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NOT E S 

1. GESAMP is an advisory body consisting o~ speoialized experts 
nominated by the Sponsoring Agencies (IMCO, FAD, UNESCO, WYO, 
WHO, tAEA, UN). Its principal task is to provide soientifio 
aav~ce on marine pollution problems to the Sponsoring Agencies 
snd to the Intergovernmental Ooeaongraph!o Commission (roc). 

2. This Report is available in English, Frenoh, Russian and Spanish 
from any of the Sponsoring Agenoies. 

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

4. Permission may be granted by anyone of the Sponsoring Agencies 
for the Report to be wholly or partly reproduced in publications, 
provided that the source of the extract and the condition 
mentioned in 3 above are indicated. 
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IAEA!IMCO/FAOjUNESCO/WMO/WHO/UN JOINT GROUP OF EXPERTS ON TEE 
SCIENTIFIC ASPECTS OF MARINE POLJ~UTION 

Report of the fifth session 

(IAEA Headquarters, Vienna, 18 - 23 June 1973) 

OPENING OF THE MEETING 

1. The Joint Group 
Pollution (GESAMP) held 
from 18 - 23 June 1913. 
opened the session. 

of Experts on the Scientific Aspects of Marine 
its fifth session at lAEA Headquarters, Vienna, 

The Chairman of the Group, Dr. M. Waldichuk, 

2. Dr. Z. Wilhelmi, Acting Deputy Director General of lAEA, on 
behalf of the Director General of lAEA, welcomed the experts, the 
representatives of the sponsoring -agencies and the observers from other 
organizations attending the session. 

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 agendR item is shown at Annex II. This also includes a list 
of information papers summarizing the recent activities 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 Environment Programme, the Law of the Sea Conference, 
the Ocean Dumping Convention and the 1913 !MCO Conference on Marine Pollution. 

4. A list of 
of the sponsoring 

partiCipants, comprising the experts, the representatives 
a,gencies 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 Group examined the Review of Harmful Substances 
(GESAMP 111/19, Annex IV) with a view to elaborating further its assessment 
of sources, pathways and resulting risks of marine pollutants. Following 
consultations with industrial chemists in the United Kingdom, 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 co.vred by the Review. Attention was 
directed first to these substanoes known to be transported in greatest 
quantities and those attracting highe~ 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 1913 !MCO 

1 



Conference. Numerous additional substances were also identified for 
further elaboration during the forthcoming interesessional period. 
(Notations are made jn the Annex IV to jndicate such future work). 

7. During the session, a Working Group composed of Dr. H. A. Cole 
(Chairman), Dr. J. E. Portmann, Dr. P. G. Jeffery and Dr. J. B. Sprague, 
considered the Review in detail, introQucing certain changes in the 
existing text in the light of new knowledge and incorporating 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 seSSlon on this subject 
(Annex VI, GESAMP IVjI9) was discussed in terms of its possible further 
development, but also in terms of its value as an information document and 
its place as a GESAMP undertaking. A paper prepared by Prof. F. 
Valdez-Zamudio on sewage and industrial waste management 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 Report 
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. 

(c) Hazard Evaluation of Noxious Substances Transported by Ships 

10. At its fourth session, GESAMP approved, subject to certain 
considerations, the report of an Ad hoc Panel of IMCO and GESAMP Experts 
to Review the Environmental Hazards of Noxious Substances Other than Oil 
transported by Ships (GESAMP IV/19, paras. 9 - 13). Subsequent to that 
session, the Panel continued its work by developing hazard profiles for 
some 200 additional substances on the basis of the rationale contained in 
its Report. In response to a further request from IMCO, the Panel also 
prepared advice which would assist that organization in determining 
tlinsignificant 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, 1913. It was noted that, at its 3rd meeting (22 - 26 January 1913), 
the Panel had reviewed its Report in order to include the 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 IVj19jSupp~ 1), has now been circulated to governments 
as a reference document for the TIMCO Conference on Marine Pollution to be 
held in London from 8 October to 2' NOvember 1973. In doing so, however, 
the Group took particular note that the hazard profiles had been prepared 
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on the basis of the partioular oonditions and oiroumstanoes in whioh the 
substanoes might be expeoted to be disoharged from ships. The Report 
should not therefore be used in the oontrol of disoharges from other 
sources, particularly oontinuous disoharges from stationary outfalls 
which are generally located in inshore waters. The Group stressed that 
this limitation should be made clear to users of the Report. 

12. With regard to the list of substances and their hazard profiles, 
the Group noted that it was IMC01s 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. 3. S. Alabaster, E.E. Geldreich, 
S. Keck~s and Y. K. Strizhak and discussed at the meeting,are listed in 
the report of Working Group V (Annex VI). 

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

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 to the water 
quality of ooastal 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 took 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 critioal pathway approach which has been applied so 
sucessfully for the definition of permissible levels of radioactive isotopes 
in food of marine origin. The opinion was expressed that the elaboration 
of principles governing the development of coastal water environmental quality 
criteria should not result in neglect of the potential values of the above 
critical pathway approach. 

19. When discussing the report submitted by the Working Group V (Annex 
VI) the Group found that, under certain circumstances, it may be desirable 
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and feasible to develop justifiable criteria, and agreed with the setting 
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 coastal water only, although reservations were expressed 
by some experts about the usefulness of the group at that stage. It 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 
nhase of its work should specifically define what is meant by "coastal 
~atersn and "coastal water quality critli?ria". 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 faotors that are essential for the development of ooastal water 
quality criteria, i.e. increased perl'listence of pathogenic baoteria 
in these waters as the input of pollutional discharges increase~ and the 
desirability to obtain more epidemiologioal evidence of inoreased risk of 
bather illness from ever more areas of the world. The Group came to the 
oonolusion that field studies suoh as epidemiological inVestigations of 
health effects after exposure to polluted recreational waters should be 
used widel~ together \vith laboratory experiments,while developing water 
quality criteria. 

22. The Group discussed problems assooiated with the applioation of 
sanitary legislation in the oontrol of coastal watsr quality. It was 
considered that hygienic criteria must assure the safety of water from 
the viewpoints of the prevention of infectioue disease and toxic effects, 
and must also satisfy aesthetic considerations. 

