnillatory componevis of the current are important in determining the
spreading.

In the surface layer, the vertical miving depends upon the wind, the shear and the
stratification, In internal stratified layers the vertical mixing is suppressed, and im
imversely proportional to the ptratificatien. Dominant features of the internal motien in
the sea are internal waves which only give rise to mixing when btreaking,

At larger scalea, above about 10 km or several days, the large—scale horizontal varia—
tions of the currents will dominate the mixing.

;s Fxchange rate

¥hen considering the dispersion characteristics of an area, it is necessary to take inte
account the rate of exchange with the comnscted open zea mrea, 4 useful indicator of the rate
of exchange is the residence iime for a particular element, which can be sgtimated by means
of a natural tracer. Thia holds true in partiomlar for enclosed or semi-enclosad areas like
fjords, marginal seas and land-locked meas, The residence time will also give a measure of
the mild-up of a pereistent material in the area.

From the point of view of dispersion, the following three categories of areas may be
defined:

(i) Areaa of great turbulence,

ireas of tical activity are of ten characterized by a high degree of turbulence;
and such areas offer great possibilities for matural diepersion. Care is
necessary, however, to aveid cenflict with local interests, especially aesthetic
and recreaticnal, and also in order to predict where particulate matter in the
waste might ultimately be deposited.

Rather than considerins various gones of the oceans, such as sphallow coastal watere,
fjorde and the deep gea, the Working Group preferrsd to work on a more general basie, giving
gpecific examples aa illustrations, Finally, in accordance with its terms of reference, the
Working (roup prepared a section on ressarch needs, whereby an attenpt has been mads to
identify those reguiring the most urgent attention,

2. CHARACTERISTICS AND POSSIBLE EFFECTS OF WASTES

The characteristics of & weste fall into three categories of properties: physical,
chemical and bioclogical, A1l three have & bearing on their effects ¢n the marine environment,
Different criteria might e applicable, e.g. for degradable and mnon-degrsdable substances, and
aleo the degree of toxicity of the substances and turbidity might influence the selection of
dumping sites.

2.1 Biological characteristics and effecis

The waetes of greatest concern relative to marine life inciude those materiale which
are toxie to marine organisms and/er are accumilated within organisms to a concentration
substantially greater than that in the environment, or which reach the enviromment in large
amounta, and/cr which persiet in the environment for long periods of time. GSome substances
are generally recognized as being of a particularly harardous nature to the marine emviron—
ment or its resources; these are listed in Annex I of the Dumping Conventions, and their
deliberate diaposal by dumping is not permitted.

Lema hazardous wastes, e,g. mewege sludges and rolluted dredge spoils, may slso intro-
duce into the sea micro-orgeniems and &s euch my s1ill require special sttention., OF
prinsipal concern are the pathogenic bacteria and viruses. Amoebae, parasites, yeasts end
fungi, which can cause human diseases, may alse be present, The principal concern when
dumping such contaminated waste is to avoid the poBgibility of their encroachment on beaches
or the return ic man via his food, especially shellfizh which may be eaten raw, or without
aterlization by adequate cooking. Harvesting of ghellfish in the vicinity of sludge or spoil
dumpa, end their marketing, may need to be prohibited or 2t least be subjected to eystematic,
hygienie control, in order to protect human health, However, shellfish growth or reproduction
may net necessarily be adversely affected,

In order %o ceuse human disease, pathogenic agente mist be taken in at certain minimal
infecting dose levels. For micro-chemical hazards, certain barmful levels are alsoc needed.
Jome enteropathogenic micro-organisms are quite resistant to the various effects of sea water.
It is clear that micre-bilolegical research should be conducted on the problems assccinted with
sewage aludge.

The acute toxicily of wasie materials to marine organisms mst be evaluated in order to
specify the degree of dilution and dispersion meeded to render the waste harmless. The
customary method is to conduet a bicassay test, generally for 25 hours, to determine the
coneentration which will kill half of the population of test organisms in thai period of
time. Ideally, the test organianm should be either the most mensitive locally important in
the proposed dumping area, or an organism critical to the maintenance of the ecosystem of
the area, This is not always poseible, since the first type may be difficult to keep alive
even under the best of laboratory conditiems; equally, it ic often not possible {o maintain
the mont sensitive life stages; finally, the critical organiemz may noi be known. Thus the
re:ults of biomssays are applied with application facters, of one to three ordera of magni-
tude,



