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of the sponsoring Agencies and appears in the following decumentation series:

IMCO -
FAD -
UNESCO -
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WHO -

Marine Pollution Circular (OPS/Circ . . .)
Fishery Reports

UNESCO Technical Papers on Marine Science
WMO Reports on Marine Science Affairs

WHO Water Pollution Series (WHO/W/POLL/ . .)

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

Permission may be granted by any one of the sponsoring Agencies for the
Report to be wholly or partly reproduced in publications, provided that
the source of the aextract and the condition mentioned in 2 above are indicated.
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IMCO/FAO/UNESCO/WNO/WHO/IAEA /UN JOINT GROUP OF
EXPERTS ON THE SCIENTIFIC ASPECTS OF MARINE POLLUTION

REPORT OF THE THIRD SESSION

{Rome, 22~27 February 1971) |

Opening of the Meeting

1., The Joint Group of Experts on the Scientific Aspects of Marine Pollution {GESAMF)
held its Third Sesaion at PAC Headquarters, Rome, 22-27 February 197%. The Chairman
(Dre M. Waldichuk) opened the session with a special welcome t0 new members and to the
ropresentativea of the United Nations which had recently joined INCO, FAQ, UNESCO, WMO,
WHO, and IARA in eponsoring OESAMP.

2. Mr., F.B. Popper, Director of Programme Coordination and Cperations of the FAO Depari-
memt of Fisheries, gave a welcoming address on behalf of the Director-General of FAOQ,
siressing the service that the Group had already provided to FAQ, particularly in con-
nection with its recently convened Technical Conference on ¥arine Pollution and its Effecis
on Living Resources and Fishing. He noted that FAO and other Agencies would be Baeking
further advice from GESAMP on various matters related to water pollution, partioularly in
the development of the Long-Term and Expanded Programme of Oceanic Research, on the global
monitoring system which will have to be designed, and in the preparations for the forth-
coming UN Con.ference on the Huma.n Environment .

3., The Agenda of the Third Sesaion, as adopted by the Group, is attached as Annex I and
a liet of documents ies shown as Annex II., A full list of participante, comprising experts,
representatives, observers and members of the Secretariat, is attached as Annex III.

Inter-sessional activities, particularly on the state of preparation of reviews on
lechnical matters requeated from members

4. The Administrative Secretary informed the Group of inter-sessional meetings of the
repregentatives of the Sponsoring Agencies. These discussions had resulted imier alia in
the preparation of an "Updated Memorandum on the Joint Group of Experts on the Scientifio
Aspects of Marine Pollution", which was subSequently approved by the Executive Heads of the
Sponsoring Agencies and put into effect on 27 July 1970.

5. The Group noted that with reference to the Report of the Second Session (GESAMP II/11)
follow=up action had been taken as follows:

{a) The material prepared by the Group on Marine Pollution which may result from the
Explorstion and Exploitation of the Sea-bed and Ocean Flcor and its Subsoil
beyond the limits of Kational Jurisdiction (paragraph 1% and Annex IV), was for-
warded to the UN Secretary-General on 24 March 1970. This informetion, together
with certain papers submitted to the (roup, was utilized by the UN Seoretariat
in preparing the Report of the UN Secretary-General, as called for by UN
Resolution 2467 B {XXIII).

(b) The preliminary Review of Harmful Chemical Substances shown ag Annex V was also
brought to the atiention of the UN Secretary-General, This material had been
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utilized ap part of a report being prepared by the UN Secretary-feneral in
implementation of UN Resolution 2566 (XXIV), and in connection with the pre—
peration for the UN Conference on the Human Enviromment in 1972.

6. The representative of the UN informed the Group that the United Kations was now
formally & spongor of GESAMP and made a statement on the Organization's activities relating
1o marine pollution. The Technical Secretary of each Sponscring Agency also informed the
Group of activities undertaken during the inter-sessional period which were of imterest or
related to the work of the Group.

Implementation of Operative Par: 1(a) of UK General Aseembly Reeolution 2566 {IXIV)

7e &8 indioated in the Repori of its Second Seesion (GESAMP II/11, paragraph 19), the Group
had continued, in the inter-sessional period, studies related to the fulure development of
the preliminary Review of Harmful Chemical Substancee called for by General Assembly
Resolution 2566 (XXIV). These studies, together with further informetion which had become
available, enabled a oconsiderable enlargement and revision of the Review to be made by &
panel of expertes which met during the Third Session under the chairmanship of Dr. Heds Cola
The Group agreed that the revised version of the Review, attached es Annex IV to this
Report, should now be substituted for the preliminary version (GESAMP II/11, Annex V).

It was also agreed that, during the next inter—eessional period, the panel should ¢arry

out further work for incorporation in the Review:

(a) +to elaborate Table 2 with respect t0 organic compounds and waetes; and

{b) to prepare a Pummary describing the treatment of certain pollutants before they
are discharged, with 2 view to reducing pollution.

Identification of Noxious and Maszardous Cargoes

8¢ In continuation of its work on the identification of noxious and hazardous cargoes as
reguested by IMCO, 2 panel of experte set up in the United Kingdom consisting of Mr. Je.
Wardley Smith (Cbairman), Dr. JeBs Portmann, Mr. A.R. Agg and Dr. PSS Elias, carried out
& detailed study of the problem. The Group at this session received a repert from the
panel, which contained a draft doocument showing lists of selected substantes under two
main categories, together with & descripiive preamble drawing attention to important
matiers which had been {taken into account when compiling the lists. Aff{er making approp—
riate amendments, the Group approved the document as shown in Annex W

9. It was agreed that, subject to the limitations specifisd in the preamble, the lisis
shonld provide a useful guide for the development of further international measures to
prevent and control marine pollution emanating from ships. Nevertheless in reaching this
decision, the Group felt that it would be advisable to keep the lists under review, 8So as
to talke full account of future research and developmente, particularly with regard to the
poseible long-—term effecis of mome of the pollutants concerned, and the imtroduction of
new substances which may call for similar contrel measures.

Marine Pollution Problems in relation to the L_gs;—term and Expanded Programme of Oceanic
Ex;nlorat:on and Reaea.rch {LEPOR )

10. The section on Marine Pollution in the Report of the First Session of the 10C Group of
Experts on Long-term Scientific Policy and Planning (GELTSPAP I/l? issued under cover of GESAMP
I11/11) was brought before GESAMP for review and advice. A Panel under the chairmanship

of Dr. Joseph, considered this Report in the light of other information available, such as

the conclusion and recommendations of the FAQ Technical Conference on Marine Pollution and

ite Effects on Living Resourcee and Fishing. The panel noted the wvarious projects proposed

in the GELTSPAP document, and commented on each according to feasibility, possible further
elaboration, modification and additions., The report of this panel, as adopted by the

Group, ie atitached as Avmex VI. The Group alse generally endorsed the eteps being
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taken to establish cooperative exercises related to marine pollution.

11. A panel, under the chairmanship of Dr. doldberg, comBidered the scientific basis for a
monitoring system for marine pollution. It was noted that the second aspect of this agenda
item, "registration of deliberaie or accidental discharges into the marine environmemt',
wag a subject that should have separate coneideration by carefully selected experts, not
necessarily from within the Group itself, With regard o monitoring, the panel prepared a
report outlining a plan for a baseline monitoring progremme in three regions, each having
unique characteristiocs: Baltic Sea, North Sea and Puget Sound, The measurement of five
geta of chemical constituents were detailed, i.e., halogenated hydrocarbons, petroleum,
heavy metals, radioactive miclides and mutrients. Examples of laborziories which appeared
to be potentially capable of carrying ocut sampling and measurements for the constituents
in 3a.ch of the three regions were listed. The Group adopted this report as attached (Ammex
VIi),

Dispersion and movement of Pollutants in the sea by nmatural physical processes

12, DIr, Simonmov gave & brief progress report relating to studies in the (S8R pertaining to
physical dispersion processes which would affect westes discharged into the sea., He
indicated that some real mathematical difficulties were encountered, but a report now under
preparation would be made available. Mr, Tendron also distributed for information a note
giving some results of the "“Messages at Sea Programme", which had earlier been submitted

to IMCO. / 170 4
13. A Dbrief account of some work in progress was given concerning the factoras affecting .

the dispersal of wastes in containers dumped into relatively shallow water. Mention was
made of the recent Norwegian report ai the FAO Technical Conference on Marine Pollution and
its Effects on Living Resources and Pishing stating that containers were being recovered
by Norwegian fishermen, I% was pointed out that this phenomenon is an isolatdd one, and
that such recoveries of waste containers have not been reported regularly by other nations
fishing in the North Sea. It alsc seemed apparent, however, that muck was still unknown
about the dispersal of containers in shallow water and of factors such as currents, and
transport induced by surface waves of sufficient size and period, acting perhaps in
ooﬁ-?%ation witk currenis. It wa® Buggested that studies related to the movements of
objects on the bottom would be useful for prediction purposes.

14. A brief account was also given of U8, modelling studies of pipeline diffusers and
dispersion of effluents from pipelines under varying environmental conditjons. The
complexities of the problem were emphasized. - For example deneity stratification effects
are 8till not entirely understood and efforts to develop & multilayer circulation model on
a high speed digital computer are in progress., In addition, models which fully take into
account the dispersal of particulate matter discharged from submerged pipelines are still
under early development. '

15« A summary statement was made of the miate of itha art regarding dispersal and dif on
processes pertaining o surface and subesuwwfase-pallutants. In general, it seems that it

is posBible to0 predict surface movement in the open sea in offshore areas with reasonable
precision, There is, however, Btill insufficlent knowledge about estuarine and shallow
water di=spersion. It was alse pointed out that at present there is no adequate technique
available for studies of deep sea diffusion, especially in relation to dispersal of toxic
wastes.

16, It was Buggested that studies of@__p_;?‘;g@phenomem might be classed into three
categories, namely: (1) estuaries, (2) Fhallow water coastal areas and (3) deep water
studies. With reference to estuaries, the complexities of sedimentation effects and the
multilayer nature of the system were pointed out. For coastal studiea it was stated that-
some experimental work permits calculation of the zone of maximum current velocity basedon
the distance from shore and other physical factors. In general, the group was of the
opinion that oonsiderably more field observational work is needed, especially in the deep
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geas and in coastal areas where multilayer systems are involved.

Pollution of the Sea through the Atmosphere

17« Under this heading, the Group examined a report prepared by Dr. K.O. Minnich, which
contained a preliminary review of the various complex problems involved. Transport
wechaniswe of only lead and DDT were discussed a® typical examples of different dbehaviour
of substances in the atmosphere, particularly in terms of the vapour pressure of these
substances, The vapour pressure of DID7T, although over 1 000 times lese than that of
mercury, is sufficient to hold subetsntial amounts of IDT as a vepour in the atmosphere.
4 subetance like DDT, even if introduced in eolid or liquid form, hes enough time, at least
partially, to evaporate; the atmosphere is still far from eaturated with this vepour as it
can held around 107 tons of DDT in vapour form, i.e. nearly 10 to 100 times the estimated
yearly input into the atmosphere.

18+ Lead and DDT are introduced into the atmosphere.i’rqmsthe continents. From thie source,
the yearly global input has been estimated to be 1.5 x 10~ tone, They then enter the oceans
either imcorporated in the precipitetion as asrogol perticles or by direct molecular imnact
on the sse surface. With regard to lead, the main source is autemobile exhaust, which
takes aerosol form. Thus, the totel amount of lead introduced into the atmosphere ie pre-
cipitated by rain., With the residence time assumed (ten days), the total atmospheric lead
inventory should be about 4 000 tons. Comtrary to lead, however, DDT once introduced into
the atmosphere in particle form, will evaporate to a considerable extent during iis rain=
Boavenging residence time of ten days. This means that DDT reaches the sea both in aeroscl
particle form and primarily by direct molecular impact. In thie connection, reference was
made to a study by Dr. E.D. Goldberg, et al., which assumed, on the basis of British measure-
ments of DDT in rain, that aboui 2.4 x 0% Tons of DDT are transported yeariy to the oceans
by rainfall., The Group was further informed that at least half of the total amount of IDT
utilized enters the sea through the atmosphere., FPossibly an even higher percentage of lead
enters the sea by the mame path. -

19+ The Group wes well sware of the fact that many marine pellutants reach the ocean in
eignificant quantities via the atmosphere and, for some meterials, thie i® the principal
pathway. In view of thie and other pointe arieing in discuasion, the Group:

{a} Recommended the evaluation of the atmospheric fallw-out of other pollutants
such as mercury, etc,, along the same lines as developed for lead and DDT.

(b) Concurred with the suggestion of Dr. Goldberg to direct attention to the
combustion of Fossil fuels as a major source of a significant number of
atmospheric pollutants such as mercury, which will enter the ocean by various
mechanisms. :

(c) Recommended monitoring of pollutants both in the atmosphere over the ocean and
in the surface water to corroborate the conclusionsdrawn theoretically regarding
the transfer of pollutants. This might be done by ocean weather ships t0 some
extent, but any kind of additional studies by research vessels of pollutants
and other suitable trace substances, in both the surface water and the
atmosphere above it, should be encouraged.

(¢) Supporied the suggestion made by Dr. Mimich to evaluate the existing information
on the vertical mixing in the ccean, based on the measured vertical distribution
of tritium produced by the nuclear weapons tests of the last decade. These dota
provide a useful basis for estimatps of the vertical spread of pollutants by
bulk transport. Thie is also of help &8 a baseline informmtion in caBes where
there exists additiomal gravitationsl transport by incorporation or adsorption
1o micro-~organisms. Further trace studies as with envirommental tritium or with
the radon for the near-bottom mixing processes should be encouraged.
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Other Special Scientific Problems related to LEPOR

20, The Group had before it a Draft Report on "Principles for limiting the introduction of
radicactive waste into the sea" produced by the IAEA Panel on Procedures for Establishing
Limits For Radionuclides in the Sea and expected to be published under co-sponsorship of
TAEA and WHO (GESAMP I1I/3). The Report sets out basic principles concerning the marine
disposal of radioactive wastes and indicates how these principles can be applied in practice,

2. The Group considered that these principles could be taken as an example of an approach
toward the establishment of limite of dispesal of other harmful substances into the sea.

The Group endorsed the Draft Report in its present form. The members were invited to
study and comment upon it during the inter-sessional period for further consideration at

its next session, The Group requested the co-sponsors to circulate the Final Report to
menbers as soon as it becomes available.

Microbiological and Toxicological Aspects of Marine Pollution with particular reference
tc Public Health

22. The Group considered and discussed papers submitted by some experts concerning micro-
biological and toxicological problems arising from discharge of pollutants in the marine
environment, as wvell as technical aspects of coastal pollution contrel. These documents
are referred ¢ in some detail in Annex VIII.

Microbiological aspects

23. The Group reviewed a number of pathogenic agents, and their significance in relation
to bathing and to shellfish production. It was considered important to improve the
efficiency of retenticn of virus and bacteria by sewage treatment plants, and also to use
cholimetry im sadition to biclegical and chemical analyses for surveillance and control of
the function of such plante,

Sunctlon o such plants

24, The experts expressed the desirability of protecting those waters vwhere shellfish are
c%;;ixazed_£:nm_ngllgziggi The ideal solution weould be fo Cease discharging waste in their
vicinity. If this vere impossible, only discharge of wastewaters adequately purified to
meet the necessary criteria should be allowed. However, some members of the Group stressed
the technical difficulties of total purification.

Toxicological aspects

25. At the Second Session of GESAMP, the WHO Technical Secretary indicated that his Agency
would seek further advice concerning the toxicoelogical aspects of marine pollution. The
Group, using the word "toxicology" in a broad semse, considered general aspects of
toxicology of pollutants in relation to marine organisms and (indirectly) to man.

26. The Group emphasized the need for establishment of "toxicity profiles" based on
physiclogical, histological and other effects of toxic agents on a range of selected marine
species or organisms, and at different stages of development. As for toxicity standards
in human and domestic animal foods the current standards and techniques should be employed.
It was recognized that there is an enormous lack of toxicoleogical data on marine food
products containing toxic agents.

27« (a) The Group recommended that long-term texicity experiments be conducted onh
selected heavy metals, chlorinated hydrocarbons and other persistent
intoxicants which may accumulate in marine organisms, in order 1o establish
the levels at which there are no detectable effects.
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(h) Joint groups of internatrional experts convened by WHO and FAO have already
studied and recommended limits in daily intake levels and tolerances for a
number of toxic compounds. It is recommended that in the future work of
these committees, they take into consideration the persistence of these
toxic agents in the envircnment and their bio-accumulative characteristics.
The Group also recommended that a joint FAQ/WHO committee establish practical
residue limits for persistent compounds such as mercury, PCBs, organochlerine
insecticides, etc., in marine food products which are being consumed by man
and domestic animals.,

{(¢) The Group recommended that further epidemiological field studies be conducted
on marine biotoxins as they may affect the future economic development of
marine resources with special reference to tropical regions of the world.
There is alsc a need for additional information on the chemical, toxicological,
and pharmacological properties of these poisons from the above-mentioned
regions, The Group noted in this regard the establishment of an FAQ/WHO
Bictoxicological Centre in Colton, U.S.A.

(d) The Group endorsed the recommendations made regarding the toxicological
problems as presented in the FAO Technical Conference on Marine Pollution
and its Effects on Living Resources and Fishing, 9-18 December 1970.

(e) Observations of cancerous growths, skin ulcerations, and other pathological
changes in marine organisms were brought to the attention ¢f the Group.
These conditions have been reported to occur in the Baltic Sea, New York
Bight, Puget Sound, and along the Southern California coast {Los Angeles
and Orange Counties) involving a variety of species of fish. The Group
recommended. that the occurrence of such changes in marine organisms be
investigated in order to determine the causal relationships to toxic
pollutants, if any, as well as any potential bearing on public health.

28. The Group reviewed the scope of the Long-term and Expanded Programme of Oceanic
Exploration and Research, and it was felt that in conjunction with further development of
the LEPOR programme, the aforementioned recommendations regarding toxicological research
should be taken into account.

Pollution control

29. The Group also discussed scientific and technical questiong for the control of
coastal pollution, from land-based industrial and domestic scurces, and pointed out the
problems related to regulation of industrial waste discharges into a municipal sewer

system (see Annex VIII). In considering the factors which might influence the development
of a policy for prevention of marine pellution, prevention of pollution at its source was
felt to be the ideal longterm approach although it could involve political, as well as
economic and land-use management implications. This matter was suggested to be brought to
the attention of the UN Conference on Froblems of the Human Environment {Stockholm 1972).

30. The application of existing knowledge with regard to treatment of domestic and
industrial waste permits the control of pollution locally in most cases. The Group felt,
however, that international encouragement and support for a policy of application of known
methods of contrel would be helpful, particularly for countries which have not yet started
to control pellution, or are in the process of doing so0.

31. The Group discussed the pogsibility of eiaborating quality criteria on an international
level, as a guide for the discharge of effluents into coastal waters.
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FAQ Technical Conference on Marine Pollution and ite Effects on Living Resources and
Fishing

The Secretary of the FAQ Conference, Dr. M. Ruivo, described the main resulte of the
Conferencs, referring to the section reports and recommendations,

Of particular intersst to the work of the Group were a numbar of recommendstions desaling
with the scientific baeie for a monitoring sysgtem, dumping, standardigation and iniere
calibration of methods; dispersion and transport of pollutants; predietion of fate and
effects; technical amsistance in various forms; vulnerable regions or ecosystems; and
effects of pollution on organisms,

It wae noted that the relevant recommendations had been of value in the discussion of
several agenda items, especially items 5.1, 5.2 and 6.

Information System concerning Marine Pollution

The development of san exchange gervice for data related to marine pollution was considered
to be premeture, The FAO Fishery Data Centre was requested to pay special attention to euch
data, in close communication with the IOC and SOOR/A(‘MI{R sworking groups on the subject.

Mr, Akylls reported on the FAO scientific information syetem on aguatic sciences
(GESANP 111/9), noting particulariy that a new publication, "Aquatic Sciences and Fisheries
Abstracte™, will appear in July 1971 as & merger of "Current Bibliography for Amuatic Soiences
and Fisheries™ and "Aquatic Biology Abatracts", A panel of experts, with Profesgor Clark
acting as Chairman, examined the problem of information during the Session,

The panel prepared a report which emphasiged the need for an absiracting service giving
all literature with relevance to marine pollution in a single journal, ﬁhe need was also
noted for abstracte of publications in non<Eurcpean languages,

The Group accepted the panel's final report (Ammex IX), and it was agreed that this
report should be brought forward at the next meeting of the FAO Advisory Commitiee on
Marine Resources Research (ACMRR),

Future Work Programme

In considering the incompleted iteme in its work programme, the Group recognigzed thst
the following were main taske which would need to be purened during the coming inter—
sesgional period:

{a) In respect of the Review of Harmful Chemical Substances (Annex IV), further
elaboration of Table 2 with respect to organic substances, and preparation of
a2 pummary describing possible means of treatment of certain pollutants before
discharge and reduction of pollution levels.