23. It was stressed that the total exposure to all environmental 
pollutants and other environmental hazards must be taken into aocount 
when examining the specific problem of the quality of ooastal waters. 
Problems related to the planning and ating of industry, health resorts 
and residental areas on the sea coast were also disoussed,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) 

( .) S ecification 
in an evolvin 

of Ph sioal and Chemioal Parameters 
marine DIlution monitori s stem 

to be Monitored 
IGOSS 

24. The work of this session of GESAMP on physical and chemical 
parameters was a continuation of similar work initiated in GESAMP III 
and continued in GESAMP IV. The IOC Secretariat presented a paper 
enti tled "Marine Pollution Moni toring (Surveillance) under the Framework 
of IGOSS" which summarized the reoent a-ctivi ties of the 100, with 
partioular reference to 100/WMO Planning Group of 100SS (IPLAN ), the 10C 
Group of Experts on Ooeanographic Research as it Relates to IGOSS (IRES) 
and other bodies,on the development of a marine pollution monitoring 
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programme under the framework of IGOSS, including the IGOSS Pilot Project 
for Marine Pollution Monitoring. Du~ing 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 
leG 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). Nevertheless, it was recognized that within the definition 
of "global" a oareful distinction should be made between coastal/national 
areas, regional areas (e.g. Baltic Sea) and international areaS (e.g. 
Sargasso Sea). 

26. There was some expression of doubt about the adequacy of present 
methodology, and sampling was considered to present significant qifficulty~ 
pArticula.rly from a statistical standpoint. This is especially so in 
radionuc]ide measurement, where within-sam~)e, between-laboratory 
variabili ty 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-calibration a high technical level of measurement, whether 
aboard a research vessel or in a laboratory, is essential. 

27. Some reservation on the value of a global marine pollution 
monitoring system was expressed with respect to the data products and data 
uses, especially from the standpoint of practical applications 

28. The question was raised of whether a new type, and hopefully 
simpler, methodology 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 
biological 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 ecoswstems 
from those ascribable to 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 group, 
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 programme, the pollutants to be monitored, chemical parameters, 
physical parameters, sampling sites, sampling procedures, models and mess 
balances and research needs. 

31. In examining the report of the working group, a number of experts 
expressed serious reservations on various statements made in the report, 
those relating to oil in particular. There was also an expression of serious 
concern that biological parameters were not covered by the working group. 
It was pointed out that agenda item 4.1 specifically excluded biological 
parameters from the working group's immediate purview; the group did not 
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have the benefit of a pollution biologist, nor did it have sufficient 
time to consider the paraT:1eters. In view of the broad scope of the report 
and the above-mentioned raservations, the Group was unable to review the 
report 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 incl usion 
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 proposa~ two 
papers were prepared for consideration at the fifth session a nPhysical 
Factors Governing Transport and DiJution of Pollution in the Sea" by Dr. 
G. Kullenberg, (GESAMP V/4.2.l)j and ItEnvironmental Factors in Operations 
to Combat Oil Spills" by Mr. L. Otto, (GESAMP V/4.2.2.). 

33. The Group noted with interest the progress made in the theoretical 
approach to the description of the dispersion of dynamically passive 
contaminants and oil 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 pollutants 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 physically 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 OUT ON THE SEA-BED AND OCEAN 
FLOOR 

34. In continuing its work of this subject, the Group reviewed the 
s~rvey made at its last session (GESAMP IV/19, Annex VII). The Group 
confirmed that most of the observations made at that time remained valid 
at the present time and saw no particular need to introduce substantial 
revisions of that document. It 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 VIr which 
constitutes an addendum to Annex VII of GESAMP IV/19. 
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PRELIMINARY DISCUSSION OF BASIC INFORMATION REQUIRED FOR THE SELECTION 
OF SITES FOR THE DISPOSAL OF WASTE INTO THE SEA 

35. Following the progress achieved regarding international agreement 
on waste disposal at sea, the Group considered preliminarily scientific 
problems in connection with two oonventions noted below, drafted ~n inter
governmental meetings in Oslo (January 1972) and London (October/November 
1972), respectively. 

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

(b) "Convention on the Prevention cf 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 FAO, "General considerations and conditions for the selection of 
dumping sites for the disposal of waste into the sea". Another paper 
informed the Group about the outcome of a panel meeting organiz€Q 
r,y L'cEA in Vienna from 4 - 8 June 1973 following up on IAEA's reaponsibili ties 
under the London Convention. 

37. The Group studied the Annexes III of these conventions, both 
containing provisions governing the issue of special permits by State 
for the dumping of substances. Particular attention was given to the 
considerations therein,referring to the physical and chemical characteristics 
of dumping sites,as well as the characteristics of pollutants. 

38. The Group agreed that from the scientific point of view there would be 
a need to 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 II and III of the Conventions. 

39. It was decided to establish a GESAMP Working Group for inter-
sessional work with Dr. G. 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 Seal 

With reference to Annex III of the London Convention for the 
Prevention of Marine Pollution by Dumping of Wastes and Other Matter, 

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

(2) to identify gaps in our present knowledge, focus attention 
on urgent research needs, and suggest research priorities. 
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41. The Group noted activities taken up by IAEA 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 radioactive 
waste. The Group was 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 include. (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 
appljcations in accordance with the London Convention; and (iii) proposals 
for the operational control of the dumping of radioactive wastes not 
prohibited 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 

(al ~l 

44. Referring to the findings of the FAa Technical Conference on 
Marine Pollution and its Effects on Living Resources and Fishing, as weI] 
as 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 oil and oil products as a pollutant harmful 
to living resources, the Technical Secretary of FAa pointed out that, 
more recently, some publications give the impression that the damaging 
effects of oil to living r~sources have been overestimated. He suggested 
to set up a Working Group aimed at discussing biological effects of oil 
to living resources in the light of recent scientific findings. 

45. The Group decided to set up a Working Group on the Impact of Oil 
on the Marine Environment with Dr. C. E. Thompson as Chairman and the 
following ex~erts attending the fifth session of GESAMP as members: Dr. 
P. G. Jef~ery, Prof. R. Johannes, Dr. M. Ehrhardt, Dr. J. E. Portmann. The 
Group also agreed that other experts from outside GESAMP should be appointed 
as members of this Workjng Group. 

