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NOTES

GESAMP is an advisory body consisting of specialized expertis
nominated by the Sponsoring Agencies (IMCO, FAC, UNESCO, WMO,
WHO, IAEA, UN). Ite principal task is to provide seientific
advice on marine pollution problems to the Sponsoring Agencies
and to the Intergovernmental Oceaongraphie Commission (IOC).

This Heport is available in English, French, Russian and Spanish
from any of the Sponsoring Agencies.

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

Permission may be granted by any one of the Sponsoring Agencies
for ithe Report io be wholly or partly reproduced in publications,
provided that the source of the extract and the conditien
mentioned in 3} ahbove are indicated.
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TAEA/IMCO/PAQ/UNBSCO/WMO,/WHO/UN JOINT GROUP OF EXPERTS ON THE
SCIENTIFIC ASPECTS OF MARINE POLIUTION

Report of the fifth session

(IAEA Headguarters, Vienna, 18 — 23 June 1973)

OPENING OF THE MEETING

1. The Joint Group of Experts on the Scientific Aspects of Marine
Pollution (GESAMP) held its fifth session at IAEA Headquarters, Vienna,
from 18 = 23 June 1973. The Chairman of the Group, Dr. M. Waldichuk,
opened the session.

2. Dr. Z. Wilhelmi, Acting Deputy Director General of IAEA, on
behalf of the Director General of TAEA, welcomed the experts, the
representatives of the sponsoring agencies and the observers from other
orgahizaticns attending the seesion,

3. The agenda of the fifth session, as adopted by the Group, is

attached as Annex I, A list of the documents considered by the Group

under each agenda item is shown at Annex II. This alsoc includes a list

of information papers summarizing the recent activitiez of the sponsoring
agencies in the field of marine pollution. In its deliberations, the

Group kept in mind these activities, particularly those relating to the
United Nations Enviromment Programme, the Law of the Sea Conference,

the Ocean Dumping Convention and the 1973 IMCO Conference on Marine Pollution.

4. A list of participants, comprising the experts, the representatives
of the sponsoring sgencies and observers is shown at Annex III.

IDENTIFICATION OF POLLUTANTS OF INTERNATIONAL SIGNIFICANCE

(a) Review of Harmful Substances

5. In accordance with Recommendation 88 of the UN Conference on the
Human Environment, the Uroup examined the Review of Harmful Substances
(GESAMP I11/19, Annex IV} with a view to elaborating further its assessment
of sources, pathwayz and resulting risks of marine pollutants. Foliowing
consultations with industrial chemists in the United Xingdom, a Working
Group under the Chairmanship of Dr. H. A. Cole, met during the intersessional
period.

6., This Group assembled extensive factual information on certain groups
of organic chemicals and prepared notes and hazard assessments for particular
organic substances not previously cowured by the Review. Attention was
directed first to thease substances known to be transported in greatest
quantities and those attracting higher hazard ratings because of potential
.harm to living resources of the sea. The Working Group made use of the
information which had been assembled during preparations for the 1973 IMCO



Conferance, Wumerous additional substances were also identified for
further elaboration during the forthcoming interesessiocnal period,.
{Notations are made in the Annex IV to indicate such future work).

Ts During the session, a Working Group composed of Dr, H, A, Cole
(Crairman), Dr, J. E, Portmann, Dr., P. G. Jeffery and Dr, J, B, Sprague,
considered the Review in detail, introducing certain changes in the
existing text in the light of new knowledge and incoerporating the material
which had been prepared intersessionally. GESAMP approved the Report of
this Working Group, including the revised and updated review of Harmful
Substances attached as Annex IV to this Report.

(b) Sewage and Industrial Waste Management Technologies and their
Performances

8, The paper prepared during the fourth session on this subject
{Annex VI, GESAMP IV/19) was discussed in terms of its possible further
development, but also in terms of its valuwe as an information document and
its place as a GESAMP undertaking. A paper prepared by Prof. F,
Valdez=~Zamudic on sewage and industrial waste managemenit technologies and
their performances was noted with interest.

9. The Working Group which met under the Chairmanship of Dr. C. H.
Thompson felt that the lack of clear direction from the sponsoring agencies
placed it at a considerable disadvantage. The Annex V to this ReporF
therefore consists in an evaluation of that paper of the fourth session,
suggestions for its improvement (which would be undertaken during the
intersessional period) and a number of further suggestions which sponsoring
agencies may wish to take into account, not only for GESAMP's future work,
but also for Agency programmes in the subject area.

{¢) Hazard Evaluation of Noxious Substances Transported by Ships

10, At its fourth session, GESAMP approved, subject to certain
considerations, the report of an Ad hoec Panel of JMCO and GESAMP Experis

to Review the Environmental Hazards of Noxious Substances Other than 0il
transported by Ships (GESAMP IV/19, paras. 9 - 13)., Subsequent to that
session, the Panel continued its work by developing hazmard profiles for

some 200 additional subsitances cn the basis of the rationale contained in
its Report. 1In response to a further request from IMCO, the Panel also
prepared advice which would assist that organization in determining
Minsignificant levels" of concentration for substances in the most hazardous
pollution category for the purpose of preparing certain regulations contained
in the Draft International Convention for the Prevention of Pollution from
Ships, 1973. It was noted that, at its 3rd meeting (22 - 26 Jamuary 1973),
the Panel had reviewed its Report in order to include ihe additional hazard
profiles and other information, and in particular, to take account of the
comments and amendments which had been suggested by GESAMP at its fourth
session

11, GESAMP approved of the changes made in the Report which, in its
revised form (GESAMP IV/19/Supp. 1), has now been circulated to govermments
a8 a reference document for the IMCO Conference on Marine Pollution to be
held in London from 8 October to 2 Nowember 1973. In doing so, however,
the Group took particular note that the hazard profiles had been prepared



on the basis of the particular conditiong and circumstances in which the
substances might be sxpected to be discharged from ships. The Repori
should not therefore be used in the control of discharges from other
sources, particularly continuous discharges from stationary outfalls
which are generally located in inshore waters. The Group stressed that
this limitation should be made clear toc users of the Repori.

iz, With regard to the list of substances and their hazard profiles,

the Group noted that it was IMCO's intention after the conclusion of the
1973 Conference, to examine possible methods and to establish an appropriate
mechanism for the future up~dating of the list on the basis of the
provisions contained in the agreed Convention. The Group re-affirmed its
readiness to assist in this work if requested.

PRINCIPLES FOR DEVELOPING COASTAL WATER QUALITY CRITERIA

13, Working papers prepared by Drs. J. 5. Alabaster, BE.E. Geldreich,
S, Kéck&s and Y. K., Strizhak and discussed at the meeting,are listed in
the report of Working Group V (4nnex VI).

14, The Group also received a verbal report from Dr., C. H. Thompson
about establishing critical limits for industrial waste effluents containing
toxic pollutants using an ecosystem approach.

15. Discussion on the above papers and the verbal presentation showed
that there were different opinions of experts about the value of and,
therefore, the need for defining specific figures related tc the water
quality of coastal water bodies, at least, with regard to its use for
fisheries.

16, Doubts were expressed particularly with a view to bioaccumulation
of substances in the food chain, to migration of fish in coastal waters and
to the open sea, and to the value of mean figures which may be misleading,
if peak values, times of exposure, etc, are not known or not taken
sufficiently into account.

17. The Group teook note that there was a definite appearance of diverging
approaches to water pollution control. It is recommended that the Agencies
take note and that considerable energies be dedicated to keeping communication
lines open to minimize duplication of efforts in international bodies.

18. The Group discussed briefly the possibility of risk assessments
following the ICRP critical pathway approach which has been applied so
sucessfully for the definition of permissible levels of radicactive isotopes
in food of marine origin. The opinion was expressed that the elaboration

of principles governing the development of cocastal water envirommental quality
criteria should not result in neglect of the potential values of the above
eritical pathway approach.

19. Woen discussing the report submitted by the Working Group V {Annex
VI) the Group found that, under certain circumstances, it may be desirable



and Teasible to develop jusitifiable criteria, and agreed with the seiting
up of a GESAMP Working Group as an interdisciplinary liaison group between
various scientific groups already working on this and similar fields for
specific uses of coasstal water only, although reservations were expressed
by some experts about the usefulness of the group at that stage. Tt was
also stressed that the Working Group should not duplicate work already
being carried out by other bodies,.

20, It was strongly recommended that the Working Group in the initial
phase of its work should specifically define what is meant by "coasbal
waters'" and "coastal water quality criteria'. The Working Group was also
asked to examine and suggest a format for the criteria and to determine
for whom these criteria are to be established.

21, Regarding health aspects, the Group discussed several of the
critical factors that are essential for the development of coastal water
quality criteria, i.e. increased persistence of pathogenic bacteria

in these waters as the input of pollutional discharges increases, and the
desirability to obiain more epidemiological evidence of increased risk of
bather illness from ever more areas of the world. The Group came to the
conclusion that field studies such as epidemiological investigations of
health effects after exposure to polluted recreational waters should be
used widely, together with laboratory experimenis,while developing water
quality criteria.

22, The Group discussed problems associated with the application of
sanitary legislation in the contrel of coastal water quality. It was
congidered that hygienic criteria must assure the safety of water from
the viewpoints of the prevention of infectious disease and toxic effects,
and must also sgatisfy aesthetic considerations.

23. It was stressed that the total exposure to all envirommental
pollutants and other envirommental hazards muast be taken into account
when examining the specific problem of the gquality of coastal waters.
Problems related to the planning and dting of industry, health resorts
and residental areas on the sea coast were also discussed,and attention
was drawn to the advisability of implementing sanitary protection zones
for health resorts.

SCIENTIFIC PROBLEMS RELATED TO MARINE POLLUTION MONITORING SYSTEMS
{IGOSS AND GIPME)

(a) Specification of Physical and Chemical Parameters to be Monitored
in an evolving marine pollution monjtoring sysiem {(IGOSS)

24. The work of this session of GESAMP on physical and chemical
varameters was a continuation of similar work initiated in GESAMP ITI

and continued in GESAMP IV, The IOC Secretariat presented a paper
entitled "Marine Pollution Monitoring (Surveillance) under the Framework
of TIGOSS" which summarigzed the recent azctivities of the I0C, with
particular reference to IOC/WMO Planning Group of IGOSS (IPLAN ), the IOC
Group of Bxperts on Oceanographic Research as it Relates to IGOSS {IRES)
and other bodiem,on the development of a marine pollution monitoring



programme under the framework of IGOSS, including the IGOS3 Pilot Project
for Marine Pollution Mcnitoring. During the first plenary session a
request was made to distribute the document, entitled "Programme of the
Global System for Investigation of Pollution of the World's Oceans"

which was originally presented by the USSR to the first session of the
ICG for GIPME earlier this year.

25. The Group discussed briefly the meaning of the term "global,
Definitions ranged from a relatively restricted one {the open ocean,
excluding coastal seas), limited to those pollutants of world-wide
distribution, to an all-=encompassing one {(all seas and all significant
pollutants), Nevertheleas, it was recognized that within the definition
of "glohal" a careful distinction should be made between coastal/national
areas, regional areas (e.z. Baltic Sea) and international areas (e.g.
Sargasso Sea).

26. There was some expression of doubt about the sdequacy of present
methodology, and sampling was considered to present significant 4ifficulty,
rarticularly from a2 statistical standpoint. This is especially so in
radiomiclide measurement, where within~sampie, between-laboratory
variability is alarmingly high under present procedures. The situation

in oils was said to be even worse. To reduce as far as possible the
problems of inter~calibraticn a high technical level of measuremeni, whether
aboard a research vessel or in a laboratory, is essential.

27 Some reservation on the value of a global marine poliution
monitoring system was expreased with respect to the data products and data
uees, especially from the standpoint of practical applications

28. The question was raised of whether a new type, and hopefully
simpler, methodclogy or procedure might develop if it was found desirable
merely to determine whether the concentration of a pollutant was greater
{or lesser) than some arbitrary level (e.g. "acceptable” level).

29. Attention was drawn to the problems of establishing suitable
biclogicael parameters, but the necessity of including these within a global
monitoring system was emphasized. The difficulty of distinguishing the
effects of natural, long—term, and possibly cyclical, changes in ecosystems
from those sscribable 1o pollutants was also mentioned.

30, After the aforementioned general discussion, the Group set up a
working group to consider the subject in more detail. The working groun,
under the Chairmanship of Dr, E. D. Goldberg, prepared a preliminary
report, which dealt with such items as the main purpose of a global marine
monitoring preogramme, the pollutants to be monitored, chemical parameters,
rhysical parameters, sampling sites, sampling procedures, models and mass
balances and research needs.

31, In examining the report of the working group, a mumber of experts
expressed serious reservations on various statements made in the report,
those relating to o0il in particular. There was also an expreasion of serious
concern that biological parameters were not covered by the working group.

It was pointed ocut that agenda item 4.1 specifically excluded biclogical
parameters from the working group's immediate purview; the group did not



have ithe benefit of a pollution biologist, nor did it have sufficient

time to consider the parameters. In view of the broad scope of the report

and the above-mentioned reservations, the Group was unable 1o review the
repori adequately. However, it agreed that the report should be used as

a provisional working document. It was proposed that the working group
develop the report in the intersessional period and recommended the inelusieon
of suitable biologists,at Dr. Goldberg's discretion, with a view to
presenting a final document to the next session of GESAMP, Experts

were invited to let Dr. Goldberg have their detailed views on this provisional
report as soon as possible.

(b) Dispersion and Movement of Pollutants on and in the Sea by Natural
Physical Processes

32. At its fourth session, the Group came to the conclusion that further
studies of the physical processes responsible for the dispersal of pollutants
in the sea were needed, and that priority should be given to the study of
vertical mixing processes, and correlation of data on transport and dilution
of pollutants in the sea with the results obtained by modelling. The need
for a report on physical factors governing transport and dilution of
pollutants was also indicated. In response to¢ the above proposal, two
papers were prepared for consideration at the fifth sessions "“Physical
Factors Governing Transport and Dilution of Pollution in the Sea" by Dr.

G. Kullenberg, (GESAMP V/4.2.1); and "Environmental Faciors in Operations
to Combat 0il Spills" by Mr. L. Otto, (GESAMP V/4.2.2.).

3. The Group noted with interest the progress made in the theoretical
approach to the description of the dispersion of dynamically passive
contaminants and o0il spills by natural physical processes. The experts
agreed with the evaluation of the present state of knowledge and the
remaining scientific gaps regarding the physical processes involved in the
dispersion and movement of pecllutants on and in the sea. The Group came

to the conclusion that further studies as they are indicated in the fourth session
report of GESAMP (paragraph 28) are needed. Especially the importance

of co-ordinating field experimental and modelling programmes was noted.

It was recognized that physicslly adequate models are necessary to describe
the dispersion of pollutants. The need for experimental investigations
concerning physical - chemical - biological interaction phenomena in relation
to the dispersion problem was stressed.

ENVIRONMENTAL EFFECTS OF ACTIVITIES CARRIED QUT ON THE SEA-BED AND OCEAN
FLOOR

14. In continuing its work of this subjeet, the Group reviewed the
survey made at its last session {GESAMP IV/19, Annex VII). The Group
confirmed that most of the observations made at that time remained wvalid
at the present time and saw no particular need to introduce substantial
revisions of that document. Tt agreed, however, to form a small working
group under the Chairmanship of Dr. Turekian to up-date certain parts of
the document. A short note was prepared as given in Annex VII which
constitutes an addendum to Annex VII of GESAMP IV/19.



PRELIMINARY DISCUSSION OF BASIC INFCRMATION REQUIRED FOR THE SELECTION
OF SITES FOR THE DISPOSAL OF WASTE INTQO THE SEa

35. Following the progress achieved regarding international agreement
on waste disposal at sea, the Group considered preliminarily scientifie
problems in connection with two conventions noted below, drafted an inter-
governmental meetings in Oslo (January 1972) and London {October/November
1972), respectivelys

{(a) "Convention for the Prevention of Marine Pollution by Dumping
from Ships and Aireraft" (so-called Oslo Convention);

{b) "Convention on the Prevention of Marine Pollution by Dumping
of Wastes and Other Matter" {so-called London Convention).

36. The discussion of the Group was based on information about the
technical regulations contained in the above conventions and scientific
problems in relation to them,which were contained in a paper submitted

by FAOs1 "General considerations and conditions for the selection of

dumping sites for the disposal of waste into the sea". Another paper
infermed the Group about the outcome of a panel meeting organized

by IAEA in Vienna from 4 - 8 June 1973 following up on IABA's responsibilities
under the London Convention.