{b) Depending on the response of the IOC Bureau and Conguliative Council to the
Report of the First Meeting of GELTSPAP (GELTSPAP 1/17), development of the
programme elements of the Global Investigation of Pollution in the Marine
Environment and other related matiers arising in comnection with LEPOR, including
recommendations of the FAQ Technical Confersnce on Marine Pollution and its
Effects on Living Resources snd Fishing,

This task is to be purpued in ocoperation with the soientific advisory bodies of the
I0C (SCOR, ACMRR, ACOMR) and it will probably be necessary in the near future for the Chairman
of QESAMP to meet the officers of thess bodies, and representatives of the IOC and of the
Agencies supporting the IOC, to work out appropriate arrangements for shaping this task, and
acting jointly where necessary.
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In connection with the new tasks of the (roup the representatives of IOC and FAQ (ACMRR)
indicatsd that as a result of the meeting of the I0C Working CUroup on Education and Training
in Marine Science recently held in Malta, the Group would be called upon to advise on
curricula, programming and other aspects of gpecial education and training arrangements
particularly with a view to training specialists in chemical methods and increasing public
awarensse of pollutiom problems,

The Group, whilst recognizing that its future work programme would depend upon the Agenda
for the next session whioch had yet to be determined by the sponscring agencies, considered
it useful to undertake inter-sessional work on the following new tasks, the need for which
appeared likely to arise 23 a consequence of work done so far:

(a) development of oriteria for intercalibration of methcds of chemical analysis of
pollutants, particularly oil producis;

(v} consideration of methods of gsewage and industirial waste treatment, with a view
%o minimizing pollution from thie somrce;

{c) examination of wastes from chemical processes which may constitute new sources
~of pollution;

{d) compilation of information on available bioassay techniques:

(e) development of quality criteria, as a guide for the discharge of effluents
inte coastal waters,

Date and place of next Sesaion

The Oroup was informed that WMO would act as howt agency for the Fourth Seseion which
vwas tentatively scheduled to be held in (eneva from & to 10 March 1972. It was envisaged
that the Fifth Seasion in 1973 would be held in Vienns at the invitation of TAEA.

Preparations for the UN Conference on Human Environment

The Group was informed by Mr, P. Thacher, Senior Programme Officer of the UN
Secretariat for the Conference on Human Environment, of the decisions reached at the
Second Session of the Preparatory Commitiee for the Conference which was held in Geneva
from 8 to 19 February 1971, The Committee had taken particular note of the Report of
the Group's Second Session (GESAMP II/11) and had decided to establish inter—governmental
working groupe inter alia on marine pellution and on envirommental monitoring. These
groups are expected to meet during the summer of 1971 to consider possible areas for
action by the Conference, I1 was intended that the Working Group on Pollution would meet
firast so that its views could be passed to the (roup on Monitering which would also be
considering the feasibility of establishing possible release limits for very harmful
poliutanta, The terms of reference of these groups were noted, The Group considered
that the final report of the present session, containing the Revised Review of Harmful
Chemical Substances, would make a significant contribution to the preparatory work for the
Conference, and invited the sponsoring agencies to make the report available io these
Working Groups, ‘The (roup expressed its readiness to carry out any further tasks in this
field which might be brought to its attention by the sponsoring agencies,

Other matfers

The representative of ILO brought to the attention of the Uroup a resolution concerning
Seamen's Welfare on Board Vessels (Sewage Disposal) adopted by the 55th (Maritime) Conference
of ILO, which regquested collaboration between ILO and IMCO with the object of considering the
possibility of improving methods of sewage disposal from veasels,
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The chaserver from IAMS suggested that the information on ricrobiclogical aspects of
marine pollution would be useful for the work of the Group. The Croup invited IAMS te
prapare a paper in this field for consideration at ites next eeseion,

It was suggested by Dr., J. Ui that it would be useful if a small "floating panel” of
experts could be set up to investigate special problems (i.e. pollution by heavy metalgs,
biotoxine, other biocides, the eoffectiveness of quality standards for sffluents and sea—
water conditions, public awareness of pollution problems, stc.) by travelling and vieiting
actual and possible sites of pollution. Thig could perhaps be done either by a national or
an international arrvangement. The Group felt that the establishment of such a panel would
undoubtedly be useful and any such project was to be encouraged provided the necessary
finan¢ial and other arrangements could be made. In this connection the Group recallied the
suggestions made at its first seesion (CGESAMP 1/11, pars. 50) with reference to the possi-
bility of arranging for "on the epoi" investigations and advice in the event of major
aceidents involving pollutioen,

Election of Chairman for next inter-sessional period and for the Fourth Session

The Croup unanimously re-slected Dr. M, Waldishuk as Chairman for the next inter—
- mesmional period and for the Fourth Session. The Group also slected Ir, H.A. Cole as=
Vice=Chairman.
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AGENDA

Cpening of the meeting.
Adoption of the agenda.

Progress reports on inter-sesgional activities, particularly on the state of preparation
of reviewa on tachnical matters requested from members,

Preparation of review of harmful chemical substanuces in implementation of operative
paragraph 1{a} of UN General Assembly Resolution 2566 (XXIV).

Tdentification of noxious and hazardous caprgoes,

Marine Pollution Preobleme in relation to the Long-term and Expanded Programme of Qceanic
Exploration and Research (LEPOR).

5«1 General discuseion, ineluding advice to I0OC and its Group of Experts on
Long-term Scientific Policy and Planning.

5.2 BScientific basis for a monitoring aystem for marine pellution, including
regigiration of deliberate or accidemtal discharges into the marine
environment,

5«3 Digpersion and movement of surface and gub=surface pollutants by natural
phyeical procesees.

5.4 Pollution of the sea through the atmosphere.

5,5 Other special seientific problems.

Health aspecte of marine pellution,

6.1 Microbiological pollutants.

6.2 Toxicological problems,

6.3 Technical and scientific aspecte of coastal pollution control.

Follow-up of the FAO Technical Conference on Marine Pollution and its Effects on Living
Resources and Fishing (Rome, December 1970),

Information system concerning marine pollu'tion and its effecta, including s‘l;ora.ge, .
retriaval and exchange,

Future work programme,

Date and place of next session.

Cther matters.

Election of Chalrman for next inter—sessional period end for the fourth asession,

Congideration and approval of the Report.
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LIST OF DOCUMENTS

Title
Provisional Agenda
Progrese report on inter-speseional
activities, particularly on the state
of preparation of reviews on technical
mattors requegted from members

Principles for limiting the introduction

of radioactive waste into the sea (Draft)

The IAEA Panel on Procedures for Estab-—
lighing Limite for Radiomuclides in the
Sea {(IAEA, Vienna, 9~13 November 1970)

Identification of noxious and hazardous
cargoes = Report of a Panel of United
Kingdom Experts .

Progrees report on inter—aessional
activities, particularly on the siate
of preparation of reviews on technical
matters requested from members

Aotivities of FAO in the field of
marine pollution

Final Report of the Seminar on Methoda
of Detectiocn, Meagurement and Monitoring
of Pollutante in the Marine Environment,
organized by FAQO with the support of
Unesco, IAEA, SCOR and WMO, and held in
Rome, 4-10 December 1970

(FIR: TPME/70/6 Rev,, Rome, 9 Dec. 1570)
Surmary Report of the Seminar on
Methods of Detection, Measurement

and Monitoring of Pollutants in the
Marine Environment

FAO Technical Conference on Marine
Pollution snd its Effecis on Living
Reeources and Fishingt: Conclusione
and Recommendations as approved

(FIR: MP/70/Rec.Rev.1l, Rome, 17 Feb, 1971)

Scientific information system on
aquatic science with special
reference to marine pollution
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Administrative Secretary

IAFA Secretariat

INCO Secretariat
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FAC Secretariat

FAO Secretariat

FAQ Secretariat

FAQ Secretariat
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OESAMP I1ITI/10

CESAMP 1II/11

GESAMP II1/12
GESAMP III/13
GESAMP ITI/14
GESAMP IIT/1%
CESAMP III/16

GESAMP III/17

GESAMP 1T1/18

GESAMP I11/19

Progress report on inter-sessional
activitiea

Report of the first session of the
Unesco/I0C Group of Experte on Long—
Term Scientific Poliey and Planning
écm.frsmp), Monaco, 16=25 Nov. 1970
10C/B~16, Paris, 23 Dec. 1970)

Report on the pollution of the sea
through the atmosphere (K.0, Miinnich)

Summary of WHO activities in marine
sclence and its application in 1970

La pollution des mers par les
microorganismes (J. Brisou)

Toxicological aspects of marine
pollution (B, Halstead)

Marine pollution and public health
problems {G,D. van Esch)

Aspecte scientifiques et techniques du
contrfle de la pollutiomn c8tiére
(L. Mendia)

Statement of IAEA relevant activities

during the period March 1970-February 1971

Report of the Third Session

Background documents

GESANP/21/Add.1

GESAMP/35

GESAMP/36
GESAMP/ 37

CESAMP/38

GESAMP/39

CESAMP/40

0il pollution of the marine
environment

Some forthcoming meetinge related {o
marine pollution

A list of experts on marine poilution

Quentionnaire on poellution of the
marine environment

Summary of relevant parte of resolutions
adopted by the UN Ceneral Assembly,
dealing with marine pollution

The Preparatory Committee for the UN
Conference on the Human Environment:
Extracts from the draft report of the
Second Session, (Geneva, 8-19 Feb, 1971)

Summary progress report on results of
Operation Message &4 la Mer

WMO Secretariat

Unesco Secretariat

WMO Sacretariat

WHG Secretariat

WHO Secretariat

WHO Secretariat

WHO Secretariat

WHO Secrstariat

TAEA Secretariat

J. Wardley-Smith

FAQ Secretariat

FAO Secretariat

TMCO Secretariat

FAQ Secretarist

FAQ Secretariat

i, Tendron
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REVISED REVIEW OF HARMFUL CHEMICAL SUBSTANCES

(as called for by UN Resolution 2566 (XX1v) -
Promoting effective measures for the prevention
and control of marine pollution)

1. INTRODUCTION

1.1 UN General Assembly Resolution 2566 (XXIV) called for a review of harmful chemical
substances, radicactive materials and other noxious agents and waste which may dangercusly
affect man's health and his economic and cultural activities in the marine environment and
coastal areas. The terms of the Resolution further indicated that this review had special
reference to the preparations for the UN Conference on the Human Environment to be held in
Stockholm in 1972 and would thus provide guidelines for deliberations related to the desira=-
bility and feasibility of an intermational treaty or treaties on the suhject.

1.2 Wwith a view te illustiating the comparative importance of substances causing pollu-
tion a table was compiled at the Second\Sesszon of GESAMP showing major categories of pollue
tants and_their relative effect in terms“of:

(a) harm to living resources } \
(b) hazards to human health / v

i B
i(c) hindrance to maritime activi}iés

e

The cate 11utants used are essentially those drawn up by the IOC Working Grouwp on
Marine Pollution, mecdified in the light of the decisions of the First Session of GESAMP
(GESAMP I/11 para. 13-38 incl.). This table has now been extended by sub-division of certain
of the more important categories of pollutants into their major constituents. The resulting
Table 1 replaces the similar table included in the Report of the Second Session of GESAMP.

It must be emphasized that this table can only be regarded as a general guide, since some
categories are made up of many substances, some of which may have more pronounced effects
than others. Consideration will be given later to the need for providing an additional
column relating to the impairment of quality of the sea water as mentioned in the basic
definition of marine pollution (GESAMP I/11 para. 12).

1.3 The Group at its Second Session gave some thought to the sources from which
polliutants originate, as it is generally agreed that this is where measures of prevention
or control can be most effectively applied, To facilitate further consideration of the
desirability and feasibility of international treaties, a broad illustration of the main
sources of marine pollution together with examples of potential pollutants arising from
them is set out in diagrammatic form in Diagram I. This is fuprther elaborated in Table 2.

1.4 Attention is also drawn to the fact that the cargoes carried by ships include a
wide variety of noxicus substances, falling within the categeries listed in Table 1, which
may be discharged into the sea either by accident_(such as in collision or stranding of a
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vessel) or deliberately, such as in the tank cleaning and ballasting operations of a tanker
or bulk carrying vessel, A particular pollutant may therefore be subject to contreol under
separate regimes, one associated with transport by sea (e.g. IMCO) and the other with its
use or production ashore. For this reascn, in assessing the potential hazards of noxious
and hazardous cargoes carried by ships (see para. 8§ and Annex ¥ to this report),

the Group has applied the same basic principles as were used in preparing Table 1 of this
Review. The lists shown in Annex V may therefore also serve as an indication of some
specific substances which would warrant the application of special measures to prevent
their discharge into the marine envircnment from sources other than ships.

1+5 The Group(3gﬂgg3Hagg;s;ggwggx?;;gggségggin which the release of radicactive
materials to the sea by the nuclear ene ifdustry has produced adverse effescts, i.e.
pollution. This situation has resulted from the very firm control imposed by national
governments over this industry since its begimning. The work done on the study of the
dispersion effects and fate of radicactive materials in the marine environment has been,
and continues to be, extensive. It has had the result that the status of radiocactive
materials as potential pollutants of the marine environment is more clearly defined than

that of most other materials recognized as serious pellutants.

1.6 The routes by which marine pollﬁtants enter the sea were exaﬁined by the Group
at its Second Session and it was decided that the main headings gshould be:

(a) disposal of manufactured and industrial products or of the waste resulting from
them by direct outfell or via r1Vers;

(b) disposal of domestic sewage by direct outfall or via rivers;

(¢) run—off from the land of meteriale used in Forestry, Agriculture or Public Health
activities; - o :

(4) deliberate dumping of material from ships;

(e) operational discharge of poiluting materials by ships in the course of their
normal tasks; . :

(f) accidental release of meterial.from-ships dr submarine piﬁe;inee;
{g) exploitation of sea ‘bed for m:neral resources; o -
(h) discharge or dumping of materials during military activities;

(i)} transfer of pollutants to the ocean from the atmosphere.

These descriptions are included in Table 2 and the importance of each of them as a route

by which the different categories of pollutants enter the sea has been shown by the use of -
a number of symbols. To aid in the study of Table 2 each category of pollutant is the
subject of an explanatory note which gives, where appropriate, further information on
principal sources and pathways to the marine environment, mode of occurence and distribu-
tion, toxicity, degree of persistence and accumulation in b101091ca1 materials and known
effects., . :

1.7 Attention is called to the Fact that there is an increasing number of toxic¢
substances that may appear in effluents discharged into the marine environment. These
substances are present in both industrial and military wastes as a result of complex manu-
facturing processes. The present list of toxic materials is only tentative and will.
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undoubtedly be extended as further investigations are made. In addition, some chemical
substances may be altered by marine organisms or they may produce a synergistic effect,
resulting in acute or low=level chronic toxicity. Little is known about the mechanism by
which some of these processes take place. There iz evidence that in some instances trace
elements may trigger toxicity cycles in marine organisms; further information about
ecological conditions leading to the production of biotoxins is highly desirable.

1.8 Although some measures of prevention and control, both national and international,
are known to be in force for certain pollutants, the Group recommends that serious considera-
tion be given especially to those categories shown in the tables as 'important' or 'signifi-
cant' with a view to improving the effectiveness of existing legislation and, where necessary
taking further action nationally and, where appropriate, internationally to limit or contreol
their discharge into the sea. Where lack of knowledge is indicated (?) further research is
desirable.

2. CONCLUSIONS AND RECOMMENDATIONS

2.1 The tables prepared listing the principal categories of marine peollutants are
based upon an assessment of published data and the personal experience of the Group members,
with an indication of the nature and seriousness of their effects and the pathways by which
they reach the marine environment. The Group believes that they have value in showing
vhere the main problems lie and the nature of the action needed to reduce or prevent damage
to the marine enviromment and its living resources.

2.2 The Group is conscious of the need to deal separately with the principal organic
compounds and organic wastes discharged into the sea and hopes to give attention te this
task during the coming inter-sessicnal period s¢ as to be able to report further at its
next meeting.

2.3 Further, the Group agreed that, to assist in reducing the damage caused by the
major categories of pollution, a summary should be prepared of the technical methods of
treating pollutants before discharge.
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3. NDTES OR MAJOR CATEGORIES OF MARINE POLLUTICN (TABLES 1 and 2)

3.7 Domestic Seware, including Food Processing Wastes

When discharged untreated, domestic sewage has five major polluting characteristics:

(2) a high bacterial content, parasites and possibly presence of virus concentrationms,
contaminating molluscan shellfish Enecessitating purification or heat sterilization) and
limiting the use of bathing areas;

(b) dissolved organic and suspended constituents which give it a high biochemical
oxygen demand;

{(c) settling solids (organic and inorganic) depositing on the bottem to undergo decay
with consequent oxygen depletion;

(¢) high nutrient concentrations (wainly phosphorus and nitrogen compounds) leading to
enrichment of receiving waters and potential eutrophication; '

(e) floatables, which may be organic or inorganic materials on the surface or in sus-
pension, constituting a gerious amenity problem and interfering with primary productiion and
selfwpurification processes,

By reason of these characteristics sewage affects recreation, utilization of sezfood,
public health and general amenities. The preduction characteristics of the receiving waters
may be altered and there is a possible connection with the production of toxic blooms of
algae.

_ One of the reasons for the need to control pollution by sewage is the maintenance of
shellfish quality. The standards of treatment and/or dilution required for this purpose are
somewhat higher than those presently demanded for other public health or amenity purposes.
Filter~feeding molluscan shellfish concentrate bacteria and viruses along with other particu-
late materials and the consumption of contaminated shellfish may give rise to enteric infece
tions., The transmission of the viral disease, infectious hepatitis, by consumption of raw
shellfish contaminated by sewage is well documented. Methods of purifying shellfish from

the effects of bacterial contamination are available and are extensively used in many coun—
tries but are not yet fully accepfable in all situations.

Various degrees of treatment of domestic sewape eliminate or reduce some of the foregoing
polluting characteristics: primary — normally eliminates the settleable solids and floatables
and proporticnally reduces the microflora; secondary - clarifies the effluent from the finer
colloidal suspensions, mineralizes organic subsiances (reducing the biochemical oxygen demand )
and disinfection can provide a further removal of pathogenic forms; +tertiary = remeves the
plant nutrienis by biological or chemical action, or by a combination of the two,and reduces
ithe suspended solids etill present as well ag decolorising the effluent. Much coastally dis-
charged sewage receives no treaiment beyond comminution or maceration; +this accelerates break—
down and is an improvement from the amenity standpeint but only marginally reduces bacterial
or viral contamination. Where practicable, separation of storm water and sewage systems is
desirable. :

Other household wastes which enter the municipal sewer, including detergents and optical
whiteners (dealt with in another section of this report), pharmaceuticals, house and garden
pesticides and inecidenfal chemicals, and c¢ily and other discharges from small businesses and
garages may also be important. However, apart from the considerations mentioned above, the
major problems of municipal sewage disposal arise from the inclusion of industrial wastes with
materials discharged from municipal sewers. The tendency to replace sewage treatment works
by long outfalls, discharging well away from the shore into deeper water, has led to the in-
clusion of greater guantities of industrial wastes with domestic sewage. OSuch wastes may
contain toxic and persistent materials (e.g. metallic wastes)} in concentrations which, if
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they were accepted by a treatment plant ' would reduce its efficiency. Related pipeline dig-
charges may adversely affect marine resources, particularly shellfish and young fish on
-coastal nursery grounds. Pre-treatment at source of industrial wastes before discharge to
sewera should become standard practice. There has been a similar tendency to replace
estuarine discharges by long trunk sewers leading to marine outfalls. Careful siting of
all such outfalls in relation to dilution characteristics of receiving waters, other exist-
ing or preojected outfalls, and presence of exploitable marine resources is essential.

The practice of disposing of sludge from coastal sewage treatment works by dumping at
sea may be harmful because such wastesz may contain substantial amounts of adsorbed metals
e.g. zine, and also pesticide residues and other persistent chlerinated hydrocarbons. These
factors and probable biological effects e.g., interference with benthic fauna, need to be cone
gidered in deciding disposal procedures for sewage sludges and the selection of dumping zones.

3.2 Pesticides

The term “pesticides" covers a wide range of substances of differing chemical compoeition
and class of target organism. They are considered here under seven headings, organochlorine
compounde, organophosphorus compounds, carbamate compounds, herbicides, mercurial compounds,
miscellaneous metal-containing compounds and polychlerinated biphenyls. The latier are not
pesticides, but are widely ueed in industry and cen conveniently be discussed in the same '
group as organcochlorine pesticides. .

3.2.1 Orgeanochlorine compounds

Much information is available on this group of pesticides, mome of which have heen in
use for about 30 years. The most commonly used are probably DDT, BHC, Dieldrin, Endrin,
Aldrin and Endosulfan; all are used am insectivides, either for agricultural or public
health pest control. Use is frequently on a fairly large scale and spraying from the air
is a common means of application in some areas. Not all the material sprayed will reach the
target ares (less than 50% in some instances) and some will inevitably be lost to the atmos-
phere, Of this, a proportion will reach the sea by exchange with the atmosphere, in rain or
adsorbed on air-borne particulate matiter. Since organochlorine compounds are strongly ad-
Borbed on particulate matier and are relatively insoluble in water, it is unlikely that they
will reach river systems except under flood conditions where soil particles are washed into
rivers. Although comparatively non-volatile, organocchlorine compounds may be lost from the
80il by evaporation and particularly by ccdistillation with water. In addition, soil erosion
by wind may carry a proportion of the applied chemical into the sea. Aerial transport accountis
for at least 507 of the material reaching the sea.