(b) Chemical Production Data 

46. Dr. Goldberg expressed his concern that individual scientists had 
considerable difficulty in obtaining global 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~ 

(i) a proposed International Referral System currently being 
developed by UNEP; 

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

(iii) a programme in environmental statistics currently 
being developed by UNEP; 
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being develooed by UNEP; and 

(iv) and the efforts of the ICG for GIPME to 
stimulate the global interchange of suoh data. 

(c) Availability of the UNEP Fund 

48. The Group was informed by the representative from the United 
Nations Environmental Programme that the Governing Council of the UNEP 
was presently considering programme development and priorities, and 
procedures for the use and operation of the UNEP Fund, and that depending 
on the decision to 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, as well as the procedures under which the fund could be used. 

(d) Interaction between Atmosphere and Oceans 

49. Regarding the pollution of the oceans and different sources of 
pollutants,the Group paid attention to the fact that the ocean itself may 
also be a source of pollution for the atmosphere over the ocean. It was 
noted that certain organic pollutants are altered and/or destroyed by 
ultra-violet light in the atmosphere and therefore present mass-balance 
problems. Interchange of pollutants between the oceans and the atmosphere 
has an important role in the description of the mass-balance of pollution 
in the oceans. Therefore,the Group requested the sponsoring organizations, 
in particular WMO, to prepare a report on the above subject for discussion 
at the next session of GESAMP. The pathways and estimation of pollutants 
exchanged between atmosphere and oceans,as well as methodology,should be 
reviewed in the report. 

DATE AND PLACE OF NEXT SESSION 

50. The Group was informed that WHO would act as host agency for the 
sixth session which was tentatively scheduled to be held in Geneva from 
25 - 30 March 1974. 

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 
posi tion. 

CONSIDERATION AND APPROVAL OF THE REPORT 

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

AGENDA 

Opening of the Meeting 

1. Adoption of the Agenda 

2. Identification and treatment of pollutants of 
international significances 

2.1. Further elaboration of the review of harmful chemical 
substances 

2.2. Sewage and industrial waste management technologies 
and their performances 

2.3. Hazard evaluation of noxious substances transported 
by ships 

3. Principles for developing coastal water quality criteria 

4. Scientific problems related to marine pollution monitoring 
systems (lOOSS and OIPME) 

4.1. Specification of physical and chemical parameters 
to be monitored in an evolving marine pollution 
monitoring system (IOOSS) 

4.2. Dispersion and movement of pollutants on and in the sea 
by natural physical processes 

5. Environmental effects of activities carried out on the sea-bed 
and ocean floor 

6. Preliminary discussion of basic information required for the 
selection of sites for the disposal of waste into the sea 

7. Date and place of next session 

8. Other matters 

8.1. Oil 

8.2. Chemical Production Data 

8.3. Atmospheric pOllutants 

8.4. UNEP Fund 
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9. Election of Chairman and Vice-Chairman for next inter
sessional period and for the sixth session 

10. Consideration and approval of the report 
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Annex IV 

REVISED REVIEW OF HARllFUL SUBSTANCES 
(revised version of GESAMP 111/19, Annex IV) 

1 INTRODUCTIOU 

(Working Group 1 - Agenda Item 2.1) 

Members of the Working Groupl 

Dr. H. A. Cole (Chairman) 
Dr. P. G. Jeffery 
Dr. J. B. Sprague 
Dr. J. E. Portmann 
Miss G. Matthews 
Mr. S. L. D. Young 

~ (Teohnioal Seoretaries) 

1.1 UN General Assembly Resolut.ion 2566 (XXIV) oalled for a Review 
of Harmful Substances which may hav,.; deleterious affects on man I s 11ea1 th 
and his economic and cultural actt-vi tics in the m..:.rine onvironIDent and 
coastal areas. The Review was intended to asniBt in preparations for the un 
Conference on the Human Envdronment \7hich was held in Stockholm i.n June~ 
1912. 

1.2 In the light ot this Resolution and with a view to illustrating 
the comparative importance cf substan('.c& cauoing pol1ution tables ,,\,u::I:re 
developed at the Second and Third Se&aions of GESAi"lP show-lng major nategories 
of pollutants and their relative effects in torms ofs 

(a) harm to living resources 

(b) hazards to human health 

(c) hindrance to maritime activities 

(d) reduction of amenities 

In view of later developments inclnding the UN Conference on the 
Uuman Environment, which by Rscomm!lnds.tion 88 callod upon GESAMP to ure
examine the Review annually wi tb a vi<:!w to elaborating its aElsessment of 
sources, pathways and reau1 tine; risks of marine pollutantsU , the tables 
havesince been extended by aub-divifJ~on of' certain of the more importa.nt 
categories of pollutants into their mejor oonstituents. The resulting 
tables therefore replace the earli(lr tableSincludEld in the Report of the 
Third Session at OESAMP (OE3AMl' IIl/19, Annex IV). 
Nevertheless, it must still be err:,pl:cwized that tho tables can only be 

,regal·ded as a general guide, since Boms categcries are ronde up of wcny 
Bubstances, some of which may have moro pronounced effects than others. 
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1.3 With regard to the sources £rom whioh pollutants originate, it 
is generally agreed that this is where measures of prevention or control 
can be most effectively applied. To facilitate further consideration of 
the desirability and feasibility of national oontrol 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 faot that the cargoes carried by 
ships include a wide variety of noxious substances, falling within the 
categories listed in Table 1, which may be discharged into the sea either 
by accident (such as in collision, stranding, fire or storm damage) 
or deliberately ~~ch as in the tank cleaning and ballasting operations 
of a tanker or bulk carrying vessel. A particular pollutant rr,ay therefore 
be subject to control under separate rogimes, one associated with transport 
by sea (e.g. IMCO) and the other with its use or production ashore. 
Because of differing oondi tions under which the di scharge is made however 
each regime may be obliged to apply qui te separate and diotinct measures 
of control in respect of the substance in question. In response to a 
specific request from IMCO, a Panel of IMCO and GES.A.M:P Experts was set 
up in 1972 to Roview the Environmental Hazards of Noxious Substances 
other than Oil Transportad by Ships. The Report of this Panel (GESl.MP 
IV/19/Supp.l) has now been published and io being used as a reference 
doctL"'llont for the development of an Intornat.ional Convention for the 
Prevontion of Pollution from Ships. It must be emphasized that that report 
relates only to the particular circumstances under which dischargos occur 
in maritime transport and should not be usod for other purposes particularly 
the control of continuous discharges from direct outfalls which are eenerally 
located in inshore waters. 