37. The Group studied the Annexes III of these conventions, both
containing provisions governing the igsue of special permits by Btate

for the dumping of substances, Particular attention was given to the
considerations therein,referring to the physical and chemical characteristies
of dumping sites,as well as the characteristics of pollutants.

i8. The Group agreed that from the scientific point of view there would be
a need io critically review the scientific problems in order to enable
Governments to make good judgments when permits for disposal of waste are
requested from them according to Annexes IT and III of the Conventions,

39. It was decided to establish a GESAMP Working Group for inter-
sessional work with Dr. 3. Kullenberg as Chairman, some GESAMP experts and

a few experts from outside GESAMP, as members of the Group, final nomination
being subject to decision as soon as better information is available about
financial support from UNEP to GESAMP, FAO and UN were asked to provide
secretarial assistance to this Working Group.

40, The Group agreed upon the following terms of reference for the
Working Group on the Scientific Basis for Disposal of Waste into the Seas

With reference to Annex II1 of the London Convention for the
Prevention of Marine Pollution by Dumping of Wastesand Other Matter,

(1) to carry out a critical review of our present knowledge
of those aspects of dispersion and physical, chemical and
biclogical processes relevant to the selection of sites for
discontinuous injection of wastes intec the marine environment
in both desp and shallow wateraj and

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



41. The Group noted activities taken up by TAEA due to the fact that
the London Convention had given the Agency responsibilities to define
criteria and standards for dealing with the sea disposal of radicactive
waste. The Oroup wasz informed that the draft recommendations of the

panel are still subject to review by the panel experts and the secretariat.
Therefore, the report and the document should be understood to be of a
preliminary nature.

42. It was reported that the panel unanimously adopted draft
recommendations which includes (i) a definition of high-level radioactive
or other high-level radioactive matter unsuitable for dumping at sea!

(ii) proposals for environmental and ecological evaluations of dumping
applications in accordance with the London Conventionj and (iii) proposals
for the operational control of the dumping of radiocgsctive wastes not
prokibited by the Convention.

43. The panel felt it was necessary to attach a covering note

to these draft recommendations, which emphasized that they should not be
understood as encouraging ocean dumping without full consideration of the
alternatives.

OTHER MATTERS

(a) 0il

44 . Referring to the findings of the FAO Technical Conference on
Marine Polluticn and its Effects on Living Resources and Fishing, as well
ae to the Seminar on Methods of Detection, Measurement and Monitoring of
Pollution in the Marine Environment {both meetings held in Rome in
December 1970) which classified o0il and oil products as a pollutant harmful
to living resources, the Technical Secretary of FAQO pointed out that,

more recently, some publications give the impression that the damaging
effects of o0il to living resources have been overestimated. He suggested
to set up a Working Group aimed at discussing biological effects of o0il

to living rescurces in the light of recent scientific findings.

45, The Group decided to set up a Working Group on the Impact of 0il

on the Marine Environment with Dr. C. H. Thompson as Chairman and the
following experts attending the fifth session of GESAMP as members: Dr,

P. G. Jeffery, Prof. R. Johannes, Dr. M. Ehrhardt, Dr. J. B. Portmann. The
Group also agreed that other experts from outside GESAMP should be appointed
as members of this Working Group.

(b) Chemical Production Data

46, Dr. Goldberg expressed his concern that individual scientists had

congiderable difficulty in obtaining globsl production statistics on chemicals

that pose a threat to man, especially the PCB and DDT groups.

47. Some possible solutions to this problem were indicated:

(1} a proposed International Referral System currently being
developed by UNEP;

(ii) a proposed International Registry of Potentially Toxic
Chemicals currently being developed by UNEP;

(i1} a programme in envirommental statistics currently
being developed by UNEP;
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being develoved by UNEP; and

(iv) and the efforts of the ICG for GIPME to
gtimulate the global interchange of such data.

(¢) Availsbility of the UNEP Fund

48. The Group was informed by the representative from the United
Nations Envirormental Programme that the Governing Council of the UNEP
was presently considering programme develovment and priorities, and
procedures for the use and operation of the UNEP Fund, and that depending
on the decision 4o be taken and general guidelines to be formulated by
the Governing Council, it might be possible for all or part of the
intersessional work envisaged in paragraphs 6,9,19,31,39 and 45 of this
report to be financed by the Fund. The Administrative Secretary was
requested to contact the UNEP in order to clarify the availability of,
and the extent to which such support could be made available for GESAMP
activities, 2s well ag the procedures under which the fund could be used.

(d) Interaction between Atmogphere and Oceans

49, Regarding the polliution of the oceans and different sources of
pellutants, the Group paid attention to the fact that the ocean itself may
alsc be a source of pollution for the aimosphere over the ocean. It was
ncted that certain organic pollutants are altered and/or destroyed by
ultra-viclet light in the atmosphere esnd therefore present mass-balance
problems. Interchange of pollutants betwsen the oceans and the atmosphere
has an important role in the description of the mass—balance of pollution
in the oceans. Therefore,the Croup requested the sponsoring organizations,
in particular WO, to prepare z report on the above subject for discussion
at the next session of GESAMP., The pathways and estimation of pollutants

exchanged hetween atmosphere and oceans,as well as methodology, should be
reviewed in the report.

DATE AKD PLACE OF KEXT SESSION

50. The Group wse informed that WHO would sct as host agency for the
sixth session which was tentatively scheduled 1o be held in Geneva from
25 — 30 March 1974.

ELECTION OF CHAIRMAN AND VICE-CHAIRMAN FOR THE NEXT INTERSESSIONAL
PERIOD AND ¥OR THE SIXTH SESSION

51. The Group unanimously elected Dr. G. Berge as Chairman and Prof.

A. I. Simonov as Vice-Chairman for the next intersessional period and for
the sixth session. In taking this decision, the Group expressed its sincere
appreciation to the retiring Chairman, Dr. M., Waldichuk, and the retiring

Vice=Chairman, Dr. H. A. Cole, for their efficient deliberations in these
position.

COKNSIDERATION AND APPROVAL OF THE REPORT

52. The present Report of the fifth session of the Group (GESAMP V/10)
was considered and approved by the Group on the last day of the session.
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Annex IV

REVISED REVIEW OF HARMFUL SUBSTANCES
(revised version of GESAMP III/19, Annex IV)

(Working Group 1 - Agenda Item 2.1)

Members of the Working Groups

Dr, H. A. Cole (Chairman)
Dr. P. G. Joffery

Dr. J. B. Sprague

Dr. J. E. Portmann

Miss G. Matthews ) (Technical Secretaries)
Mr. S. L. D. Young )

1l INTRODUCTION

1.1 UN Gencral Assembly Resolutiion 2566 (KXIV) called for a Review
of Harmful S8ubstances which may havs deleterious gffects on manfs health
and his economlc and cultural activities in the marine enviromment and
coastal areas. The Review was intended to assist in preparations for the UN
Confercnce on the Human Environment which was held in Stockholm in June,

19712,

1.2 In the light of this Reseclution and with & view to illustrating
the comparative importance cf subsiances causing pollution tables were
developed at the Second and Third Sessions of GESAMP showing major categories
of pollutanis and their relative effects in texms of:

(a) harm to living resources

(v) hazards to human health

(¢) hindrance to maritime activities
(d} reduction of amenities

In view of later developments including the UN Conference on the
Yuman Environment, which by Recommendstion 88 callod upon GESAMP {o 're—
examine the Review annually with a view to elaborating its assessment of
sources, pathways and resulting risks of marine pollutants", the tables
havegince been extended by sub-division of certain of the more important
categories of poliutanis into their mejor constituents. The resuliing
tables therefore replace the earlier tableSincluded in the Report of the
Third Session of GESAMP (GE3AMP II1/19, Annex IV),

Neverthelces, it must 54111 be emplasized that the tableScan only be
.regarded as a general guide, since soms categories are made up of meny
substances, some of which may have more pronounced effects than others.
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1.3 With regard to the sources from which pollutants originate, it
is generally agreed that this is where measures of preveniion or control
cen be most effectively applied. To facilitate further consideration of
the desirability and feaeibility of national control measures and inter-—
national agreements, the main routes by which marine pollutants reach the
sea are indieates in Table 2.

1.4 Attention is also drawn to the fact that the cargoes carried by
ships include a wide variety of noxious subatances, falling within the
categories listed in Table 1, which may be discharged into the sea either
by accident (such as in colliesion, stranding, fire or storm damage )
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 control under separate regimes, one associated with transport
by sea {e.g. IMCO} and the other with its use or production ashore.

Because of differing conditions under which the discharge is made however
each regime may bs obliged to apply quite separate and disiinct mesasures

of control in respect of the substance in question. In response to a
gpecific request from IMCO, a Panel of IMCO and GESAMP Experis was set

up in 1972 to Review the Environmental Hazards of Noxious Substances

other than 0il Transportod by Ships. The Report of this Panel (GESAMP
IV/IQ/Supp.l) hag now been published and is being used as a reference
document for the development of an International Convention for the
Prevontion of Pollution from Ships. It must be emphagized that that report
relates only to the particular circumstances under which discharges ocour

in maritime transport and should not be ussd for other purposes particularly
the control of continuous discharges from direct outfalls which are generally
located in inshore waters.

1.5 The Group is not aware of any situation in whiech the reliease
of radiozctive materizls to the sea by the muclear energy industry has
produced adverse biologisal e¢ffecia. This situation has resulted
froia the very firm control imposed by national govermnents over this
industry since its beginning. The work done on the siudy of the dispersion,
effects and fate of radicactive materials in the marine environment has
been and continues to be, extensive. It has had the resuli that the
ptatus of radioactive materials as potential pollutants of ithe marine
environnent ig more clearly defined than that of most other materials
recognized asm serious pollutants.

1.6 The routes by which marine pollutants enter the sea have been
identified under the following main headings:

(=) disposal of mamufactured and industrial products or of ihe
waste resulting from them by direct outfall or wvia rivers;

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

(c) run-off from the land of mezterials used in Forestry, Agriculture,
or Public Health activities;

(a) deliberate dumping of material from ships;

(e) operational discharge of polluting materisls by ships in the
course of their normal tasks;

(f) accidental release of material from ships or submarine pipelines;

(g) exploitation of sea bed for petroleum or other mineral resources; and
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() transfer of pollutants %o the ocean from the atmosphere.

These deseriptions are included in Table 2 and the imporiance of each

of them as a route by which different categories of polluiznts enter the

sea has been shown by the use of 2 number of symbols. To aid in the situdy

of Table 2 esach category of pollutant is the subject of an explanatory

note which gives, where appropriate, Turther informazilon on main uses prinecipal
sources and pathways to the marine environment, mode of occvurence and
distribution, toxicity, breakdown productis, degree of persistence and
accumulation in biclogical materials, and known effectas.

1.7 Atteniion is called to the fact that there is an increasing
rumber ofharmfil substances that may appear in effluents discharged into
the marine enviromment. 7These substances are present in industrial vasies

4s & result of complex marufaciuring processes. The
present list of harmful materials is only tentative and will undoubtedly
be extended as further investigations are made, In addition, some chemical
substances may be aliered by marine organisms or they may produce a
synergistic effect, resulting in acute or low—level chronic toxicity.
Litile is known about the mechanism by which some of these processes
take place. Thereis evidence that in some insiances trace elements may
trigger toxiecity cycles in marine organiems; further information about
ecological condilions leading to the production of biotoxins is highly
degirable.

1,8 Although %0 an increasing extent measures of prevention and
control, both naticnal and international, are being introduced for certain
pollutants, the Group recommends that further consideration be given
especially to those categories showm in Table 1 as “important® or
feignificant® with a view to improving ihe esToetiveness of exisiing
legislation and, where nccessary taking further action nationally and,
where appropriate, internationally {e.g. on a regional basis) to limit or
control their discharge into the sea,

2. CONTINUIRG REVISION AND EXPANSIOH OF THE REVILW

It is the intention of GESAMP to continue to develop ithe Review in
accordance with Recommendation 88 of the UN Conference on the Human
Environmont, and with a view to meeting possible future requests arising
from international or regional agreements on the contrsl of marine
pollution.

For the immediate future, in preparation for the next session of GEIAMP,
it is proposed by intersessionazl activity:

(a)toextend the section on organic substances to include further
exanples;

(b)torevise the saction dealing with metals, partiecularly with respeot

to mercury, cadmium, lead, copper and zinc, and io present this
information in a more systematic way.
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3. NOTES ON MAJOR CATECORIES OF MARINE POLLUTION (TABLES 1 and 2)

3.1 Domestic Sewage

When diecharged untreated, domestic sewage has five major characteristics:

(a) a high bacterial content, parasites and possibly preasence of virus
concentrations, contaminating molluscan shellfish (necessitating purification
or heat sterilization)} and limiting the use of bathing areas;

{b) dissolved organic and suspended constituents which give a high
bicchemical oxygen demand;

(¢) settling solids (organic and inorganic) depoeiting on the boitom
{0 undergo decay with consequent oxygen depletiong

(d) high nutrient concentrations (mainly phosphorus and nitrogen
compounds) leading to enrichment of receiving waters and potential eutrophications

(e} floatables, which may be organic or inorganic materials on the
surface or in suspension, constituting a serious amenity problem and interfering
with primary production and self-purification processes.

By reason of these characteristice sewage affects recreation, utilization
of seafood, public health and general amenities. The production characteristics
of the receiving waters may boe altered and there is a possible connection with
the production of toxie blooms of algae.

One of the reasons for the need to conirel pollution by sewage is the
maintenance of shellfish quality. The stardards of treatment and/or dilution
required for this purpose are somewhat higher than these presently demanded
for other public herlth or amenity purposes. Filter-feseding molluscan shell-
fish concentrate bacteria and viruses along with other particulate materials
and the consumption of contaminated ehellfish may give rise to enteric
infections. The transmission of the viral disease, infectious hepatitis,
by consumption of raw shellfish contaminated by sswage is well documented.
Wothods of purifying shellfish from the effects of bacterial contamination
are available and are extensively used in many countries but are not yet
fully acceptable in all situations,

Various degrees of treatment of domestic sewage eliminate or reduce scme
of the foregoing polluting characteristicss primary - normally eliminates the
settleable so0lids and floatables and proportionally reduces the microflora;
gsecondary - clarifies the effluent from the finer cclloidal suspensions,
mineralizes organic substances {reducing the biochemical oxygen demand) and
disinfection can provide a further removal of patheogenic forms; tertiary -
removes the plant nutrients by biological or chemical action, or by a
combination of the two, and reduces the suspended solides =till present as well
ag decolorising the effluent. Much coastally discharged sewage receives no
treatment beyond comminuiion or macerationj this accelerates breakdown and
is an improvement from the amenity standpoint but only marginally reduces
bacterial or viral contaminaticn and nutrient content. Where practicable,
separation of gstorm water and foul sewage systems is very desirable, to
prevent interference with treaiment processes during periods of heavy rainfall.
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Other housshold wastes which enter the municipal sewer, ineluding
detergents and optical whiteners {dealt with in another section of this
report), pharmaceuticals, house and garden pesticides and incidental chemicals,
and 0ily 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 inclusion of greater
quantities of industrial wastes with domestic sewage., Such wastes may
contain toxic and persistent materials (e.g. metallic wastes) in concentrations
which, if they were accepted by a treatment plant would reduce its efficiency.
Such pipeline discharges may adversely affect marine resources, partioularly
shellfish and young fish on coastal nursery grounds, Pre-treatment at source
of industrial wastes before discharge to sewers should become stdndard practice.
There has been a similar tendency {o replace estuarine diacharges by long
trunk sewers leading to marine outfalls. Careful siting of all such outfalls
in relation to dilution characteristics of receiving waters, other existing
or projected outfalls, and presence of exploitable marine resources is essential.

The practice of disposing of sludge from coastal gewage treatment works
by dumping at sea may be harmful because such wastes may contain significant
amounts of adsorbed metals e.g. mercury, and also pesiicide residues and
other persistent chlorinated kydrocarbene. These factors and probable
biological effects e.g. interference with benthic fauna, nesd to be considered
in deciding disposal procedures for sewage sludges and the selection of
dumping zones.

3.2 Posticides

The term "pesticides" coveras a wide range of substances of differing
chemical composition and class of target organism. They are ceonsidersd here
under seven headings, organochlorine compounds, organophosphorus compounds,
carbamate compounds, herbicides, mercurial compounds, miscellaneous metal-—
containing compounds and polychorinated biphenyls. The latter are not pesgticides,
but are widely used in industry and can conveniently be discussed in the same
group as crganochlorine pesticides.