Another complexity of applying biosssay test resmults to dumping of weates, where
dispersion and dilution ie the objective, rests in the fact that the orgsniams in the zea
are not exposed to & fixed concentration, but rather, to a constantly decreasing concen-
tration ae matural mixing amd dilution with uneontaminated sea water follows the dieposal,
Ficaseays which similate this natural dilutien in the laboretory would be useful, but at
present probably unrealistically difficult to achiewve and control, Therefore it is
suzzested that as a peperal rule the concentration found to be toxiec in a F6-hour bioasesy
might be stipulated as the maximam allowable concentration at the disposal atte one hour
after discharge. The further natural mixing and dilution would be expected to glve addi-
tional factors of safety during the next four days. Further safefy faciors might be neces-
pary for wastes which accumilate either biclogicsally or phyeically, or if the diacharge is
made under rmiemcent conditions,

The poasibility of sub~lethal, chroniec, toxic effects misi a&lso be svaluated. These
tonger term effects may interfere with behaviourel activities of marine organism such as
feeding, breeding and migrations. There is slso the poseibility that exposure to sub—
lethal concentrations of some pollutents may render the organism more susceptible to diseass
or to other ervironmental siress. However, if the waste is dispersed in an area of rapid
cirenlation these sub~lethal effects may not be of great importance. Some waste disposal
operations may produce local concentrations of the pollutants on the bottom, auch as the
disposal of sewage sludse or dredging epoils. In such cases the chronic effects need to be
evaluated.

Living organisms can accumilate some pollutants within their tissues to & conceniration
greater than that found in the ervironment. For exampla, heavy motals can combine with
proteins, and petroleum and chlorinated hydrecarbons are concentrated in the lipid components.
Thia bic—accumilation results from an imbalance hetween the rate of aseimilation and the
rate of excretion. The concentration factor (the ratio of the concentration within the
organism to that in the water) may reach several orders of magnitude, When these organisme
are eaten, the predater is, in turn, ingeating larger guantitites of the pollutant than it
would be exposed to otherwise. Although substances euch as mercury and DDT ard its breakdown
producis are recognized as being potentially harmful to merine organisms or to men, it should
not be aasumed that bhio-accumlation per ge im harmful, since bic—accumlation may alsc
represent & mechaniam by which the organiem cocunteracts the toxic effect.

Another indireot effect of dumping might be the change of habitat characteristics, This
would be most eritical with wamtes which sccumilate on the bottom, Besaile benthic organisms
can be smothersd if the wagte acoumlates to deptha of a few centimetrea, and the character—
istica of the bottom might be changed sc that it is no longer suitable for the life siyle of
the natural benthic biota and organisme feeding thereon. Characteristicslly such medified
bottoms will be invaded by opportunistic species {puch as the worm Gagitella) which breed
rapidly and are iolerant of pelluted conditions. Although in some circumstances they may
be replaced by other expleitable species, previously present species of walue to man, such
as molluscan shellfish, lobsters and crabs, may be excluded from these modified bottoma.

Ag mentioned above, if microbisl contamination ia als¢ present, harvesting may have to be
prohibited even in adjacent areas where the organisme survive, in crder to prevent the danger
of return of pathogens o man.

2:2 Chemical characieristics and effecte

It is pomsible to obtain some cluee, but not a full chemiecal characterizaticn of a waste,
from a knowledge of the raw materials and the production procese used. 4 standard, full-
scale amalysis for an extensive list of chemical slementa or compourds is nol necessary;
rather, amalysis ghould be tailored to the needs for each wamte., However, certain general
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5.2 Hedipent characteriatics

Sediments of the zea bed of the major ocean beasins bave a potential sorption capacity
for all kinds of matala and organic substances, However, material origimating from Aumping
of wasteg may be dispersed in the water column rather than sorbed to the sea bed/sea. water
interface, In the presence of high tnrbidity, there is = scavenging effeet by solid materials
of substances from solution.

When the materials reach the sea bottom, 2 high affinity of the sediments for the waste
material leads to & large total uptake by the ses bed., However, this uptake 1s primarily in
& thin surface layer of the sediment, and penetration deeper into the sea bed 1le slow.
Therefore, if resuspension or erosiocn occurs, the meterial might be recycled to the water
and to the benthic epiflora and epifaunma. Thus the ses bed will not always be the ultimate
sink for dumped wastes.

Waetes submerged in the sea bed would in principle be removed from the water syetem,
Migration to the supermatant sea water iakes a long time when the wastes are buried under
several centimetres of sediment. However, burying of wamtes inside the sea bed is technically
difficult to achieve.