1.5 The Group is not aware of' any situation in which the rele.ase 
of radioactive materials to the sea by the nuclear energy industry hns 
produced adverse biologioal effects. This situation has resulted 
froin the very firm control imposed by nat:;i.onal governments over this 
industry since its beginning. The -work done on the study of" the dispersion, 
effocts and fate of radioactive materials in the marine environment has 
been and continues to be, extensive. It has had the result that the 
status of radioactive materials as potential pollutants of the marine 
enviromnent is more clearly defined than that of roost other materials 
recognized as serious pollutants. 

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

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

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

(c) run-off from the land of materials used in Fbrestry, Agriculture, 
or Public Heal·~h activities; 

(d) deliberate dumping of material from ships, 

(e) operational discharee of polluting materials by ships in the 
course of thei r normal tasks j 

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

(g) exploitation of sea bed for petroleum or other mineral resources; and 
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'h) transfer of pollutants to the ocean from the atr.losphere. 

These descriptions are included in Table 2 and the importance of each 
of them as a route by which different categories of pollutJ.nts enter the 
sea has beon 5ho"'1)1 by the use of a number of fl~r!nbols. To aid in the study 
of Table 2 each category of pollutant is the subject of an explanatory 
note which gives, vihere appropriate, further information on main uses principal 
sourcet; and pathways to the marine environment, mode of occurence and J 
distri bution, toxicity, breakdown products, degree of persistenoe and 
aocumulation in biological materials, and knoW<1 effects. 

1.7 Atteniion is called to the fact that there is an incre<'uling 
number ofharmf'Ul substances that me.y appear in effluents dischareed into 
the marine environment. These substances are present in indnst:rit?l \·.'~f.l-~e8 

As a result of complex mar.ufncturing pl'oceoess. (.rhe 
present list of harmful materials is only tentative and will undoubtedly 
be extended as further investigations are made. In addition, some chern) caJ. 
substancos may be al terod by marine organi sms or Uley may produce a 
synergistic effect, resul ting in acute or low-level chronic toxicity. 
Little is known about the mechanism by wldch some of these processeS 
take place. Thel'<2is evidence that in some instancf.;8 trace elements IT!Ry 
trigger toxicity cycles in marine organi sms; further information about 
ecological conditions leading to the produ.ction of biotoxins is highly 
desirable. 

1.8 Although to an increasing extent measures of prevention and 
control, both national and in~ernational, are being introdu~ed for cer-t.ain 
pollutants, the Group recommends that further consideration be given 
especially to those categories sho'lm in Table 1 as l:i.mportant r or 
'significant' with a view' to improving ille ~.{"foct:tv(lness of existing 
legislation and, where necessary hking further action nationally and, 
whero appropriate, ini-crnat.ion.').Uy (c.C;. on a ragional basis) to li=:it {Ir 
control their discha~ge into the sea. 

2. COIlTIl\TUING REVI~IOn AND EXPANSION OF 'l'ilE REl.rrr:,'{ 

It is the intention of GESAMP to continue to develop the Review i:1 
accordance wi th Recommendation 88 of the UN Confe:ronce on the ilwnan 
Environ.'!lont, and with a view to meeting pOSSible future requests arising 
from international or regional agreements on the control of marine 
pollution. 

For the immediate future, in preparation :for the nex.t session of GESAj!P, 
it is proposed by inte~se8sional activity: 

(a}toextend the section on organic substances to include furthe~ 
examples; 

(b)to rovir:e the soaction denline Vii th metals, particularly with l'ospeci 
to mercury, cadmium, lead, copper and zinc, and to preSe!1t thi~ 
information in a more systematic way •. 
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3. NOTES ON MAJOR CATEGORIES OF MARHTE POLLUTION (TABLES 1 and 2) 

3.1 Domestic Sewage 

When discharged untreated, domestio sewage has five major characteristics: 

(a) a high bacterial content, parasites and possibly presence 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 
biochemical oxygen demand; 

(0) settling solids (organic and inorganic) depositing on the bottom 
to undergo decay with consequent oxygen depletion; 

(a) high nutrient concentrations (mainly phosphorus and nitrogen 
compounds) leading to enrichment of receiving waters and potential eutrophication; 

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

By reaD on of these characteristics sewage affects recreation, utilization 
of seafood, publio health and general amenities. The production characteristics 
of the receiving waters may be altered and there is a possible connection with 
the production of toxic blooms of algae. 

One of the reasons for the need to control pollution by sewage is the 
maintenance of shellfish quality. The standards of treatment and/or dilution 
required for this purpose are somewhat higher than those presently demanded 
for other public health or amenity purpos9s. Filter-feeding molluscan shell
fish concentrate bacteria and viruses along with other p3rticulate materials 
and tho consumption of contaminated 8he11fish may give rise to enteric 
infectjons. The transmission of the viral disease, infectious hepatitis, 
by consumption of raw shellfish contaminated by sewage is well documented. 
Methods of purif~ing shellfish from the effects of bacterial contamination 
are ayailable 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 reduoe some 
of the foregOing polluting characteristicss primary - normally eliminates the 
settleable solids and floatables and proportionally reduces the microflora; 
secondary - clarifies the effluent from the finer colloidal suspensions, 
mineralizes organiC substances (reduoing the biochemioal oxygen demand) and 
disinfection can prcvide a further removal of pathogeniC forms; tertiary
removes the plant nutrients by biological or chemical action, or by a 
combinaticn of the two, and reduces the suspended solids still present as well 
as decolorising the effluent. Much coastally discharged sewage receives no 
treatment beyond cowminution or maceration; this accelerates breakdown and 
is an improvement from the amenity standpoint but only marginally reduces 
bacterial or viral contamination and nutrient content. Where practicable, 
separation of storm water and foul sewage systems is very desirable, to 
prevent interference with treatment processes during periods of heavy rainfall. 
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Other household wastes whioh enter the municipal sewer, including 
detergents and optical whiteners (dealt with in another section of this 
report), pharmaceuticals, house and garden pesticides and incidental chemicals, 
and oily and other discharges from small businesses and garages,may also be 
important. However, apart from the considerations mentioned above, t~e 
major probloms 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, partioular~y 
shellfish and young fish on coastal nursery grounds. Pre-treatment at source 
o£ industrial wastes before discharge to sewers should become st~dard practice. 
There has been a similar tendency to replace estuarine discharges by long 
trunk sewers leading to marine outfalls. Careful siting of all such outfalls 
in relation to dilution characteristics of receiving waters, other existing 
or projected outfalls, and presence of exploitable marine resources is essential. 