3.2.1., Organcchlorine compounds

Much information is available on this group of pesticides, some of which
have heen in use for more than 30 year=s. The most commonly used are
probably DDT, BEC, Dieldrin, Endrin, Aldrin and Endosulfan; all are used ae
insecticides, either for agriculiural 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 targei area (less than 50% in some inatances) and some will inevitably
be lost to the atmosphere, Of this, a proportion will reach the sea by
exchange with the atmeosphere, in rain or adsorbed on air-borns particulate
matter. Since organochlorine compounds are strongly adsorbed on particulate
matter 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 neon-volatile, organochlorine
compounds may be lost from the zoil by evaporation and particularly by
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codistillation with water. In addition, soil erosion by wind may carry a
proportion of the applied chemical into the sea. Aerial transport accounts
for at least 50% of the material reaching the sea.

Mothproofing of wools and wollen garments and carpets may lead to
discharge of insecticidal formulations {e.g. Dieldrin)} directly to rivers
and hence to the sea. Receni analyses of sewage and sewage sludges suggest
that these may also be an imporiant route of entry of pesticides to the sea.

Estimates of the proportion of the annual produciion of organochlorine
pesticides reaching the sea have ranged as high as 90% but a more accurate
estimate may be 40~60%.

Once in the sea, organochlorine pesticides may be concentrated cither
in surface slicks or by marine organisms. Some will be tarried to the sea
bed on particulate material and a ceriain amount will remain dissclved in
the sea water at a very low concentration. From analyses of marine animals,
scme of the organochlorine pesticides, particularly DDT, are known to he
distributed on a world-wide basis. Concentrations in coasgtal waters can be
determined, but oceanic waters contain levels below the normally accepted
detsctable level, i.e. 1 part in 1012, Owing to the lipophilic/hydrophobic
character of organchlorine pesticides, they are pariicularly likely 1o be
concentrated in any oily material, e.g. fish ecils. They are, therefore,
fournd in appreciable concentrations in many marine organisms, especially those
with & high lipid content and those organisms highest in the food chain.
Residence time in the enviromment has not been accuratsly determined for all
of them but seems to be generally of the order of years rather than months.

Although some have been used for more than 30 years, the precise mode
of action of organochlorine pesiicides is not fully understood. It is,
however, generally accepted that they affect the transmission of impulses
in the ceniral nervous system. Recently, subile sub-lethal side affects
have been recognized, e.g. on calcium depesition én birds' eggs. Theilr
acyte toxieity to marine organisms is now fairly well documented. Crustaces
are particularly sensitive; BDDT concsentrations as low as 0.003 ppm ia water have
been shown to be lethal to shrimps, but fish can tolerate concentrations up
to two orders of magnitude higher - at least for a short time.

There is no evidence that the proper use of organochlorine pesticides
has adversely affected human health, nor have there been any incidents where
humans have been affecied by eating fish contaminated with organochlorine
pesticide residues, Effects on fish and shellfish populations have been
demonsirated in cerjain estuarine environments, particularly in North America.
Most of the incidents have been kills as a result of spray operations,
but at least {wo instances have besn reported where reduced breeding success
of estuarine fish has been atiributeq to organochlorine pesticide residues
arising from routine usage on the land. Predatory birds are particularly
valnerables the reduction in mumbers of brown pelicans, bald eagles and
peregrine falcons in North America is attributed primarily to DDT and allied
chlorinated hydrocarbons.

3.2.2. PCB's
Polychlorinated biphenyl compoundé (PCB's) are sold under a variety of

brand names, There is a variety of formulations depending upon the degree of
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chlorination of the biphenyl molecule; the greater the degree of

clorination the higher the viscosity. PCB'S have had a wide Tange of
industrial uses, particularly in the elecirical industry, Because

range of indusirial uses, particularly in the electrical industry. Because
of wide _spread contamination of the environment,usage has now been restricted
in a number of countries to applications where loss fo the environment is
unlikely. The routes of entry to the marine environment are still under
investigation, but industrial use inevitably involves some losses which

may reach the ses. Analysis of sewage sludges has revealed that most sewage
contains asome PCB'g. The dumping of waste materials containing FCB's

is probably largely on land, PCB's are highly resistant to burning and
unless incineration is properly carried out (= temperature of over 800°C ig
required), burning of materials containing PCB's will s8imply release them .
to the atmosphere for subseguent rain out into the sea. Dispo=zal by
dumping in the sea of wastes containing PCB'as, except as trace contaminants,
is forbidden under the terms of the London Convention of 1972.

In occurrence and distribution, as well as persistence and accumulation,
PCB's behave in much the same way as organochlorines and much that has been
said above for these pesticides will also apply to PCB's, They have been
in use for a slightly longer period and, at least in the marine environment,
are just as widely spread as DDT and their persistence and concentration
in marine biota is, if anything, greater rather than less than that of DDT,

The mode of action of PCB's is not well understood but may be similar to that
of organochlorine insectigides, Certainly PCB's have been implicated in shell
thimning of birds! eggs. The acute toxicity of PCB's is in gensral similar {o that
of organochlorine pesticides, There is somo evidence to suggest that they have a
high chronic toxicity, i.e. it may teke a muiter of weeks before a shori-ferm lov
level exposure takes effect, This may be aitribuiable to impurities in certain
formulations,

In incidents of acoidental ingestion or rross industrial exposure, illness and even
death have been reporfed in humang, but there are no known ill effecis on man which cen
be associated wifh levels of PCB's in marine products, Fven in estuarine
envirormMents, PCB'a have not been implicated din any domzge to marine life, although
in some areas quite high levels have been reporled in fish, The presence of high concen
~trations of PCBfs in the livers of sea birds was suggested ag a poszsible contribulory
cause in a large scale bird kill off the U.F, comsi in 1969, but it is nov generally
accepted that natural causes played the major role in causing this bird mortality.

3e2e3e Orzanophosphorus compounds

This group of compounds includes llalathion, Parathion, Azinphos—methyl and
Chlorfenvinphes and , with the carbamate compowids, is to some extent replacing the
organochlorine insecticides., In chemical terms, they =2re more varied then the
organochlorines, although theyall contain phosphorus. They are relatively soluble
in water, and may be carried into rivers, snd hence the sea, in substaniiasl apounts,
by run~off from land. OSpray losses and evaporation of sprayed material followed by
rain out over the sea is a second probeble route of entry to the marine enviromrent.
Industrial usage is probably small and therefore an ingignificent source of pollution.

lost organophosvhoius compounds are chemically Jess stable than the crganochiorine
type and they are therefore much less vevnistent in $he gnvirozment., Mozt are
Ihydrolysed on contact with water and they are much less hydrophobic than organce-
chlorines, As a result bio-zccumulation is likely to be unimportant,
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Because they are less persistent and non-accumulative, not much effort has
been exerted in siudying the role of organcphosphorus compounds in the sea, They
are likely to be present in true sclution and, since they are not particularly
lipophilic, they are unlikely to be concentrated in surface slicks, Because they
are not persistent, it seems vnlikely that they will be found in ccean waters
and there appear to be no reports of their ccourrence in waters other than
estuaries,

Orgenophosphorus compounds act on the nervous system by inhibition of
cholinesterase activity., Their aculte loxicity to marine animals is reasonably well
documented and appears io differ widely accordirg to the particular compound used,
e,g. fzinphos-methyl was lethal to Cranzon cranson at a concentraiion of 0,0003
ppn but lorphothion had ne effect on {the same species at 0,3 ppm. The memmalian
toxicity of some organcrvhesphorus compounds is high but residuves have not so
far been detected in marine organisms other then a few estuarine species and no
cases of poisoning through the eating of crgeno-phosphorus pesticide contaminated
fish have been reported or indeed secem likely to occur,

3.244s Carbamate compounds

These compounds, which are based on carbamic acid, ars of two basic types,

the MNedimethylcarbamates e.z. Isolan and Timetan, and the H-methylcarbomates e.g.
arbaryl and Zectran., In general, they are less soluble in water than the

organophosphorus compounds but more so than the organochlorides, OSome of these
meterials, particularly cerbaryl (Sevin), are now in fairly widespread use, They are
likely to reach the sea by all the routes guoted for organcphosphorus compounds, The
main useage of carbamalesis in agriculture but carbaryl is to some exteni replacing
DIT and may be used in fulure malaria control operations., It also has a small-
scale role in mariculture as a meanz of controlling crustacean pests in shelliish
caltivation programmes, This provides a direct route of enitry to the Eurine
environment,

Hone of the carbamate compounds is perticularly stable; they are attacked by
acids and alkalis and it is probable that slow hydrolysis will occur onse they acach
the sea. They can be relatively easily meiabblised and the dats available for
marine animals suggest that, once teken in Wy, for example, a bivalve, they can
be completely metaboligad and/or excreted within about 2 ..3 weeks, They are therefore
unlikely to pose much of a hazerd ag a result of persistence or accumvlation, Car—
bamate compounds have not been detected on a vide scale in sea waters or marine
enimals but they are knmown te be readily adsorbed on sili and smell concenirations ma
be found in estuarine sediments following local vse on land and in mariculiure,

Carbamate compounds are cholinesterase inhibitors; 2 few also show activity ageinst

other enzyme systems, 4 few of these compounds are zlsc used as herbicides and
they might be expected to have minor effects on the phytoplankton in local areas, The
toxicity of carbamaie compounds to marine animals follous the same highly verisble paiiem
depending on compound and species, vwhich they exhibit in the terrestrial environment,
Carbaryl is moderately toxic to crusiaceans but not 16 fish or mollusca. With the
exception of Isolan, all the carbanate compuunds are of low memmalian toxicity, and

harm to human health, either directly or indirecily, through eating fich or shelifish,
" seems improbzble, Isolan is of a lower mammalizn toxicity than the organophosphorus
compounds,
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3.2.5 Herbicides

Herpicides are 2 mived group of compounds, most of which have water solubilities
of the order of tens of ppm or more, They include ures—based compounds such as Linuron,
dipyridyl compounds such as Diquat, and acid ester hormone type compounds such as LCFA end
244~y The major routes to the marine environment are probably direct water transport
from the land or spray drift and subsequent rein out over the sea, Host of these compounde
are likely 1o be Tfound in dissolved form but a few, e.g, Digquat, are sirongly adsorbed by
particulate matier and will be largely associated with sediments or suspended material,
VYery little attention has been paid to herhicide compounds to date and the extent of
their distribution in the marine environment is a maiiter of speculation. Host are
comparatively short-lived but a few, e.g. 2,4,5-T and Picloram, have half lives wup %o
5 years., The genetic damage atliribubed to 2,4,5-T is now generally considered to be due
to the presence of impurities,

Few of the herbicides are particularly toxic to fish and it seems umlikely that
appreciable effects would be noticed, 'The main effect of herbicides in ithe marine
énvironment might be expected to be on the phytoplankton but very few data appear to be
available on this subject,_ Tests with vnialgal cultures at the U,X, TPisheries Laboratory,
Burnham-on-Crouch with 2,4-D, Dalapon and twe triazine compounds {#trazine end Simazine)
sugzest that at least some herbicidal compounds tend to stimulate growih of algae
rather than {to kill them, Dalapon is used in Spartinz grass control in eali marsh areas
but does not seem to cause -mortality of marine creatures, Paracuat has 2 high mammaiian
toxicity if directly ingested and there is no known antidote, but its toxicity to
marine life is low and it is strongly adsorbed to particulate material.

3.2,6 Mercurial compoumds

A variety of organic mercurial compounds is used in agriculture and horiiculture for
the control of seed~borne and Tungal diseases, They have been used extensively in the
past as slimicides in the paper industry. Calomel is used in some areas as & funglcide
and insgglicide,

Host of the mercury compoundsused have a low waler solubility and in addition are
strongly adsorbed on to se¢il particles. They are therefore only likely to find thelir way
into the agquatic eénvironment in times of flood, lercury compounds are readily converted
urder anaerobic conditions to methyl mercury. There is some evidence to suggest that
dimethyl mercury is readily volatiliged and could subssquently find iis wey into the
sea. The importance of this and other routes has still to be established and modes of
ewtry into the rerine environment are the subject of study =t the present time.

Hercury ocours naturzlly in the marine environmert as a resvlt of the normal processes
of weathering of rocks, The date available at present suzgest a coneentration of mercury
in sea water in the range 0.03 to 0.3 ppb. Methyl merocury aconcentrationa are pro'ba'bly abont
1/1000 of this level, Locally higher concentrations have been recorded in cozstal
waters amd are attribuied to imdusirial polluntion, IJost mercury compounds decompose
to the inorganic form which ig then availzble for methylation. Hercury as an element
is a highly conservative and persistent substance in the merine environment, Although
the inorgenic form does not pose much of an accumulation hazard, methyl mercury is
very readily taken vp by marine orgsnisms and accunmlated in the fodd chain, (See Section

3.347)



Methyl mercury has a high mammalian toxicity and produces nervous disorders and

~death at low levels of dietary intake. One ppm of mercury is considered by many national
governments to be an umaccepiably high level for food fish, However, such levels
appear to have no ill effecis on the fish and in certain species are even considered
to be the norm by some authorities, Only in instances of extremely bhigh mercury
pollution have definite ill effects been observed in marine organisms. UNormal levels
of mercury in fish are probably in the range 0.0l to O.2ppm. Certain pelagic fish
egs tuna and swordfish, contain somewhat higher levels but these do not seem to have
changed during this century.

3.2,T7 IMiscellaneous metal ~ containing pesticides

In addition to the compounds already discussed, there are a small number of metal
salts and organo-metal compounds which are used as pesticides, e.g. Bordeaux mixture
(copper salt ¢ lead arsenite and Fentin acetale, Theme compounds have appreciable
solubilities in water and are likely to be transporied to the sea by land run—off and
drainage. Their contribution in terms of quantiity of metal ions or compounds added
to the sea is negligible compared to tlose from other sources, e.g. lead from automobile
fuels, copper from industrial wastes, It seems unlikely, therefore, that harmful effect:
in the marine erviromnment, would arise from théir use on the land. MNost of the metal~
containing pesticides are toxic to fish and improper use has caused fish kills in inland
waters, It is therefore, conceivablethat local damage may occur, e.g. in estuaries,
but the risk to humans is negligible.

3e¢3 Tnorganic YWastes

Host of the elements listed in the periodic table are present in sea water in at
least one form of ion or complex and their infroBuction does not necessarily constitute
pollution, although similar amounts discharged to fresh water areas might do so., In
addition, because sea waler is a relatively strong solution when compared o fres
water it is able to absorb some inorganic pollutants, e.g. acids, with relatively little
change in its overall chamical nature. These are two important factors which must he
borne in mind when considering inorganic substances as masrine pollutants,

Cf the various inorganic compounds or ions which are likely to enter the marine
environment a number can be selected as potential pollutants in certain circumsiances -
the remainder might, at the worst, be defined as contaminants,

3.3.1 Acids and Alkalis

) The production of many inorganiec chemicals and some orgenic chemicals may give
rise to large quantities of waste acid or alkali which may be digcharged 4o the marine
environment, Sulphuric and hydrochloric acids are most likely to be discharged with
smaller quantities of nitric acid. The effects of nitrate snd sulphate are considered
below but chloride, already present in large smounts in the sea, cannot be congsidered
as a pollutarnt, The alkalis involved are lime, sodium hydroxide and, to & lesser extent
potassium hydroxide and ammonia, The ammoniwm cation is considered separately below '
but sodium and potassium fall into the same category as chloride,

Sea water has a considersble buffering capacity, i,e., it can absorb relatively
large amounts of acid or alkali with comparatively small changes in pH. Discharges of
unnevtralised acid or alkaline affluents are frequently made into estuvaries and gquantities
?f wasle 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 zcid
oxides of nitrogen into the atmosphere (50-80 million tons ermually), These may
s?bs?quently be rained ouwt over the sea, but although rainfall containing sulphur
dioxide (i.e. acidic) may heve affected the pH of some Swedish lakes, a similar effect
on the sea seems unlikely, Burning of chlorire-containing compounds, particularly
substances such as PVC, gives rise to HC1 fas, which on dissoluiion, e.g, in rainvater
iz a further sonrce of acid which may growr in importance, ’
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Although the effect on the pH of sea walér of acids from the atmosphere cannot be
detected, pH changes can be detected over relatively small areas in the proximity
of discharges of acid or alkaline wastes both in estuvaries and in ‘the open sea in the wake
of a discharging barge, It must therefore be concluded that discharges of acids ox
alkalis have only a local effect and that their distribution , although possibly world-
wide, is completely accommodated by the carbon dioxide bBuffer system and has no effect.