Mothproofing of wools and woollen garments may lead tb discharge of insecticidal formu~
lations (e.g. dieldrin) directly to rivers and hence to the sea. Recent analyses of mewage
and sewage sludges suggest that these may also be an important route of entiry of pesticides
to the sea.

Estimates of the proportion of the annusl production of organochlorine pesticides reach-
ing the sea have ranged as high as 90% but a more accurate estimate may be 4060 %.

Once in the sea, organochlorine pesticides may be concentrated either in surface slicks
or by marine organisms. Some will be carried to the sea bed on particulate material, and a
certain amount will remain dissolved in the sea water at a very low concentration. From
analyses of marine animals, some of the organochlorine pesticides, particularly DRT, are
known to be distributed on a world-wide basis. Concentrations in coastal waters can be deter—
mined, but o?ganic waters contain levels below the normally accepted detectable level, i.e.
1 part in 10°'¢, Owing to the lipophilic/hydrophobic character of organochlorine pesticides,
they are particularly likely to be concentrated in any cily material, eg fish oils. They
are, therefore, found in appreciable concentrations in many marine organisms, especially those
with & high lipid content &nd those organiems highest in the food chain. Their half life
residence t$ime in the environment has not been accurately determined but it is probably of
the order of years rather than months. '
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Althoush ured feor up to 30 years, the precise mode of action of organcchlorine
pesticides ie not fully understood. It is, however, generally accepted that they affect
the transmission of imnulses in the centrzl nervous system. Fecently, sub«lethal subtle
side effects have been recognised, e.g. on calecium demosition in birds' egps. Their
acute toxicity to marine organisms is now fairly well documented., Crustacea are particu-
larlv seneitive; water concentrations as low ag 0.003 ppm have been shown to be lethal
to shrimps, but fish ecan tolerate concentrations up to two orders of magnitude righer -
at least for a short time.

There is no evidence that the proper use of organochlorine pesticides has direetly
affected human health, nor hive there beern anr incidents where humans have been affected
by eating fish contaminated with organochlorine perticide residues. Effects on fish and
shellfich populations have been demonstrated in certain estuarine environmenis, particu—
larly in America. MNost of the incidents have been kills as a2 result of spray operations,
but zt leart two instancer have been reported where reduced breeding success of estuarine
fish has been attributatle to ©rganochlorine pesticide residues arisine from routine
ucage on the land.

3.2.2 PCB's

Poivchlorinated biphenyl compounds (PCE's) are sold under a variety of brand names.
There is & variety of feormulatione depending upon the degree of chlorination of the
bipbhenyl molecule; the greater the degree of chlorination, the higher the viscesity,
PCB's have a wide range of possible industrial uses, the major usage probably being in
the elecirical industry. They are unlikely to be sprayed over wide areas except in very
special circumstances where a formulation may be used in association with a Ppesticide.
The routes of entry to the marine environment are at present under investigation, but
industrial use involves some losses which may reach the sea. Analysis of sewape sludges
has revealed that most sewage contains some PCE'e. The dumping of waste materiale con-
taining PCB's is probably largely on land tips but, since PCB's are highly resigtant to
burning, unless incineration is properly carried out (a temperature of over 800 C is
required}, burning of materials containing PCB's will simply release them to the atmos-
rhere for subsegquent rain cut into the sea.

In ocecurrence and distribution, as well as persistence and accumulation, PCB's
behave in much the same way as organochlorines and all that has been said above for these
compounds will apply to PCE's. They have been in use for a slightly longer peried and,
st Jjeast in the marine environment, are just ar widely spread as DDT and their persistence
is, if anything, greater rather than less than that of DDT,

The mode of action of FCB's is not well understood but may be similar to that of
organochlorine insecticides. Certainly PCB's have been implicated in egg-shell thinning
incidents in birds' eggs. The acute toxicity of PCB'e is in general lower than that of
organcchlorine pesticides. However, there ie some evidence to suggest that they have a
high chronic toxieity, i.e. it may take a matter of weeks before a short-term low-level
exposure takes effect,

In incidents of gross indusirial exposure, illness and even death have been reported
in humans, but there are no known ill effects on man which can be sssociated with levels
of PCHE's in marine products. Even in estuarine environments, PCB's have not been impli-
cated in any damage to marine life, althourh in some areas quite high levels have been
reported in fish, The presence of high concentratione of PCE's in the livers of sea
birdr was sugrested as a possible coniributory cause in a large=scale bird kill off the
U.K. coast in 196%, but it is now penerally accepted that natural causes played the major
role in causing this bird mortzlity.
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3.2.3 Qrganophosphorus compounds

This group of compounds includes malathion, parathion, azinphos~methyl and
chlorfenvinphos and, with the carbamate compounds, is to some extent replacing the
organochlorine insecticides. In chemical terms, they are more varied than the organc-
chlorines, although they ali contain phosphorus. They are relatively soluble in water,
and may be carried into rivere, and hence the sea, in substantial amounts, by run—off
from land. ©Spray losses and evaporation of spraved material followed by rain out over the
sed is a second probable route of entry to ihe marine environment. Industrial usage ie
probably small and therefore an insignifiecant source of pellution.

Most organophosphorus compounds are chemically less stable than the organochlorine
t¥pe and they are therefore much less persistent in the environment. Most are hydrolysed
slowly on contact with water and they are much less hydrophobic than organochlorines.

As a result bio-accumulation is likelyv to be comparatively unimporiant.

Because they are less persistent and non-accumulative, not much effort has been
exerted in etudying the role of organophosphorus compounds in the sea. They are likely
t0 be present in true esolutien and, since thev are not particularly lipophilie, they are
unlikely to be found concentrated in surface slicks. Becsuse thev are not persistent,
it seems unlikely that they will be found in ocean waters and there appear to be no
reports of their occurrence in waters other than estuzries.

Organophosphorus compounds act on the nervous system by inhidbition of cholinesterase
activity. Their acute toxiecity to marine animals is reasonably well documented and
appears 1o differ widely according to the particular compound used, e,g. Agzinphos=methyl
was lethal to Crangon eranpon at a conceniration of 0.0003 ppm but Morrhothion had no
effect on the same species at 0.3 ppm. The mammalian toxicity of some organophosphorus
compounds is high but residues have not so far been detected in marine organisms other
than a few estuarine species and no ¢ases of poisoning through the eating of organo-
phosphorus pesticide contaminated fish have been reported or indeed, seem likely to occur.

3.2.4 Carbamate compounds

These compounds, which are based on carbamic acid, are of twe basic types, the
N-dimethylcarbamates e.g. Isolan and dimetan, and the Hemethylecarbamates e.g, carbaryl
and zectran, In general, they are less soluble in water than the organophosphorus comw
pounds but more sc than ihe organochlorines. Some of these materials, particularly
carbaryl (Sevin), are now in fairly widespread use. They are likely to reach the sea
by all the routes guoied for organophosphorus compounds, The main usage of carbamates is
in agriculture but carbaryl is to some extent replacing DIDT and may be used in future
malaria control operations. It also has a smzll-scale role in mariculiure as a mesns of
controlling crustacean pesis in shellfish cultivation programmes., This provider & direct
route of entry to the marine environment.

None of the carbamate compounds is particularly stable; they are attacked by acids
and alkalis and it is probable that slow hydrolysis will occur once they reach the sea.
They can be relatively easily metabolised and the data available for marine animals
suggest that, once taken in by, fer example, a bivalve, they can be completely metabolised
and/or excreted within about 2-3 weeks. They are therefore unlikely tc pose much of a
hazard as a result of persistience or accumilation. Carbamate compounds have not been
detected on & wide scale in Bea waters or marine animals but they are known to be readily
adsorbed on silt and small concentrations mav be found in estuarine sedimenis following
local ure on land and in mariculture.
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Carbamate compounds are cholinesterase inhibitors; a few also show activity against
other enzyme syatems. A few of ihese compounds are also used as herbicides and they might
be expected to have miner effecte on the phytoplankiton in local areas. The toxicity of
carbamate compounds to marine animals follows the same highly variable pattern, depending
on compound and species, which they exhibit in the terrestrial enviromment., Carbaryl is
moderately toxic to crustacea but not to fish or molluses. With the exception of Isolan,
all the carbamate compounds are of low mammalian toxicity, and harm to human health,
either directly or indirectly, through eating fish or shellfish, seeme improbable. Isolan
is of a lower mammalian toxicity than the organophosphorus compounds.

3.2.5 Herbicides

Herbicides are a mixed group of compounds, mest of which have water solubilities of
the order of tens of ppm or more. They include urea-based compounds such as linuron,
dipyridyl compounds such as diquat, and acid ester hormone type compounds such as MCPA and
2,4-D. The major routes to the marine environment are probably direct water transpori from
the land or spray drift and subsequent rain cut over the sea. Most of these compounds
are likely to be found in dissolved form but a few, e.g. diguat, are strongly adsorbed by
particulate matter and will be largely asscciated with sediments or suspended material.
Very little attention has been paid to herbicide compounds to date and the extent of their
distribution in the marine environment is a matter of speculation. Meost are comparatively
shortwlived but a few, e.g. 2,4,5-T and picloram have half lives up to 5 years.

Few of the herbicides are particularly toxic to fish and it seems unlikely that
appreciable effects would be noticed. The main effect of hsrbicides in the marine environ=-
ment, might be expected to be on the phytoplankton but very few data appear to be available
on this subject. Tests with unialzal cultures at the U.K. Tigheries Laboratory, Burnham-
on-Crouch with 2,4-I);, dalapon and two triazine compounds suzgest that at least some
herbicidal compounds tend to stimulate growth of algae rather than to kill them., Dalapon
is used in Spartina grass control in salt marsh areas but does not seem to cause mortality

of marine creatures.

3.2.6 Meprcurial compounds

A variety of organic mercurial compounds are used in agriculture and horticulture for
the control of seed-borne and funzal diseases., They have been used extensively in the
past as slimicides in the paper industry. Calomel is used in some areas as a Tungicide
and insecticide,

Most of the mercury compounds used have a low water solubility and in addition are
strongly adsorbed on to soil particles., They are therefore only likely to find their way
inte the agquatic environment in times of flood. Mercury compounds are readily converted
under anaercbic conditions to methyl mercury . There is some evidence to suggest that
dimethyl mercury is readily volatilised and could subsequently find its way into the sesa.
The importance of this and other routes has still to be established and modes of entry
intoc the marine environment are the subject of study at the present time.

Mercury occurs naturally in the marine environment a&s a result of the normal processes
of weathering of mercury-bearing rocks. The data available at present suggest a concen-
tration of ionmic mercury in sea water in the range 0.03 to 0.33¢1- Methyl mercury
concentrations are probably about 1/1000 of this level. Locally higher concentrations have
been recorded in coastal waters and are attributed to industrial pollution. Most mercury
compounds decompose to the inorganic form which is then available for methylation. Mercury
a3 an element is a highly conservative and persistent substance in the marine environment.
4dlthough the ionic form does not pose much of an accumulation hazard, methyl mercury is
very readily taken up bty marine organisms and accumulated in the food chain.
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HMethyl mercury has a hizh mammalian toxieity and produces nervous disorders and death
at low levels of dietary intake. Cne =om of mercury is considerad by many national
governments to “e an unacceptably hirh lavel for foed fish, However, such levels appear
4o have no ill effects on the fish and in certain species are even considered to be the
norm by some authorities. ©Only in instances of extremely high mercury peollution have
definite i1l effects been cbserved in marine orzanisms., Wormzl levels of mercury in fish
ara nrobably in the range 0.0l +o 0.2 »pm and it can thus be seen that onlyr small inereases
in mercury levels as a2 result of poliution are likelvy to lead fto health hazards in man.
Trere have in faet already been two instances of mortalities as a result of eating mercury-
polluted fish and shellfish.

3.2,7 Miscellaneous metal-containing pesticides

In addition to the compounds already discussed, there are a small rumber of metal
salte and organo-metal compounds which are used as pesticides, e.g. Dordeaux mixture
{coprer salt), lead arsenate and fentin acetate. These compounds have appreciable
solubilities in water and are likely to be transported to the sea by land run-off and
drainage. Their contritution in temms of quantity of metal ions or compounds added to
the sea is negligible compared to those from other mources, e.z. lead from automobile
fuels, copper from industrial wastes. It therefore seenms unlikely that harmful effects,
in the marine environment, would arise from their use on the land. Uost of the metal-
containing pesticides are toxic to fish and improper use has caused fish kills in inland
waters. It is therefore conceivable that local damage may octcur, e.g. in estuaries, but
the risk %o humansg is negligible.

3.3 Inorganic Wastes

Mozt of the elements listed in the periodic table are present in sea water in at
least one form of ion or complex and their introduction does not necessarily constitute
pollution, although similar amounts discharged to fresh water areas might do sc. In
addition, because sea water is a relatively strongz solution when compared to fresh water
it is able to absorb some inorganic pellutants, e.g. acids, with relatively little change
in its overall chemical nature. These are two important faciors which must be borne in
mind when considering inorganic substances as marine pollutants.

Of the various inorganic compounds or ions which are likely to enter the marine
environment a number can be szelected as potential pollutants in certain ¢ircumstances =
the remainder might, at the worst, be defined as contaminants.

3.3.1 Acids and Alkalis

The production of many inorganic chemicals and some organic chemicals may zive rise
to large quantities of waste acid or alkali which may be discharged to the marine environ-
ment. Sulphuriec and hydrochloriec acids are most likely to he discharged with
smaller aquantities of nitric zcid. The effects of nitrate and sulphate are considered
below but chloride, already present in large amounts in the sea, cannot be considered as
a pollutant. The alkalis involved are sodium and to a lesser extent potassium hydroxide
and ammonia. The ammonium cation is considered separately below but sodium and potassium
fall into the same category as chloride.

Sea water has a considerable buffering capacity, i.e. it can absorb relatively large
amounts of acid or alkali with comparatively small changes in pH. Discharges of une
neutralizsed acid or alkaline effluents ars frequently made into estuaries and quantities
of waste acids are dumped by barge away from the shore. A =second major source of acid
is the burning of fossil fuels which releases quantities of sulphur dioxide and acid
oxides of nitrogen into the atmesphere (%0-80 million tons annually). These may subsequently
be rained out over the ses, but although rainfall containing sulphur dioxide (i.e. acidic)
is believed to have affected the pH of some Swedish lakes, a similar effect on the sea
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secems unlikely {The bufferinz capacity of sea water is egquivalent to 130 x 1012 tons of
S0, and SO, is rapidly oxidised to S0,). Burning of chlorine containing compounds,
pa;ticular%y substances such PVC, givda rise to HC1l gas, which on dissolution, e.g.

in rainwater, is a further source of acid which may grow in importance.

Although the effect on the pH of sea water of acids from the atmosphere cannot be
detected, pH changes can be detected over relatively small areas in the proximity of
discharges of zcid or alkaline wastes both in estuaries and in the open sea in the wake of
a discharging barge, It must therefore he concluded that the discharge of acids or
alkalig can only have a local effect and that their distribution, although occurring
poasibly on a world wide scale, is completely accommodated by the carbon dioxide buffer
gystem and has no effect.

The acute toxicity of both acids and alkalis to some marine animals is documented
and, preaumably because of the buffering capacity of the sea water, moderately high
concentrations ~ several hundreds of ppm -~ have no effect. Pish and small crustacea can
detect concentrationa of acids and alkaliz below the acutely toxic level and will avoid
such concentrations. The toxic action of hoth acide and alkalis is probably mainly
agsociated with the effect that they have on the oxygen - carbon dioxide transfer acroses
the gill surface. At higher concentrations their corrosive action would undoubtedly be
lethal.

3,3.2 Nutrients and Ammonia

Phosphate enters the sea via rivers and directly from outfalls via sewage where its
origin is largely in the form of polyphosphate builders in detergent formulations. Small
amounts may also be discharged by industry and some will enter as run-off from agricultural
land. UNitrate will be introduced from fossil fuel burning, by rainfall over the sea,; and
large amounts reach the sea annually as a result of nitrate fertiliser usage on land.
Sewage effluents contain nitrate and ammonia + nitrite both of which are oxidised by
bacteria to nitrate. Ammonia may reach the marine environment in sewage effluents and as
a result of its use in industrial processes. In addition large quantities of ammonium
sulphate are produced as by-products in certain industrial processes. Some of this is
congidered waste and is discharged to the sea.

The concentration of ammonium ion in sea water is low {generally of the order of
5-50,03/1) although locally it may be high near a discharge of nitrogen-containing waste.
It is one of the intermediates in the bacterial decomposition of nitrogen-containing compounds
which eventually terminates at nitrate. Ammonia is not therefore a persistent substance
and large-scale distribution of high concentration is unlikely. WNitrate and phosphate are
esgential nutrients in the productivity of the marine environment. Over-abundance of
these ions in freshwaters can lead to eutrophication with blooms of phytoplankton followed
by deoxygenation, and anaerobic decar. Such phenomena have been recorded in the marine
environment in fjord and estuarine areas (e.g. Oslo fjord)}. Both nitrate and phosphate
are adsorbed on particulate matter and the sediments provide a reserveir and means of
storage of excess nutrients. Although persistent, neither nitrate nor chosphate
constitute accumulation hazards within marine animals and there is no evidence to suggest
that concentrationg less than grossly excessive would be foxic.

3.3.3 Cyanide

Hastes containing cyanide are discharged to rivers, estuaries and on open coastis
from a variety of industrial premisesn, e.g. metal-plating plants, gas works and coke
ovens, and from the scrubbing of steel works gases ae well as a number of chemical
processas, Direct discharges such as these account for most of the cyvanide entering the
marine environment. U‘hatever the form in which the cyanide is diichargudk i.e, HCN, NaCl¥,
etc, it readily takes the form of HCN with some disscciation to H and CN . It is now
generally accepted that HCN is much more toxic to aquatic life than CN~ and at pH 8 only
about 7-107 of the HCN is dissociated. Cyanide is readily biodegradable and treatment
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methods are available which can eliminate the need to discharge cyanides. The biow
degradability of cyanide and the readiness with which it forms complexes with certain
metal ions, e.g. copper and iron, means that large scale distribution of cyanide is
unlikely and that any detrimental effects would be loeal in nature.

3.3.4 Sulphite

Sulphite may enter the marine enviromment in wastes from certain industrial processes
e.g. the pulp indusiry and rayon manufacture. Partially oxidixed sulphur dioxide
produced from the burning of fossil fuels will also enter the sea as sulphite from the
atmosphere. The sulphite ion is not stable in sea water, under normal aerobic conditions
it will be oxidized to sulphate. Under anaerobic conditions sulphite and sulphate may
be reduced by bacteria to sulphide which is foxic and obnoxious on amenity grounds.
Sulphite is also toxic to marine life and, although not stable in the marine environment,
is known to have caused damage to marine life near effluent discharges. Sulphate is not
toxic to marine life and is present naturally in sea water in relatively high concentra-
tion (2.76g/1 )} it cannot therefore be considered to be a pollutant.

3.3.5 Phosphorus

Phosphorus is normally found in the sea in the form of phosphate, either particulate,
organic or inorganic. If discharged in elemental form, however, it remains largely in
that state and is potentially highly toxie. The only known instances of elemental
phosphorus being discharged to the marine environment are from factories producing
phosphorus from phoaphate ores. HMuch of the phosphorus becomes locked in the sediments
where it remains virtually unchanged for a considerable period; the fraction remaining
in the water is slowly oxidiZed to phosphate.

One large scale incidence of toxicity arose off the coast of Newfoundland from such
a discharge. Large numberg of herring and smaller numberas of cod and other species were
killed. The precise mode of action of the elemental yellow phosphorus has not heen
established, since, although in some species extensive haemolysis and reduction of
haematocrits was observed, this did not apply to all species.

3.3.6 Titanium dioxide wastes

The industrial production of titanium dioxide from titanium ores can give rise to
large volumes of a waste which is characterised by its high proportion of acid and ferrous
sulphate. This particular waste is comsidered worthy of speeial attention since in many
instances the waste is discharged, completely untreated, into the sea either from a pipeline
or from barges.

The ferrous ion is very rapidly oxidiZed to ferric ion which precipitates in ceolloeidal
form as the hydrated hydroxide over a considerable area in the locality of the discharge
or dumping. Although the effect of the acid is lost relatively rapidly, ferric hydroxide
is persistent and remains in, or orn,the sea ved for considerable periods. No ill effects
o human health or living resources, except in the immediate vicinity of the discharge,
have been reported but amenities might be affected in coastal areas due to deposition of
ferric hydroxide in the intertidal region. The production of this waste is likely to
decline rather than inecrease in the future since new methods are replacing the old
sulphuric acid process,
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3.3.7 Hercurz

The mode of occurrence, toxicity, distribution, etc., of mercury are discussed in
Sectien 3.2, Agricultural usage of pesticides is, however, a relatively minor source of
mercurv to the envircnment although their industrial usage as slimieides has had an .
important effe~t on the environment in some areas, e.g. Sweden and Canada.