The practice of disposing of sludge from coastal eewage treatment works 
by dumping at sea may be harmful because such wastes may contain signi£icant 
amounts of adsorbed metals e.g. mercury, and also pestiCide residues and 
other persistent chlorinated hydrocarbons. These factors and prObable 
biological effects e.g. interference vnth benthic fauna, need to be considered 
in deciding disposal procedures for sewage sludges and the selection of 
dumping zones. 

3.2 Pesticides 

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

3.2.1. Orgal)ochlorlne compounds 

Much information is available on this group of pesticides, some of which 
have been in use for more than 30 years. The most commonly used are 
probably DDT, BRe, Dieldrin, Endrin, Aldrin and Endosul£an; all are used as 
insecticides, either for agricultural or public health pest control. Use is 
frequently on a fairly large scale and spraying from the air is a common 
means of application in some areas. Not all the material sprayed will reach 
the target area (less than 50% in some instances) and some will inevitably 
be lost to the atmosphero. Of this, a proportion will reach the sea by 
exchange with the atmosphere, in rain cr adsorbed on air-borne 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 whcra 60il particlns are 
washed into rivers. Although comparatively non-volatile, organochlorine 
compounds may be lost from the soil 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 wo~len garments and carpets may lead to 
discharge of insecticidal formulations (e.g. Dieldrin) directly to rivers 
and hence to the sea. Recent analyses of sewage and sewage sludges suggest 
that these may also be an important route of entry of pesticides to the sea. 

Estimates of the proportion of the annual production 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 either 
in surface slicks or by marine organisms. Some will be carried to the sea 
bed on particulate material and a certain amount will remain dissolved in 
the sea water at a very low concentration. From analyses of marine animals, 
Borne of the organochlorine pestiCides, particuh\dy DDT, are known to be 
distributed on a world-wide basis. Concentrations in coastal waters can be 
dete~ined, but oceanic waters contain levels below the normally accepted 
detectable level, 1. e. 1 part in 1012 • Owing to the lipophilic/hydrophobic 
character of organchlorine pesticides, they are particularly likely to be 
concontrated in any oily material, e.g. fish oils. They are, therefore, 
found in appreciable concentrations in many marine organisms, espeoially these 
wi th e. high lipid content and those organisms highest in the food chain. 
Residence time in the environment hilS not been accurately deter:nined for 0.]1 

of them but seems to be generally of -the order of years rather than months. 

Al though some have been used for more than 30 years, the precise mode 
of action of organochlorine pesticides is not fully umlerO:ltood. It is, 
however, generally accepted that they affect the transmission of impulses 
in the central nervous system. Recently, suhtlG snb-lethal side affects 
have been recognized, e.g. on calcium deposition lin birds' eggs. Their 
aC"u:te toxiCity to marine organisms is now fairly well docUfflented. Crustacea 
are particularly sensitive; DDT concentrations as low as 0.003 ppm i:~ water have 
been shovn1 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 affected by eating fish contaminated v.i. th organoohlorine 
pesticide residues. Effects on fish and shellfish populations have been 
demonstrated in cerj.ain estuarine environments, particula:rly in North Amerioa. 
Most of the incidents have been kills as a reaul t of spray operations, 
but at leaat two instances have been reported where reduced breeding success 
of estuarine fish has been attributed to organochlorine pesticide r('lsidues 
arising from routine usage on the land. Predatory birds are particularly 
vulnerable; the reduction in numbers of brown p€llicano, bald eagles and 
peregrine falcons in North America is attributed primarily to DDT an:3. allied 
chlorinated hydrocarbons. 

3.2.2. PCEI a 

Polychlorinated biphenyl compound~ (PCBls) 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 range of 
industrial uses. particularly in the electrical industry, Because 
range of industrial uses, part1cularly in the electrical industry. Because 
of wide_spread contamination of the environment,usage has now been restricted 
in a number of countries to applioations where loss to the environlnent 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 sea. Analysis of sewage sludges has revealed that moat sewage 
contains some PCBl s • The dumping of wllste materials containing PCBls 
is probably largely on land. PCBl s are highly resistant to burning and 
unless incineration is properly carried out (a temperature of over 8000 e is 
required), burning of materials containing PCB's will simply release them 
to the atmosphere for subsequent rain out into the sea. Disposal by 
dumping in the sea of wastes containing PCB'a, exoept 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 
eaid 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. 

T:h-E! mode of action of PCB's is not 1"le11 understooo. but may be similar to tl;,ed 
of organochlorine insecticides. Certainly pes's h2.ve been implic2.ted in shell 
thinning of birds' eGgs. The acute toxicity of PC13's is in ceneral sir:lilar to that 
of organochlorine pesticides. 'I'here is soma evidence to sugeest that they howe a 
high chronic toxicity, i.e. it ma~, teke a F._t'tter of Heeke before a short-term 10\".'
level expOS1.U"'e takes effect. This may be ,~-~tributable to impurities in certain 
formulations. 