The acute toxicity of both acids and alkalis to some marine animals is documented
and, presumably because of the buffering capacity of the sea water, moderately high
concentrations - several hundreds of ppm -~ have no effect, Figh and small crustacea
can detect concenfrations of acids and alkalis below the acubely toxic level and will
aveid such concentraiions, The toxic action of both acids and alkalis is probably
mainly assoéciated with the effect that they have on the oxygen -~ carbon dioxide transfer
across the gill surface, At higher concentrations their corrosive action would
undoubtedly be lethal,

3,3.2 Nuirients and Bmmonia

Phesphate enlers the sea via rivers and directly from ontfalls vie sewage where
its origin is largely polyphosphate from detergent formuletions, Small amounis may
also be discharged by indusiry and some will enfer as runoff from agricultural land,
Sewage effluents contain nitrate and ammonia + nitrole both of which are oxidised by
bacteria to nitrate, Ammonia may reach the marine environment in sewage effluents and zs
a result of its use in industriat processes and in sgriculiure, In addition large
quantities of ammonium aulphate are produced as by~products in certian indusirial
processes, BSome of this is considered waste and is discharged to the sea,

The concentration of ammonium ion in sea waler is low (gcnerally of the order of
5-3Qg/1) although locally it may be high near a discharge of nitroger—containing waste Mg/l,
It 'is one of the intermediates in the hacterial decompesition of nitrogen~conitaining
compovnds which eventually terminates at nitrate, Amménia is not therefore a persistent
substance and large~scale digtribution of high concentrations is unlikely.

Hitrate and phosphate are essential nutrients in the productivity of the marine
enviromment, Over—abundance of these ions in freshwaters can lead to eutrophication
with blooms of phytoplankton , followed by deoxygenation and anserobic decay, Such
phenomena have been recorded in the marine anvironment in fjord and estuwarine areas

{e,2s Oslo fjord) and may become a problem in some enclosed rmess, Doth nitrate and
vhosphate are adsorbed on particulate matter and the sediments provide a reservoir and
means of storege of excess nutrients. Although persistent, neither nitrate nor phosphate
constitute accumulation hazards within marire animals and there is no evidence to suggest
that concéntraiions less than groessly excessive would be toxic,

3+3¢3 Cvanide

Hastes containing cyanide are discharged to rivers, estuzries and on open coasts
from a variety of industrial premises, e.g. metal plating plants, gas works and coke
ovens, and from the scrubbing of steel works gases as wéll as a number of chemical
processes, Direct discharges such 8z these account for most of the cranide entering
the marine environment., Vhatever the form in which the cyanide is discharged, il.e.
HCN,NaClW, etc. it readily takes the form of HCU wilth some dissociation to H+¥ and CH
It is now generally accepted that HCH¥ is much more toxic to aquatic Iife then CH  and
"at pH 8 only about T-10% of the HCI is dissociated, Cyanide is biodegradable and .
treatment. methods aresaveilsble which can eliminate the need to discharge cyanides,
the bio~degradability of cyanide and the readiness with which it forms compleszes with
serfain metal ions, e.,g. copper and irom, means that large gsezale distribuiion of
wanide is unlikely and that any detrimental effects would be local in nature.
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3'3'4-§H;Ehii£

Sulphite may enter the marine enviromment in westes from certain industrial
Processes 8.8, the pulp industry and rayon manufacture. Sulphur dioxide produced from
ihe burning of fossil fuels will also enter the sea as sulphite fromthe atmosphere. %he
sulphite Ion is not stable in sea waterj under normal aerobic conditions it will be
oxiddized o sulphate., Under anaerobic conditions sulphite and sulvhate may be
reduced by bacteria to sulphide which is toxic and cbnoxious on amenity grounds,

Sulphite is also toxic o makine life and, although not stable in the marine environment,
is known to have ceused damege to marine 1ife near effluent discharges, Sulphate is

not toxic to marine life and is present naturally in sea water in relatively high
concentration (2,76g/1); it canmot therefore be considered to be a pollutant,

3.3.5 Phosphorus

Phosphorus is normally found in the sea in the form of phosphate, either particuloaie
organic or inorganic. If discharged.in elemental form, however, il remains largely in
that state and is potentially highly toxic. There have been some instances of elemental
phogphorus being discharged to the marine environment from factories preducing phon-
phorus from phosphate ores and from ships carrying phosphorns beth in bulk and in druns,
Fuch of the phosphorus becomes locked in the sediments where it Pemsins virtually
wichanged for a considerable pericd; the fraction remaining in the water is slowly
oxidized o phosphate. One large scale incidence of toxicity arcse on the coast of
Newfoundland from a factory discharge. Large numbers of herring, cod and other species
were killed; in some sSpecies extensive haemolysis and reduction of haematocrits was
observed,

3.3.6 Titanium dioxide wastes

The indusirial 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 wasie is considered worthy of special attention
since in many instances the waste is discharged, completely untreated, infc the sex
either from a pipeline or irom barges,

The ferrous ion is very rapidly oxidized to ferric ion which precipitates
ip collodial 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 on the
sea bottom for considerable periods, No ill effects on human health or living
resources, except in the immediate vicinitiy of the discharge, have been
reported, but amenities might be affected in coastal areas owing to deposition
of ferric hydroxidé in the intertidal region. The nature of thia waste is
likely to change in the future as new methods replace the old sulphuric acid
prooess, The sulphurie acid in the waste will be replaced to some extent by
hydrochlorio acid.

#3,3.7 Mercury

The mode of occurence, toxicity, distribution, ete. of mercury are
discussed in Section 3.2. Agricultural usage of mercurial pesticides is,
however, a relatively minor msource of mercury to the enviromment, although
industrial use of mercury compounds as slimicides has had an important
offect on the environment in some areas, e.g. Sweden and Canada.

* This seetion is in process of revision
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The annual world production of mercury is approximately 9,020
tons, the majority of which is used bv industry, the most important

single usage bheing in the cunlor-alkali industrv. In theory, no
losses of mercury should occur,but in fact, typically 250 gm of
marcury vere lost ver ton of chlorine produced. Much of this found

its way into the marine environment either via rivers or from the
atmosphare, Recently introduced methods of troatment of the effluents have
greatly reduced the discharge of mercury from mest of these plants. Other
industrial usages of mercury are in the electrical industry in mercury
switches and batteries and in the production of high grade antifouling
paints. Mercury is alsc used as a catalyst in the production of acetalde—
hyde and vinyl chloride. It was this latter usage which led to the deaths
of more than 40 people and lasting injuries to a great number at Minamata
in Japan.

In addition to these sources of mercury, which betweaen them
rrobably account for 4-5,0030 tons added to the sea par 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. Thais mercury is carried in the atmosphere and may 2e
rained out over the sea.

Mercury is accumulated to approximately the same degree in
hivalve molluscs and fish, in contrast to ofZher metals such as zinc
and copper.

*3.3.8 Lead

The annual world nroduction of lsad is approximately 3 million
tons and the contribution of lead to th=2 marine environment as a
result of man's activities must now be greatly in axcess of the
natural supply., Over 17 parcont of the »resent annual produckion
of lead is used in leaded motor fuels wher= it functions as an ‘anti-
knock' agent. Huch of the lead is released to tha atmosphere in
exiaust fumes and quosc;uently finds its way into the sea. Use of
lead in this way is helieved to introduce 2 x 105 &fons of lead into
the marine environmant annually and is believed to be the cause of the
elevated lead concentrations found in sea waters adjacznt to
industrial and populated coasts. Lead is also introduced in the
effluents of many chemical factories aad natural processas of
weathering probably contribute a further 2 x 107 tons annaally. The
concentration of lead found in the surface layers of near-shore
sediments iz now considerably higher than that ian sub-surface layers.

Lead accumulatas in animal tissues and is only very slowly
excreted, t is an enzyme inhibitor and impairs cell metabolism., 1In
marine animals it is probable that, at least in acute exposures, lead
acts by damaging gill surfaces and hance inhibits oxvgen-carbon dioxide
transfer. Lead is persistent in the marine environment and narine
sediments are probably the main storags vaint. In common with other

*This sections are in process of revision
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‘heavy metals' (except mercury) lead is soecially prons to

accumulate in bivalve molluscs and the elevated levels of lzad fouad
in near shore sediments are causing high lead concentrations in thase
shiellfish. Howevaer, no ill effects have so far heen recorded either
in fish or shellfish and there apoear to bhe no recorded instances

of human voisoning by eating marine products with high lead
contamination. The rapid increase in the level of lead in tha surface
layer of the sea in recent years must, however, be viewed with concern.

*#3.3.9 Other Metals

A number of other metals besidas lead and mercury are considered
as potentially hazardous in a marine pollution context. These are
copper and zinc, both of which are produced on a vary large scale
annually (% million tons), chromium (annual production 2 million tons)
and cadmium. Arsenic, antimony, bismuth and selenium may also be of
interest in wview of their toxicity to man.

Chromium is likely to enter the marine envirvonment largely as
a result of its use in the metal-plating industry. In addition, small
quantities are used in pest control and in paints. Recently; large
quantities have been used in road marking materials some of which
must reach the marine environment via rivers. Copper and zing are used
in large guantities for water oives and for plating of storage tanks
respectively; zine plating, galvaniging etc. is commonly used as
a rust preventative and guantities of copper and zinc must be dissolved
and run into rivers and sewers from all large towas. Sewage sludges,
particularly from industrial areas, contain measurable amounts of
both copper and zinc. In addition, both copper and zine salts are
used in a variety of industries and are found in many industrial
waste discharges. Copper finds a small-scale usage in pesticide
formulations. Cadmium is used largely in the nlating and metallurgical
industry in certain electrolytic processes. t is also a useful
catalyst in some industrial processes; in addition cadmiun compounds
are used as pigments., Pro»hably the nost important routes to the
marine envirconment for all fonr of these metals are via rivers and
sewage or industrial outfalls.

All four elements are found in sea water and some will be in
the simple ionic form, others as ionic complexes. Levels of all four
elemants apwmear to be higher near to the land, probably partly due to
natural weathering of rocks but alsc due to man's usage of thase
alements.

Somez of the forms in which the elemants occur in gsea Fater are
insoluble and it seems likely that a proportion of the annual loss
to the marine environment enters the sediments. There is a definite
evidence of accumulation by bivalvas of very high concentrations of
both copper and zinc, but marine fish appear to be less likely
to accumulate these two elements. Cadmiwn is know to he accumulated
by certain marine animals but data for chromiwa are lacking. There
is evidence that aadmium , once in the human body, is only very slowly
excreted, if at all. -

*This sections are in process of revision
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¥3.4 Radiosctive Materials

Adlthough as a result of fallout from muclear explosions or weapon teating,
radioactive materials may reach the marine snvironment in uncontrolled amounta,
the development of the civil uses of nuclear energy is strietly controlled,
usually by special legislation, so as to minimize the hazard to public health
or damage to marine resources. The disposal of solid radicactive waste to
the deep ocean will be governed by the provisions of the London Convention
1972. There are no known effects of introduced radioactivity in the natural
environment on marine resources, except in the immediate viecinity of miclear
test sites,

3.5 0il and 0il Dispersants

Prior to about 1950, petroleum was refined in the country of

origin, and the world traffic was largely in refined products. The
newer refineriaes have been built in the developed countries, giving
rise to the growth of a new trade in %the carriage of crude oil by seca
from the oil preducing arcas to the user countries. The massive

and continual rise in o0il consumption has resulted in the construction
of larger and larger vessels for this trade. At the present time the
largest ships carryy 0.5 million tons of oil, hut ships to carry 2.7
million are actively being considered, and ships to carry 1.0

million tons are projected. ] . .
Annual world production has risen from 1,260 million tons

in 1962 to 2,600 miliion tons in 1972; this is expected to rise to
3,302 million tons bhv 1980,

This rise in oil consumntion has led to a world-wide search
for newer sources of suvply, and an increasing proportion of the
world's needs is now and will continue to be met from off-shore
0il fieclds. These will increasingly be sited on the dezeper parts
of the continental shelf, as the technology of deep-sea drilling
deveclons.

These changes in the world's trade in petroleum and petroleum
products since about 1930 resulted in a massive increase of oil
pollution of the marine environment, especially of beaches, largely
from shipping. There has been considerable national and international
activity to limit,and whers possible to prevent,this polluticn by oil.
An international convention for the prevention of oil pollution was
adopted following the 1954 INMCO Conference. Amendments to this
convention, designed to further limit the quantities of oil
discharged at sea, were adopted in 1962 and 1989, altnough the latter
has yet to be brought into force internationally. Further limitations
on the overation of tankers and other vessels are likely to result
from the 1973 INCO conference and the 1973 Convention which is
dasigned to achieve "the comolete gélimination of intentional
pollution by o0il and noxious substances other than oil and the
minimization of accidental spills”.

0ils and oil products can enter the marine environment from
submarine seeps, from shipping operations and marine accidants,
both on the high seas and in port (ap to Im tons per annum) and by
discharge to rivers, sewers, and so finally to the sea. Aerial
transport of oil derived from internal combustion engines may transfer
substantial quantities to the sea,

*This sections are in process of revision
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In general, oil is lighter than water and tends to spread
fairly rawnidly, forming a thin layer which moves over the surface
under the influence of winds and tides, Though found widaly over the
oceans it is most freguent around the main routes by which oil
is carried from producing araeas to the refineries and along
trade routes and near the population centres they connect.

In temperate and tropical zones oils are bhiocdeagraded and
also polymerized; under the action of light and oxygen density
increases and the particles become dense encugh to sink to the
sea floor. In very cold waters such as the Arctic it is not
known whether or not biodegradation occurs. & fresh crude oil
can lose up to 3J) parcent by evaporation in 30 hours. 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 do not
degrade so rapidly and are frequently found on heaches as lumps Or smears
of so-called "tar" . "Tar »alls" are ubiquitous in many ocean areas,
particularly on major tanker routes, and may be derived from
tanker washings.

When highly dispersed,oil may be moderately toxic to marine
life but under normal field conditions toxicity is low. The
spacies most at risk are those living in the littoral zone where
oil may be deposited on a falling tide. In such circumstances,
shellfish have become tainted and edible seaweeds both reduced
in growta and made unsaleable. Ixpariments in temperate zones
have shown that a single heavy contamination of the flora and
fauna of the intertidal zone has a nealigible effect though
repeated applications (every tide) of a much smaller amcunt -

a hardly visible £ilm - eventually leads to a reduction in the
numbher of species and in some cases, absence of 1life. In tropical
areas marine life may be wore sensitive to danage by oil.

In inland estuarine wwaters or enclosed bays or sim;lar
situations, the effect off the more toxic aromatic frac?lonﬁ,
together with the reduction in dissolved oxygen re;ultlng from
piodegradation, may produce more marked mortality in many

species.

It is believed that traces of hydrocarbons may affect fish
behaviour such as the return of salmon to the "“home" river.
Some oils contain carcinogsns and their raported gccurre?cg
in organisms in the food chain as the result of‘oll pgll:tlon
could, if proven, lead to some risk to man as the ultimate

CONIUMAYr.

0il polliution is popularly reagarded as an impnrtant congﬁminant.
of the oczan vary largely bacausa 1t 1s v1§101e, an§_1§ﬁa graa
despoiler of coastal amenities. ;t al?o.kllls ?ea ulea; .
particularly the diving birds, which, b21ng washed ashere In
oiled condition, arouse great concain.



Considerable attention continues to be paid to methods for
the recovery of oil from the sea surface. Satisfactory methods
are now available for confined waters under calm conditions but
it is still difficult to apply such methods to the open sea.
Sinking techniques are now regarded as less desirable because of
the iendency cof sunken 0il to return to the surface or to move
substantial distances and so affect living resources. However,
it may be necessary te use such methods as dn emergency measure
in the event of a massive release of oil such as could occur
following a tanker casualty

Improvements have been made in the formulation and usage of
dispersants. Those now available are of low toxicity to marine
life and are more effective at lower concentration, enabling better
use 10 be made of new and more efficient application equipment.
The use of absorbents for removing surface oil, although well
developed for inland waters, has not proved of value in open sea
conditions.

3.6 Organic chemicals

The number of organic chemicals known to man at the present
time exceeds ! million. A wide range of these substances occur
naturally in animals and plants and in natural products such. as
petrocleum. Only a small proportion of the total is used by man in
the pure state and only a comparatively few compounds are produced
in large quantities. Currently 70 per cent of the world's organic
chemicals are produced directly or indirectly from petroleum and it
is estimated that ihe proportion will exceed 90 per cent by 1980.

As a starting peoint in the review of the potential pollution
risk posed by organic chemicals, the Working Group selected a number
of substances each of which are known to be carried in large
quantities by ship (more than 25000 tons per year) or which might
create a hazard to marine life if released to the sea. In making
their selection, the Working Group has used the Report of an Ad Hoc
Panel of IWMCO and GESAMP Experts to Review ihe Environmental Hazards
of Noxious Substances other than 0il Transported by Ships (GESAMP
IV/19/SupD. 1) and a study by Norway for IMCO on the bulk carriage



of chemicals by sea. The Norwegian study was prepared as a
background document for the 1973 IMCO Marine Pollution Conference
and summarises the replies to a questionnaire on the quantities,
type of ship,etec. involved in bulk transport of chemicals., Because
replies to the gquestionnaire were not received from all countries,
the totals given for annual carriage cannot be regarded as the
complete world wide carriage figures. They do, however, provide
a satisfactory basis fpr an assessment of the marine pollution
hazard arising from the bulk carriage of chemicals. Where the
amount carried is said to be in excess of 25000 tons per annum,
the chemical was regarded as a candidate for the review and the
Norwegian study data on quantities shipped are guoted.