The annual world preduction of mercury is approximatelv 9,000 tons, the majority of
which is used by industry, the most important single usage being in the chlor-alkali
industry. In theory no losses of mercury should occur but in fact typically 250 gm of
mercury are lost per ton of chlorine produced. Much of this finds its way into the marine
environment either via rivers or from the atmosphere. Other irndustrial usages of mercury
are in the electrical industry in mercury switches and batteries and in the production of
high grade antifouling paints. Mercury is also used as a catalyst in the production of
acetaldehyde and vinyl chloride, It was this latter usage which led to the deaths of
41 people at Minamata in Japan.

In addition to these sources of merecury, which between them probably account for
4-5,000 tons added to the sez per year, an amount possibly equivalent or greater is
derived from the burning of oils and coal much of which may contain some mercury albeit
very low concentrations. This mercury is carried in the atmosphere and may be rained out
over the sea.

Mercury is accumulated to a similar degree in both bivalve molluses and figh, in
contraet to other metals such as zinc and copper.

3.3.8 Lead

The annual world production of lead is approximately 3 million tons and the aupply
of lead to the marine environment as a result of man'e activitiez must now be greatly in
excess of the natural supply. Over 10 percent of the present annual production of lead
is used in leaded motor fuels where it functicne as an 'anti-knock' agent. MNuch of the
lead ie released to the atmosphere in exhaust fumes and Bubsequengly finds ite way into
the sea., Use of lead in this way is believed to introduce 2 x 10~ tons of lead into the
marine enviromment annually and ie believed to he the cause of the elevated lead concen—
trations found in sea watere adjacent to industrial and populated coasts. Lead is also
introduced in the effiuents of many ghemical factories and natural processes of weathering
probably contribute a further 2 x 10° tons anmnually. The concentration of lead found in
the surface layers of near-shore sediments is now considerably higher than that in sub-
surface layers. ' '

Lead accumulates in animal tissues and is only very slowly excreted. It is an enzyme
inhibitor and impairs cell metabolism. Inh marine animals it is probable that, at least in
acute exposures, lead acts by damaging gill surfaces and hence inhibits oxygen-carbon
dioxide transfer. Lead is persistent in the marine environment and marine sediments are
probsbly the main storage peint. In common with other 'heavy metals' (except mercury) lead
is specially prone teo accunulate in bivalve molluscs and the elevated levels of lead
found in near shore sedimenis are causing high lead concentrations in these shellfish.
However, no ill effects have so far been recorded either in fish or shellfish and there
appear to be no recorded instances of human peisoning by eating marine products with high
lead contamination. The rapid increase on the level of lead in the marine environment in
recent vears must, however, be viewed with concern.

3.3.9 0Other Metals

A number of cther metals besider lead and mercury are considered as notentially
hazardous in a marine poliution context. These are coprer and zinc both of which are
produced on a very large scale anmnually (S millien tons), chromium (anmual production
? miilion tons) and cadmium. Argenic, antimonv, bismuth and selenium may also be of
interest in view of their toxicity to man.
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Chromium is likely to enter the marine enviromnment largely as a result of ites use
in the metal-plating industry. In addition, small guantities are used in pest control and
in paints. Hecently, large quantities have been used in road marking materials some of
which must reach the marine environment via rivers. Copper and zine are used in larse
quantities for water pipes and water for plating of storage tanks respectively; zine
plating, galvanising etc. is commonly used as & rust preventative and gquantities of copper
and lead must be dissolved and run into rivers and sewers from all large towns. Sewage
sludges, particularly from industrial areas, contain measurable amountis of both copper and
zine. In additiom both copper and zinc salts are used in a variety of industries and are
found in many industrial waste discharges. Copper finds a smali-scale usage in pesticide
formulatiens. Cadmium iz used largely in the plating and metallirgical industry in certain
electrolytic processes. It is also & useful catalvet in some indusirial processes; in
addition cadmium compounds are used as pigments. Probably the most imporiant route to the
marine enviroenment for all four of these metals is via rivers and sewage or industrial
outfalls.,

£1] four elements are found in sea water and some will be in the simple ionic form.
The main forms in which they are found are probably as follows:

Copper - Ca”* CuOH' CuCOY  0u00, Cut1™

2 + X .
Zine -Zn  Zo0H 2nC0,  ZnS0, zncl*

cacl

Cedmium — Cacl®  gdcl

Chromium - rfOH!3

(Underlining indicates the main form of occurrence in the sea.) Levels of all four
elemente appear to be higher near to the land, probably partly due to natural weathering
of rocks but also due to man's usage of these elements.

-
“

3

Some of the forms in which the elements occur in szea water are inscluble and it =eems
likely that a proportion of the annual loss to the marine environment entere the sediments,
There is definite evidence of accumulation by bivalves of very high concentrations of both
copper and zinc, but marine fish appear to he less likely to accumulate these two elements.
Cadmium is known to be accumulated by certzin marine animale but data for chromium are
lacking. There is evidence that cadmium, once in the human body, iz only very slowly
excreted, As with many other substances,the problems of synergism need to be borne in
mind, for example nickely which ie of low toxicity to marine anrimals,can increase the
toxicity of copper by a factor of 10.

3.4 Radicactive Materials

Althourgh as a result of fallout from nuclezar explosions or weapen testing, radiocactive
materials may reach the marine enviromment in uncontrolled amounts, the development of the
civil uses of nuclear energy is sirictly controlled, usually by special legislation so as
to minimize the hazard to public heazlth or damage to marine resources. The disposal of
polid radiocactive warte 1o the deep ogeans is similarly controlled. There are no known
effecis on the natural environment on marine resources except in the immediate vicinity of
nuclear test sites.

3.5 0j] and 0il Dispersants

The great inerease in oil based technology has led to a corresponding rise both in
the transport of o0il by tankers and in the search for andexploitation of oil wells on the
ghallower parts of the ocean floor. This increase has aleo led to a corresponding
increase in oil pollution.
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Oile and 0il products can enter the marine environment from submarine seeps, from
/shipping operations and marine accidents, both on the high seas and in port {(up to 1m tons
_+per annum) and by discharge to rivers, sewers, and so finally to the sea {up to 5m tons
per annum), <

In general ,oil is lighter than water and tends to spread fairly rapidly, fomming a
thin ayer which moves over the surface under the influence of winds and tides, Though
found widely over the ocemns it is most frequent around the main routes by which oil is
carried from producing areas to the refineries and along trade routees and near the popula-
tion centres they connect.

In temperate and tropical zones oile are biodegraded and also polymerized, under the
action of light and oxygen, density increases and the particles become dense enough to
gink to the sez floor, A fresh crude oil can lose up to 30 percent by evaporation in 30
houre. A much smaller amount can dissolve in the water., These effects tend to increase
the density to the sinking point.

0ils with & high wax content or which are very viscous éo not degrade so rapidly and
are frequently found on beaches as lumps of so-called "{ar",

In genersl termsicil hae a low toxicity to marine life, the types most at risk are
thoge living in the littorsal zone where 0il may be deposited on a falling tide. In such
circumstances,shellfish have become tainted and edible seaweeds both reduced in growth
and made unsaleable, Experiments in temperate zones have shown that z single heavy
contamination of the flora and fauna of the intertidal zone has a negligible effect
though repeated applications (every tide) of a much smaller amount — a hardly visible
film ~ eventually leads to a reduction in the number of species and in some cases,absence
of life. In tropicel areas marine life may be more sensitive to damage by oil.

In inland estuarine waters or enclosed baye or similar situations, accumulation
of the more ioxic aromatic fractions, together with the reduction in dissolved oxygen
resulting from biodegradation, can produce more marked mortality of many species.

It is believed that traces of hydrocarbons may affect fish behaviour such as the
return of salmon to the "home" river. Some oile contazin carcinogens and the reported
accumulation in the food chain could, if proven, lead to some risk to man as the ultimate
congumer, :

0il pollution is always listed as an important contaminant of the ocean very largely
because it is vigible, and is a great despoiler of coasial amenities. It also kills_.
sea birds, particularly the diving birds, which, being washed ashore in an oiled condition,
arouse great concern.

0il is difficult to remove from the sea surface, particularly in open water, consequent—
ly at present the only satiefactory methods of dealing with oil pollution while it is on
the open sea are either 1o sink the oil by the application of a dense oleophilic powder,
such as treated sand, or to disperse it in the sea by applying & suitable dispersing agent
of low toxicity and then giving sufficient agitation to disperse the oil in the upper
layers of the sea.

Neither of'these methods removes the oil from the enviroﬁment but no evidence of
damage to oceanic resources has been observed., Methods suitable for use in the very cold
waters of the Arctic and Antarctic are still to be developed.

3.6 Petrochemicaleg = Organic chemicals

: The number of orgenic chemicals known at the present time exceeds 1 million and it
has proved beyond the capacity of the present Working Oroup to do more than outline the
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major scurces and general behaviour, fate and toxicity of organie¢ ¢hemicals and to draw
attention to particular hazards that may be pesed by certain substances.

The major ascurces of organic pollutants are the effluents from chemical factories and
refineries, in many cases these are discharged directly to rivers, estuaries or the sea.
In some ¢ircumstancea quantities of organic chemical by=-products are dumped at sea either
in containers or as bulk effluents, e.g. wastes from PVC manufacture. An additional
potential source of importance to particular areas is that posed by the shipping of bulk
cargoes of such organic chemicals as solvents, or intermediates such as ethylene oxide
vinyl acetate and vinyl chloride.

P

Biological ireatment methods are available for many organic chemicala, e.g- phenols,
and such compounds are unlikely to accumulate in the sea. Many others, e.z. polycyclie
aromaties, are not so readily open to bacteriological degzradation and might be expectad to
persiat in the marine environment. Data on the distribution of organic chemicale in the
sea is, on the whole, sparse, but a few chemicals, particularly those derived from oil
and possibly PVC production, are likely to be found on a world-wide scale.

Very few of the large number of organic chemicals have besn examined for toxicity
and accumulation by marine animals, although such data are available for the more widely
used substances such as tha commoner aliphatic and aromatic solvents. It ia also known
that some substances are taken up by marine animals, e.g. phenpls, and there have been
several instances of tainting of food fish. A number of organic chemicals are known or
suspected carcinogens in mammals, e.g. benzene and alpha~-naphthylamine, and may have the
same effect on fish.

3.7 Organic induetrial wastes - including Pulp and Paper Mill waste

In general, these wastes can bs harmful to receiving waters for four reasons:

a) toxicity

b} biochemical oxygen demand (BOD)
¢) suspended aolids

d) colour

A variety of compounds in organic wastes are toxic to marine organisms, In pulp mill
wastes, for example, these are usuzlly sulphur-—containing compounds, arising from the
wood digestion proceas, and chlorinated phenolic compounds created by bleaching the pulp
and paper.

High BOD is a characteristic of untreated sulphite pulp effluents, as well as of any
othar biodegradable organic wastes. Many fish kills have occurred because of oxygen
depletion in waters receiving high-BOD wastes. Stabilization ponds with aeration, and
activated sludge systems are common forms of treatment, :

The solid organic wastes from industry accumulate in sludge beds to produce local
nuisances, These undergo decomposition and remove dissolved oxygen from water, They
often form noxious gases., In addition, large areas of the bottom of receiving bodies of
water may be covered with a thin layer of settled organic material having undesirable
effects on benthic communities. Improved in-plant facilities, more efficient screening and
better retention in clarifiers and/or ponds are helping to reduce solids losses.

The effects of industrial organic wastes are often of a zubtle long=term nature,
They may interfere with various trophic levels in the food chain which ultimately lead
to degradation of the coastal enviromment. These problems may be of particular eignifi-
cance to tropical insular areas, The effectsz on the higher forme of marine flora and
fauna are often sub-lethal rather than acute. For example, oyster quality is known to
have declined in many pulp mill areas, although there is little documentation on actual
mortality. The food supply of these sedentary organisms can be markedly altersd owing
decline of phytoplankton caused by turdidity and colour.
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3,8 Hilitery wastes

The dumping of military wastes is a significant factor in the pollution of national
and international waters., These wastes may consist of organic materials, biological and
chemical warfare agents, heavy metals, petrochemicals, out-dated explomives, defoliating
agents, pestioides, solid objects, dredging spoils and other miscellaneous inorganic
materials peculiar to the military establishment, - Because of the classified aspect of
military operations, the exact chemical and toxicological nature of these materials is
frecquently unknown. Moreover, details concerning the dumping of these materialas are not
generally available, Nevertheless, it should be pointed out that the dumping of many of
thege materials may be contrary to sound conservation practice,

3.9 Heat

Thermal pollution has specific economic azgsociations since many industrial activities
are developing in coastal areas partly because of the availability of cheap cooling water,

Increase in temperature arising from thermal pollution may cause two main types of
undesirable effects; it decreases oxygen solubility in water and increases metabolic
activities of microflora and fauna generally, which in turn may result in higher BOD
and eutrophication, When pollution from domestic sources is accompanied by thermal
pollution & local environmental degradation may result affecting natural self-purification
capacity. Fluctuating water temperatures may produce changes in biological communities.
The effects of this form of pollution naturally Jepend on the recipient sea water tempera-
ture and that of the effluents,

In certain circumstances thermal pollution has made estuaries and enclosed reef areas
unsuitable for various commercial species of fish and shellfigh and, on the other hand,
may lead to the introduction and establishment of undesirable forms such as timber boring
organiems. Special care is needed in miting power stations employing meawater for cooling
in tropical areas where animals and plante may have a rather narrow range of temperature
tolerance.

3.10 Detergents
" Pollution cualities of detergents have been related to:

(1) non=tiodegradability, resulting in foaming of receiving waters; and
{(2) vphosphate content, leading to enrichment of receiving waters.

Virtually all domeestic detergents on the world markets today are biodegradable, as a result
of conversion by manufacturers from the 'hard" alkyl benzene sulfonate (ABS)} to the "soft"
linear alkyl sulfonate (LAS) form. The former are, however, still widely used in industry.
Sodium tripolyphosphate remains as a major constituent (20-60%) in detergents. Because it
performs vital functions related to cleaning efficiency and nc generally acceptable substi-
tute ig available, manufacturers are reluctant to eliminate or even reduce the amount .of
phosphate in detergents. NTA (sodium salt of nitrilotriacetate) has been used as a gpubsti-
tute for phosphate in detergents but recently some doubte have been expressed as to the
wigdom of this; its environmental effects are not fully kmown. Optical whiteners,

added to most detergente, appear to persist in the environment snd their effects should be
studied,

3.1% Solid objects

Pollution of the sea by sclid objects takes the form of floating and sunken articles
such as wrecked ships, drums, wire, bottles, timbers, unwanted vehicles and plastic
articles, including ropes end fishing neis made of synthetic fibres, Many of these are
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virtually indestructible. Their main effect is that they are a nuisance in that they inter-
fere with navigation and fishing operations and when washed up on shores reduce amenities.
For example, pieces of synthetic ropes and fishing nets are commonly found floating in
areas of intense fishing activity, such as the North Sea, and they can immobilize vessels
by getting wound round propeller shafts. Again, plastic tottles and containers thrown
overboard and washed ashore are a common feature of beaches in many parts of the world.
There is also inereasing evidence of damage to sea birds due to their getting entangled
in pieces of floating fishing net. Sunken objects may alsc interfere with fishing opera=
tions and some areas have heen reported as being unfishable after offshore ¢il drilling
operations on account of the rubbish left behind, In some cases, the dumping of objecis
has been on such a scale as to affect the habitat of bottom=living animzals.

Various types of waate, some very poisonous, are dumped into the ses in containers,
vwhich gradually deteriorate. The waste then esczpes znd msy conteminate muarine life or
be 2z hazard to human health, if the containers have been deposited on the continental
shelf,

3.12 Dredging speil and jnert wastes

Inert wastes are introduced into the marine enviromment via river= and pipelines, by
dredging and mining coperations and from barges, In shallow coastal seas dispersal away
from the coast may be seriously hampered by various types of sediment traps. Frequently,
solid matter discharged into the gsea returms to neighbouring shores or estuarine waters,

thus threatening areas whers important marine, plant and animal popnlatxons are located.

Dredging and mining operations can create an excessively high sedimentation factor
which can reduce the supply of light for plants, smother fish eggs, larvae, invertebrates,
and micro-organisms, thereby interfering with the normal botiom component of biologiecal
energy cycling, These effects may be particularly disastrous in tropical reef arsas where
many reef organisms such as corals, sponges and coelenterates are especially sensitive to
inereased sedimentation. There is a need for accurate gquantative data regarding the
effects of incressed sedimentation on marine fauna and flora.

In addition to sand and s3ilt dredged from navigeble channels and harbours, and dumped
at sea, there are industrial activities which result in a large volume of inert waste which
may either reach the sea by pipeline as a slurry, be dumped from barges, or merely tipped
on the shore. FExamples are china clay, gypsum, "red mud'" from bauxite reduction, fly-ash
from power stations and colliery waste. These materials are uswally inert and non-toxic
but may affect marine life by settling on the gea bed, and sec medifying the ecosystem, or
by creating turbid conditions and reducing light penetration., Primary production may be
decreased, fish spawning grounds may be destroyed and the settlement of molluscs prevented..
The bottom may be rendered unsuitable for crustacea such as lobstsrs, crabs and prawns,
but new communities of bottom animals may be produced which may provide additienal food
for fish., UYhere dredging includes a substantial quantity of crganic material an additional
BOD may be created locally and nutrients may be added.
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Pable 1
MAJOR CATEGORTES OF MARTINE POLLUTION
Category Harm to . Hazards Hindrance Reduction of
living - 40 human . %o maritime amenities

TeBources . health activities

1) Domestic se
including foo + + (+) +
processing wastes

2) Pesticides

Organochlorine compounds
Organophosphorua compounds
Carbamate compounds

Herbicides

Mercurial compounds
Migcellaneous metal-~based opds.
POBs .

(+)
+

LR EE
o e
+ 4
L e

R I

NEEEER

oM

3) Inorganic wastes

Acida and alkalis
Nutrients and Ammonia
Cyanide

Sulphite

Titanium dioxide wastes
Mercury

Lead

Copper

Zinc

Chromium

Cadmium

Arsenic

S

Nt gt s

|
+ 4
S gt

R RS RS I trunn
Mo

[ I T I I T I I BN RN R

IIIGIIIWI?I
S gt

ww@|~+1||

4) Radioactive materials

5) 0il and oil dispersants + ? + +

6) Petrochemicals and
organic chemicals
Aromatic solvents
Aliphatiec solvente
Phenols
Plastic intermediates

and by-products +
Plastios (+)
Amines +
Folycyclic aromatics +

7) Organic wastes including :
Egp and paper wastems =+ ? (+) +

8) Military wastes + ? + ?

++ +
+ 2 )
L
e v el
+ 4 +
St st Sttt

-o
1 +1
(I |

+

9) Heat + - - -

con‘b'd YT XY
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Table 1 !oont 'dz
Category Baxwes to Hagaxds Hindranoce . Reduotion of
living to human to maritime amenities
TesSOUroes health activitien
10) Detergents + - - (+)
11) Solid objects + - + ++
12) Dre%‘ spoil and
-] wastes -+ - + +
Key to symbols: ++ important
| + significent
(+) slight
? uncertain

negligible



Pable 2

PRINCIPAL SOURCES OF MARINE POLLUTION

(a) (v) (e) ~(d) (e) (£} () (h) (i)
MHanufac- Domestic| Agricul- | Deliber- |Opera- Acciden~ (Exploi- [Military|Trans-—
ture and wastes, ture ate tional tal re- tation activi~ |[fer
use of Pisposal | Forestry | dumping |discharge|lease from [of zea ties from the
industrial |via Public from from shipa and |bed atmos—
Category of pollutant products - |direct Health ships gships in |submarine 1mineral phere
disposal outfalls| via course of |{pipelines jresources
via direct |and ran-of'f duties
outfalls rivers from land
and rivers
1., Domestic Seware + ++ - + (+) - - - -
including food
processing wastes
2. Pesticides
Opgano~chlorine compounds + + ++ (+) - 0 - ? +
Organophosrhorus compounds + (+) + - - 0 - ? +
Carbamate compounds + - (+) - - 0 - - -
Herbicides + {+) + - - 0 - + +
Mercurial compounds + - ++ - - 0 - ? ?
Miscellaneous metal-
containing compounds + £+} (+)- - - 0 - - ?
FCB's ++ + - (+) - - ? - +
3. Inorganic Wastes
Acids and Alkalis + - - + - - - -
Sulphite + - - - - - - - (+)
Titanium dioxide wastes 0 - - 0 - - - - -
Mercury ' ++ + - + - 0 - ? ++
Lead + (+) - ? - (+) - N o
Copper ++ (+) (+) (+) - (+) - - -
Zinc + - - + - (+) - - -
Chromium + - - ? - 0 —_— ? -
Cadmium ++ - - - - 0 - ? -
Arsenic + - (+ ) + - 0 - ? 2
4. Radiocactive materials ++ - - (+) - 0 - (+) o%

Cont'd ........