For liquid or dimsclved westes, unless sediments are stirred up, little material will
be bound by the sea bed. In a dumping site, most of the dissolved substances will become
go dispersed within the water eystem that sorption by the sea bed will be extremely limited.
However, with respect to repeated dumping, easpecially of materials which are not ?apid.l.y
degradable, the area will scoumlate more and more material in the sedinhen?:s.l This w'i]:l
apply particularly to certain heavy metals for which a phenomenon of immobilization exists via
absorption inpide crystal lattices of pedimentary particles {Roa-Vicent et al., in presas).

5.3 Dispersion characteriatics

The turbulent mixing in an arez, and the rate of exchange with the surrounding sea,
should both be studied in order 4o assesa the diepersion characteristics of a potenyial
dumping eite, 1In studying the phymical dispersion characteristics of an area, the following
generaligations sheould be borne in mind,

A. Mixing rate

The turbulent mixing in the eea is determined by such physical factors as wind, waves,
mixed layer thickness, density stratification, currents including their temporal and spatial
variations {Ckubo, 1971; Weidemann and Sendner, 1972). In many shallow water areas, the
tidal currents are the dominating mixing agents, In conditions of stable siratiflcation,
the mixing is suppressed, and very markedly so in pycnocline layers, There the rate of
dilution is slow and varies very much with time, i.e¢. the mixing is intermitient, For
contamimants which do not affect the flow, dilution rates of leas than 1:10 in 24 hours
have been obgerved in enclosed aress {Kullenbers, 19742), Similarly suppreesed mixing
is likely to occeur in stromgly stratified open sea areas, Under those conditions, parti-
culate matter settles due to gravity, although near-neutrally buoyant material may remain
in suspension. The settling velocity of the waste particles will vary, although a rate of
1 m/hour appears to be representative for the flocculated state {Crickmore, 1972). Trapping
of almoet neutrally buoyant material can ocour in pyenocline layers.

In the wind-mixed layer the dilution rate is commiderably higher: a dilution in the
range 1:10-1:50 over a period of 1-5 hours can te expected under light wind conditions.
During strong winds, the rate of dilution increapes approxiumtely with the sguare of the
wind speed (Bowden et al., 1974; Kullenberg, 1971).
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be seagonal and dumping at other times of the year may be acceptable, provided no substantial
mobilization of toxic material cccurs after dumping. Dumping in active fishing areas Ay

not only affect the living rescurces of the sea, but the operation may interfere with fishing
vea:_;ele, and some kinds of wastes mey damage or foul the nets or the fighing gear. fThe marine
envirenment and its living resources Are sensitive to natural changes and they have to be
carefully guarded agminet artificial changes,

Food production is one of the mejor uses of the sea, Many areas are already over—
grploited, whereas othere are more or less untouched {(FaD, 1972}, fThe present world catch
ie largely resiricted to the cosetal zoves and continental elopes where input of pollutants
from all sources, is likely to be highest, In recent years fishing for new epecies hag
extended to much greater depths on the continental elopes than Frevioualy. It ghould be
noted also thet significant pelagic fisheries exist in some Open ocean areas, €.g. the
squatorial sones. ’

In relation to waste disposal at mea, it should be noted that the highly productive
areas in the oceans are often related to such physical features as cyclonic gyres upwelling
lateral boundary currenis, ocean fronts, i.e. all arcas of divergence. 411 theae ;onditiuns ’
are more or less conducive to high mtrient suppliea and primary production and zooplankton
concentrations, on which fish stocke and other marine life depend.

Corversely the ccean circulation gives rize to comrergence such as the Sargasso Sea,
..aquatorial corvergences and coagtal convergences. Although productivity iz generally low
in such areas, waste matier may accwmlate there, especialiy if it is resistant to degra—
dation.