In considering the selected organic chemicals as harmful
substances, the Working Group took the view that the major risk to
the marine environment arises as a result of chronic exposure to
continuous discharges from factories, etc. However, where it is
known that substantial amounts (> 25000 tons per annum) are moved
by sea, there is a significant risk of severe short-term pollution
following spillage of ships' cargoe. Comments are made on the effect
such a spillage might have; these are equally applicable to
accidental massive losses from a factory or storage facility. Where
marine transport is known to be important for other substances
listed in this review, similar notes will be added as part of the
continuing process of revision and updating.

The Working Croup has been unable to cite world production
figures of organic chemicals but noted that other groups, especially
GIPME, had recognised the need to establish these wherever possible.

In compiling notes on the organic substances included in the
Review, the Working Group assembled information on the following
points:

1. Nature of the substance and principal purposes for which it
is used;

2. Bxtent to which it is transported by sea;

3. Principal ways in which it may reach the marine environment,
e.g. as waste from particular industrial processes or uses, from

tank washings,by aerial transport, etc;



4. Effects on marine life including bio-accumulation, or
tainting;

5. Hazard to human health by ingestion directily or via sea
food, by skin or eye contact or inhalation, for example when
bathing in an area affected by a substantial spillage;

6. Effects on amenities, e.g. by interference with leisure
activities, objectionable smell or persistence;

7. Nature of breakdown products produced in the marine
environment, their toxicity and persistience.

Acetone CH3C00H3 dimethyl keione, Z2-propanone

Acetone is a very widely used solvent, especially in paints,
varnishes and the phammaceutical industry; it is also used as a
delustrant in cellulose acetate fibre manufacture and as a general
degreasing agent. The compound is marufactured on a world wide scale,
with plants in most developed countries.

Because of its very wide scale usage as a solveni, substantial
amounts are likely to enter the sea in effluents discharged to rivers
or via pipelines.

Transport by sea is largely in chemical tankers.

Acetone is readily miscible with water, highly volatile (B.P.56OC)
and inflammable (F.P. - 2000); ihe vapour will ignite above water
solutions of 2 -~ 3%,

Its acute toxicity {LC50)} to aquatic life is in the range
100 - 1000 ppm. It is readily degradable and is unlikely to be
persistent in the marine environment; its degradation products are
unlikely to be more toxic than the parent compound.

Exposure to concentrations of vapour well above those that are
recognisable by odour may cause eye, nose and throat irritation; the
ligquid produces transient eye irritation. |

Even a subsiantial spillage would be unlikely to create an
amenity problem. TIts smell is not objectionable (it is used in
many paints).

Acrylonitrile CH2 = CHCY propene nitrile, vinyl cyanide

This substance is mainly used in the manufacture of synthetic
rubber and plastics and, as a synthetic fibre for textiles (e.g.

"fcrilan” and"Courtelle"); it is also employed as a grain fumigant..



Small gquantities are found in wastes from manufacturing plants.
Some may be lost to the air during manufacture.

It is transported in bulk by sea on a world-wide scale, mainly
between developed countries. (Amount carried in 1970 - 93,453 tons:
maximum cargo ca. 800 t; 200 1t per tank. Maximum release from
rupture of two tanks possibly 400 tons).

Although lighter than sea water (SC 0.80), it is soluble in
water (31 g/l in fresh water) and is unlikely to remain on the surface
of the sea due to its solubility and volatility (BP 77.300). However,
hydrolysis is unlikely to be rapid at the pH of sea water. A substantial
spillage, resulting for example from a collision at sea, would create
a fire and explosion hazard (F.P. 0°c explosive limits 3-17%).

If released to the marine environment in substantial gquantities,
it would constitute a significant hazard to marine life, (LC50 1-10 ppm)
I{ is not bic-accumulated but longer term low level effects are
uncertain. Breakdown products in the sea are likely to be less foxic
than acrylonitrile.

The vapour is acutely poisonous and beaches affected by a spillage
would have to be cleared. It would, however, evaporate rapidly
in favourable circumstances, e.g. high temperatures and breezes.

The polymer is harmless but acryleonitrile is unlikely to polymerise
on the beach.

Benzene C6H6 benzol

Benzene has many industrial uses: for example, in solvents;
as a starting material for the manufacture of "hard" detergents and
of cumene used in the production of resins; as a lube-oil additive
and in the making of nylon; as a chemical intermediate in the production
of acetone and phenol.

Benzene is carried in bulk by sea on a world-wide basis (amount
carried in 1970 - 279,852 tons).

Its solubility in seawater (2000 ppm) is somewhat above toluene;
its flashpoint is very low (-1?00) and it is also an explosive hazard (explos:
limits 1-8%). If spilt, it floats on the sea (S.G. 0.88) and evaporates
readily (B.P. 80°C).

Benzene has an acute toxicity to marine life {LC50) in the range
10-100 ppm but it is not bio-accumulated. Breakdown preducts are

less toxic than the benzene which is a human hazard because it



damages liver and bone marrow. It is metabolised and excreted
by human beings. Frequent exposure may lead to leukaemia; high
concentrations of vapour have a narcotic effect.

It has a strong but not highly objectionable smell. A nearby
spillage might cause a fire or explesive hazard on a beach, but
thig would be a short-lived situation.

Carbon disulphide CS2

This substance is mainly used for the production of rayon

Carbon bisulphide

and cellulose films and in the manufacture of carbon tetrachloride
and xanthates which are employed as flotation agents. It is also
widely used in small guantities as a solvent for a number of
elements.

Small quantities only are shipped in bulk (amount carried in
1970 - 595 tons); extreme care is required when moved in drums.

It is heavier than seawater (S.0. 1.26), very volatile (B.P.46°C)
and highly inflammable (¥.P. —3000). It presents an acute fire and
explosive hazard and may ignite spontaneocusly at lOOOC, e.g. by
contact with hot steam pipes. It is very slightly soluble in
seawater (ca. 0.3%).

Carbon disulphide has an acute toxicity (LCS50} to marine life of
less than 1 ppm and it is bio-accumulated, It decomposes in the sea
by oxidation.

The liquid is an irritant to the skin and eyes and is absorbed
through the skin. The vapour is absorbed rapidly on inhalation;
its ingestion then causes vomiting, liver and kidney damage and
respiration failure. It can also cause permanent damage to the
nervous system. The presence of the liquid or vapour on beaches
would present a major healih hazard.

Carbon tetirachloride €Cl, tetrachloromethane, perchloromethane

4

It is used in the manufacture of aerosol propellanis and

refrigerants; and as a solvent, degreasing agent and agricultural
fumigant. Tt is also used in the chlorination of paraffin wax to
produce "Gerochlors™, plasticisers for paints, etc. Usage is worlg-
wide, principally among industrialized countries,

it is not a problem in effluents, the main losses being to the
air by evaporation (B.P. ??OC) where it may be broken down by

ultraviolet light.



Carbon tetrachloride is carried in bulk tankers (amount carried
in 1970 - 114,203 tons; maximum load about 1000 tons; usvally small
chemical tankers).

Solubility in fresh water is 750 ppm and probably less in sea
water. It is heavier than sea water (S.C. 1.59) and it is not
inflammable. Acute toxicity to marine life (LC50) is in the range
of 10-100 ppm, with rapid uptake and loss from the tissues. The

-10
o

observed concentration in Irish Sea coastad ‘water was 1 x 10 T

107 1; concentration in fish showed a higher degree of magnitude
in the same area. OSome difficulties, however, were experienced in
identifying peaks in GLC records. Muds may take up carbon tetra-
chloride to the extent of x2 in the immediate vicinity of effluent
discharge. The breakdown products of carbon tetrachloride in the
sea are not fully known.

The liguid can be absorbed through the skin and the vapour,
which is heavier ihan air, may be inhaled. Fxposure to either liguid
or vapour may cause severe liver damage.

The smell is distinctive but not highly objectionable. Following

a major spillage, carbon teirachloride might be driven up on to the

beach over a period.

Chlorobenzene C6H501 monochlorobenzene, benzene chloride,
phenyl chloride

This is a liquid used as an intermediate in the production of
phenol from benzene, as a starting material in dyestuffs mamfacture,
and in the production of fine chemicals. It is also employed as
& solvent and as a heat transfer medium,

It reaches the environment largely by evaporation but may be
present at the level of a few ppm in some liguid industrial effluents.

It is transported by read and rail and in ships, but not in bulk.

Chlorobenzene is moderately volatile {B.P. 13200), heavier than
water (S.G. 1.11), inflammable (F.P. 28°C), and explosive (explosive.
limits 1.8 -~ 9.6%).

Its acute toxicity to marine life is rather high (96 Hr,LC50
ca. 2.5 ppm) and it can accumulate rapidly in fish, largely in the
liver. Chlorobenzene is broken down by microorganisms to hydrochlorie
acid and phenol, which eventually breaks down to carbon dioxide and

water., In the atmosphere it is broken down by ultraviolet light
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in about two weeks. It may'accumulate in sedimenis depending upon
organic content and concentration in the overlying water.

Ingestion of the liquid and inhalation of high concentrations
of the vapour can depress the nervous system and cause liver damage;
the vapour is slightly irritant.

There is likely to be a health hazard only in areas close to a
large spillage.

Chloroform CHCl3 trichloromethane

Chloroform has many uses: in tcothpastes and pharmaceutical
products; as a flavouring in feoods; as a solvent; and in making
aerosol propellants and refrigerants. It presents a minor fire
hazard and is, therefore, not used in major industrial processes,
but it is employed in small amounts in a wide variety of ways.

An impertant route to the marine environment may be through
the atmosphere.

It is mostly carried in small drums (25 litres) with ethanol
as a stabiliser and there is little bulk carriage {amount carried
in 1970 - 3621 tons).

Chloroform is more volatile {han carbon tetrachleride (B.P. 6100)
and more soluble in seawater (ca. 1.5%). It is heavier than
seawater (S,.0. 1.49).

Its effects on marine life, so far as they have been assessed,
are similar to those of carbon tetrachloride (96 hour LC50 ca 30 ppm).
The breakdown products of chloroform in the marine environment are
likely to be less toxic than the parent compound.

Ingestion of liguid and inhalation of vapour depress the
nervous system and cause liver damage. The liquid is only slightly
irritant to the skin but can cause severe eye injury. Health is
likely to be affected only following a spillage close-to a beach onio
which the liguid might be brought by successive tides.

Cresol CH306H4

This substance is normally a mixture of 3 isomers 1,2, 1,3 and

0O methylphenol, cresylic acid, tricresol

1,4 hydroxymethylbenzene. Cresocls have a very wide usage, mainly
in the mamafacture of disinfectants and synthetic resins, but also
in the production of iricresyl phosphate, salicylaldehyde, coumarin

and herbicides. They are produced in many countries.



Trade is world-wide and includes carriage in bulk {amount
carried in 1970 - 25,697 tons).

These substances are marginally heavier than seawater (S.G.
1.03 - 1,05). They are slightly volatile (B.P. 195 -205°C) and
soluble in water (ca. 2%4). They are inflammable {F.P. 80-86°C)
but do not present a major fire risk.

They have an acute toxicity to marine 1ife {LC50) in the
range 1-10 ppm and are liable to taint fish and shellfish at very low
concentrations with consequent interference with marketing. They
are bicdegradable, the breakdown products being less toxic than the
parent compound.

Cresols are highly irritant and rapidly damage skinj; they
are hazardous to human beings on oral ingestion or following
absorptien through the skin. Seolutions are somewhat less harmful.

A large spillage near z beach would create an amenity problem.
Crotonaldehyde CH3CH : CH CHO Methyl acrolein, crotconic aldehyde

This is used mainly for making 2-ethyl-hexanol and aceate solvents;

and is widely used as a chemical intermediate.

Main routes to the sea are via industrial effluents and leakages.

It is not known to be transported cn a large scale.

It is lighter than sea water (S.G. 0.86), moderately volatile
(BP 102°c), soluble in water (ca 15.5%) and inflammable {FP 13°c),
but has low vapour pressure; expleosive and fire hazards are minor.

Acute toxicity to marine life (LCS50) is in the range 1-10 ppm, it is
biodegradable but not biocaccumulated. Breakdown producis are less toxic
than the parent compound.

Both liquid and vapour are strongly irritant; splashes of liquid
in the eye may cause blindness. Exposure to liquid, vapour ("I‘Lv 2 ppm)
and solutions is extremely hazardous and beaches affected by a
spillage would have to be cleared for a period. It has a pungent
smell.

Cumene C6HSCH(CH3)2 isopropylbenzene, cumol

This is an intermediate in the production of phenol and acetone.

It is also used in the manufacture of plasiics and as a solvent.

World wide carriage is in bulk (amount carried in 1970 - 151,075
tons). .

Cumene is lighter than seawater {35.0. 0.86) and practically
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insoluble, It is moderately volatile (B.P. 152°C) and highly
inflammable (F.P. 45°C).

Its acute toxicity (LC50) to marine life is in the range
10-100 ppm. If released to the sea, the bulk will be lost by
evaporation; any that dissolved would be degraded.

Although very high concentrations of the vapour are narcotic,
cumene is unlikely to harm human health.

4 large spillage near a beach might create a short lived
amenity problem because of the fire risk.

o-Dichlcrobenzene 06H4812 1,2-dichlorobenzene

This substance is used in the manufactire of isocyanates and

dyestuffs, as a solvent and in the production of paint-strippers,
as a pesticide and also as a degreasing agent for metals, wool and
leather.

Losses to the environment will occur via effluents from
industrial use, discarding of used solvents and paint strippers and
by evaporation.

It is transported by road and rail tankers and by ships but
not in bulk.

It is only slightly velatile (B.P. 180°C), heavier than
seawater (S5.0. 1.31) and practically insoluble (ca 100 ppm in
seawater). It is inflammable (F.P. 6500).

o-Dichlorobenzeneis highly toxic to fish (LCS0 ca 1 ppm) and is
accumilated and lost very rapidly (within one week), with high
concentrations in the liver, but very much less in the flesh. It
may also accumulate in sediments, depending on organic content and
concentration in overlying waters. There is very little information
on bio-degradability or breakdown products in the sea bui it can be
metabolised and excreted by mammals.

Although high concentrations of both vapour and liquid can
lead to depression of the nervous system and liver and kidney damage,
& human health hazard is unlikely except from prolonged or frequent
contact with liquid which might be washed up on beaches.

It is otherwise unlikely to create an amenity problem; the smell

is penetrating, but not unpledsant,



p~-Dichlorobenzene C6H4012 1,4~dichlorobenzene

This substance is a solid {M.P, 5300). Its main uses are as
a deodorant, moth repellent and scil fumigani, and in the manufaciure
of dyestuffs and fine chemicals.

Losses to the environment will occur mainly by evaporation
(it is widely used as a deodorant).

It is transperied largely in drums.

It is heavier than seawater {S.G. 1.46), slightly volatile
(B.P. 174°C) and practically insoluble (ca 75 ppm). It is inflammable
(F.P. 65°C).

p-Dichlorobenzene has an acute toxicity to fish (LC50) of ca 1.5 ppm;
there is no information regarding its bicaccummlation but it is
probably similar to o-dichlorobenzene. Bio-degradability and breakdown
products have not been investigated.

The risks of injury to human health are exiremely low although
any drums cast up on the shore would represent a hazard since
ingestion may lead to liver damage.

It is otherwise unlikely to create an amenity problem.

s O

Epichlorohydrin CH2—CH CH2

Cl, y-chloropropylene oxide _
The biggest single use of this chemical is in the production of

epoxy and phenoxy resins; smaller quantities are used as a solvent for
cellulose esters in the manufacture of glycerol and in curing propylene
based paints.

Trade is mainly between the developed countries (amount carried
in 1970 - 2445 tons). The maximum ship consignment is likely to be
around 500 tons, with a maximum tank size (normpally stainless steel)
of 200 tons. The bulk of the material transported is carried in
drums.

Epichlorohydrin is heavier than water (S.G. 1.18), moderately
volatile (B.P. 118°C) and inflammable (F.P. 34°¢C); it is slightly
soluble in water (ca. 1%) and if released in small quantities in
factory effluents will'probably be completely dissolved. Accidental
spillages of larger amounts will sink.