AT YENNY
61/I11 JHYSHED

.
-,



Table 2 (cont'd)

Key to Symbols

important
significant

slight

uncertain
negligible
potentially harmful

dependent on extent of weapons t?Bting

i

Category of pollutant (a) (v} (c) (a) {e) {f) (g) (h) (1)
5. _0il and o0il dispersants 44 (+) - 4 + -+ + + _
6. Petrochemicals and

Organic chemicals
Aromatic solvents g2 - - + - +) - ? ?
Aliphatic solvents + - - + - + - 2 2
Plastic intermediates and _

by~products + - - + - (+) - - ?
Phenols ++ (+) (+) + - 0 - (+) -
Amines + - - (+) - 0 - - -
Polycylic aromatics *+ - - + - 0 2 - -
T- Ogg?ic Wastes ++ ++ + + - - - - -

inciuding pulp and '

paper wasties
8. Military Wastes ? - - 7 ? ? - ? -
9. Heat ++ - - - - - - - -
10. Detergents + ++ {+) - - - - - -
11. Solid Objects + + - + ++ (+) (+) + -
12. Dredging spoil and + - - + - - ++ - -

inert wastes

Al YENAY

- 6T/IIT IWVSED

-22=-
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IETICATION FOR CONTROL

In relation to the prevention and conirol of marine pollution, the symbols in Tables 1
znd 2 would generally imply the following:

++ = restrictive or preventive measures recommended

+ = restrictive or preventive measures should be considered
8] - measures to assess potential harm advisable

7

further investipations required pending which caution is recommended

P
+

o
I

no special action indiecated

no special action indicated.

R AW RR
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IDENTIFICATICN OF NOXIOUS AND HAZARDOUS CARGOES
WHICH MAY CAUSE SERIOUS MARINE POLLUTIOH

1e With a view to facilitating the effective implementation of future international
agreements or other measures for the prevention and control of marine pollution, GESAMP
wa2 requested by IMCO to identify the noxious and hazardous cargoes other than oil which
are currently being carried by shipe and which could, therefors, be accidentally released
into the sea a8 a result of a maritime casuslty. In ocarrying out this task, reference
has been mada to the following documentations

(a) The International l:ﬁitime Dangerm Goods Code, in respect of substance
carried in package

() Information, made available to IMCO by it Member Governments, on dangerous
subatances which are at present being carried in bulk by ships.

2+ The Oroup felt that there was firet a need to identify those wubstances whioh are
highly toxic, very perasistent or subject to bicaccumulaticon and which can, therefore, be
expacted 10 cause extenaive, long~term or permanent damage to the marine envirorment as
a whole. Additionally, the Group has identified other substances which are toxic or
otherwise harmful but which can be expected 1o have less extensive and/or less persistent
effects but which neverthelesa ocan produce severe damage in certain loscalities or under
certain circumetances. The substances are, therefors, listed in two main categories as
followss

(s) Category I - Substances which on release into the sea present a major hasard to either
human heaith or marine rescurces or cause serious harm to amenities and, therefore, juatify
the spplication of special measures to prevent their escape into the marine enviroment.
This category includes pewiicides, compounds of fluorine, menio, antimony or mercury and
persistent oile, These substances are listed in Appendix I.

(v) Category IT — Substances which, on release into the sea may present & hasard to
either human health or marine life or are harmful to amenities but which, because of {heir
ahori-term or strictly localized sffect, require special anti-pollution measures only in
certain circumetances or localities - i,e., if a large shipment is involved or if the
release is likely to take place in the proximity of susceptible marine resourcesa or in an
enclosed area such a8 a bay, canal or dock. This category includes compounds of lead,
zine or chromium or concenirated acids or alkalis. These substances are listed in
Appendix IX.

). In accordance with the request made to it, the Group has confined the present study
1o the ldentification of pollutants other than oil, as defined in Article I of the
International Convention for the Prevention of Follution of the Sea by 0il, 1954. Other
peraistent cils, carried as cargo, however, can give rise to serious pollution if released
into the #ea and ghould, therefore, be included in Category I.

1/ In this coniext the term "packages" includes a wide range of receptacles for
transporting solid, liquid or gaseous dangercus substances including large containers

such as portable tanks. The Code coniains provisions covering the construction and testing
of all types of packagings together with other conditions for their safe carriage such as
stowage, segregation, fire and spillage procedures, medical first-aid, etc.
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4+ The Group moted that radicactive substances, which are listed in Class 7 of the Code,
are transported under special conditions and/or are contained in packeges which have been
speoially designed and iested to angure that radiation leakage doesm not exceed a sale
value under specific scoident conditions (see IAEA Safety Series No. 6 - "Regulaticns for
the Safe Transport of Radioactive Materials®). Farthermore, special provisions have been
formulated for the control of radiosctive pollution of the sea (ses TIEA Safeily Series
No. 5 - "Radioactive Waste Disposal into the Sea”)}. For these reasons, such cargeeés have
not besn included in either Category I or Category 1I.

5« The lists should not bs regarded as exhsustive since ships may well carry other cargoes,
not classed as dangerous, which could cause serious pollution if released into the sea and,
furthermors, new dangercus substances, not liated in the Code, may be expected to be

offered for shipment in the future, In such cases, the lists may be taken as an indication
of the types of cargoes for which apecial preventive measures may be considered neceasary;
nevertheless, it ahould be noted that vontimuing research on the sffects of pollutants in
the marine enviromment may indiocate the need for some rsvision of the lists from time to
time. For this reason, the Group recommends that the Organization should arrange for their
periodical review in the future both to re-examine the status of materials already listed
and to add new materials to the appropriate category.

6. Thus each list contains essentially certain main groups of chemicals of a similar
chemical nature, which have been considered worthy of inclusion in Category I or 11
respectively, according to the ldnd of hasard they present either tc human interests or
marine life, New chemicals of a similar composition to those listed, can be given the
same categorization as other compounds of that type, e.g. compounds comtaining fluorine
would be included in Category I.
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CATEGORY Y
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present a major hasard io either human health
or marine resources or cause serious harm to
anenities and therefore justify the

application of especial measures to prevent
their sscape into the marine enviromment,

BOTE - This category includes substances

such
(1)
(14)

(iii)

pesticides

ocompounds containing fluorine,
arsenic, antimony or meroury

persigtent oils (ree
paragraph 3 above).

MDa | NETHCOD OF CARRIACE
COE IDRSTI- ABOARD
HAME OF SUBSTANCE PAGE N0, PICATTON (s indicated by
(if listed) | KO, present information)
(if listed)
ACET(HE CYANCHYDRIN, stabilized 6120 154 Pachgen/hlk
ACID MIXTURES, hydrofluoric and
sulphuric 8105 1786 Packages
ACROLPIN, inhibited 3103 1092 Packages,/Bulk
ACRYLONTTRILE, inhibited 3104 1093 Packages/Bulk
ALDRTN 6121 1542 Packages
ALDRIN, mixtures, dry and liquid 5122 1543 Packages
ALKALI NETAL AMALGAMS, not otherwise
specified 4320 1389 Packages
ALKILINE EARTH METAL AMALGANS,
not otherwise specified 4323 1392 Packages
ALXALOYDS, poisonous and their
salts, not otherwise specified 6123 1544 Packages
AMNONTUN ARSENATE 6126 1546 Packages
AMOEIUN HYDROGRN FLUORIDE 8115 1727 Packages
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CATEGCRY I
IXDG i METHOD OF CARRIAGE
NAE OF SUBSTANCE PR H0s mﬁé mfged by
(it listed) | NO. present information)
(if listed)

ANIL MERCAPTAN 3214 1111 Packages
ANILTHE 6127 1093 Packages/Bulk
ANTTHCNY COMPOUNDS, inorganic,

not otherwise aspecified 6129 1549 Packages
ANTDICNY LACTATE 6130 1550 Packages
ANTDM(HY PENTACHLORIDE, liquid 8119 1730 Packages
ANTIM(NY FENTACHLORIDE, solutions 8120 1731 Packages
ANTIMCRY PENTAFLUCRIDE 8121 1732 Packages
ANTDMCNY POTASSIUN TARTRATE 6131 1551 Packages
ANTIMONY TRICHLORIDE, (a) solid 8122 1733 Packages
ANTIMONY TRICHLORITE, (b) liquid 8123 1733 Packages
ARSENIC ACID (a) liquid 6133 1553 Packages
ARSENIC ACID (b) solid 6134 1554 Packages
ARSENIC BROMIDE 6135 1555 Packages
ARSENIC COMPOUNDS, (a) liquid,

not otherwise specified 6136 1556 Packages
ARSENIC COMPCUNDS, (b) solid,

not otherwise specified 6137 1557 Packages
ARSENIC FENTOXIDE 6138 1559 Packagen
ARSENIC TRICHLCRITE 6139 1560 Packages
ARSEXIC TRIOXIDE 6140 1561 Packages
ARSERICAL DUST 6141 1562 Packages
BIFLUCRIIES, not otherwise 8132 1740 Package®

specified
BORON TRIFLUORIDE 2107 1008 Packages
BORON TRIFLUCRIDE ACETIC ACID

CCMPLEX 8134 1742 Packages
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CATEGORY I
noe oy METHOD OF CARRIAGE
NANE OF SUBSTANCE PAE %0, FloATTaN ggﬂdﬁed Yy
(if listed) |XNO, presemt information}
(if 1istea)
BORCW TRIFLUORIDE PROFICWIC
ACID COMPLEX 8135 1743 Packages
EROMINE PENTAFLUORIDE 8137 1745 Packages
BROMINE THRIFLUGRIDE 8138 1746 Packagen
BRUCINE 6153 1570 Packages
CALCTIUM ARSENATE 6155 1573 Packages
CALCTUM ARSENATE AND ARSENITE,
solid mirxtures 6156 1574 Packages
CHLORTNE 2114 1017 Packages/Bulk
CHLORINE TRIFLUGRIDE B142 1749 Packages
CHLOROPHENATES,
CHLCOROFEENOLS, solid 6164 2020 Packages
CHLOROPHENATES
CHLOROPHENOLS, liquid 6165 2021 Packages
CEROMIC FLUCRIDE, solid 8143 1756 Packages
CEROMIC FLIKRIDE, solution 8150 1757 Packages
COAL TiR OIL - - Bulk
COPFER ACETOARSENITE 6172 1585 Packages
COFPER ARSENITE 6173 1586 Packages
CREOSOTE COAL TR - - Bulk
CREQSOTE OIL - - Bulk
CRESOL - - Bulk
CROTONALYEHYDE 224 1143 Packages
CUT-BACKS, esphalt or bitumen iggg 1116 Packages,/Bulk
CYANOGEN 2126 1026 Packages
CYAROGEN CHLORIDE 2127 1589 Packages
1+t = DIFLUCRCORTHANE 2133 1030 Packages
1.1 = DIFLUCRCETHYLENE 2134 1959 Packages
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CATEGCHY I
G w METHOD OF CARRIAGE
CODE TENT I~ ABOARD SHIP
FAKE OF SUBSTANCE PAGE X0, FICATION (as indicated by
(if listed) |XoO. present information)
(if listed)
DIFLIKROPROSPHORIC ACID,
anhydrous 8461 1768 Packages
ENTRTN, mirxtures, dry and liquid 5191=1 - Packapes
ETHYLEREIMINE, inhibited 3236 1185 Packages/Bulk
FERRIC ARSENATE 6197 1606 Packages
FERRIC ARSENITE 6158 1607 Packages
FERROUS ARSENATE 6199 1608 Packages
FLUCBORIC ACID 8169 1115 Packages
FLUORINE 2151 1045 Packages
FLUKROPHOSPHORIC ACID,
anhydrous 8170 1716 Packages
FLUCROSULPEQNIC ACID 817 1777 Packages
FLUOSILICIC ACID 8172 1778 Packages
EEXAETHYL, TETRAPHOSFEATE 6202 1611 Packages
HEXAETHYL TETRAPHOSPEATE and
compressed gwe mirture 6203 1612 Packages
HEXAFLUGROPHOSPHORIC ACID 8176 1782 Packages
BEXAFLUOROPROPYLENE 2154 1858 Packages
HYDROFLUGRIC ACID, solution 8183 1790 Packages/Bulk
EYDROGEN CYANIDE, anhydrous,
stabilized 2160 1051 Packagesa
HYDROGEN FLUORIDE, enhydrous 2161 1052 Packages/Bulk
HYDROGEN SULPHIDE 2163 1053 Packages
INSECTICIDE GASES, toxic, not
otherwise specified 2164 1967 Packages
INSECTICIDE GASES, non-toxic,
not otherwise specified 2165 1968 Packages
INSECTICIDES 9032 1615 Packages
INSECTICIDES, liquid, texie, 3241 1995 Packagen
not otherwise specified 3334-1
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 CATEGORY I
- INDG ™ METHOD OF CARRIAGE
BANE OF SUBSTANGE PAE X0, Tt %ﬁ.n by
' (if listed) |NO. present information)
(if listed) ' '

LEAD ARSENATES 6208 1617 Packages
LEAD ARSENITRS - 6209 1618 Packages
MAGNESIUN ARSENATE 6212 1622 Packages
MERCAPTANS AND MIXTURES, liquid 3118 1228 Packages
MERCURIC ARSENATE 6213 1623 Packages
MERCURIC CHLORIIE 6214 1624 Packages
MERCURIC NITRATE 6215 1625 Packages
MERCURIC POTASSIUM CYANIDE 6216 1626 Packages
MERCUROUS NITRATE 6217 1627 Packages
MERCUROUS SULFHATE 6218 1628 Packagea
MERCURY ACETATE 6219 1629 Packages
MERCURY AMMONITM CHLCRIDE 6220 1630 Packages
MERCURY ERIZOATE 6221 1631 Packages
MERCURY BISULPHATE 6222 1633 . Packages
MERCURY BROMYDES | 6223 1634 Packages
MERCURY COMPOUNDS, inorganic, 6224 2024 Packages

not otherwise mpacified .
MERCURY COMPOUNDS, organic, not 6225 2025 Packages

otherwige specified
MERCURY CYANIDE 6226 1636 Packages
MERGCURY FULMINATE, containing - 0135 Packages

by weight, at least 204 water
MERCURY GLUCCNATE 6227 1637 Packages
MERCURY IODIDE 6228 1638 Packages
MERCURY NUCLEATE 6229 1639 Packages
MERCURY CLEATE 6230 1640 Packages
MERGCURY OXIDE 6231 1641 Fackages
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CATEGCRY I
INDG w METHOD OF CARRIAGE
CODE IDERTI- ABOARD SHIP
FAME OF SUBSTANCE | Pace ¥o. FICATION NO. |(as indicated by
(if lieted) |(if listed) |present information)
MERCURY QXYCYANIDE 6232 1642 Packages
MEBCURY POTASSIUN IODIDE 6233 1643 Packages
MERCURY SALICILATE 6234 1644 Packages
MERCURY SULPHATE 6235 1645 Packages
NERCURY THIOCYANATE 6236 1646 Packages
NICOTINE 6244 1654 Packages
" NICOTINE, compounds and 6245 1655 Packages
preparations, not otherwise
speoified
¥ICOTINE HYDROCHLORIDE, and 6246 1656 Packages
solutions '
KICOTINE SALYCYLATE 6247 1657 Packages
BICOTINE SULPHATE, solid or 6248 1658 Packages
solution
NICOTINE TARTRATE 6249 1659 Packages
NITROSYL. CHLORIDE 2185 1069 Packages
CROANOFEOSFEATES, poisonous, 6255 1893 Packages
not otherwise specified
OXYGEN DIFLUCRIDE - - Bulk
PARATHION and mixtures, solid, 6256 1668 Packagen
liquid or under compressed gas :
FENTACELOROETHANE 257 1669 Packages
FERCHLOROMETHEYLMER CAPTAN 6258 1670 Packages
PESTICIDES, high hazard (a) 6258-1 - Packages
solid
FPESTICIDES, high hazard (b) 6258-2 - Packages



GESAMP III/19
: ANFEX ¥ :
. CATRGCRY I
INDa i ¥ETHOD OF CARRIACE
BAXE OF SUBSTANCE PAGE 5O, il mﬂd by
(if lieted) |KO, present information)
(if listed)
PESTICIDES, high hasard, such asg 6258-13 - : Packages
_ 4258-4
Organophosphorus Compounds ‘
Crganochlorine Compounds
Carbamaten
Substituted Nitrophenols
Alkzloids .
Crgunomarcury Compounds
Orgenotin Compounds
Niscellaneous Compounds
PESTICIDES, low hasard, such ass 9036~1 : - Packages
Organophosphorus Compounds :i
Organochlorine Compounds
Carbamates and derivatives of
Ures
Substituted Nitrophenols
Alkaloids
Niscellaneous Compounds _
PHENYLMERCURIC ACETATE 6261 1674 Packages
PHENYLMERCURIC GONPOUNDS 6262 2026 Packages
PEENTLMERCURIC EYDROXITE 6263 1894 Packages
PHENYLMERCURIC NITRATE | 6264 1895 Packages
' : 219 1076 Packages
PHOSPHCRUS, smorphous 4158 138 Packages
PHOSPHEORUS, white or yellow 4257 1381 Packages
(a) ary -
PHOSPHORUS, white or yellow 4258 1381 _ Packages/Bulk
(b) in water :
POTASSIUN ARSENATR 6266 1677 Packages
POTASSTOM ARSENTTE 6267 | 1618 Packages
POPASSIUN EIFLUORIDE, (a) solid 8202 1811 Packages
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GESAMP III/19
AWNEX ¥ :
CATEGORY T
bi ol w METHOD OF 'CARRTACE
. cOnE IDENTI~ ABOARD SHIP
VAME OF SUBSTANCE | PAGE FO. FICATICR (as indicated by
(if 1listed) |[NO, present information)
(if listed)
POTASSIM HIFLIGRIDE,

(b) asolution 8203 1811 Packages
POTASSIUN FLUGRIDE, (b) solution 8204 1812 Packages
POTASSIUN FLUGRINE, (a) solid 6270 1812 Packeges
STLICGH TETRAFLUCRIDE 2196 1859 Packages
SILVER ARSENITE 6273 1683 Packages

_ SODIUM AMALGAM 4362 1424 Packages
SODIUN ARSENATE 6275 ' 1685 Packages
SODIUM ARSENITE, aoqueous . 6276 1686 Packages

solutions

SODIUN ARSENITE, solid : 6276=1 2027 Packagea
SODIUM FLUORIDE, solid ' 1 6280 1690 Packages
SODIUN FLUORIDE, solution 8218 1820 Packages
STRONTIUN ARSENITE 6281 1691 Packages
STRYICHNINE, and salis 6282 1692 Packages
SULFHUR BEXAFLUORIDE o 2198 1080 Packages
TETRAETHYL PYROPHOSPHATE, and

compressed gas mixture 6288 1705 Packagen
PHALLION COMPOUNDS 6289 1707 Packages
ZINC ARSENATE and ARSENITE,

sclid mixtures 6294 1712 Packagen
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ANREX V
Appendix 2
CATEGORY II

Substances which on relesse into the sea
may present & hagard to either human health
or marine life or are hamful to amenities
but which, because of their short-term or
strictly localized effect require special
anti-pollution measures only in certain
oircumstances or localities -~ ise., if a
large shipment is involved or if the release
is likely to take place in the proximity of
susceptible marine resourves or in an
enclosed ares wuch as a bay, canal or dock.