The matural siress to which organisme are subjected veries in mamitude and freqmency,
For exarmple, ceascnal variations in temperature are extreme at high latitudes when compared
with the tropies. A high degree of measonal variability can also aeeur along ocean frontas.
It is always cold and dark in the deep water of the open ocean, while salinity, light, and
temperl*ature can change rapidly in eestuaries, on tidal, daily, and seasonmal time sca.le;. Tha
organisma living in such highly stressed environments have evolved to withgtand these changes
but may not be well adapled to artificial stress, Similarly, pellution wmight affect their !
capacity to adapt 1o natural changes,

Gpecial e:tttention miet be paid to animal migration. W erating species uee their acute
sense as & guide in hemirg on their wative region. Interference wilh the matural characteris—
tica of theee waters by introduction of foreign materials can disrupt fish's detection
processes. Dumped materials could concelvably mask natural characteristica of the sez water
or of tributary streams. This might confuse migrating fish, possibly to the extent that they
become lost and go unmepawned or fail 4o find food,

?lose!_\,f‘cclm‘:lﬂected to_theae agpects are spawning, mursery and feeding procesees of marine
organisms. tritical species, vertical and horizontal biological transports, bic-acowmlation
biotransformetion, taint should alme be considered. I

Depending upon the characteristics of the wagte material, certain general precautions
should be chaerved in plamning the disposal operations, If the wsate contains toxic materials
the dilution achieved during disposal and the subsequent mixing of the waste with sea water '
should ensure that the concentrations are not sufficient to damage the marine biota. For
substancen that setile to the bottem, areas of little or no benthic productivity ehould be
selected, or, if not posaible, the sacrifice of a part of the benthic population should be
assansed as part of the "cost" of the disposal.

guidelines can be given, For example, anslysia for total eoclids, total particulates, organic
matter and specific gravity will gemerslly be appliceble, Analyais for several trace metals,
pesticide compourda end PCBs will provide useful information on persiatent subatances; these
are likely to be present in many wastes.

Sea water has a coneiderable buffering capacity for acids and alkaliea. PFor example,
the acid-iron waste from the production of titanium dioxide wsing the sulphuric acid vroceas
is rapidly neutralized on relemse into the sea. Feollowing neutralization, the coriginal
ferroue pulphate is oxidized t¢ the ferric etate, thus exerting a chemlcal oxygen demand, and
ie precipitated as ferric hydroxide.

Under stagnant conditions, westes with a high chemical oxygen demand (COD} and/or bio—
chemical oxygen demand (BOD) can lead to deoxyzenation of the water or Lhe sediment {examples
are sewage sludee, pulp-mill wastes and food processing wastes). Thia decompesition of
organic matter can lead to release of larpge amounts of muitrients such as phogphate end
available nitrogen whiech, if not adeguately dispersed, can cause local enrichment of the
water and changes in epecies composition. In such circumstances, bleoms of algae, including
those associated with red-tides, may ccour and ultimately, on death and decay, cavse de-—
oxygernation and odour problems.

Gertain chemicals, of which the chlorephencls are probably the beat-known example, can,
even &f very low concentrations, cause tainting of fish and shellfish, rendering them un—
acceptable for human consumption. It is important, therefore, to aveid disposal of such
wagtes to the gea.

Other chemicals (e,g. oyanide, free chlorine, organephosphorus compourds} are acutely
toxic to marine life, In many cases, they are rather rapidiy rendered harmless by chemical
or biclogical processes, Cysnides, which are present in some heat treatment salts used in
the case-hardening of steels, are hydrolysed teo formic mcid and ammenia. Barium, which may
also be prosent in eome heat treatment salt mixtures, is pracipitated by the sulphate of the
sea water ae insoluble barium sulphate., Chlorine is reduced to chloride, which is a major
congtituent of sea water. The highly toxic organophosphorus compounds are hydrolysed in
sea water, with a half-1life ranging from & few days to several monthe. However, colloidal
elemental phosphorus is only very slowly oxidised in sea smier and has been known o cause
damage to marine resources {Jangaard, 1972).

Many heavy metals are accumlated by marine organisms, The special risks posed to
human health by mercury and cadmium are recognized by total prohibition of disposal {except
eg trace con‘ta.rninants) urder both Tumping Comwentions., Trveastigations have shown that,
in the mquatic environment, mercury im transformed into arganic mercury compounds, e.g.
methyl mercury, which are far more toxic than inorganic or metallic mercury {Jernelv, 1969).

Wastes containing other metals or elements such A8 lead, sinc, coupper and arsenic, can
be dumped tmt regquire special attention. 4 local build-up of eny of these compounds or
elementz 18 likely o be wndeasirable. Agmin, the chemical etate is important; in ineoluble
form, and in eome cases alse in complexed form, the acute toxicity of lead, =zinc and copper
i mach reduced, In anoxic areas of the pea, where hydrogen sulphide ocourn, many heavy
metals can he eliminated from the sea water by formetion of very insoluble matal sulphides.
One exception is iren, which as ferrous eulphide is more goluble in eea water than in the form
of ferric hydroxide which is the nermal form under oxygerated conditione. In some cases, the
pracipitation of heawvy metala as sulphides can be prevented by complexing agents present in
sea water which form soluble metal complexes. It should be noted that il has been fournd that
urder anoxie conditions, mercury sulphide is more pvluble in ses water than would be expecied
from its solubility product (TAEA, 1971).