In inc.idents of accidental iXlo"'Cstion or GrOSS industrial ex!'osure, illness e.nd eVGn 
death have been reported in hurnans, bnt there are no knmm ill effects on man uhich C;~,!1 

be associnted H"ith levels of ?C.B's in marine: rrOQ1.1ots~ j:~ven :1"'1 estuarine 
environments, PCB I <> haNe not been implicated in al1~r o3.Inc::.[ie to no.'.C'ine life 1 e.lthov.[;h 
in some areas quite h~,eh levels ro{"we been reported in fish. li'h8 presence of h:i.~h coneen 
_tre.tdons of PCB's in the livers of Rea birds \:2,S sugg-ested 2.S C\. pO:'Jsible contributm::y 
cause in a large scale bird kill off the U.Y. c02,si; in 1969, but it is nm! Generally 
accepted that natural causes played tho r.1ajo"c role in causing this biTd mortality. 

3.2.3. Orp;anophosphorus corr.;po1.U1ds 

This grou!> of compouncls incluaes IIalEdhion, Pa:r-athion, Jl.:>;inphos-methyl and 
Chlorfenvinphcs und , ~·dth the carbamate cor.::pourlds, is to some e::tcnt rcpl1.l.cing the 
organochlorine iTIflGcticidcs. In chemic<1l terms, they 3.1'8 more v2.Tiecl thEm the 
organochlorines, althou.~h they all contain phosphorus. 'Ihey are :l'elativel;:' z.oluble 
in Hater, and may be carried into rivero, <md hence t.he sea, in rn11ntn:ntil.'.1 a,mounts, 
by run-off from land. Spray losses apd evaporation of spra;Ted material fol101:Cd. by 
rain out over the Dea is a second probeble route of entry to tho rrnrine env:i1'oml'.ent~ 
Industrial usage is probably small a..'1d therefore an insignific2.nt source of' pollutionG 

Most organophosphox'us conp01mdc C!..re chcmicaJJJ" le8<' st9.ble than the organ?ch1orine 
type and they are therefore much less r..e1.'nistcnt in t:h~ e-:-:vi.l'o;::·,ment. liost C),re 
bydrolysed on contact \"lith Hater cr.d tho.y are much l!':sf} :;vdroIJhobic than orgL"mo-
chlorines. As a result bio-e.ccl.lli1ulation is likely to bEl unimportant. 
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Because they are less persistent and non-accumulative, not much effort has 
been exerted in studying the role of organophosphorus cOr.lpo'U.."tlds in the sea. 'I'hey 
are like~ to be present in true solution and, since they are not particularly 
lipophilic, they are unlikely to be concentrated in surface slicks. Because they 
are not persistent, it seems unlikely that thc;)Y Hill be found in ocean ~Taters 
and there appear to be no reports of their occurrence in Haters other than 
estua.:t>±es. 

Organophosphorus compounds act on the nervous system by inhibition of 
cholinesterase activity. Their acute toxicity to mari."1e animals is reasonably l'Tell 
documented and appears to differ l1idely accordi:r..g to the particular compound used, 
e.g. Azinphos-methyl l'las lethal to Crangon craPRon at a concentrc"·~iop. of 0.0003 
ppm but j·'i:orphothion had no effect on the same species at 0.3 ppt:l. The maI:lr.1alian 
toxicity of some organopr.osphorus compolIDds is high but residues h8.ve not. so 
far been detected in marine organisms other thEm a few estuarine species and no 
cases of poisoning through the eating of organa-phosphorus pesticide contarainated 
fish have been reported or indeed sc~m likely to occur. 

3.2.4. Carbamate compounds 

These conpounds, Hhich are hased on carbamic acid, 2.X":': of hTO baGic t;rpes, 
the N-dimethylcarbamates e.e;. 1so12.n and TIimetan, and the H_methylcarbamates e.g. 

arba:ryl and Zectran. In general, they are less Goluble in Hater 'I;han the 
organophosphorus compolmcis but more so than the organochlorides. Some af -these 
materials, pariiuularly carbaryl (Sevin), are nOH in fairly Hidespread use. 'J'heyare 
likely to reach the sea by all the routes quoted for orgc..nophosphorus campoU11ds. The 
main useage of carba.f.'w.tes·'.is in agriculture but carbaryl is to some extent replacing 
DDT and may be used in future malaria control operations. It also has a small_ 
scale role in maricultl~e as a means of controlling crustacean pests in shellfish 
cultivation programmes. 'i'his provides a dirent route of entry to the ~"rine 
environment. 

:tIone of the carbamate compolmds is pr_rticul<.crly s.l~ablc i tho;y are attacked by 
acids and alkalis and it is probable that .,10N hyclro0'sis Hill Occur or.ce they 1":.8.ch 
the sea. They can be relatively e<'l.sily IT_etabolised and the flat? available for 
marine animals suggest that, once i;f',ken in by, for exar:tple, a bivalve, they can 
be completely metaboliS'Jd and/or e7_cre'~cd ~lithin about? .. 3 v'eebs. ~hey are therefore 
lUllikely to pose much 0f a haz2.J'd as a result of persis'tcn0c or accumu12:tion. Car
bamate compoU!'..o.s have not been detected OJ' .1. \lide scale in sea Haters or marine 
animals but they are knmm to be reaclily adsorbed on silt and small concentrations may 
be found in estuarine sediMents folloHing local use on land and in maricuHure. 

CaJ."ba.rnnte compounds are cholinesterase inhibitorf;j a feH also ShOH a.ctivity !'.gainst 
other enzyme S'Jstems. A fe", of these compound.s arc clso used as herbicides and 
they might be expected to have minor effects on the J-lhytop1anJdon in local areas. 'rhe 
toxicity of' carbamate compounds to marine anima.Is foIIoas the same highly vo..riablc patterl 
depenclinrr on compound and species, l-Thich the~r cxhi,1it in the terrestrial environlncnt. 
Carba.ryl is moderately toxic to crustaceans but not to fish or molluscs. With the 
exception of Isolan, all the carbaoate com:rvU-;U8 are of low mammalian ioxicity, and 
harm to human health, either directly or irdiroctly, tr.roueh eating fish or shellfish, 
seems improbable. Isolan is of a lONer r.Jamrnali'm toxici·ty than the organophosphorus 
compounds. 
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3.2.5 Herbicictes 

Herbicides are v, r.li::ed group of compounds, most of ,""hich ha'l,,'"C t'later solubilities 
of the order of tens of ppm cr more. rrhey include uree.-bc\sed conpounds such as Limtron, 
dipyridyl compounds such as Iliquat, and acid ester hormone type compounds such e.s !·ICPA '€l.nd 
2,4-Il. The major routes to the marine environment D.re probably direct "rater transport 
from the land or spray drift and subsequent ro.in out over the sea. I;Iost of these cCrlpo11IldG 
are likely to be found in dissolved form but a feN t e.g. :Diquat, are strongly adsorbed by 
particulate matter and Nill be large1y associated l-lith sediments or suspended material. 
Ve~ little attention has been paid to herbicide compounds to date and the extent of 
their distribution in the marine environment is a matter of speculation. Eost are 
comparatively short-lived but a feN, e.g. 2,4,S-T and Picloram, have half lives up to 
5 years. The genetic damage attributed to 2,4-,5-T is nON generally considered to be due 
to the presence of impurities. 