FOTE: This category includes substances
such &8s

(i) ocompounds of lead, sinc or chromium

(ii) oconcentrated acids or alkalis

DG w METHGD OF CARRIAGE
NAME OF SUBSTANGE PAGE 0. I%Ei& : mgged vy
(if listed) |NO, . |[present information)
(if lieted)

ACETALIEHYDE 3104 1089 Packages/Bulk
ACETORE 3102 1090 Packages
ACRYLIC ACID, inhibited - - Bulk
ADIPCRITRILE - - Bulk
ALLYL ALCOHOL 3241 1098 Packages/Bulk
ALLYL BROMIDE 3211 1099 Packages
ALLTL CHLORIDE 3105 1100 Packages
ALLYL iwoTHIOCTIABATE, etebilized 6124 1545 Packages
ALUNINIUN PHOSPHIDE 6125 1397 Packages
ALUMIKIUM TRIETHYL 4224 1102 Packages/Bulk
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ANNEX V
CATRGCRY II
DG w METHOD OF CARRIAGE
CODE IDENTI- ABOARD SHIP
FAME OF SUBSTANCE PAGE NO. FICATION | (as indicated by
(if listed) |NO._ . present information)
(if listed)
ANMOSTIA, anhydrous 2103 1005 Packages/Bulk
ANMONIA, solutions 2104 1005 Packages/Bulk
AMNCEITM DI CHROMATE 5121 1439 Packages

AMNINITICOR, tear producing,
non-¢xplosive, with neither
burster nor expelling charge,
non~fuzed 6126=1 2017 Packages

AMMUNITICN, toxie, explosive,
with bureter or expelling charge,
fuzed or non~fuzed - 0020 Packages

AMMIKITION, toxic, exploaive,
with neither burster nor
expelling charge, fuzed or
non=-fuzed - 0021 Packages

HOUNITION, toxio, non~explosive,
with neither burater nor

expelling charge, non-fuzed 6126-2 2016 Packages
ANYL ACETATE 3212 1104 Packages/Bulk
. 3310
ANILINE HYDROCHLCRIDE 6128 1548 Packages

BARIWM AZILE, dry or containing,
by weight, less than 50% water

or aloohol - 0024 Packages
BARIUM AZIDE, contalning at least

50% water or alcohol 6142 15T Packages
BARTUN COMPOUNDS, not otherwise :

speoified 6143 1564 Packages
BARIUN CYANITE 6144 1565 Packages
BARTIN OXIIE 6145 1884 Packages
BRNZENE 3214 1114 Packages/Bulk
BENZITIEE 6146 1855 Packages
BENZYLIDENE CELORIDE 6147 1886 Packages
KERTLLIDM, metal powder 6148 1567 Packages

EERYLLIUM COMPORIDS 6149 1566 Packages
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GESAMP III/19
ANVEX V
CATEGORY IT
INDG w METHOD OF GARRIAGE
CODE TNENTT- ABOARD SHIP
BAME OF SUBSTANCE PAGE O, FICATION (as indicated by
(if listea) (NWO. present information)

(if listed)

BORTEAUX ARSENITES,
liquid or eolid

ERONOACET{NE
BRONOEENZ YLCYANIDE
BUTTRALDEHYIE
ieoBUTTRALIEHTIE

CACODYLIC ACID

CALCIUM CYANIDE

CARBOM DISULPHIDE
CHLOROACETONE, stabiliged
CHLOROACETOPHEN QNE
CHLOROAWILINES, (a) liquid
CHLOROANILIEES, (b) solids
CHLOROBENZEKE

CHLORODIFI TROEENZENE
2-CHLCROBETHANCL
CHLORCHIDRINS, crude
CHLORGEITROBENZENES
CHLOROPICRIN

CHLOROPICRIN and METHYL
BRONIDE, mixtursa

CHLOROPICRIN and METEIL
CHLORITE, mixtures

CILOROPICRIN, mixtures, not
otherwise specified

CHLOROSULPHORIC ACID

4--CHLORO=-0rtho-TOLUIDINE
HYDROCELORTDE

CEROMIC ACID, solution

6150
6151
6152
3220

6154
6157
3107
6158
6153
6160

6161

337
6162

3318

6163
6166

6167
6168

6169
8147
6170

8148

1568
1569
1654
1129
1572
1575
1131
1695
1657
1576
1576
1134
1577
1135
1578
1580

1581
1582

1583
1754
1513

1155

Packages
Packages
Packages
Packages/Bulk
Bulk
Fackages
Packages
Packages/Bulk
Packages
Packagen
Packages
Packages
Packages/Bulk
Packages
Packages

Fackages
Packagoes

Packages
Packages

‘Paockages
Packages/Bulk
Packages

Packages
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GESAMP ITI1/19
ANNEX V
CATEGCRY II
INDG w METHOD OF CARRIAGE
CODE IDENTI- ABOARD SHIP
NAME OF SUBSTANGE PAGE NO, FICATION (as indicated by
(1f listed) | HO, premsent information)
(42 listed)
CHRCHMIUN OXYCHLORIDE 8351 1758 Packages
CHRCMIUN TRIOXIDE, anhydrous 5146 1463 Packages
COAL TAR DISTILLATE, containing 3318 1136 Packages
BENZENE or HCMOLOGUES 3221
COAL TAR LIGHT OIL 3319 1137 Packages
3222
COBALT NAPETHENATES, powder 4127 2001 Packages
COCCULUS, molid 6171 1584 Packages
CCPPER CYANIDE 6174 1587 Packages
CROPONALDEHYDE 3224 1143 Packages/Bulk
CUMERE 3340 1918 Packages/Bulk
CYANIDES, solutions 6175 1935 Packages
CYANITES, inorganic, not -
otherwise gpecified 6176 1588 Packages
CYANOGEN ERCNIDE 6177 1889 Packages
CYAROMEN CHLORIDE 6178 1589 Packages
CYCLOHEEXANOL - - Bulk
CYCLCHEXANGIE 332t 1915 Packages/Bulk
TECABORANE 129 1868 Packages
i30DECALDEHYIE - - Bulk
DICHLORCARILINES 6179 1590 Packages
DICHLOROBENZENES 6180 159 Packages
Di-(4~-CELOROEENZOYL) FEROXIDE
(a) dry or containing less
than 10% water or less than
30% phlegmatizer - 0149 Packages
Di~(4~CHLOROHENZOYL) PEROXIDE
(b) containing at least
104 water 5245 1531 Packages
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GESAMP III/19
ANEEX V
CATEGRY IT
IMDG o METHOD OF CARRYIAGE
NAME OF SUBSTANCE PAGE ¥O. | FIGKTIH  |(as indicated by
{if listed) | NO. preseut information)
(if listead)

Diw (4~CHLOROEERZ0TL) PEROXIDE

() containing at least 30%

phlegaatizer 5246 1531 Packages
DICHLORCETEYL STHER 3323 1916 Packages/Bulk
1-2 DICHLOROPROPANE - - Bulk
DICHLOROPROPANE - - Bulk
DICHRONATES, inorganic, not 5147 1464 Packsges

otherwise specified
DISTHYLAMINE 3109 1154 Packages
DIETHYLEENZENE - - Bulk
DIETHYLENE GLYCOL MOMOBUTYL ETEER - - Bulk
DIETHYLENE GLYCOS. MONODTHYL ETHER - - Bulk
DIETHYLERE (LYCOL MONOMETHYL ETHER - - Bulk
DIETHYLENE TRIAMINE 322 1160 Packages/Bulk
DIETHYL SULPHATE 6181 1594 Packages
DIETHYLZINC 4236 1366 Packages
DIMETHILAMINE, anhydrous 2136 1032 Packages/Bulk
DIMETEYLAMINE, solution 3227 1160 Packages
DIMETHYLDI CHLOROSILANE 3228 1162 Packages
DDETHYLHYDRAZINE, unsymmetrical 3228 1163 Packages
DIMETEYL SULFRATE 6182 1595 Packages
PIMETHYLZING 4239 1370 Packages
DINITROANILINES 6183 1596 Packages
DINITROBENZENES 6184 1597 Packages
4, 6~DINITROOTthoCRESOL 6185 1598 Packages
DINITROPHENOLS, (a) dry,

insufficiently weited - 0076 Packages
DINITROPHENOLS, (b) wetted

with not less than 15% water 4130 1320 Packages
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CATEGORY 11

E-ma w METHOD OF CARRIAGE
CDE IDENTI- ABOARD SHIP -
BAXE OF SUBSTABCE AGE ¥O. FICATION (a0 indicated by
(if listed) | KO, present information)
(it ligted)

DINITROFHER(R.S, (o) molution

in water or inflammeble liquid 6186 1599 Packages
DINITROPRENOLATES, (a) dry, or

ingufficiently wetted - o077 Packages
DINITROPHENOLATES, (b) wetied

with not less than 33% of water 4131 1321 Packages
DINITRORESORCINOLS, dry or

containing, by weight, less than

19% water - 00178 Packages
DINITRORESGRCINGLS, wetted with

not less than 33 1/3% of water 4132 1322 Packages
DINITROTULUENES liquid; or wsolid

and wetted with not less than

10% of water 6187 1600 Packages
DIPHENTLAMINE CHLOROARSINE 6188 1698 Packages
DIPHENYLCHLOROARSINE 6189 1699 Packages
DODECYL EENZENE, commercial - - Bulk
DYE ISTERMEDIATES, poisonous, liquid

or solid, not otherwise specified 6191 1602 Packages
EPICHLOROHYDRIN 6192 2023 Packages/Bulk
ETHYl. ACRYLATE, inhibited 3232 ki Packages
ETHYLEENZENE 3327 1175 Packages/Bulk
ETHYL BROMOACETATE 6193 1603 Packages
ETHYL CHLOROACETATE 3328 1181 Packages
ETHYIL CHLOROF(EMATE 3234 1182 Fackages
EFI CHLCROHYDRIN 6192 2023 Packagon/ Bulk
ETHYLDICHLOROSILANE 3235 1183 Packages
ETHYL DICELOARSINE 6194 1892 Packages
ETHYLENEDIAMIFE 6195 1604 Packages/Bulk
ETHILERE DIERGMIDE 6196 1605 Packagen
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GESAMP I11/19
ANNEX ¥
CATEQORY II
1 nle} o METHOD OF CARRIAGE
CCDB TPRRTI- ABQARD SHIP
NAME OF SUBSTANGE PAGE O, FICATION (as indicated by
(it listed) [NO, : present information)
(if 1isted)
ETHYLENE DICHLORIDE 3236 1184 Packages/Bulk
ETHILENE GLYCOL - - Bulk
ETHYLENE OXIDE, containing
not more than 0.2% of nitrogen 2145 1040 Packages/Bulk
ETHYLTRICHLOROSILANS 3238 1196 Packages
FCHMALIEYYDE, solutions
containing 374 to 50% 3331 1198 Packages/Bulk
FORMIC ACID 8173 1779 Packages/Bulk
FURFURAL 3332 1199 Packages/Bulk
FURFURYL ALCOHOL - - Balk
HALOGENATED IRRITATING LIQUIDS,
not otherwise mpecified 620 1610 Packages
HYDROCTYANIC ACID, aqueous
solution of not more than 20% of
hydrogen cyanide 6204 1613 Packages
RYDROGEN CYANINE, anhydrous,
stabilised, absorbed in a
porcus inert material 6205 1614 Packages
IRON CARBOHYL 316 1994 Packages
ISOPHORQHE - - Bulk
JET MEL - - Bulk
KEROSEEE 3339 1123 Packages/Bulk
LEAD ACETATE 9033 1616 Packages
LEAD AZIDE, containing by weight
at least 20% water - 0129 Packages
LEAD CEROMATR 9034 1619 Packages
LEAD CYARIDE 6210 1620 Packagen
LEAD DIOXIDE 5153 1872 Packuges
LEAD HITRATE 5154 1469 Packages
1LEAD ORES or CONCENTRATES - - Bulk
LEAD FERCHLORATE 5155 - 1470 Packages
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GESAMP 1II/19
AFFEX V |
CATEGCRY I
MG w METECD OF CARRIAGE
NAME OF SUBSTANCE FA% XOe FLCAT TN %ﬁod by
(if listed) |NO. present information)
(if 1isted)
LEAD STYPHNATE, containing

by weight, at least 204 water - 0130 Packages
LEAD SULPHATE, containing more

than 3% of free acid 8186 1754 Packages
LOEDCY PURFLE 6211 1621 Packages
MESITYL OXIDE 3335 1229 Packages/Bulk
METHYLANINE, aquecus solution 120 1235 Packages
METHYL EROMIDE and ETHYLENE '

DIBROMIDE, liquid mixtures 6237 1647 Packages
METHYI, CHLOROPCRMATE 3246 1238 Packages
METHYL BUTYRALDERYDE - - Bulk
METHYLCHEORCMETHYL ETHER 12 1239 Fackages
METHYL CYARTIE 6238 1648 Packages/Bulk
METHILDICELOROSILANE 3246 1242 Packages
METHYLTRICHLOROSILANE 3249 1250 Packages
NOTOR FUEL ANTI-ENOCK COMPOURDS 6239 1649 Packages/Bulk
NAPHTEALENE 4152 1334 Packages/Bulk
FAPHTHYLAMINE 6240 1650 Packages
HAPHTHYLTHIOUREA 6241 1651 Packages
NAPHTHYLUREA 6242 1652 Packages
FICKEL CARBONYL 3124 1259 Packages
KICKEL CYANIDE 6243 1653 Packages
NITRIC ACID, other than red

_fuming, all concentrations 8187 2131 Packages/Bulk
NITRIC ACID, red fuming 8188 2032 Packages/Bulk
NITROARILINES 6250 1661 Packages
I TTRORENZERE 6251 1662 Packages
NITROPEENOLS 6252 1663 Packages
2-N1TROPROPAME - - Bulk
EITROTOLUENES 6253 1664 Packages
NITROXYLENES 6254 1665 Packages
NCYL ALCCHCL - - Bulk
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- GESAMP III/19
ANKEX ¥
CATEQCRY IT
1 w }mmm OF CARRIAGE
o o wors(0ZE, [mEmL mmamr
{Af listed) - |HO. . present information)
(if listed) | '

NONTL PHRNOL - - Bulk
1800CTANOL - - Bulk |
PHENOLS 2037 1617 Packages/Bulk
PEENYLCARBYLAMINE CHLORITE 6259 1672 - Packages
PHENYLENEDIAMTNES 6260 1673 Packages
orthoPHOSPHCRIC ACID, liquid 9030 1805 Packages/Bulk
POTASSIUM CUPROCYANIDE 6268 1619 Packages
POTASSIUN CYANIDE 6269 1680 Packages
POTASSION DI CHROWATE 9039=1 1874 Packages
POTASSIIM ETDROXITE, solution - _
" up to about 50% concentration 8206 1814 Packages/Bulk
p PROPIOLACTCHE - - Bulk '
FROPIONIC ANHYDRTIE - - - Bulk
PIRIDINE 3259 1282 Packages
SELENIC ACID 8212 1905  Packages
SILVER CYANIIE 6274 1684 Packages
SODITN AZITE 6217 1687 Packages
SODION CACCDYLATE 6278 1688 _ Packages
SCOIUM CYANTDE 6279 1689 Packages
SODIUN DI CHROMATE 9041=1 1497 ~ Packages
SODIUN DINITROOrthoCRESOLATE,

(a) dry or containing, by

weight, less than {56 water - 0234 Packages
SODIUN DINITROorthoCREGOLATE,

(t) wetted with not less than

10% of water 4167 148 Packages
SODIUN TINITROOrthoCRESOLATE,

{c) wetted with not less than

30% of water 4188 1348 Packages
sﬁﬁmﬁoﬁh’:ﬁﬁ:ﬁn w vo 8223 1824 Packages/Bulk
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ANREX V
CATEGCRY II
noe ux METHOD OF CARRIAGE
COmE IDERTI- ABOARD SHIP
i@ OF SUBSTANCE PAGE NO, FICATICH (as indicated by
(if listed) | ¥O. present information)
(if listed)
STIRENE MONONER, inhibited - - Bulk
SULFOLANE - - Bulk
SULFHURIC ACID, fumirg or
containing more than 9%%
of acid 8229 1831 Packages/Bulk
TEAR GAS, drritating substances
liquid or solid, not otherwiae
apecified 6283 1663 Packages
TEAR QAS CANDLES, non-explosive 6284 1700 Packages
1y 1, 2, 2-TETRACHLORCETHANE 6285 1702 Packages
TETRAETHIL DITHIOPYROPHOSFHATE,
and coupressed gas mixture 6286 1703 Fackages
TETRASTHYL. DITHICPYROPHOSPHATE,
liquid and mixtures 6287 1704 Packages
TETRACHLORCETHYLENE 9043 1897 Packages/Bulk
TETRAHYDRONAPHTHALENE - - Bulk
1, 2, 4-TRICHLOROBENZENE - - Bulk
1, 1, 1-TRICHLCRUETHANE - - Bulk
TRIDECANCL - - Bulk
TRIETHYLEKE TETRAMINE - - Bulk
TRIMETHYLCHLORCSILANR 3264 1298 Packages
TOLUENE 3263 1294 Packages/Bulk
TOLUIDINES 6290 1708 Packages
2, 4~TOLUYLENEDYAMINE 629 1709 Packages
TURPENTINE 3344 1299 Packages/Bulk
VALEH ALTEHYDE - - Bulk
VINYL ACETATE, inhibited 3265 1301 Packages
VINIL TOLUESE (Meta and para,
mixed) - - Bulk
VIATLTRICHLOROSILANE, inhibited 3266 1305 Packages
XILENE 3267 1307 Packages/Bulk
3345
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ANNEX V :
CATEGORY 11
IMDG [} METHOD OF CARRIAGE
FANE OF SUBSTANCE PAGE O, il &oﬂdﬂed by
(if listed) | ¥O. pressnt information)
(1f listed)

XYLIDINES 6292 1711 Packages
XTLYL EROMIDE 6293 1701 Packages
ZINC, powder or dusi, non-~

pyrophoric 4373 1436 Packagen
ZINC, powder or dust

pyrophoris 4262 1383 Packagen
ZINC ASHES 4374 1435 Packages
ZINC CHLORATE 5189 1513 Packages
ZYMC CHLORIDE, solution 8240 1840 Packages
Z0IC CYANTDE 6295 1713 Packages
ZINC DITHIGHITE 4271 193 Packages
ZIRC FITRATE 5200 1514 Packages
ZIKC PERMANGANATE 5201 1515 Paockeges
ZING PERGXIDE [ 5202 1516 Packages
ZINC PHOSPHIDE 6296 1714 Packages
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ANNEX VI

COMMEXTS TO IOC AND ITS (ROUP OF EXPERTS ON LONG-TERM SCIENTIFIC POLICY AND
PLANNING (CGELTSPAP) RECARDING MARINE POLLUTION PROBLEMS OUTLINED IN LEPOR

The Group noted with satisfaction the recognition in the GELTSPAP proposals that research
related to marine pollution problems muet have an important place in the Long-term and
Expanded Programme (LEPOR), and the implication that it be given high priority. Pertinent
parts of the Report of the First Session of GELTSPAP (GELTSPAP I/17) are appended {Appendixl ).
In examining the conclusions and recommendations of the FAQ Technical Conference on Marine
Pollution and itas Effects om Living Resources and Fishing, a high degree of correspondence
between these Conference recommendations (Appendix 2) and elements of the marine pollution
proposals of LEPOR was noted. This was considered desirable and the Group endorsed the
steps being takan to establish active cooperative exercises related to marine polluticn and
grouped under the heading Global Inveatigation of Pollution in the Marine Environment {GIPME).

The following comments and suggestions are submitted on paragraphs 48 through 59 of the
report of the Group of Experts on Long-term Scientific Policy and Plamming {GELTSPAP I/17).
Some suggestionas for additional investigations related to marine pollution are also offered.

48, International Seminars, Workshops and Panels on Specific Analytical Problems

It was the opinion of the Group that panels similar to those conducted by IAEA for
intercalibration and for establishing minimum permissible concentrationa for radio-isotopes
be organiged, taking into account the compreheneive report and recommendations of the
Seminar on Methods of Deteciion, Measurememt and Monitoring of Fellutants in the Marine
Environment organiged by FAO (Rome, 1970).

‘It was suggested that SCOR be invited to establish a working group to consider the
problems connscted with the preparation of reliable standard solutiona and intercalibration
procedures for the meet significant marine pollutants. '

It was proposed that a working paper be prepared for the next seasion of GESAMP on the
use of remote sensing equipment from satellites for the purpose of pollution monitoring,
The great amount of lead time necessary between a proposal for satellite uee and its
operational siages prompts the suggeetion at this time,

49, Laboratory Network and Scientific Collaboration

The Group agreed with the suggestions made in paragraph 49 and recommended urgent
action with respect to their implementation. ' :

50. I{onitorirg_Prbgr_ame

Thig paragraph is related to 1.9, Monitoring Pollution and ite Effecte, of the
FAQ Conference recommendations, It has been considered under paragraph 10 of the Report
of the Third Session of GESAMP, end detailed in its Anmex VII, '

51, 0il Pollution Research and Control

This paragraph is related to FAO Conference recommendation 1.5, 0il Pollution. The
-Greup sirongly recomnended the early development of research programmes concerning short and
long=term ecological effsots of oil pollution in both arctic and tropical regions. It was
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the opinion 'of the Group that a considerable amount of research was already in progrese
concerning 'l;he o0il pollu't:.on problem with the exception of the types of loca.t:.on mentioned
above, .

%2. Regional Investigations of Marine Pollution

- The Group noted that this paragraph was related to items 2.3 and 2,6 of the FAO Conference
.reconmendations, It suggested that the development of a regional cooperative exercise relating
to oceanography and marine ecology in a tropicel and pub-tropical region he given very high
priority. Reasons for this are the fact that funding for such an exercise is not easily
available, becsuse such regions are in proximity to developing nations, and that the tropical
. ecosyetems are believed to be eapeacially vulrerable to pollution effects,

This recomemdatibn is made in pddition to complete endorsement of recommendation 2.5 and
other related Conference recommendations. .

53. Deep-eea Diffugion Studies

It was noted with satisfaction that this paragraph ie covered by FAO Conference
recommendationa 1.3, 3.2 and 6,5, The paragraph and the Conference recommendations were
strongly endorsed,

Deep trenches, espeonlly those axtending through continental shelves and terminating
near the coast-line, are being considered as possible dlsposal sites for barge dump:.ng and
pipeline discharges.

However, little im Jmown about the tranasport and dispersion characteristics of tremch
waters, chemical axchange properties and acoumilation rates of the sediments, and the transient
or permanent biologiocal properties of trenches. This information im required in order to
evaluste the potential of irench systems for waste disponl A regional cooperative exerocinme
relating to the above studies is s‘uggested :

54. Laboratory Research on Mcde of Uptake and Route of Marine Contaminants

The Group considered this item to be clearly related to paragraph 49, which pertains to
a laboratory network and scientific collaboration and recommended that the items covered by
the two paragraphe he developed ainml‘l:aneously. Thie paragraph is also related to FAQ
Gonference reoomondation 1l.4. '

The Oroup recommended that a list df priorities for pollutants and organisms to be
investigated be established within the general frame-work of the laboratory research programme.