It ghould ba pointed out that certain metals and organic substances are readily and
strongly adsorbed on to and/or absorbed into, particulate matter, such as clay or metal
hydroxides., There is some evidence thati in this form they are muich less readily available
to marine organiams, i.e, the risk of big-accumlatlon or texic effects is reduced. Similar
effects may alao be created by the formation of organic complexes, tut this would be largely
deperdent upon the siabllity of that complex, It should be noted that the valency state of
an element im of impsritance when ite effecta on marine organiems are to be predicted, e,z.
arsenic is lese foxic in the pentavalent form than the trivalent form, btut hexavalert
chromium is more toxic than trivalent chromium,

The incineration &t sea of chlorinated hydrecarbons resulis in the formation of large
amounts of gaseous hydrochloriec acid ani water vapour. These combine and condense to forim
droplets, which precipitate ueually within & relatively short distance of the incinerstion
vegsel. The acid is readily neuntralized by the sea water.

2.3 Physical characteristics and effecte

It is necessary to know wshether the waste ia a liquid or eolid, or & solid in suspension,

and the density of the waste am & whole and of any solide it may contain, since these
propertics will influence bhoth initial dilution, and subseguent dispersion and pettlement,
Bettling velocity will be influenced by the shape, size and deneity of the particles, and
aggregated matier willsettle more rapidly than individual particles of the eame density.
Trder ptratified conditions, particulate matter may be retained or have ite vertical dis-
peraion suppressed in a pyonocline layer,

Particulate material can influence the marine environment in several ways. If it
gettles in large amounts in & confined area, the benthic flors and faura will probably be
adversely affocted. IT the solids are organic, anoxic conditions could become established.

Althoueh in some sea areas the natural suspended particle load is high, addition of suspended

matier will increase turbidity and may cause discolouration of {the water with possible ad-
verze effecte on fisheries and recreational interests. Certain forme of particulate waste
may clog gill parfaces of marine fish, crustacea and bivalve shellfigh., If a waste is

practically inscluble and positively Puoyant, it will float and shipping or amenity interests

ray be adversely affected,
2.4 Organic mayter

In spite of the fact that natural dissolved organic substances decompose under favour—
abls conditions (Tuursma, 1965) they have & residence time of soms thousands of years in the

deep water of the open ceean (Williams, 1969). This means that an imiroduction of more siable

artificial organic compoundia into the deep ses could lead to an even longer residence time,

The conditions close o land are more favoureble for decomposition since, owing %o the presence
of solid matier, lower pressure and generally higher temperatures, the bacterial activities are
mich higher; as a result a rapid turnover of dissolved organic materiale is commonly obeerved

{Jarmasch, 1969; Jannasch at al, 1971 J. It should he noted, that the ratea of such processes
are substantially reduced a$ low iemperatures, e.z., in high latitudes.

Thie does not imply that dissolved organic materials should preferably be dumped in

coastal areas. It is clear that espects other than degradation are important. In particular,

some toxlc compounds are resistant to degradation. For certain materiale, dispoeal in
arcas far from land may be preferable to dilution and degradation in near—coagtal waters.
For artificial organic wastes ii ims usually ssfeat to neglect degradation (which may be very
slow), and to base the evaluation of limits on the concentration achieved bty physical die-
reraion.
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4, OTHER USES

Uses of the marine enviromment other than for cesan—dumping are manifold, they include
fishing, tramsportation, recreation including sport fishing, mining including chemical
extraction, aquaculture. In additicn eea water ie used as procese water, and cables are
lzid on the ocean fleor. Mary of these uses can be adversely affected by marine pollution,
but for the purpcses of this repert, only the relationships between the other uses and
ocean dumping are considered.

Fishing: Fighing is one of man's major activities in the magine environment, The
world fisheries (including all marine organisms) exceeded 65 x 10° metric tons in 1973
{Fa0, 1974}. It has been estimated that the maximum sustainable yield of word fisheries
may be about twice thls figure. .

Transportation: Shipping and transportation is another of the major usea of the sea,
and contimually increases, Ocean dumping operations might interfere with the shipping
directly by interference with navigation as well as by such effects as blockapes of cooling
systoms amd fouling of propellers.