Fel'l of the herbicides arc particularly toxic to fish and it seems unlikely that 
appreciable effects \'Tould be noticed. The main effect of herbicides in the marine 
environment might be expected to be on the ph;)rtople.l'Lk:ton but very, few data appear to be 
available on this subject.~ Tests '\'lith unialg2.1 cultures at t:r..e U.K. Fisheries Laboratory, 
Burnham-on-Crouch lJith 2,4-Df TIalapol1 and hTO triazine corol)ounds (Atrazine 2,!'!d Simazine) 
sugsest that at least some herbicidal compOlmds tend_ to stimulate grol'1th of algae 
ra'~her than to kill them. TIalapon is used in Spartina graE:s control in ea.lt marsh areas 
but does not seem to cause 'mortality of marine creatures. Paraque,t :has e. high mammE',lian 
toxicity if directly ingested and there is no knmJh antidote, but its toxicity to 
marine life is low and it is strongly adsorbed to particulate material. 

3.2.6 Uercurial compo'U..'1ds 

A variety of organic mercurial compounds is used in ugriculture and horticulture for 
the control of seed-borne and fungal diseases. They have been used extensively in the 
past as slimicides in the paper industry. Calomel is used in some areas as a f1U1gicide 
and ins\~Gticide. 

}.'iost of the mercu:ry compounds used have' a 1ml l-rater solubility and in addition are 
strongly adsorbed on to soil particles. They are therefore only likely to find their l'1<.>.y 
into the aqua-hc environment in times of flood. ]'.'e:ccury compo'U.."'ld.s e.re readily converterl 
under cmaerobic conditions to methyl mercury. There is some evid.ence to SU£&Dst the.t 
dimetl\yl nercury is readily volatHised and could St:':bs0quently find ii;s '-lay into the 
sea. '1'he imporia.'>lce of this e.nd other routes has still to be established and mod.es of 
entry into the rnf..rine environment are the subject of study at the present time .. 

1.1ercu:ry occurs nai;ure.1ly in the marine environment as a res'\)l'~ of the normal processes 
of l'leathering of rocks. The d?,ta a,raila-ble at presen·t suggest ft conGentration of rnerct1. ... J 
in sea \'later in the range 0.03 to 0.3 ppb. Methyl mercury oonoentrations are probably about 
1/1000 of this level. Loca.lly higher concentre.tions have been recoro_eel in c02,stal 
"raters amd are attrib'llted to industrial pollution. l·~ost nercury compounds decompol':e 
to the inorganic form l'lhich is then available for methylation. l:ercury as em element 
is a highly conservative and persistent substance in 'the r,le.rine environmen-t. Although 
the inor&anic i'orm does not pose much of an aocuJ:lUlatilJ::1 hazard, methyl mercury is 
very readily taken up by marine org€p1isms D.nd accumuln:ted in the food. chain. (See Section 
3.3.7) 
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Nethyl mercury has a high mammalian toxicity and produces nervous disorders and 
-death at low levels of dietary intake. One ppm of mercuxy is considered by many ns,tiona] 
governments to be an unacceptably high level for food fish. However, such levels 
appear to have no ill effects on the fish and in certain species are even considered 
to be the norm by some authorities. Only in ipstances of extremely high mercury 
pollution have definite ill effects been observed in marine organisms. Hormal levels 
OI~ mercury in fish are probably in the range 0.01 to 0.2ppm. Certain pel.;t.gic fish 
eg. tuna and sl"lOr<ifish, contain somewhat higher levels but these do not seem to have 
changed during this century. 

3.2.7 rUscellaneous metal containing pesticides 

In addition to the compounds already discussed, there are a small number of metal 
salts and or~no-metal compounds \·rhich are used as pesticides, e.g. Bordeaux mixture 
(copper salt), lead arsen~te and Fentin acetate. These compounds have appreciable 
solubilities in water and are likely to be transported to the sea by land. run-off and 
drainage. Their contribution in terms of quantity of metal ions or compolmds added 
to the sea is negligible compared to those from other sources, e.g. lead from automobile 
fuels, copper from industrial wastes. It seems un11kely,tharer6re, that harmful effeetl 
in the maxine er.vironment, would arise from their use on the land. r·!ost of the metal
containing pesticides are toxic to fish and imp:coper use has caused fish kills in inland 
waters. It is therefor~ conceivablethat local damage may occur, e.g. in estuaries, 
but the risk to humans is· negligible. 

3.3 Inorganic ~·fastes 

Most of the elements listed in the periodic table are present in sea water in at 
least one form of ion or complex and their intro1:luction does not necessarily constitute 
pollution, although similar amounts discharged to fresh water areas might do so. In 
addition, because sea \-Tater is a relatively strong solution 1-lhen compared to fres 
tTater it is able to absorb some inorganic po1lutants f e.g. acids, ",ith relatively little 
ohange in its overall chemical nature. These are "tHO important factors tlhioh mus"t be 
borne in mind uhen considering inorganic substances as marine po1lutants. 

Of the various inorganic compounds or ions l-thich are likely to enter the marine 
environment a number can be selected as potential pollutants in certain circumstances 
the remainder might, at the , .. orst, be defined as contaJilinants. 