The Group also recommended that the title of paragraph 54 be amended to include "Metabolic
transformatione of the pollu'l:ant" due 1o the great importance of metabolic consideratione in
this work. :

55. Polluti :.on Analogues

The Group regarded remearch in this field to be only prehm:.na.ry and oonszdared it
premgture to include this item as an element of the LEPOR programme,

56. Varved Sediments as Indicators of Natural Effects

The Croup agreed that several approaches (including varving) should be considered in
attempting to separate natural fluctuations from pollution induced effects, However,
gtudies of shorter term natural fluctuatione in eccsystems ehould receive a higher priority
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than varved sediment studies,
57. Puarther Environmental Siudies

The Group smpported the suggestions made under this paragraph but recommended that it be
viewed in a broader context, A variety of organisms, mostly from coastal waters in
temperate regions, are known to be useful integrators and thus indicators of certain
pollutants, An effort should be made to extend thig list of organisms from a wider range
of geographic areas as well as from the deep~eea benthoe, This would facilitate globai
surveys of the distribution of pollutants as well as studies of the fate of materials
reaching deep waters by dumping or natural means,

In interpreting the repulte it will be necessary to take into account biologmal {rans—
port (e.g. by fish migrationas, motions of the deep acattering layer) deep--sea udveotion,
diffugion and transient processes,

The Group also noted with interest and sirongly endoreed the FAO Conference recommen—
dation on "Pollution and Ecosystems" and further recommended that SCOR be invited to estabe
lish a working group to consider the present “state of the art" regarding the mathematioal
modelling of ecosystems of relevance to marine pollution studies, and to make suggestions
regarding the nature of additional biclegioal information requirements, in particular.
experimental ecosystems, as well as mathematical techniques of possible value for
accelerated progress, .

It was suggested that attention be given to the problems involved in the dynamics and
exchange of pollutants between air, water, sediments and biota.

58. Anticipation of Future Pollution

The Group noted these suggestions with intereat, and suggested that one or more highly
qualified industrial chemisie and sanitary emgineers be invited to take part in any spec:.fio
programme development related to anticipating future pollution, _

59. Internstional Centres for Pollution Infe: Infomtion and Data Exchange

It seemed tc the members of the Group that data exchange sysiem devslopment vu‘l:h
special reference to marine pollution is premature, based on the information available,
As a temporary measure, the Figheries Data Centre of FAC should act as an interim
depopitory for available data related to marine pellution and marine organisms, and should
congider waya and meansg for developing an effective data exchange syatem.

NEW RECOMMENDATIONS

Microbiology — Micro—organisms play an important part in connection with pollution,
not only as possible pathogens but ap agents of change of substances. There is a great
need for research into the role of marine bacteria in the biodegradation of pollutants
in general, but in particular the following items should be investigatad:

(a) factors affectin the role of degradatlon of certain pollutants (e.g. oil,
detergents, etc.

(v) a technique for measuring the degree of biodegradability (e.g. biodegradability
index,} Note: this will involve a critical survey of various indices already
in use (BOD, half-life, etc.) as well as deviping new ones;

{c} changes in toxicity induced by ba.cteria;

(d) accumulation of pollutants by micro-organisms.
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Marine Pollution

42, We wore well aware of the importance of the marine pollution problem, aa discussed
in "GQlobal Ocean Research™ and later emphasized by the Commission in adepting the "Outline®,
Because of ite potential impect on the welfare of man, the problem has atiracted the
attention of numerouns organizations, including a nuwber of bodies in the UN system, whose
concern with the scientific aspects ia focussed in CESIAMP,

43, The IOC should, through the Expanded Programme, contribute to scientific under—
standing of the problem by promoting and coordinating joint action of its Member States in
relevant scientific investigations, It should also aponsor, though not necessarily itself
compile, the proposed periodic Review of the State of Health of the Ocean, The goal of

I0C cooperative exercises in this field should be the development of the scientific basis
for management action required to deal with marine pellution probleme at national, regional
and internatlonal levels, It is, however, a peculiarly difficult task to define appropriate
exercises becaunse of the interactions of most oceanio processes and phenomena in pollution
problems, There is a c¢clear need to promote and coordinate research in aspecific fields, and
1o arrange for systematic and regniar communication among scientisis and scientific
institutiona, Moreover, marine science must coniribute to any broad marine pollution
monitoring syotem that may be developed, and to the specialized training of scientists and
tochnicians in fields related to it,

44 . In one menae, pollutants in the ocean are perturbations, often minor in magnitude,

of & natural system which itmelf ie so poorly imown, that few of ite changes can unequivocally
be asocribed to the effects of the pollutants, Discussion of marine pollution has sometimes
been based on extrapolation and transplantation of terrestrial and fresh-water experience,
even though the marine scological systems are clearly different in some aspects of their
behaviouwr from those on land, The IOC, through its comnexione with marine goientists and
governments concerned with marine meience, should be able to develop a fundamentally
ocean=oriented inveatigation of pollution ir the marine enviromment.

45, We therefore propose {Pollution Exercise 3,1) that the Commisesion establish a Global
Investigation of Pollution in the Marine Environment as a major exercise in the Expanded
Programme, and that it take the following actions to this end:

(a) Invite GESAMP and the Commission's scientific advisory bodies, to develop the
programme elements of this Investigation., In doing so, they should consider
the proposals already made by the Commission and by GESAMP, the expanded and
new proposals given below, and the resulis of the FAO Technical Conference on
Marine Pollution and its Effects on Living Resources and Fishing, and the
agsociated Seminar,

(b) Basad on the recommendations of GESAMP and the scientific advisory bodies,
ostablish an appropriate organizing committee for the Investigation, Under
this committee, subsidiary bodies would be set up as necessary for specimlized
tagks (mee, for example, para, 48 below).

(¢) In accordance with recommendations of the organizing committee, propose to
Member States of I0C and the Agencies concernmed, the nature of their participa=
tion in all aspects of the Inveatigation, including psrticipation in basgeline
Bampling and monitoring activities and the designation of existing national
and intermational laboratories to carry out specifio international tasks,
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(d) Accept a major responaibility for the exchange and dissemination of results of
the Investigation, including the periodic convening of scientific conferences
and publication of reports,

46, Within the major exercise specified above, we propoge that arrangements should be
made for further considersiion of the following twelve suggestions for ampecific types of
action. Seven of theee (paras. 48 +o 54 below) we have developed along the lines formula-
ted in the Outline and later elaborated in the report of the second session of GESAMP,
Pertinent extracts from this latter document, which we have annotated, are appended for
convenience (Amnex VIII). Reference should be made to the proposed Geo-science Exercise
4.4. We also propose five new enggestions (paras. 55 to 59 below).

4T We wiegh to stress that at our firet seseion we had no time to prepare & well ordsred,
dstailed and homogeneous set of proposed actions. The following paragraphs 48 to 59 should
therefore be considered only as a draft to be examined in much more detail, with reference
again to the suggestions in the Ouiline, "(lobal Ocean Research™ and the second report of
(ESANP. We puggest that under the srrangements specified sbove the relevant parts of all
these documents, including this section of our present report end materials from the FAO
Saminar on Methods of Detection, Measurement and Monitoring of Pollutants in the Marine
Enviromment, &nd the Conference on Maripe Pollution and its Effects on Living Resouroces and
Fishing, should be integrated into a single, detailed working paper which would comnstitute
the alaboration of Cooperative Exercise Pellution 3.1.

48. International Seminars, Workshops and Panele on Specific Ansliytical Problems

In support of a technical, preparatory phase for a monitoring system and of appraieal
of the results, as need be, the Commission should convene international seminars, workshops
n.nd/or panels on specific probleme related to scientifio aspectse of marine pollution. Such
gatherings would be analogous to those convened by the International Atomic Energy Agency,
oconcerning the detection of radionuclides and the establishment of maximum permiesible
oconcentrations in the sea. They would provide for an exchange of information, orose-
fertiligation of ideas and poseibly development of techniquee needsd to assess certain
pollution problems, as well am the development of envirommental quality criteriam. They
would provide the personal contact for inter—laboratory collaboration. Suggestions in
paragraphs 50 and 55 require the early convening of such bodies,

49. Laboratory Network and Scientific Colisboration

Arrangements should be made for linking existing laboratories and scientists concerned
with marine pollution reasarch, creating a flexible system for improving intermational co-
operation. Thie would facilitate ths ¢onduct of experiments for development of analytical
and sampling methods and for intercalibration and standardization., Temporary exchanges of
acientists for joint work could be arranged. It would be desirable to broaden the scope
of some existing laboratories, especially those already providing some international
pervioes, and to establish & few new centres, as suggested by (ESANP. 4&n appropriate
existing, or new laboratory, or perhaps peveral of them might be selected to act as a centre
or centres for improving anzlytical methods and comparability of results, ap well as to
provide some study and training facilities in these methods for scientists from both techni-
cally advanced and developing countries, It was puggested that ons such laboratory might
be developed from the Internmatiomal Laboratory of Marine Radicactiviiy at Monaco and we
suggest that the authorities concermed be approached to this end.
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504 Monitoring Programme

: A detailed study must be made to identify more precisely the elemente of a desirable
and feasible marine pollution monitoring eystem. It is necessary to establish what polliutants
and marine materials are to be monitored, and how. The ways of incorporating some of these
elemente in IGOSS meed to be worked out in detail. Chemical componsnts in the sea water

nesd to be monitored but more importantly, attention should be given to monitoring living
organisms, including naturally resident organisme and selected "indicator" or "warning®
organisms (like to coal miners' canariee) imtroduced for sampling purposes, The initial
phase of this programme may be the establishment of guidelines by which future changes may

be evaluated, through parallel apalyses of selected pollutants and pollution analoguee

(para. 55 balow), | - | - o

A monitoring programme should bes focussed on the physical, chemical or biological
concentration mechanisma that facilitate detection as well as determine significance,
Platforms of opportunity (including selected shipa, scientific and navigational buoys,
ocean station vesasels, etc, ) and existing monitoring programes, should bs used, Ine
~ ternal filtering, fouling and captive organisms may be most usaful early means of concentra~

tion and broad sampling. Comparable methods of analyeis and their improvement are essential.

With the aid of this ccordinated monitoring programme, ard with laboratoery support,
it also might be possible to give effect to the suggestion in "Global Ocean Research” that
a2ll information about changes in the marine enviromment be brought togethsr, and an attempt
" made to ascertain which of these changes may have been influenced by man'e actions,

In parallel with the marine monitoring programme, and starting even before it iz
established, there must be an initial survey and a system for compiling significant data
and information from all sources as a major contribution to an anmial Report on the State

of Health of the Ocean. . _
51, 0i) Pollution Besearch and Centrol

Liquid hydrocarbons are generally accepted as deserving high priority smong specific
pollutants needing research and control now. Some danger of accidental injections into
the marine enviromment will persist so long am cruds oil and oily products are transporied
in quantity over or under the sea, used as the main fuel of ships, and extracted from the
sea~bed. A system for rapidly predicting the fate of spilt oil in any given instance, and
the effectn of attempting to disposs of it in various alternative ways could be devised,
This would be useful even on the basis of our present very incomplete state of scientific

knowledge., lLater, such arrangements might be applied to spillages of other pollutants.
We examined a draft proposal for such a syetem and concluded that this idea was worthy of
further development, Financial means could come perhaps from non-governmental sources,
They esyetem would he of direct interest at least to some developing countries such as those
near tanker routes, It might be cperated by a separate specialized unit, but under the
general technical guidance of the Commission and in close coordination with INCO. To have
rapid access to oceanographic and meteorclogical éata in real-time, it would need to be
linked to World Weather Watch and IG0SS. An accelerated programme of research, espscially
a8 related to the long-term effects of oil pollutiom, is considered highly desirable iu
conjunction with the above proposal. .

52.  Regional Investigations of Marins Pollution

- Certain regions of the oceans are bordered by large populstions and many industries
of technically advenced nations, The waters of some of thess regions are exhibiting sympioms
of general pollution and are becoming a concern to the coastal States. Areas like the
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Baltic Sea, the Msditerransan, the North Sea, the Gulf of Mexico and the Sea of Japan, have
levels of pollution which c¢ould eventually reach seriocus proportions, Others, like the
Arctic and waters round Indonesia, where there is a great potential for industrial develop-
ment, could develop intensive pollution,

We propose that the following regions should be desigrated for imternational
collaboration in the expansion of the marine scientific programme: (a) the Arctic Ocean,
in the viecinity of oil and gas exploitation; amd (b) iropical or sub=tropical regions where
underwater mineral exploitation is practised or proposed, or where there are coral reefe,
which are very sensitive to harmful effects from man's activities, In mome areas, there -
is already undsr way, or is plamed, bilateral or muliilateral collaboration im such stfudies,

53, Deep=Sea Diffusion Studies

Ocean dumping and diaposal of wastes from ordinary trash, radiocactive proceeses,
chemical wastes, ammunition and other explosives and military materials, are practised,
More generally, detrital settliement conveys surface water pollutanta o the sea floor,
There ia very little known about the processes of diffusion and advection, or about the
transport and migration by organisms in the deep botiom waters which may convey these
substances, In some cases, there could be a serious threat to marins resources as these
toxic materiale damage the benthic populations and enter the food chain, Appropriate
regearch results could be umed to define more precisely the areas where dumping might
safely be practised, and the types of materials that could be disposed of in ihis way, the
concentrations of various substances that might be permitted, and the rate of introduction
of pcllutants from the surface, We propome that experiments be designed and executed to
eluvidate diffusion and other physical and biological processes near the bottom in the deep
sea, We were aware of the need also 10 develop the essential techniques for such experiments.

544 Laboratory Research on Mode of Entry, Uptake and Route of Marine Contaminants

The uptake by marine organiems of certain contaminants, such as pesticides,; poly-
chlorinated byphenyls and heavy metale, is extremely important. The biological sccum:lation
of such materials through the different trophioc levels can lead to damaging concentrations
in the top predators and consumers, Uptake experimentas should be wade in parallel with
teste of the validity of pollution analogues (see para, 55 below),

While we lnow that research on this problem is ueually a responaibility of national
laboratories, we wish t¢ emphasize the urgent need for more information and betier exchange
of it, This would contribute to better development of a global monitoring programme by
pin=pointing the processes of greateat biclogical significance.

59 Pollution Analogues

The potential vulnerability of various organisms to several large oclasases of important
poliutaxnts can, in some instances, be appraised by studying & limited number of carefully
selected "pollution analogues” (i.e. minor natural componenis of sea water or phytoplankton
that behave like suck pollutants), After these analogues have been selected, a broad
cooperative sampling programme is required, An existing or new national or international
laboratory should undertaks the responeibility for the necessary analyses,

56 Varved Sediments as Indicators of Natural Effectas
The ocean and its biosphere undergo large natural fluctuations that are poorly known

and thue difficult to distinguish from man-made effects, There are also natural inputs of
pollutant-like materials (e.g. from ercsion and run—off, glaciers, volcanism and geothermal
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activity, oto,) which must be appraised., The long—term characteristics of some natural
fluctuations might be evaluated through examination of varved sediments, the upper layers
of which may also reveal the effect of recent man-made inpute (Bee also para. 39).

57«  Further Environmental Studies

Benthic organisms and benthic detritus, particularly in the deep sea, may be
especially useful integrators, and thus indicators, of pollutants, Diatributiorsneed to
be established and samples collected for analysis of various comstituants, Biological
transport (fish migration, scattering layer motion, etc,) must be taken into account. More
knowledge of the dominant deep-ges advection and diffusion and/or transient processes is
required to identify the physical effects as distinet from the biclogical procesmes (sen
alao para, 53)

58,  Anticipation of FPuture Pollution

It is necessary to examine the trends of poteniial pollution inputs resulting from
advancing technology (e.g, juvenile hormone insecticides, residues of contraceptive pills,
organo=wetallic components, mitoetatioc agents; thermsl, electrical, sonic¢c and other energy
additions; and "negative" pollution = that is to say, in the terms of the adopted defini=
tion of marine pollution, removals, rather than additions of substances). World production
and use of products discharged in large quantities inte air a.nd/or water should be monitored
and reported routinely, Methods for detection and analysis of these nust be developed,

5% International Centres for Pollution Information and Data Exchange

Pollution research information through publications and various reports is growing
rapidly, The large amount of data gathered from the international network of laboratories
and from the global monitoring programme must have a suitable repository for archiving and
rapid retrieval,.

He stress the need for one or more internationeal marine pollution data and informa=~
tion centres, We were aware of the existence of the World Data Centrea {Oceancgraphy)
and realize that pellution data and information centres might appropriately be adjuncte
of these, An slternative is for one of the pollution data and information centres to be
associated with 2 central or coordinating laboratory of the laboratory network,
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SELECTED RECOMMENDATIONS FROM THE FAC TECHNICAL CONFERENCE
aw
MARINE POLLUTICN AND ITS EFFECTS ON LIVING RESOURCES AND FISHING
( ROME, DECEMEER 1970)

1.3 Dumping

One particular instance of pollution econcermed deliberate off-shore dumping in the
high eeas, This received special attention, ae presenting probleme not only in the
generel context of pellution, but alse as presenting phyeical problems and even danger
to fishermen, and indeed potential intermational problems in so far as such dumping is
done exira~territorially. The Conference girongly recommended that deliberate dumping
of toxic and eolid wastes on recognized and potential fishing grounds and other shallow
water areag be prohibited, It wes also recognized that, even in reepect of carefully con—
trolled dumping in deep waters, much further information is still required on importent
aspects such as raies of degradation of the materials, and especially rates of {ransport
and diffusion of toxic substances in such circumstances, both physically in the aguatic
medium and biologically through the food-web, The use of dumping in deep irenches where
in-folding may cccur should be further investigated, The Conferemce recommended that FAO,
in collaboration with IOC, be asked to encoursge and speed up research in both fields as a
matter of urgency.

1.4 Mercury pollution

The Conference war aware of the accumulation of mercury by agquatic organisms and of
the tragic consequences of mercury pellution to human health, partiocularly as exemplified
by the so-called "Minimata disease" in Japan, Moreover, bocause of the hazards of mercury
poiBoning and the bamnning of contaminated fish, the fishing industry in many parts of the
world has suffered severe economic losses, The Conference wag informed that technology is
now available virtually to eliminate mercury losses from industries where this metal is
used, Therefore, the Conference recommended that action be tzken by govermments {to require
advanced techniques be adopted for mercury recovery in all factories producing mercurial
products or using mercury or its compounds am catalysts, cathodes or for other purposes in
production, It further recommended that seed-dressings, elimicides and other mercurial
compounds be replaced at the earliest possible time by other non-mercurial substitutes,

1.5 0il pollution

The Conference recognized that there will be & continuous increase in the amount of
petroleun and its products trensported over and under the sea by ships and pipelines, and
exploited from the sea bed, and recognized that in spite of measures taken by INCO and in-
dustry concerned, it would be very difficult to eliminate all accidental or deliberate
releases into the sea from these sources, and that releases from land-baged installations
and through the atmosphere are aleo taking place in substantial amounts; noted with con—
cern the damage already done {0 water fowl and to some aquatic organisms; +the potential
hazards of the accunulation of dangerous chlorinzted hydrocarbons, euch as DDT and poly-—
chlorinated biphenyls, as well as other aromatic hydrocarbons in oil filme and the possibie
toxicity to aquatic life and possibly to man; and potential damage by oil to sensitiive
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ecopystemsa, such as thoee of coral reefs end of arctic waters and, therefore yecommended
an immediate increase in research at national or intermational laboretories, to examine
eore olosely the scientific probleme associated with oil pollution effects on the marine
anvironment and ite living organisme, so that action can be taken to svoid dangera that
could arise, and furthermore, that FAO together with I0C, in consultation with their
advisory bodies, incluéing GESAMP, coordinate such research and, in cooperation with
appropriate agencies, foater necessary action.

1.8 Pollution and ecosystems

Recognizing the urgent need for improved umderstanding of the marine ecoeystems if
the potential effects of pollutants are {0 be properly assessed, the Conference recommended
that FAD, in cooperation with appropriate intermational organizations, encourage research
in thig field, by biologists, phyeicisis, mathematicians and others in collabormation, with
the object of esiablishing realistic models of natural conditions and especially those
conditions for which predictions of the fate of poliutants and their effectas on members of
the food-web will be required,

1.9 Monitoring pollution and its_effects

In coneidering & global system for marine pollution monitoring the first objective
must be to provide daia and information on the state and trends of pollution of the world
cceans, with a view to facilitating management measures and their enforcement, The Con-
. fersnce noted and agreed with the suggestions made by the Seminar on Methods of Detection,
Measurement and Monitoring of Pollutantsin the Marine Environment (Rome, 4=10 December 1970),
and recommended that, as a first step, existing national monitoring programmes, particulariy
in areas with 8 risk of heavy pollution should be encoumged to cooperate in pilet regional
monitoring exerciaes, much as are heing organized under ICES at present for the North and
Baltic Seaa, Such regional projects will provide valuable experience both in neceesary
techniques and in management of monitoring; they will at the mame time facilitate contacts
between the relevant laboratories regarding the eassential bamic research, the substances to
be monitored, the sampling procedures and the analyses of pollutants,

48 all nations should, in the long run, participate in monitoring of marine pollution,
the Conference recommended that FAO, together with IOC, and their relevant advisory bodise
should use all poesible meane to promote the development, and adoption of intercalibration
and suitable methods for monitoring, and should further assist in establishing national
marine pellution programmes in developing oountries, esmpecially in training scientists and
technicians, in axpanding existing epecialiged laboreioriee or, when necessary, setting up
of new laboratories performing international functions, and in intercalidrating and/or
gtandardizing sampling and analytical equipment.