Reareation:; Outdoor recreation increasee continmially and sea shore recreation ranks
as one of the most important, economically and socially; it is therefore important to aveid
the etranding of aegthetically urdesirable material euch as grease, plastic and other slowly
degradable organic matter.

Mining: Ocean mining on the bottom of the zea and extraction of chemlcals from sea
water may be affacted by impurities or physical obstructions infroduced by dwiping.

Agquaculture: Aguacultiure practices in marine and fremh water contribute, at present,
5-6 million metric tons to the world food supply of which abeut 85% is produced in Asia
and the Per Faet region (Rebansl, 1974). The potential ie great but economic factors
currently confina the practice to high quelity figh, irmvertebrates and seaweed.

Submarine cables snd pipelines: Submarine cables and pipelines may Le affected by
oeean dumping, chemicslly ac well as phyaically. EBeeides this possible direct effect of
dumping on submarine cables and pipelines, submarine slides triggered by dumping could he
a potential threat to them.

Scientific research: Geophysical expleration, meteorological-cceanographical measure—
monta, for instance by means of moored buoys, or even studies on variations in fish stocks
due to matural causes, may interfere with or be disturbed by dwmping activitiea.

5.  SITE SELECTION

The aelection of dumping sites rmist be made in such a way as to miniwmise the influence
on present amd potentiasl other uses of the sea.

5.1 Biolegical characterigtics

An evaluation of the biological sensitivity of & potential dumping area should always
be made, Disposal sites should, obvicusly, be selected to avoid areas of high biological
produotivity, intensive Tishing, breeding or rursery grounds, and migrating routes of
important fish rescurces. Some of these activities, such as breeding and migration, may
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Weptes with an average dengity higher than sea water dumped from an almost
stationary vessel, or in great amounte over a short period of time (order
of one hour), will eink dwe to thelr initial excess denmity and momentum.
Two phases of the initial dispersion can be defined {EPA, 1971).

{a} comvective descent - due to initial excepe denmity and momentum;

{v) collepse in a pycnocline layer where the falling waste clond can
be trapped.

The initial dilution appears in thie ceee to be of the order 1:100-1:500,

but this is based on relatively few observations (Crickmore, 1972; Kullenberg
1974}, Models have been conatructed for predicting the depth of penetration
{i.e. marimum depth) of the waste and the vertical concentration distritumtion
in the contaminated water column, but they suffer from mary simplifying
aseumptione snd approximations (&PA, 1971},

{ii} The subsequent environmental dispersion is due to the turbulent mixing and
the traneport by currents in the water. The rate of diapersion can be very
alow, and will depend primarily on several physical emvircnmental factors
to be discussed in section 5 on site selection. However, the dispersion
can be influenced coneiderably by the initial concentration distribution of
the waate immediately safter the dumping has been completed. This will depend
upon the method of dieposal, the characteristics of the waste, and the density
stratification of the dlspoeal area, Spreading over a large vertical distance
will in practically all cases favour & rapid subsequent dieperaion, Accumi~
lation of waste at density interfaces will always suppress the rate of the
subsequent dispersion, Such accwmlaticn can cccur by trapping of the falling
cloud of waste in the pycnocline layer, or by trepping of buoyant wastie mterial
at the surface, Trapping of krafi-mill effluent from a submarine diffuser outfall
has been demonstrated by Waldichuk {1964).

It can be comcluded that in all cases when & rapid diluticn is required, the method
of disposal should be in the wake of a steaming ship. In general, an initial dilution as
high as feasible should be secured; reasonable values which can be achieved under normal
conditione are in the range 1:200-1:2000 (Weichart, 1972; Crickmore, 19723 Abraham et al,,
1972; EPA, 1971). -

Since both the dieposal technique and the waste characteristics can be adjusted, at
least to a certain extent, an initial dilution can weually be obteined which will meet
requirements for minimmm impact on the ervironment. Generally, trapping or collapse in
pyenoeline layera should be avoided.

The dumping frequency should be adjusted according to the capacity and dispersion
characteristice in the dumping area: in areas of rapid mixing and transport, the fregquency
of disposal can be higher than in areas of lees vigorous dispersion. A& build-up of waste
materials in the water column ghould be avoided., As a useful generalization, the dumping
locations and frequency should be adjusted eo that individual waste clouds do not overlap.
This wWill be relatively ezey in the open sea but may be imposeible in an eatuvary, 4
preliminary assessment can be made on the basis of the current conditions in the area, such
as tidal, wind-generated, and residual currents,

2.5 Sewage sludge and dredge spoile

On the bapip of U.S. and European figures, the largestbulk of materials dumped into the
gea ie dredge epoils (about 50 per cent) and sewage sludge (about 10 per cent). For this
reason, epecial attention ims given to these wasies. Both can be contaminated with metals,
bacteria and virwses, polymclear aromatic hydrocarbone, petroleum hydrocarbonas amd organc—
halogens.