Although its acute toxicity (LCSO).to marine life is in the

range 1-10 ppm, it is unlikely to be accumunlated by marine animals



and is probably readily broken down by bacteria and cther aquatic
life, The final breakdown products and intermediateg are likely to
be of lower toxicity than the parent compound.

Repeated contact with the ligquid may cause allergic
sensitization.

Because of its volatility and sirongly irritant wvapour,
a large spillage would cause a short term but substantial amenity
problem.

Ethyl alcohol C2H50H ethanol, alcohol

Ethyl alcohol is produced in many countries. Its main uses are

in the production of acetaldehyde as a solvent and in production of
alcohelic drinks. It has many minor uses and is consequently present
in small quantities in many industrial effluents.
Trade is world wide; sea transport is in bulk (amount carried
in 1970 - 59,477 tons) and in demountable tanks.
Ethyl alcohol is lighter than (S.G. 0.80) but completely miscible
with seawater. I+ is volatile (B.P. 78°C) and inflammable (F.P. 9-11°C).
Its acute toxicity to marine life (LC50) is in the range 10-100 ppm.
It is not accumulated but is rapidly biodegraded to substances which
are harmless. A major spillage might result in a deoxygenation
problem in confined waters.
Ko human health hazard or amenity problem is likely to arise

from the release of ethyl alcohol to the marine environment.

Ethylbenzene C6H502H5 phenylethane

This substance is used in the production of styrene monomer
and as a solvent.

I+s main roite to the sea will be in wastes from manufaciuring
plants and possibly by transport through the atmosphere.

It is transported in bulk chemical tankers (amount carried in
1970 ~ 125,726 tons), mainly in the North Atlantic.

It is lighter than sea water (5.G. 0.87), practically insoluble,
moderately volatile {B.P. 136°C) and highly inflammable (F.P. 20°C).

Its acule toxicity to marine life {LCS50) is in the range 10-100 ppm, it
is not likely to be bicaccumulated and the breakdown products are
expected to be less toxic than the parent compound.

Liquid and high concentratiens of vapour are somewhat irritant

to skin and eyes and prolonged exposure will depress nervous activity.
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Health is unlikely to be harmed except on prolonged exposure to
liquid.
Apart from deposition of liquid on beaches resulting from a
substantial nearby spillage, there would be no amenity prodem.
Ethylene dichloride CH2CI.CH201 1.2 dichloroethane

This substance is a solvent for gums, fats and waxes, It 1is
used in the manufacture of paints, varnishes and other surface
coatings and in the production of artificial fibres and plastics,
e.g. acetlyl cellulose, vinyl chloride and PVYC, Tt is also used in
the production of antomobile anti-knock compounds.
The principal source of contamination of the marine environment
is from wastes arising from industrial processes; tanker washings
are relatively unimportant.
Worldwide tanker irade is in bulk {amount carried in 1570 -~
241,356 tons).

It is heavier than seawater (S.G. 1.26), slightly soluble {ca 1%),
and volatile (B.P. 85°C); spillage could create a fire risk (F.P. 15°C).
Acute toxicity to marine life (LCS50) lies above 100 ppm, with
short term accumulation only. This substance cannot be detected in

ihe marine enviromment by present analytical methods. Breakdown
products in the marine environment are likely to be less toxic than
ethylene dichloride.

The vapour irritates the eyes, nose and throat and exposure
to either ligquid or vapour causes nervous system depression and liver
and kidney damage. There is likely to be a health hazard only in
areas close to large spillage.

If spillage occurs clese to a beach there would be a miner
amenity problem, since ethylene dichloride, though heavier than
water, might be brought ashore by successive tides,

Ethylene glycol CH,OH.CH,0H 1.2 ethanediol

2 2
This compound is the simplest of the glycols. Its major uses

are as a coolant and an antifreeze and deicing compound; but recently
large amounts of ethylene glycol of high purity have been used in
the manufactiure of Terylene. Smaller quantities are widely used, e.g.

in cosmetics, printing inks, brake fluids and laminate plastics.



Because of its low volatility (B.P. 19700),the major route to
the sea is likely to be via effluent discharges from factories or
in town sewers (from car radiators} or by direct spillage and
chemicgl tanker washings.

World trade is extensive, especially of the high purity fibre
grade compoundsjlarge amounts are carried in ordinary chemical
tankers (amount carried in 1970 - 169,167 tons) with a maximum tank
size of 500 tons.

Ethylene glycol is heavier than water (S.G. 1.12) but is very
soluble in water and has a low wvolatility. It is, however, readily
degradable and has an acute toxicity to aquatic life (LC50) above
1000 ppm. The final products of biodegradation and any intermediates
will be of low toxicity to marine life.

The ligquid is not harmful to human skin but 60 ml is reported
to be a fatal dose when taken by mouth. Harmful concentrations of
vapour are unlikely to ocour at sea.

Except where large amounts are spilt in enclosed bays or
estunaries when deoxygenation may occur, the material does not seem
likely to cause any problem in the marine enviromment.

Methyl alcchol CH30H methanol, carbinol, wood alcohol

This substance is used as an industrial solvent, as raw material
for formaldehyde and methyl ester production and as an antifreeze
in antomobiles. It is employed as a denaturant for ethyl alcohol.

It is produced in many countries; world-wide carriage is in
bulk chemical tankers (amount carried in 1970 - 617,601 tons).

Methyl alcohol is lighter than sea water (5.0. 0.79), volatile
(B.P. 65°C), completely miscible with water, highly inflammable
(F.P. 12%C) and explosive {explosive limits 6-37%).

It has an acute toxicity to marine life (LC50) above 1000 ppm.
It is not bicaccumulated and the breakdown products in the sea will
be harmless., A substantial spillage in confined waters might produce
deoxygenation.

Although ingestion of liquid and inhalation of high concentrations
of wvapour depress the nervous system and cause respiratory failure

and blindness (which may be permanent), methyl alcohol is unlikely



to present a health hazard under conditions which may be encountered
following spillage at sea.
There is no amenity problem.
Methylene chloride CH,Cl

2772
This is a solvent used in the spinning of acetate yarn and as

methylene dichloride, dichloromethane

a paint stripper, beth industrially and domestically.

It is usually recovered from cellulose acetate yarn processing
and main losses will be by evaporation.

It is transported on a world wide scale (amount carried in
1970 - 30,329 tons).

It is heavier than water {S.G. 1.33} but is soluble in water
(ca 2%) and very volatile (B.P. 40°C). Tt is inflammable.

It issnot biocaccumilated and acute toxicity to marine life
(1L050) ismore than 100 ppm. . There is no information on bio-degradability,
but photochemical breakdown in ultravidet light is rapid. It cannot be
found in the marine environment by present methods of analysis. The
breakdown producis are likely to be less toxic than methylene chloride.

This substance depresses the nervous system and the vapour has
been used as an anaesthetic. Because of its high volatility, spillage
in the sea is unlikely to present a health hazard.

Naphthenic acid

This is a mixture of carboxylic acids mainly with cyclic
structures obtained from crude petroleum by alkali extraction. They
are used in the production of metal naphthenates which are subsequently
used as rot preveniatives in wood, cellulose products and natural
fibre ropes, and as paint driers. The commercial grade is normally
dark in celour with a stroﬁg unipleasant smell.

This substance is mostly moved in drums, bﬁt pccasionally ih
bulk tankers (amount carried in 1970 - 1,963 tons).

It is lighter than sea water and practically inscluble; it is
not volatile.

Acute toxicity to marine life (LCS50) is in the range 1-10 ppm;
it may possibly result in tainting of fish and shellfish. Tt is
likely to be biodegraded, the breakdown products pessibly having a
similar toxicity. ’

Naphthenic acid is unlikely to be harmful to man, but because
of its strong persistent smell, a substantial spillage could creaie

an amenity problem.
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Phenol 06H5OH Carbolic acid |

This is a single substance with no isomers. Its former main
source, coal tar distillation, has now been largely superseded by
synthesis from benzene. It is generally used as a chemical inter-
mediate, for example in preduction of resins, including bakelite-type
and epoxy resins, and is also used in the production of pharmaceuticals,
disinfectants, herbicides (2, 4-D type) and lube additives. It has
many industrial usesg and is contained also in a number of household
products. It may, therefore, be present in many industrial and
domestic wastes, It is detectable at very low levels.

Carried in road and rail tankers and in ships {amount carried
in 1970 - 28,970 tons); it may be molten or as a 60% solution in
water or as a solid.

It can be very objectionable as a contaminant of potential
Wwater supplies, e.g. from desalination and can be tasted al concen-
trations as low as 20 ppb after chlorination. Disposal of wastes
containing phenol is usually carefully controlled in develeped
countries.

Heavier than seawater (S5.G. 1.07) but miscible and very soluble,
phenol is a significant hazard o marine life, {LC50 10-100 ppm).
Tainting of fish and shellfish may occur at very low concentrations
and can produce severe difficulties in marketing. Although chemically
stable, phenol is bio-degradable but the speed of this process in the
sea is not knowm. Itwill react with proteins but action on marine
life has not been closely studied. Breakdown products are likely to
be less toxic than phenol.

High concentrations are caustic and hazardous to human beings
on oral ingestion or on contact with the skin through which it can
be absorbed. Dilution markedly reduces the hazard.

A large spillage near a beach would create a significant but
short-lived amenity problem.

Phthalate esiers

These are esters of o-phthalic acid (1,2 - C6H4(COOH2)) and

alcohols ranging from Cl to 013 with various isomers. They are
used mainly as plasticisers in the production of PVC, polyvinyl
acelate, cellulose nitrate and a few other plastics where flexibility
is required. They are also used as solventis, insect repellants,

alcohol denaturanis and in cosmetics.
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The main routes to the sea will he effluents from manufacituring
plants and from plastic production. They are present in domestic
sewage.

They are transported in road tankers and containers and in
bulk shipments (approx. 126,000 tons), the latter mainly as di-octyl
phthalate.

Some phthalates will float on the sea but others will sink
slowly. They are not volatile {B.P. above 28300), practically
inzoluble in water and virtually non inflammable.

Although widely found, the toxicity to marine life of phthalates
is in general very low but will vary with the alcohol used. One of
the mosi widely used - di-octyl phthalate - has a very low acute
toxicity but work on di-butyl phthalate shows a 96 hour LC50 in the
range 1-10 ppm. Di-octyl and di-butyl phthalates are accunulated
by some invertebrates and fish from water by factors of 1400 to 3600
times. There are indications that natural synthesis can occur in
biological material. Hydrolysis and metabolism of the alcohol part
of the molecule are likely to occur but the fate of the phthalic
acid in the sea is not known. The rate of breakdown will vary beiween
esters.

Human health is unlikely to be harmed by direct contact with
the esters, and there is no evidence that fish contaminated with
small ¢quantities are a danger to human health.

An amenity problem might arise from a substantial spillage in
close proximity to a beach because of their physical nature and
persistence.

Styrene wmonomer C6H CH: CH2 vinyl benzene or phenylethylene

2

This compound is used in the production of polystyrene and
other plastics, artificial rubbers &and resins. The monomer is
unstable and is normally shipped with small quantities of para
tertiary butyl catechol added as a stabiliser (20 ppm). It is
shipped in bulk on a world wide scale (amount carried in 1970 -
476,206 tons), maximum single shipment being 1000 tons.

Small quantities of the monomer may enter the sea in effluents
or in chemical tanker washings but the most commonly encountered

form is the expanded polymer which is widely used in thermal



insulation and as a packaginz material.

The monomer is a colourless inflammable liquid (F.P. 3200) which
is lighter than water {S.¢. 0.91) and practically insoluble. It would
fbat on sea water and,because the stabiliser is readily soluble in
water, the monomer would probably polymerise 10 a selid unless dispersed
by wave action. 11 is moderatly volatile {B.P. 145°¢).

Styrene moncmer has an acute toxicity to marine life (LCS50) in
the range 10 - 100 ppm.- The polymerised material is not toxic to man and
is only very slowly degraded. Degradation products of the polymer and
the monomer in the marine environment are not fully known,but are
unlikely to be more toxic than the parent compound. The familiar
expanded pelysiyrene beads are produced by heating small beads of
polystyrene containing occluded pentene. These beads are almost
neutrally buoyant in sea water and have been found in several areas
of the world, e.g. U.S, and U.K. They have been found in the gut of
fish where they may cause blockages and have been reported to absorb
compounds such as PCB'=z.

Toluene 86H5CH3

This subsiance is widely used in industry, especially as a

Methyl benzene, phenylmethane, toluocl

solvent and chemical intermediate, and is alsc used in the manufaciure
of explosives (TNT}.

It is carried in bulk by sea on a world wide scale { amount
carried in 1970 — 366,441 tons).

It is more volatile than xylene, highly inflammable (F.P. 4°¢),
and has a similar explosive risk (explosive limits 1-T%). 1t is
lighter than seawater and only slightly soluble, though more so than
Xylere.

The biological properties of teluene are not well known,its
acute toxicity to marine life (LC50) being in the range 10 -~ 100 ppm.
It is slightly more hazardous to human beings than xylene but does
not have the toxic properties of benzene. It is not a skin irritant.

Amenity risks from a spillage would be similar to those ofxylene.

Toluehe diisocyante = CHyCcH, (NCO), tolylere diisocyanate

The normal commercial product is a mixiure of the 2,4 and 2,6 isomers.
It is used mainly in the production of polyurethane foams which are
employed in upholstery and in refrigeration as thermal insulators.

- It is also used as a cross linking agent for nylon 6.



Trade ig world-wide and the normal means of transpori is in
drums{ in future some may be transported in bulk.

It has a sharp pungent odour, is slightly veolatile (B.P. 25100)
and is heavier than water (5.G. 1.22) with which it reacts to evolve
002 and form phenyl ureas which are solids, It may be a solid or
liquid {MP ca 20°C).

The pure substance would be toxic to marine life (LC50 in the
range 1-10 ppm),but if released to the marine environment would react
with sea water producing substances which are not harmful.

The liquid and vapour are markedly irritant and highly toxic to
man; the vapour is harmful at a very low concentration(TLv 0.02).
Becanse it is widely regarded as a particularly hazardous substance
10 man, great care is necessary in handling, Losses in manufacture
or use are likely to be very small.

Losses of drum-sized guantities could, however, cause serious
amenity problems at least for a short time.

Trichlorobenzenes 06H3013

There are 3 isomers, 1.2.3, 1.2.4 and 1.3.5 trichlorobenzene:
the 1.2.3 and 1.3.5 isomers are solids: the 1.2.4 isomer is a liquid
at ordinary temperatures (M.P. 17°C); and there is a commercial grade
consisting of a mixture of isomers. They are formed as intermediates
in dyestuffs manufacture and the liquid isomer is used as a solvent.

They are transported in drums but the liquid 1.2.4 isomer is
also moved in tanks. _

Little is known about possible losses to the environment, but
these will include evaporation.

These substances are heavier than sez water (8.G. 1.5 - I.T),
practically insoluble (ca 30 ppm in freshwater) and only slightly
volatile {B.P. 208 - 218°¢c).

Trichlorobenzenes are similar to dichlorobenzenes in their
toxicity to fish. The 1.2.4 isomer, the most harmful; appears to
have an LCSC of about 1 ppm. There is no information on bio—
accumulation or breakdown products but the degree of bioaccumulation
ig likely to be at least as great as for o-dichlorcbenzene. The
1.3.5 is likely to be the most stable.

The human health hazard is unlikely except by ingestion of the
chemical washed up on a beach.

An amenity problem is unlikely to arise.
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Vinyl acetate CHSCOOCH: CH2

This substance is used in the manufacture of plastics, films,
lacquers and paints.

It is carried in bulk chemical tankers (amount carried in 1970
- 85,162 tons) on a world-wide scale with added stabilizing substances,
usually hydroquinone or diphenylamine.

It is moderately volatile {B.P. 7200) and very inflammable
(F.P. 1%), and presents a serious fire risk. It will float on the
sea (S5.0. 0.93) and is moderately soluble (eca 2%).

Acute toxicity to marine life (LC50) is in range 100 - 1000 ppm
and it is readily bio~degradable.

The ligquid monomer and its vapour are of low toxiecity and neither
the monomer nor polymer are likely to present a health hazard.

Vinyl acetate may polymerise in air and in the sea and create
a nuisance on beaches if carried ashore after spillage. Such poly-
merised material is likely to resist breakdown but is less persistent
than PVC.

Vinyl chloride CHE: CH €1 chlor ethylene

This is a gas (B.P. 13.8°C) carried as a liguid under pressure.
Vinyl chloride monomer is used for polyvinyl chloride (90% of its use).
It is also used in the manufacture of polyvinylidene and co-polymers
for fibres and as a refrigerant. It is transported by road and ship.