In order to facilitate the establishment of a marine poliution monitoring programme
on & world-wide basis, the Conference further pirongly recommended that & preliminary
exploratory survey for evaluation of the state of pollution of the world ocean should he
made by intermmticnal cooperation at the earliest possible date, in order 4o establieh
the levels of various substances (natural and artificially introduced) in the water column,
together with their accumulation in the plankton, the benthos, the fish and the sediments,
Special attention would need to be paid to the coazstal Zone., Substances that should be
surveyed include especially metals {mercury, lead, ocadmiwm, copper and ginc), petroleum—
derived halogenated hydrocarbona, including polychlorinated biphenyls, and some other
aromatic hydrocarbons, The survey deeigned by the Study Group on Critical Environmental
Problems (SCEP) may serve as an example for the planning of such a survey, but it would
need to be extended and repeated ap facilities and information develop.

In recommending this preliminary assessment, to be followed by further surveys of the
etate and health of the ocean, the Conference recognized that the initiating and developing
of & global system for marine pollution monitoring must take place through close coordination
and collaboration among the international agencies responsible for monitoring of the marine,
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terrestrial and atmospheric¢ components of the earth'e environment, Only through such
close ocooperation can .all the information essential for man's further svelution on the
planet earth — in equilibrium with the remainder of the ecosystem - be provided,.

With these important matters in mind, especislly the need for a greater understanding
of the scientific basis for rational management of living marine resources as a matter of
urgency, the Confarence recommended that FAO should sirengthen its work and capability
in the field of ecology in the closest collaborstion with intergovermmental and non-
governmental scientific organizations, HRecognizing the need for the establishment of cloaer
contacts between workers in the field of research and control of marine polluticn, the
Conference aleo recommended that FAO, in collaboration with other relevant intermational
organizations, should continue and increase its activities in the exchange and retrieval
of marine scientific information in generel, hbut concerning pellution in particular, in-
cluding registers and tasbulations of marine pollutants and the compilation of lists of
experts and institutions active in this field., The Conference recommended further the
enpouragement and support of arrengementa for the preoduction of manuals on monitoring and
minimiging pellutien, Such manuals should be issued in various languages for the use by
marine scientists and engineers and in relevant training courses,

2.3 The Conference recommended that, in enclosed and semi-enclosed seas (such as the
Baltic, Forth Sea and Mediterranean); in sea areas spanning national boundaries; and
where large river systems dreining several countries discharge, pollution control should be
organized on a regional cooperative basis, based on joint geientific evaluwation, BSub—
sequent monitoring on the effects of measures adopted to control pollution shonld also be
arranged cooperatively employing standardized methods,

2,5 Where large areas are being considered in pollution surveys, it is useful to
clasgify them into regions according to biophymical or ecological characterietics as was
done in the survey of estuarine and coastal pollution in the U.S.A,

2,6 The lonference recogniged the serious lack of the ecological information needed
t0 make assessments of pollution effects in tropical areas, e.g.,, in relation to such
sensitive ecosystems es coral reefs, mangrove areas and coastal lagoons, Thers is also
8 serious lack of such information in the Arctic, therefore, it ie recommended that
additional research should be encouraged.

3.2 In view of the lack of knowledge of physical, chemical and bioclogical processes
in the deep water zones and the increasing interest in the use of these areas for waste
disposal, FAC should be requested to encourage and bring to the attention of other
organizations concerned, particularly 10C, the need for investigations into these matters
by member nations and interested scientific and technical organizations and laboratories.

6.5 FAO should cooperate with appropriate agencies in working toward the ew?ntml
curtailing of the wideapread practice of dumping wastes empecially persistent tox:!.c
substances in the oceans, In the interim one step could be to encourage int?matz.onal
ptudies of existing and eelected dumping sites and make & scientific evaluation of both

the short and long—term effects of such practices,
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SCIENTIFIC BASIS FOR A MONITORING SYSTEM FOR MARINE POLLUTION, INCLUDING
REGISTRATION OF DELIBERATE OR ACCIDENTAL DISCHARGES INTO THE MARINE ENVIRONMENT

The marine gcience community is ready to prescribe actions to measure the impact of
man's activities upon the chemical characteristics of the oceans. (ver the past several
years assemblages of scientists have attempted to identify the principal pollutants and the
most relisble methods of analyses for them (Seminar on Methods of Detection, Measurement and
Monitoring of Pollutants in the Marine Environment, FAO, Rome, December 1970) and to design
a sampling system (Study Group on Critical Environmental Problema, Williamstown, Massachusetts,
July, 1970). Several concepis have emerged from these meetings to guide future actions:

(1) The initial programme should be made at a regional level, i,e, the CQulf of
Mezico, the North Sea, the Adriatic Sea, rather than globally. Regional
studiea will provide patterns which can be applied to other areas and can
act as springboards for global efforts.

(2) Baseline studies, exploratory surveys of the levels of various substances in
the water column, atmosphers, organisms and sediments, are a necessary prelude
to monitoring programmes. They provide not only the background levels for
relatively unpolluted areas but alsc benchmarks te siudy changes with time in
the polluted zcnes,

We recognize that there sre completely adequate scientific resources, laboratories,
investigators and shipas equipped with collecting devices, to mount regional baseline studies
today and strongly urge that they be implemented in every possible way. Inasmuch as
planning such baseline studies may require periods of a year or two after agreememt is
reached to carry them out, we propose without reservation that immediate action be taken
to initiate them,

We propoae, as a first step, that experts be zasembled from each of threes regions
named below to detail sampling programmes and to identify and to recruit the laboratories
that can collect samples, perform analyses and analyse the data and that the atep by step
formulation of a baseline survey with total costs be prepared and be submitted to the
appropriate international agency for funding. Such experts should include laboratory
directors who are aware of their abilities in the collection of samples, laboratory personnel
who can prescribe the amounts of sample, handling and packaging techniques, and methods of
inter=-laboratory comparisons of results, and scientists whe can interpret and appraise the
data,

We propome three regiong for the first baseline studies - each posseasing a unique set
of characteristica*:

Baltic Sea: The Baltic Sea is a semi-enclosed basin with very limiied water exchange
and a marked stratification, The salinities range from almost zero to thirty parts
per thousand. In some of its deeper hasins anoxic conditions are found. The
residence time of deep water is between ten and twenty years and there can result
high accumulations of pollutants. The Baltic Sea has inputs from 250 rivers.

There are already high levels of pollution with respect to halogenated hydrocarbons,
including DDT and PCB's, mercury, and petroleum.

*(A11 three of these regions are in the northern temperate latitudes. Clearly, tropical and
polar areas will require similar regional studies. Priority was given to those areas
receiving high and varied material inputs of man)
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North Sea: The North Sea is & shallow sea with high tidal mixing and only seasonal
stratification in some areas,

The present state of knowledge of the physical processes for both of theae seas is
fairly well developed, Mathematical models of water exchange and transport are
available or at least in advanced states of development.

Both seas are recipients of wastes from about 50 million people and are surrounded by
highly industrialized countries, The international collaboration of their marine
scientific communities is well established and organized, Both seas are exposed to
an ever-increasing input of wastes of man,

t Sound: Puget Sound is a relatively unpolluted area providing a marine resource
10 the United States and Canada. A pilot study for fjords counid be carried out within
this relatively unpolluted area, It will be a receptacle for increasing discharges
under the pressures of increasing populations and of increasing industrial activities.
It haes both well~flushed and stagnant zenes, Primary production is one of the highest
in the marine environment, The ares offers the opportunity to document water quality
changes that may be quite prominent.

We propose that the following materials* (methods of analyses are given in paranthesea)
be involved in the baseline atudy:

(a) Halogenated hydrocarbons including DDT and ite metabolites, dieldrin, PCBs,
(gas chromatography).

(b) Petroleum, {gas chromatography).

{¢) Heavy metals - mercury, copper, chromium, and perhaps several others, depending
upon the analytical method available, (activation analyeis or atomic absorption).

{(d) Radioactive nuclides: Sr-90; 2Zn-65; Cs=137; Pu=239 and H-3, (low level alpha,
beta and gamma counting),

(e) Buirients and potentisl nutrients: NHy, N03-, Noz-, PO‘;'", Si(OH)4, and total

phosphorus (spectrometry), Dissolved organic carbon and particulate organic
carbon, (manometry),

For identification of water masses, state of mixing, and stability of the water colwm,
the hydrographical parsmetera should be measured. This will also allow a comparison of the
bagseline study with the results of on=-going and past investigationa,

The Group recommends as a guiding principle that there should be a close pampling, both
in time and space near the suapected points of major injections of materials and a rather
limited number of observations covered once or twice a month in the key areas of the sea.

At least one obaervation point should be located in the cleanest area of the seas, A
synoptic sampling programme does not seem t¢ be nscessary, Sampling should include water,
representative organisms, detritus and other particulate material, surface sedimenta and
atmogpheri¢c precipitation, :

In addition to sea water assays, analyses upon the river waters draining into the
system provide necespary data for mass balance studies.

7(§acteria and virus monitoring programmes were considsred, However, since different
laboratories are involved, the analymes were limited to chemicals).
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In propoping laboratories, as examples, for involvement in such programmes, we were
led to the desirsbility of an internaticnal laboratory. We recognized that for the analyses
of gpome pollutants, present laboratory facilities might not be able to assume any additional
analytical burdens, The cost of the equipment is oftimes quite high., Many economies
might be realized with a central facility which could carry out not only analysea but also
be involved in intercalibration sfudies, method development and evaluation, and the data
storage retrieval activities, and educaticnal programmes,

In order o interpret the results from baseline studies, and to provide a base for future
monitoring programmea, the necessary data on pollutants to allow mass balance calculations
with scme of the more sophisticated mathematical models must be available, We endorse the
Recommendation of the FAOQ Technical Conference on Marine Pollution held in Rome, December
1970, that countries establish regisiration systems for the production and for the dumping
of chemicals into the marine environment,

We propose that TOC be the body for the coordination of such baseline studies taking
into account on=-going programmes being carried out by such international organizaticns as
ICES and WNO, I0C should cooperate clogely with ICES and the Baltic Oceanographers with
regpect to the North Sea and Baltie Areas and with SCOR with respect to the Puget Sound
Area, I+ is thought that a period of up to two years may be necessary for appropriate
planning and organizational efforta.

We are convinced that the acientific and technical potentialz of the nations adjacent
to the three areas are sufficient to initiate the baseline studies within a very short time,
We are aware of the existence of quite a number of laboratories already conducting continuing
analyses upon the materials proposed for assay in the baseline study. We can, for example,
detail the case of tritium, H-3, where there is extensive experience available in Stockholm,
Heidelberg, and La Jolla, and more recently in Wantage, U.K,, Copenhagen, Hanover, Munich,
Krakow, Freiberg/DDR, and Groningen, Netherlands. Many of thess laboratories may be able
to contribute their facilities to the programme. Further, we are sure, that this list is
by no means complete,

For the planning and organization of the sampling programmes, we suggest the following
laboratories, Clearly, this list is only meant for illustrative purposes and can be
modified readily by the concerned International Organigations and Governmenta:

Puget Sound Area: Univerasity of British Columbia
Biological Station, Nanaimo
Pacific Environment Institute, Weat Vancouver, B.C.
University of Washington

Oregon State University

Pacific Northwest Water Laboratory, US EPA, Corvallia,
Oregon

North Seas Fisheries Laboratory, Lowestoft, Suffolk, United Kingdom

National Institute of Oceanography, Godalming,
United Kingdom

Netherlands Institute of Marine Research, Texel,
Neiherlands
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Deutsches Hydrographisches Institut, Hamburg,
PFederal Republic of Germany

Ingtitute of Figheries Research, Bergen, Norway

Institut Royal des Sciences Naturelles de Belgique,
Brussels, Belgium

Wational Institute of Public Health, Bilthoven,
Netherlands

Baltic: State Oceanographic Institute, Leningrad, USSR
Institute of Marine Research, Helsinki, Finland

Board of Fisheries, Hydrographic Department, Giteborg
Sweden

Institut ftir Meereskunde, Kiel, Federal Republic of Germany
Ingtitut flir Meereskunde, Warnemiinde, DIR
Hydrographic and Meteorological Institute, Gdydnia, Poland

Oceanographic Institute of the Academy of Sciences USSR,
Kaliningrad, USSR

We have tzbulated examples of laboratories that are at present carrying out analyses
on the pollutants in question, The choices came from the knowledge of & small group of
participants at GESAMP III., Clearly, a larger or different group would have chosen other
institutions. Such laboratories can be contacted to provide the names of other laborstories
involved in similar analyses.
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MICROBIOLOGICAL AND TOXICOLOGICAL ASPECTS OF MARINE POLLUTION
WITH PARTICULAR REFERENCE TO PUBLIC HEALTH

Microbiological aspects

A background paper submitted by Professor Brisou showed that the pathogenic agents
responsible for outbreaks of epidemics and endemics are generally found both in near-shore
coastal waters and in estuary and river waters, With very few exceptions {(hemophilic
bacteria and cbligatory parasitic bacteria), all these micro-organisms live and survive in
sewage water and sea water for a period of days and up to several weeks. This also applies
when they are absorbed or ingested by plankton or deposited on sandy beaches and on bottom
sediments, Furthermore, since these micro-organisms are continuocusly discharged, public
health hazards may arise, The majority of pathogenic agents were reviewed, among them
enterobacteria, human and animal tuberculosis bacilli, cholera vibrions, enteroc-viruses,
parasites.

The difficulty of epidemiological surveys with regard tc bathing in pclluted water and
its relation to dissase was stressed.

In the light of present clinical and etioclogical knowledge concerning certain viruses,
however, it is justifiable to assume that a certain number of summer/autumn diseases are
contracted after bathing in polluted water or after a preolonged period spent on sands in
which it has been demonstrated that pathogenic agents are retained. Thess diseases which
include cutaneo-mucous mycosis and some bacterial infections, mainly affect children and
young adolescents of city origin normally resident far from the coasts.

Enteroviruses and pathogenic bacteria are isolated from sewage treatment plant effluents,
Therefore, it is important to accentuate technical efforts to improve their efficiency. In
this particular field of control and surveillance of results, cholimetry and other biclogical
parameters will assume their full significance. On the wvhole, these data remain valid for
assessing the microbioclogical quality of water for health purposes and for deciding on the
steps to be taken. Since the presence of E. coli is proof of close or relatively close
fecal contamination, it would seem more economical to locate the source of contamination,
i.e. the sewage outlets. A map of sewer outfalls on the coast would certainly be more
significant than the identification of coli bacilli and St. focalis which require inter-
pretation by specialists. In any case cholimetry and various biclogical and chemical

_measurements as well as acceptable health stendards should be used feor the surveillance and
control of the efficiency of sewage treatment plants.

Toxicological aspects

The term "toxicology" is used in this report in its broadest possible sense. The teprm
refers to the total effect of noxious agents on plants, and animals, regardless of the source
or nature of the noxious substance.

(a) Acute toxicity is manifested by obvious signs, symptoms or lethalities that
usually develop within a relatively short period of time, i.e. hours or days;

(b} Chronic_toxicity may be brought about by relatively low levels of the noxious
agent. Months or years of continual exposure to the intoxicant may take place
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before the signs and symptoms become manifest in the target organism. These
toxic manifestations may consist of mutagenic, carcinogenic or other chronic

organotropic changes.

An example of a biodegradable toxic substance is endosulfan which is capable of
producing mass mortality of fish, but because of its nature, it is probable that this compound
does not enter the food chain in ite toxic form. Examples of long-term persistent compounds
are heavy metals such as mercury, lead, and organo-~chlorine compounds such as DDT and PCBs.

There are no set criteria for toxicity of any chemical substance in the marine eco-system
because of the different specific sensitivity of different organisms and varying vulnerability
during different stages of development. Eggs and juveniles are usually more sensitive than
the adult.

The present ovarall marine environmental toxicological problem can be classified into
the following categories:

(a}) Marine biotoxins., A possible relationship to dumpings of war material,
wreckage and discharges of industrial poliutants was pointed out.

(b) Naturally-occurring toxic inorganics, i.e. background substances such as
mercury, copper, arsenic, lead, fluorine, etc. when at raised levels,

(¢) Industrial wastes. These, taken in a wide sense, may include toxic agents
derived from agricultural practices, domestic scurces, industrial manu-
facturing, mining, military operations, etc,

It was felt that in the consideration of pricrities of evaluation of toxic agents,
man should be of first concern but the toxic affects on marine organisms are also of the
utmost importance,

The Group agreed that the study of effects of the following groups of substances or
compounds should be given prioritys: c¢hlorinated hydrocarbons, heavy metals, persistent
herbicides, detergents and marine biotoxins.

These groups of materials were selected because of their toxicity, persistence, biow
accumulative characteristics, and widespread involvement in the marine foocd web,
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INFORMATION SERVICE CONCERNING MARINE POLLUTION AND ITS EFFECTS,
INCLUDING STORAGE, RETRIEVAL AND EXCHANGE

411 sciences have difficulty in providing for rapid and reliable access to information
but the probiem iz accentuated in multidiseiplinary, international programmes, There are
two separate prohlems: valuasble information may be widely scatiered throughout the whole
medico—scientific literature, and much research effort ie wasted unless individual programmes
are coordineted with one another on a continuing basis. Resolutione at both previous
meetings of GESAMP, ai the GELTSPAP meeting and the FAO Technieal Conference on Marine
Pollution emphagized the need for information services of various kinds, A valuable siart
hae been made in response {0 these requests. It is recognized that at present, financial
provision for thim activity is sufficient for only a modest effort. It ig nevertheless
important to record what ies necessary so that progress in the future can be directed towards
these ends.

Several different types of scientific informaztion are invelved and each is treated in a
different way and has its own problems,

1, Scientific Literature

Resolution 7.6 of the FAQ Technical Conference emphasized the need for a multi=
disciplinary approach to marine pollution research, "embracing ecology, fishery biolegy,
cceanography, chemistry, toxicology and the health sciences", An abstracting journal that
will be of pervice toc marine pollution research should therefore take into account the
appropriate literature in all these fields, as well a=z in the engineering sciences. it
vould be useful tc evaluate relevant abstracting journals in this connection,

Most medical and scientific literature is already abstracted in some journal or other,
and the greatest benefit would accrue il absiracts of all literature with some pertinence
to marine pollution could be placed in a single journal. FAQ informed the Joint Group of
& merger between its "Current Bibliography for Aquatic Sciences and Fisheries" and
"Aquatic Biclogy Abstracts"., This was welcomed, but unless the coverage of literature in
the new abetracting journal is greater than thai in its iwo predecessors, the effect of
this merger will simply be to reduce by one, the number of abstracting journals that the
resesrcher has to examine each month, The proposed new journal "Agquaiic Biology and
Fisheries Abstracts” would gain in value if arrangements were made to take advantage of
ebetracting carried out by other bodies. Thug it would be advantapgeous fo arrange with
WHO for the use of appropriste citatione in MEDLARS {even though this provides "key words"
rather than abstracts), with the Reference Centre in Marine Bioctoxins for FAO, WHO, and IOC,
{or literatnre on marine biotoxicology and for the exchange of abstracts with other abeiracting
journais, A particular effort shonld be made to include abstracts of scientific papers in
languages Other than those normally covered in abstracting journals.

The Joint Group suggested that FAO bring these suggestions to the attention of AGMRHR.
2. Scientiste

The Joint Group is aware that FAO has published a Liet of Experte in Marine Pollution
(Fisheries Technical Paper 99), and that a revised edition is promised by the end of 1971,

It is noted that the use of the word "Experts" in the title of the pregent preliminary list
is migleading and that, in fact, it consists simply of those people who have expressed an
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interest in the subject. While this is perhaps inevitable at this etage, the list should
be refined in future editions, The abetracting service may help in this but the possibility
should be examined of requesting appropriate national agencies to review the list, and
suggeat amendments.

3. Institutions

The abstracting service will also facilitate the compiling of a list of laboratories
engaged in marine pollution research, The Joint Group would welcome the regular publication
of such a list.

4., Research Programmes

It would be of great benefit to researchers to have, in outline, information about
research programmes currently in progress, The difficulty of collecting thia information
is acknowledged and only incomplete coverage could be expected, but this information is so
valuable to researchers that an attempt should be made 4o collect and circulate information
of this kind,

The Joint Group has lsarned that FAQ and Unesco are both willing to contribute to such
an effort and also that IUCN ie seeking substantial funds privately from non-governmental
gources for this purpose in the context of a project for regular reporting of the State of
the Health of the Qcean as a proposed element of LEFOR, The Joint Group recommends that
these efforts be pursued vigorcously and cooperatively,