Dredge spoils consist of a heterogeneouns aggregation of materials, very often anoric,
in a broad mpectrum of mizes, ranging from submicren clay particles to stones of many
contimetres in diameter, with often a large proportion of orgenic material. Sewage sludpe
ie a more wniform mixture of finer orgenic and inorganic substances,

The principal ecelogical problems arising from the disposal of dredge spoils and
sewage pludges are the large oxygen demand and depomition on the bottom to considerable
thickness, Both may also have associated human health implications. Decompesition of the
organic content of dredge spoils or of eewape sludge, particularly undigestied sludpe, can
deoxygenate both the eediments snd the overlying weier and lead to the formation of highly
toxiec hydrogen sulphide.

The health hazard posed by pathogenic bacteria in sewrge sludge oan be diminished by
digestion, For these reagons the dumping of sewage sludges must always he carsfully
operated acoording to the local oceanographic conditions. Only dilutlon will decrease
residual hazards of the wviruses, In order o cause human diseases, pathogenic agenta
muat be ingested at certain minimm infecting doses.

2.6 Eulky and containerized wastes

The delibterate placing on the sea bed of tulky cbjects, such as old cars and car tyres,
hae been advecated by mmerous interested parties and has heen carried cut on an experimental
basis in & few acuntiries, The artificial reefs so formed are usually reportsd to provide good
settling surfaces for a variety of eessile organisma, and havens for creatures such as
lobsters; they aleo appear to be atiractive to a variety of apecies of interest to sport
fighermen. BPaled municipal wastems may provide similar havens, but buoyant materials, e.g.
plastic, met either be packed so that they do not return to the surface, or be pretreated
in an appropriate way. In many of the continental shelf areas trawl fishing ie ao intensive
that great care would he neceseary in order to avold irterference with fishing activities.

Particular care is reguired in relation to areas of fishing aciivity when dumping waste
in containers. The recovery of such containers in the course of fishing operations could be
hazardous to the crew of the fishing vessel, especially as the container is likely to be
geriously weakened by corrosion. Under the terws of the Osle Convention, disposal of bulky
and containerized waates is prohitited except in deep water.

It is considered necessary when dumping & containerized waste in the aea to ensure that
digposal aveids known deep-e2a cables, in case these might be danaped by the impact of a
container on the cable. In several inatances wastes are containerised to avoid releage of
the waste in the upper or middle layers of the ocean., Cecchaiorally the waeie may ba in a
container merely because this provides a convenient means of handling. However, mont wastes
digposed of in containers are toxic to men, OF the exanmples known to the members of the
Working Group, mest wastes dumped in containers are solids and alse toxic to marine organisms,
But mince they are alsc aclide in most cmses, they will dimssclve only slowly into the deep
vater layers and the srea likely to be affected by toxic action can be ahown to be relatively
small (National Acedemy of Sciences - National Research Council, 1962}, In sowme cases, wastes



dumped in containers are either mixed with conecrete or the container is encapsulated in
conerete; in beth cases the rate of release of the waste to the water im likely to be
mich reduced. Nevertheless any marine organisms in the immediate area of & container
of wamte on the deep sea Floor may be at risk.

The areas of interest from s commercial fisheriem poimt of view now extend to the
continental slope regione down to at leapt 1000 m, Therefore if such waptes are to be
disposed of in deep water, they ghould be dumped well awsy from the continental elopes,
Similarly the higher regions of desp-sea ridges should be avoided., It should be noted
that, althouph no definition ie gsiven in the London Comvention, for the purpose of the
Celo Corvention, deep-water dumping sreas are gefined as being at least: 2000 m deep
and 150 neutical milee from land; additionally it has been agreed that dumping should not
teke place within 20 nautiecal miles of any known cables. However, these criteria alone
are not sufficient, and care should be taken to aveid ecologically sensitive areas.