Escape from manufacturing plants could result in some centamination
by aerial transport.

Highly volatile and inflammable (F.P. 78°c), it poses an
explosion risk (explosive limits 4-22%).

Because of its high vapour pressure and low sclubility in water
it would probably not remain in the sea long enough to affect marine
life,

A health hazard is likely to occur only on exposure to
concentrations of gas which might occur in the immediate proximity
of a major release.

Apart from the explosion hazard it is unlikely to create an
amenity problem.

Xylene 06H4(C}13)2 dimethylbenzene, xylol

Xylene exists as 3} isomers: ortho-, meta— and para-xylene. It

is widely used as solvents in the manufactiure of paints and other



surface coatings and in the synthesis of organic chemicals. Ortho~
zylene is used in the manufacture of phthalate plasticisers
{Phthalates are now made in most developed countries). Paraxylene
is used in making "Terylene™, a synthetic fibre.

Main routes to the sea are by spillage, leakage from manufacturing
plants and tank washings. The bulk of the xylene used in painis
evaporates and there may be some transfeéer from ihe air to the sea.

Xylene is carried in bulk by sea in large gquantities on a world-
wide scale (amount shipped in 1970 '~ 603,297 tons). Bulk cargoes
may be either single substances or mixtures.

It will float on water (S.G. 0.86), is practically insoluble,
and evaporation will occur rapidly (B.P. 137 -140°C). 1t is
volatile and highly inflammable {F.P. 2900) and explosive (1% lower
explosive limit). A substaniial spillage will create a fire and
explosion hazard.

Xylenes are relatively stable substances whose chemical break-
down is slow, but the resulting products are less toxic. Toxicity
to marine 1life is not well established but is not high unless
emulsified into the water with other chemicals., PFurther investigations
are needed. Xylenes are not likely to be bioc-accumulated.

They are oxidised and excreted by the human body. They are
mildly irritant and have a strong but only slightly objectionable
smell.

Xylene would not present a serous amenity problem if spilt
near a beach,

3.7 Organic industrial wastes

1. Pulp and Paper Mill waste
These wastes can be harmful to receiving waters for four

reasons:

(a) toxicity

(b) biochemical oxygen demand {BOD)

{c¢) suspended solids

(d) colour
The toxicity of pulp mill wastes is usually associated with sulphui-
containing compounds, arising from the wood digestion process, and

chlorinated phenolic compounds created by bleaching the pulp and paper.



High BOD is a characteristic of untreated sulphite pulp
effluenis and many fish kills have occurred because of oxygen
depletion in waters receiving these high BOD wastes. Stabilization
ponds with aeration and activated sludge systems are common forms
of treatment.

The sclid fractions of pulp and paper mill wastes may
accumulate in sludge beds to produce local nuisances. 'These
undergo decompesition and remove dissolved oxyzen from water.

They often form noxious gases. In addition, large areas of the
bottom of receiving bodies of water may be covered with a layer

of settled organic material having undesirable effects on benthic
communities. By the use of improved in-plant facilities, more
efficient screening and betiter retention in clarifiers and/or ponds
solids losses can be reduced. The effects of pulp and paper mill
vastes on the higher forms of marine flora and fauna are often
sub-lethal rather than acute. W¥or example, oyster guality is known
1o have declined in many pulpmill areas, although there is little
documentation on actual mortality. The food supply of these
sedentary organisms can be markedly altered owing to decline of
phytoplankton caused by toxicity, turbidity and colour

2) Other high-BOD wastes.

Certain simple organic chemicals, e.g. straight chain alcohols
and wastes from food processing, breweries, distilleries, etc.
exert a high biochemical oxygen demand. This characteristic is
often of greater practical importance in the marine environment
than their direct toxicities, Fish kills may occur in restricted
bays and estuaries, especially in tropical areas, owing to decomposition,
and if the wastes contain a high proportion of solids,local sludge
depeosits may result. When deoxygenation occurs, noxious zases are
evolved and amenities are likely to be affected. Provided the

wastes are adequately diluted and dispersed and local accumulations are
prevented, direct acute toxicity problems can be avoided. Chronic toxicity
is unlikely except in the immediate vicinity of outfalls where dispersive
Processes are poor.

3.8 Military wastes

The dumping of military wastes may be a significant factor in
the pollution of national and intérnational waters. These wastes

may consist of organic material, bioclogical and chemical warfare



agents, heavy metals, peirochemicals, out-dated explosives,
defoliating agents, pesticides, solid objects, dredging spoils and
other miscellaneous inorganic materials peculiar to the military
establishment. Because of the classified aspects of military
operations, the exact chemical and toxicclogical nature of these
materials is frequently unknown. Morecover, details concerning
the dumping of these materials are not generally available.
Nevertheless, il should be pointed out, that the dumping of many
of these materials may be contrary to sound conservation pracitice
and should so far as practicable conform to the recognized
conventions.

3.9 Heat

Thermal pollution has specific economic associations 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 itypes of undesirable effects; it decreases oxygen
solubility in water and increases metabelic activities of microflora
and fauna generally, which in turn may result in higher BOD and
eutrophication. When the discharge of wastes of high BOD,from
domestic sources, is accompanied by thermal pollution a lecal
environmental degradation may result affecting natural self-purification
capacity. Fluctuating water temperatures may produce changes in
biclogical communities. The effects of this form of pollution
naturally depend on the recipient sea water temperature and that
of the effluents.

In certain circumstances thermal pollution has made estuaries
and enclosed reef areas unsuitable for various commércial species
of fish and shellfish and, on the other hand, may lead tc the
introduction and establishment of undesirable forms such as timber
boring organisms. Special care is needed in siting power stations
cemploying seawater for coocling in tropical areas where animals and
plants may have a rather narrow range of temperature tolerance.

3.10 Detergents

Pollution qualities of detergents have been related to:

(1) non-biodegradability, resulting in foaming of receiving

waters;



(2) phosphate content, leading to enrichment of receiving
waters; and

{3) to a lesser degree, direct toxicity of the ingredients.
Virtually all domestic detergents on the world markets today are
bicdegradable, as a result of conversion by manufacturers from
the "hard" alkyl benzene sulfonate (ABS) to the "soft™ lauryl alkyl
sulfonate (LAS) form. The former are, however, still widely used
in industry. Sodium poelyphosphates rem3in as a major constituent
(20-60%) in detergents. Because they perform vital functions
related to cleaning efficiency and no generally acceptabie
substitute is available, mamufacturers are reluctant to eliminate
or even reduce the amount of phosphate in detergents., NTA (sodium
salt of nitrilotriacetate} has been used as a substitute for
phosphate in detergents but recently some doubts have been expressed
as to the wisdom of this; its environmental effects are not fully
known. Optical whiteners, added to most detergents, appear to
persist in the environment and their effects should be studied,

3.1) Solid objects

Any sclid objects, heavier than seawater, dumped on the

oontinental shelves or slopes may interfere with and damage bottom
trawls or seine nets. Under the terms of the London Convention
(1972) on the Dumping of Wastes at Sea, the deposit of "persistent-
plastics and other synthetic materials, for example netting and
ropes, which may flcat or remain in suspension in the sea in such
a manner as to interfere materially with fishing, navigation or
other legitimate uses of the sea" is forbidden. The dumping of
containers, scrap metal and other bulky wastes liable to sink to
the sea bottom and to present a serious obstacle to fishing or
navigation requires a special permii under the terms of this
Convention,

In granting such special permits one of the factors to be
considered is the suitability of the proposed disposal site in
relation to, for example, expleitable resources and fishing areas.

Many of the synthetic plastics are virfually indestructible,
Their main effect is to interfere with navigation and fishing
operations and when washed up on.shores, they 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 immobilige vessels by getting
wound round propeller shafts. Again, plastic bottles and containers
thrown overboard and washed asheore are a common feature of beaches
in many parts of the world. There is also increasing evidence of
damage to sea birds due to their getiing entangled in pieces of
floating fishing net. Sunken objects may also interfere with
fishing operations and some areas have been reported as being
unfishable after offshore c¢il drilling operations on account of the
rubbish left behind., In some cases, the dumping of objects has
been on such a scale as to affect the habitat of bottom-living
animals,

Wastes enclosed in containers may be dumped in very deep
water beyond the edge of the continental shelf, Under the ierms
of the 0slo Convention 1972 such deep water must be not less than
2000 metres in depth and not less than 150 nautical miles from
the nearest land,

3.12. Dredging spoil and inert wastes

Inert wastes are introduced intec the marine environment in
very large quantities via rivers and pipelines, by dredging and
mining operations 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 sea returns to neighbouring shores or estuarine waters, thus
threatening areas where important marine, plant and animal
pepulations 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 nermal bottom compenent of
biological energy cycling. These effects may be particularly
disastrous in tropical reef areas where many reef organisms such
as cofals, sponges and coelenierates are especially sensitive to
increased sedimentation. There is a need'for accurate gquantitative
data regarding the effects of incrcased sedimentation on marine

fauna and flora.



In addition 1o sand and silt dredged from navigable channels
and harbours, and dumped a2t gea, 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. Examples are china clay, gypsum, fly-
ash from power stations and colliery waste. These materials are
usually inert and non-toxic but may affect marine life by settling
on the sea bed, and so modifying ithe ecosystem, or by creating
turbid conditions and reducing light penetration. Primary produciion
may be decreased, fish spawning grounds may be destroyed and the
settlement of molluscs prevented. The boiitom may be rendered
unsuitable for crustacea such as lobsters, crabs and prawns, buti
new communities of bottom animals may be produced which may provide
additional food for fish., Where dredging includes a substantial
quantity of organic material, an additional BOD may be created
locally and nutrients may be added. Where material is dredged from
indusirial harbours or estuaries it may contain significant quantities

of absorbed pollutants, e.g. metals.






Table 1

MAJOR CATEGORIES OF MARINE POLLUTION

Category Harm to Hazards Hindrance Reduction of
living to human to maritime amentities
resources  health activities

1)} Domestic sewage ++ ++ (+) $4
2} Pesticides
Organochlorine compounds ++ (+) - -
Organophosphorus
compounds + -~ - -
Carbamate compounds + E+; - -
Herbicides + + - -
Mercurial compounds ++ ++ - -
Miscellaneous metal—
based opds. + + - -
PCBs ++ (+) - -
3) Inorganic wastes
Acids and alkalis (+ - + -
Nutrients and Ammonia {+ €+; - (+)
Cyanide (+ + - -
Sulphite (+ - - E+;
Titanium dioxide wastes {+ - - +
Marcury ++ ++ - -
Lead (+) (+) - -
Copper + 7 - -
Zinc + - - -
Chromium E+ ? - -
Cadium L+ ? - -
Arsenioc (+ - - -
4) Radioactive materials - + - -
5} 0il + ? + ++
6) Organic chemicals
Acetone - - - -
Acrylonitrile + + E+; ++
Benzene (+) - + -
Carbon disulphide +4+ + + +
Carbon tetrachloride + + -~ +
Chlorobenzene +4 - - (+;
Chloroform (+) (+) - (+
Cresol + - - +
Crotonaldehyde + - %* +
Cumene (+) - + -
o-Dichlorobenzene ++ - - E+)
p-Dichlorobenzene -+ - ~ +}
Epichlorohydrin + (+) - +
Ethyl Alcohol - - - -
Ethylbenzene (+) - (+) -
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Table 1 (cont'd)

Category Harm to Hazards Hindrance Reduction of
living to human  to maritime amenities
resources health activities

Ethylene dichloride (+) {+) - (+)
Ethylene glycol - - - -
Methyl Alcohol - - - -
Methylene chloride {+) - - -
Naphthenic acid + - - (+)
Phenol + - - -
Phthalate Esters ? - - (+);/
Styrene monomer 2+; - - +
Toluense + - (+) -
Toluene diisocyanate + + - ++
Tricblorobenzenes ++ - - (+)
Vinyl acetate (+) - - +
Vinyl chloride - (+) - (+)
Xylene (+) - (+) -
1) Organic wastes
sl pulp and paper wastes  ++ - (+) +
2)other high BOD wasies + - - -+
8) Military wastes ? % — —
9) Heat - - -
10) Detergents ? - - -
11) Solid objects {+) - +* ++
12) Dredging spoil and
ineri wastes + - {+) *

INDICATION FOR CONTROL

Key to symbolss

++ important

+ gignificant
(+)}slight

? uncertain
- negligidble

In relation to the prevention and control of marine pollution, the
symbola in Table 1 would generally imply the followings

++ - restrictive or preventive measures recommended
+ - restrictive or preventive measures should be considered
7 = further investigations required pending which caution is

recommended

{(+) - no special action indicated

- = no special action indicated

1/ Relates to polymer

3002 N
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TABLE 2
RELATIVEG IMPORTANCE OF THE DIFFERENT ROUTES BY WHICH POLLUTANTS FHYER THE SEA

(2) (») (¢) (a) (e) (£) (g) (n)
Manufacture  Domestic Agriculture, Deliberate Operational Accidental Ixploita~ Transfer
and use of wastes = forestry, dumping discharge release tion of from the
_ industrial  disposal public health from ships from ships from ships sea-bed atimosphere

Category of products - ° via direct - via in course and sube= mineral

pollutant disposal viae .outfalls 2un-off of duties merine resources
direct out~ - and rivers from land pipelines
falls and
rivers

1. Domestic 'Sewage: 0 3 _ 0 - 2 . i 0 0 0

2. Pesticides

N
N
C
o

Organc—chlorine compounds 2
Organo—phosphorus
compounds

Carbamate compounds
Herbicides '
liercurial - compounds
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3. Inorganic Yastes
Acids and Alkalis
Sulphite

Titanium dioxide wastes
Hercury

Lead

Copper
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Chromium

Gadmium

Argenic
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TABLE 2 {continued)
RELATIVE THPORTANCE OF THE DIFFERENT ROUTES BY WHICH POLLUTANTS ENTER THE SBA

{a) (v) = (e} (&) - (o). (£) (&) (h)
Manufacture Domestic Agriculiure, Deliberate Operational Accidental Exploita- Transfer
and use of wastes = forestry, dumping discharge release tion of  from the
C + df indugstrial disposal public from ships from ships from ships sea-bed atmosphere
alfgct)ryt products = via direct health-via in course and sub- mineral
poliutan disposal via outfalle run-off from of duties marine resources
direct out- and rivers from land pipelines
Talls and
rivers
6. Organic chemicals
Acetone 3 4 0 1 0 ) o
Acrylonitrile 3 0 0 p P P 0 ?
Benzene . 3 0 0 P P P 0 ?
Carbon disulphide 3 0 0 P 0 P 0 0
Carbon tetrachloride 3 Q 0 P 0 P 8
Chlorobenziene 3 0 0 0 Q P 0 ?
Chloroform 3 0 0 0] o 0 0 ?
Cresol 3 2 2 1 1 P 0 0
Crotonaldehyde 3 0 8] 0 0 P 0 0
Cumene 3 0 e 0 1 P 0 ?
o=-Dichlorobenzene 3 0 0 0 0 P 0 ?
p-Dichlorobenzene 3 2 0 4] 0 P 0 7
Epichlorohydrin 3 0 0 _ o 0 P 0 0
Ethyl Aloohol 3 0 0 o} 0 ) 0 0
Ethylbenzene 3 o 0 0 o P 0 ?
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TABLE 2 (continued) :
RELATIVE IiPORTANCT oF THE DIFFERENT ROUTES BY WHICH POLIUTANTS ENTER THE SBA

(a) (b) (e) () (e) (£) (g) (h)
Manufacture Domastic Agriculture; TDeliberate Operational Accidental Exploita- Transfer
and use of wastes= foresiry, dumping discharge release tion of from the
Cat of industrial disposal public from ships from ships from ships sea-bed  atmosphere
alifq:ryt products - via direct health -via in course and sub- mineral
pollutan disposal vig outfalls run-off from of duties marine resources
direct cut- and rivers from land pipelines
falls and
rivers
Organic chemicala (continued)
Bthylens dichloride 3 1 0 1 2 P 0 ”
Bthylene glycol 2 2 0 0 1 . 0 0
Methyl Alcohol 3 0 0 1 0 0 0 0
Methylerne chloride 3 0 0 1 0 0 0 ?
Naphthenic acid 3 0 0 0 0 0 0 0
Phenol 3 1 1 1 1 P 0 0
Phthalate Eeters 3 2 0 o] 1 P 0 ?
Styrene monomer 3 0 Y 0 1 P 0 0
Toluene 3 0 o P P P 0 ?
Toluene diisoccyanate 3 0 0 0 0 P 0 0
Trichlorcbenzanes 3 0 0 0 0 P o] ?
Vinyl acetate 3 0] 0 0 0 0 0 0
Vinyl chloride 3 0 0 0 0 0 0 ?
Xylene 3 0 o P P P 0 ?
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TABLE 2 {continued)

RELATIVE IMPORTANCE OF THE DIFFERENT ROUTES BY WHICH POLLUTANTS REACH THE SEA

(a) (v) (c) (a) (e) (f) (e) (h)
Manufacture Domestic Agriculture, Deliberate Operational Accidental Exploita~ Transfer
Categors of and use of wastes= forestry, dumping discharge release tion of from the
al;btait industrial disposal public from ships from ships from ships sea-bed atmosphere
polin productge via direct health =via in course and sub-~ nineral
disposal via outfalls run-off of duties marine resources
direct out=  and rivers from land pipelines
falls and
rivers
Ts Organic lastes 3 0 0 0 0 ¢ 0 0
{i)pvlp and paper
_ wastes
(ii)other high BOD
wastes 3 2 2 0 P P 0 0
8, Militery lizuies ? 0 0 ? ? ? 0 0
9. Heat 3 0 0 0 0 0 0 o
10. Detergents 2 3 1 0 1 0 1l Q
11, Solid Obijects 2 1 0 3 3 1 1 0
12, Dredoing spoil and
inert wastes 2 0 1 3 0 0 3 0

Key to Symbols

&x g O 0 O

important

significant

slight

wncertain

negligible

potentially important

dependent on extent of weapone testing






Annex V
MANAGEMENT OF WASTE DISPOSAL

{Working Group 2 - Agenda Item 2.2)

Members of the Working Groupt

Dr. C. H, Thompson {Chairman)
Dr. P. Valdez—-Zamidio
Miss G, Matthews (Technical Secretary)

INTRODUCTION

i, Following discussion in the Joint Group as to the kind of work
which might most usefully be undertaken under Agends item 2.2, the

Working Group met to evaluate the report prepared during the fourth
session of GESAMP (Annex Vi, GESAMP IV/19 gnd to consider what its best
course of action might be in the future. The Working Group felt handi-
capped by the small number of experts available to form it at this session,
Future work in this area will require greater support and it suggested
that efforts ghould be made to involve the Water Poliution Ressarch
Laboratory, X Stevenage, U.K., in this work.