3. METHOD OF DISPOSAL

Tumping ism defined by the terma of the London Comvention on the Pumping of Wastaes
at Sea as an intermittent injection of waste materials into the ges, and it is pertinent
to distinguish between the dumping of: )

{i} waste confined in conteiners, er in the form of compacted balea, and/er
tulky acrap materiale; and

{(i1) uncontained waste in a bulk cargo.
1.1 Confined wastes

Wastes of & heterogenecus type can be handled much more readily in contained form
than in bulk, unincorporated state. Mumicipal solid wastes can, by high pressure compaction,
be transformed imte stable bales suitable for traneportation.

The primary requiremente for the containers and bales are that they meet the appropriate
iransport regulations and retain their contenta during the descent to the sea bed, or sone
pre—determined intermediate depth, In a situation where prolonged confinement is required,
the containers should not break owing 4o the increaged pressure. Their overall density
ghould exceed 1,2 g/cm3.

Depending on the shape, size, integrity and waight of containers of waste, and the
character of the sea bottom where the containers are dropped, there are a mumber of ways in
which the containers way behave:

{i} soink intact into the bottom coge without dipintegration;

{ii) sink into the bottom coze and dieintegrate;

(1il} remain intact and sealed indefinitely on tkebottom without significant
renetration;

{iv) rupture en impact accidentally, or deliberately charged to do mo, epewing
their contents onto the ocean floor amd into the overlying watery

{v} implode unler the high preseure, or gradually disintegrate on the bottom,
releasing their contents to the surroundings,

If the container and contents sink inte the bottom cosze, witheut dizintegration, they
will, in effect, te permanently interred in bottom sediments. Provided the bottom is not
dimturbed later by mining or deep dredging activities, the effect on the bottom water and
gediment will be minimal. Disintegration after peneirating the medimentis would lead to
local sediment contamination, If the container explodes or impleder, because of pressurae,
impact or exploaive, the contents will be suddenly released to the water and sediments.

3.2 Pulk cargo wastes: Release techniques

In this case the waetes are discharged from barges in bulk, Usually two types of
barges are used, self-propelled or towed, discharging either by pumping or by gravitstion.
In small dredging operations bottom release (bottom dump) mey be used, whereas automated
tank barges are used for sewage and indusirial sludges and liquids,

The eize of the bargee varies from 300 to 8000 tone, and the diacharge is uswally about
5 metree below the surface through pipes which can have diameters in the range 10-60 om,
The release is uwsually carried out at speeds of 6-10 knots, at a discharge rate of 4-251 tons/
mirmte. GSewage gludge is usually discharged from a hopper barge at a rate of 100-200 tone/
mimte, using grevity alone or in combination with low preseure air (iIFA, 1971}.

The incineration at sea of combustible waste materials can result in the formation of
large amounts of gmses. In momt cases, these will be traneferred hack te the nea by the
precipitation, The subaequent spreading of the remains, mainly in the surface layer, can
be expected to be fairly rapld in moat cases.

1.3 Bulk cargo wastes: TDisperaion

The relsase technique has a considerable influence on the initial dilution and conse-
quently the long—term phyeical dispersion in the marine ervironment.

Fhysical dispersion is defined as the combined action of (a) mizing on releapse followed
by the turbulent mixing in the sea, and (t) the transport by currents. An effective
disperasion requires good mixing conditions and a high rate of exchange between the dumping
area snd the surrounding sea, so that the waste becomes diluled by a large volume of watar,
It is primarily by means of the physical dispersion that the impact of the waste on the
marine enviromment can be controlled, However, am noted earlier, there are a mumber of other
processes acting in the eame direction and these help to minimize the impact.

Two steges of the dispersion phase are considered, namely the initial phase covering
the ipitial dilution, and the esubeequent disperaion,

{i} The mixing on release will depend both upon the characterimtics of the
waste and the technicque of releape. The important phyeical characteristics
of the waete in this connexion are the density distribution, the content of
solids and their sige dietribution. The initial dilution is mainly comtrolled
by the rate of release and the speed of the vessal during release,

In areas where there is mome degree of denaity stratification, the waste material
can be dimpersed, sc as to retain it temporarily in the surface layer, by releasing
it into the weke of the steaming ship. An initial dilution of the order of 1:3000
of the waste shortly after release will reduce the density of the mixture to an
acceptable level under wost stratified marine conditions. Thia dilution is usually
reached sbout 500 m astern of the ship, in ites wake, at speeds of 6-8 knots
{aAbraham et al., 1972). When the water column is homeseneour, the conteminated
vater will sink or remain at the rurface, depending upon whether the demsity of

the waste is greater than, less than or the same as, that of sea water.