2. While the Working Group recognized that methods of waste disposal
were pertinent to several subjects currently of concern to GESAMP, e.g.
the review of harmful substances and ocean dumping, it felt increasingly
constrained by the lack of clear direction in the requests made by
sponsoring agencies. In that situation, it was not possible to adopt

a logical approach to Waste Disposal Management as a distinct and
manageable topic for the Group to develop; nor was it possible to make
the best use of the Group's resources.

3. The information presented in Annex VI of the fourth session report
was considered valuable primarily as it might provide a readily available
reference for those persons who find that the detailed technical literature
is either confusing or is not easily available, Being aware of the types
of studies under way in a number of industrially developed countries and
the extent of documentation ¢urrently available on treatment techniques

or methodology from those countries, the Working Group could not visualize
further useful work on the Annex other than that as outlined below under
section A,

4. The preparation of a fully detailed and documented manual (or
series of mamials) on all available waste treatment techniques was not
conaidered to be within GESAMP*s capacity, or indeed, to be a proper use
of the Group's expertise. The revision of Anmnex VI would therefore be
limited to the extent that the Annex would serve as a basic guide or
summary of available techniques. Where appropriate, streass can be placed
-on systema which might be economically attractive in developing couniry
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gituations.

5. Above all, the Annex should satisfy the requirements of the
administrator in developing countries. BSuch personnel will need to

be able to appreciate the sjmptoms of damage in the marine environmentj

to draw a correlation with problem sources in a given area} to make

a preliminary selection of potentially effective treatment methods;

and to decide on the degree of treatment required to minimize the damage.

In so doing, he will also need to appreciate the flexibility or lack

thereof in choosing from the variety of treatment systems available to

handle the wastes in question. There must be reliable evidence of a method's

effectiveness, inciuding its capacity to accommodate future changes in
urbsn/industrial areas. The administrator should be further awars of

the controlling factors which will influence both his short and long=torm
investments for construction and operations; he must be able to determine
priorities in handling different types of wastes according to their
severity. An understanding of the complexity of the problem will be

of great benefit when such personnel request technical assistance. He
would be in a better position to specify with reasonable accuracy what
the needs are, to know what types of methods are best suited to the
particular situation, and to evaluate the various proposals which may be
suggested by those providing assistance.

6. As an impertant consideration for future work in the general area
of waste management treatment, the Working Group suggests that the
sponsoring agencies investigate the possibility of preparing detailed
technicalfeconomic studies, utilizing GESAMP, as appropriate. These
suggestions are contained in Section B below.

Te This outline of areas of considerstion for management of waste
disposal was created in an attempt to respond to an inereasing need for
general technical information 1o be used by interested countries. This
need goes Turther than data supply, however, and exposes a framework

of alternatives which should be useful to the UN system in trying to
assist these nations. TFor example, certain problems were discussed in the
Working Group which relate to the more long-term economic and social
factors underlying waste management, It was felt that the Group might
be able to offer nseful guidance to sponaoring agencies and possibly to
incorporate some of the considerations, as discussed in Section C below,
in the revised Annex.

A. Revision of Annex VI (GESAMP IV/19)

{1) Editing of present text;

(2) 1Insertion of general economic analyses, with reference to
illustrate the advantages and limitations of each unit
operation and nunit process according to possible application
in interested countries;

(3) Tnclusion of notations, where possible, on relative capital
and operational expenditures;

(4) Documentation af especially appropriate sources of

available information for easy reference by technical
personnel in interested countries,
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B. Preparation of detailed technical/economic studies

8. The Working Group is convinced of the need for a series of

detailed studies in the field of waste management, a task which might

be undertaken by UN agencies, A possible approach might be (i) to identify
industrial discharges as they relate to the priority substances given

in the Review of Harmful Substances; (ii) to give examples of plant systems
which might be used by developing countries to handle those types of
wastess (iii) 10 compile typical cost date giving cost ranges for the
identified treatment systems and illustrating dependence upon factors

such a5 volume and strength of wastes (iv) to indicate how available

cost datg (normally derived from developed countries) can be converted

into data more relevant to areas with different labour and consiruction
costs, availability of skilled operation, etc,

c. Evalustion of waste management methods in the long term

9, Without embarking on an exercise in "technology assessment" as

it might apply to optimum waste management, it is suggested that the Group
might assisgt in illustrating, for interested countries, the long range
economic effects of investing in different waste disposal methods.
Consideration could be given in particular to the planning strategies of
coastal zone management, expected industrial and urban growth and available
bilateral and multilateral support. The Working Group had noted, in this
report, that the often used simple treatment system designed to handle
waste water of primarily domestic origin can be a poor investment for
nations giving high priority to industrial development.

10. Similarly, advice might be given for the prediction of changes
which occur both in enviromment and in the habits of local pooulations
as more improved waste treatment methods are employed. Numerous
subtle factors can come into playt perscnal hygiene habits, municipal
operational and administrative changes, land use changes, misuse of
newly constructed systems and the possibility of incressed taxes, eto,
One example which might be given concerns the decisions that must be
made once the disposal of certain wastes by ocean dumping is either
restricted or prohibited: the choice of an alternative method such

as extended contact stabilization or oxidation lagoons would need to
be made with a full undersianding of the implications. Examples of the
implications and a procedure for their evaluation could be provided.
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Annex VI

INTRODUCTION

The Group noted GESAMP IV/19 which considered principles of
developing coastal water gquality criteria and reviewed four GESANP V
paperst "The Development of Water Quality Criteria for Marine Fisheries"
by J. 8. Alabaster, which outlined the approach to the problem made by
BIFAC for freshwater fisheries, "Principles for Developing Criteria
for Coastal Bathing Waters" by E. E. Geldreich, which summarized
epidemiological and bacteriolegical studies of health risks associated
with bathing in polluted sea water, "Techniques for Evaluating Lethal
and Sub~-Lethal Bffects of Pollution that Occur in the Marine Environment"
by 3. Keckes and "Sanitary Questions Concerning the Use of the Sea Coast
for Recreational Purposes" by Y. K. 8trizhak. The Group considered that
these papers provided a valuable bazis for future development of criteria.

TERMS OF REFERENCE

The Group agreed the following terms of reference:

To consider the desirability and feasibility of developing
coastal water quality criteria fors

(1) living marine resources
(2) fishing activities
(3) human health

(4) amenity

DESIRABILITY OF WATER QUALITY CRITERIA o

The Group considered that under certain circumstances it would
be desirable to formulate independent water quality criteria for each
of the main uses of coastal waters., The main purpose of these criteria
should be to facilitate the control of polluticn and to improve water
quality. Where the quality was already better than that necessary for a
given water use it would be desirable to maintain this condition.

FEASIBILITY OF ESTABLISHING WATER QUALITY CRITERIA

The Group considered that the feasibility of developing justifiable
criteria depends upon establishing relationships between reduced water
gquality and adverse effects on the coastal water uses. The Group realized
that the establishment of such criteria would be made more difficult
where interaction of different sources of pollution might influence their
values, The Group recognized that control of the quality of edible marine
products could also be achieved independently of water quality control.

- 81 -



STUDIES NEEDED FOR DEVELOPING WATER QUALITY CRITERIA

The Group emphasized the-importance of field studies designed
to develop water quality criteria for living marine resources and the
need for epidemiological studies of health effects associated with
consumption of contaminated sea food and with bathing in poiluted water,
It was considered that more effort should be given to these in the
future. The Group also recognized the value of refined bioassay techniques
as one possible means of establishing water quality criteriaj special
investigations of the combined effect of several pellutants acting
together would need to be intensified.

The Group stressed the need to base the criteria upon critieal
and thorough reviews of the literature and the examination of
unpublished sources of information. It recognized that the task is a
demanding one invelving a considerable amount of work by an sxpert
scientific group during intersessional periods over several years and
requiring continual reviewing and updating in the light of new information.
Tt recommended that such a working group be set up by GESAMP,

RECOMMENDATIONS

The Group recommended that the terms of reference of the GESAMP
Working Group should bet

{1) to evaluate the nature and extent of problem areas
in eorder to establish an order of priority of coastal
water quality characteristics which should be considered
for the formulation of coastal water quality criteriaj

(2) +to consider past and current work and to identify gaps
in our knowledges and

(3) to formulate tentative coastal water quality criteria.

The Group envisaged that it would be most expedient to consider
living marine resources and fishing separately from human health and amenity.

The Group noted that ACMRR/IABO had set up a working group oh
the Bioclogical Effects of Pcllutanis whose terms of reference were closely
related to its own as regards fishery resources, and that WHO had recently
considered water quality criteria for the protection of human health and
smenity in recreational coastal waters and was elaborating a guide to
public health aspects of coastal water quality. It recommended that close
liaison should be maintained between the GESAMP group and these other
groups, including BIFAC, to avoid duplication,
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INTEODUCTION

This is an Addendum to GESAMP IV/19, Annex VII. Most of
the obsarvations made 8 months ago remain valid at the present time.
We have, however, tried to update the basis of some of our conclusions
made at that time.

THE STABILITY OF THE OCEAN BOTTOM

As was established in GESAMP IV/19, Annex VII, the
sediments at the bottom of the ocean are not necessarily quiescent
once deposited but can, under certain conditions, be mobilized.
This sedimentary record contains abundant chemical and sedimentalogical
gvidence of this mobilization.

We can assign bottom sediment mobilization to ons of four
categoriest

(1) Episodic erosion

(2) Mass deposition of episodically slumped material
(3) Continuous sedimentation

(4) Redistribution by bottom currents

Some of these natural modes are simulated by man's activities
in the nearshore aras affecting the ocean floor, These activities
include dumping of solid wastes, dredging, and conatruction of
submarine structures, such as oil well rigs.

The following observations on ithe natural system may be
important for the assessment of the impact of man's perturbation of
the ocean floors

(1) 4 study of a sediment "wedge" known to be deposited episodically,
probably by storm action, in Long Tsland Sound indicates that the

metals Pb, Zn, Cd and Cu were not released in the 20 years since the
deposition of the sediment wedge from adjacent sources probably

polluted by metalz., Indeed, the only metal studied that showed marked
release from the sediment was uranium. In Long Island Sound, as in

many estuaries, the sediment below Zem is reducing and contains HpS
whereas the overlying water is rarely, if ever, anoxic. The bio-
turbation brings reduced sediments to the sediment-water interface,

and interstitial Fe*? and Mn*+2 arg oxidized and redeposited as oxides
coprecipitating most metals that might also have been released. Uranium,
howsver, forms U0z (C03),™ which, being highly soluble, is released

1o the overlying water. Some actinide elements might follow a pattern
gimilar to uranium, although this aspect has yet to be proven. Recent
data by Noshkin and Bowen (1973, IAEA, 3TI/PUB/313) show definite
downward transfer of 239Pu from the ocean surface and accumulation at
the bottom in both near—shore and deep—sea sediments, Although not
experimentally confirmed, it may be that Mo and Cr might also be released
ag highly soluble anion complexes.



If indeed these observations are applicable to the deep~sea
environment, certain metals are unlikely to be easily released to
overlying water as the result of man's disturbance of the ocean bhotiom.

(2) A common feature of deposition in the rugged topography of the
mid—oceanic ridge areas is slumping from high pointes to deeper areas.
The sediment accumulating on the topographically higher paris of the
ridge is primarily calcium carbonate. This material can episocdically
cascade or avalanche down inte the deeper intermontagne areas and the
deep trenches made by the transform faults perpendicular to the crest
line of the ridge. Results to date indieate the length of time between
episodes can by anywhere from 1000 to 100,000 years

The significance of this observation is that the mid-oceanic
ridge areas should be considered as potentially viable spots for dumping,
provided that dumping is in those deeps most often receiving slumped sediment.
Alternatively, sites in the ridge area might be assayed by exploration
submersibles to identify deeps adjacent to thick sedimept piles on hills.
Thege sites would then be capable of artificial avalanching, thus
guaranteeing burial of containerized dumped material.

Certainly such options seem more reasonable when long-term
containment is desired, than dumping in areas along the continental
margin or abyssal plain where current dispersal may contaminate a
large area of the ocean floor.

DISPERSAL MECHANISMS

Dispersal mechanisms in the sea over the continental margin
vary according to a number of factors, among which are depth, topography,
permanent currents, tides, winde, waves and runoff, Clearly the
relative influence of each of these factors on dispersion is largely
related to the distance from shore and the depth.

In the coastal zone, dispersion is affected mainly by river runoff
tides? waves and winds. In addition, internal waves may be an important ’
contributor to mixing and dispersion processes. Understanding of these
processes is important in determining the general dispersion patterns of
fine grained materials away from the point of human activity, whether it
be sand and gravel dredging or the dumping of dredge spoils.

The propoged U.S. Project NOME in Massachusetts Bay is one in
which 2 pilot controlled sand and gravel dredging experiment is being
followed to assess the dispersion of fines and the effects on the biota
of such processes. An experiment in the New York Bight (MESA) is aliso
being executed to understand the dispersive processes in areas of heavy
shipping and dumping, as well as potential sand and gravel dredging.
Both of these experiments are under the lead management of the U.8.
Fational Oceancgraphic and Atmospherie Administration (NOAA). Although
mainly a national problem, some of the resultis may be of significance
to areas of international interest where dumping or dredging may occur.

Although the tidal effecit diminishes with distance from the coast,
it is still important to the edge of the continental shelf. The



continental slope and rise are subjected to 2 somewhat different

regime of dispersion. Por example, so-called slope currents may be

a permanent feature szlong the continentel slope, varying in intensity
seasonally and from year to year., A unigue characteristic of the
continantal slope is its propensity toward submarine slides of

accumulated sediments which can lead to turbidity currents of considerable
magnitude, as discussed in GESAMP II/11, Annex IV and GESAMP IV/19, Annex
VII. Certiainly +{the slope and continentsl rise are not recommended areas
for deposition of waste materials, if long—~term containment is desired.

Although it is conceivable that mining of materials in the
sediments of the continental rise may be eventually attempted, the
technological problems of exploration and economic recovery seem to
be so complex as to defer any serious consijeration of the exploitation
of this possible resource to the rather distant future. By the time
it becomes a more viable option than at present, it is likely that ths
problems of turbidity currents and other dispersive processes and
their consequences for the biological resources of the area will be
better understood, as a result of continusd search for petroleum.

The present state of knowledge on dispersive processes in the
sea has been fully reviewed at this Session by Kullenberg (GESAMP V/4,2),
and the information gaps, where more research is needed, have been
identified, We have nothing new to add to GESAMP IV/19, Annex VII,
on dispersive processes in the deep sea.