3.3.1 Acids and Alkalis 

. The production of ~ inorganic chemicals and some organic chemicals may give 
rl.s: to la:r-ge quantities of vTaste acid. or alkali l'1hich may be disc}1..arged to the marine 
envl.Tonment. Sulphuric and hydrochloric acids are most likely to be il.ischarged 11Hh 
smaller quantit~es of nitric acid. The effects of nitrate and sulphate e~ considered 
belol"T but chlorl.de, already present in large amounts in the sea cermot be considered 
as a pollutant. The alkalis involved are lime, sodium hydroxid~ and to a lesser extent 
potassium h;ydro::dde and ammonia. The a.mmoniu:n cn.tion is considered ~eparately beloti ' 
but sodium and potasSium fall into the same category as chloride. 

Sea \·mter has a considerable buffering cap<:1City, i.e. it can absorb relatively 
large amounts of acid or alkali ",ith comparatively small cha.TJgeS in pH. Discharges of 
unneutralis:d acid or alkaline affluents are frequent~ made into estuaries a~~ quantitief 
~f l·,aste aCl.ds are dumped by barge at·ray i'l'.om the shore. A second major source of' acid 
l.S the burning of fossil fuels l·thich releases quantities of sulphur dioxide and acid 
oxides of nitrogen. into the atmosphere (50-80 million tons annually). These m~ 
S",:b8:que~ly be ::a7ned out over the Sf;a, but although rainfall containin.; sulphur 
dlooxl.de (l..e. aCl.dl.C~ may he;ve affected the pH of some SYledish lakes, a similar effect 
on the sea scems unhkely. Burning of chlorine-containing compounds particularly 
~ubstances such as PVC, gives rise to HGl traS, t"lhich on dissolution 'e.g. in raim-mter 
loS a further source of acid l-thich may gov ill importance.' , 
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Although the effect on the pH of sea ,Bter of acids from the atmosphere cannot be 
detected, pH chal'.ges can be detected over relatively small areas in the proximity 
of discharges of acid or all"..aline '-tastes both in estuaries and in the open sea in the Hake 
of a discharging barge. It must therefore be concluded that discharges of acids or 
alkalis have only a local effect and that their distribution r although possibly Horld
wide, iE completely accommodated by the c~~bon dioxide buffer ~stem and has no effect. 

The aoute toxicity of both acids and alkalis to some marine animals is documented 
and, presumably because of the bu:ffering capacity of the sea water, moderately high 
concentrations _ several hundreds of ppm - have no effect. Fish and small crustacea 
can detect concentratiol1s of acids and aDcalis belm' the acutely -toxic level ahd ,·Iil1 
avoid such concentrations. The toxic action of both acids and alkalis is probably 
mainly associated \'ri th the effect thai they have on the o~gen _ ce.!"bon dioxide transfer 
across the gill sUl"face. At higher concentrations ·their corrosive action t-wuld 
undoubted~ be lethal. 

3.3.2 !!utricnts and. fl.mmonia 

Phosphate enters the sea via rivers and directly from outfe.lls via seHage ~lhere 
its origin is large~ po~hosphate from detergent formulations. Small amounts rn~ 
also be discharged by industX"lJ and some Hill enter as runoff from agricultural land. 
Set·18ge effluents contain nitrate and ammonia + nitrD:te both of \"thich are oxidifSd by 
bacteria to nitrate. Ammonia may reach the marine environr.tent in set·rage effluents a.nd :;..s 
a result of its use in industrial processes and in agriculture. In addition large 
quantities of ammonium aUlphate are produced as by-products in ceTtian industrial 
processes. Some of this is considered ,·mste and is discharged to the sea. 

The concentration of ammonium ion in sea "I·later is 101.-1 (gcneralJ.y of the order of 
5-~/l) although locally it may be high near a discharge of' nitroger .... containing Haste Mg/l. 
It is one of the intermediates in the bacterial decomposition of nitrogen-containing 
compov.nds ,"Thich eventually torminates at nitrate. Amm6nia is not therefore a persistent 
substartce and large-scale distribution of hieh concentrations is unlikely. 
Nitrate and phosphate are essential nutrients in the productivity of the marine 
environment. Over-abundance of these ions in i'resh1-1aters can lead. to eutrophication 
~dth blooms of pb;ytoplanldon , folloHed by deoxygenation and anaerobic decay. Such 
phenomena hcwe been recorded in the marine o.nvironment in fjord and estuarine areas 
(e.g. Oslo fjord) and may become a problem in some enc},osed cseas. Doth nitrate a,nO. 
phosphate are adsorbed on paJ'ticulate matter and the sed.iments provide a reservoir and 
means of storege of excess nutrients. Although persistent, neither nitr;;>,te nor phosphate 
constitute accumula.tion hazards \'Tithin marine anim<l,l"s and there is no evidence to sueeest 
that concentrations less than grossly excessive "!-lOuld be toxic. 

3.3.3 Cyanide 

Hastes containing cyanide are discharged to rivers, estua.ries and on open coasts 
from a variety of industrial premises, e.g .. metal plating plants, gas "lorko and coke 
ovens, and from the scrubbing of steel ,-Iorks eases as mHl as a number of ch0micD,1 
processes. Direct disch:-.u-gcs ~;uch ss these aOC01.U1t for most of the cyanido enterine 
the marine enviroU'T1errt. i·!hatever the form in uhioh the cyanide is discharGed, i.e. 
HCU,NaCT>f, etc. it readily takes the form of HeH "HHh some dissociation to H+ an:! Crr 
It is nON generally accepted that neff is lTIl).ch more toxic to aquatic life ·i:;hD,n CN and. 

. 'l.t pH 8 only abPut 1-1O;s of the HC:H is dissociate ct. Cyanide is biodegradable and, 
treatment methods E'..re',;available l-thich can eliminate the need to discharee C1Junides. 
['he b-io-degradability of cyanide and the readiness 1"1i~.:h ,·:hic11 it forms comple:;;:eB '<lith 
::eriain metal ions, e.g. copper and irom, mcm!s that large scale distribution of 
lYanide is unlikely and that alW detrimental effeds "\'1ould be local in nature. 
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3.3.4 Sulphite 

Sulphite m~ enter the marine environment in wastes from certain industrial 
processes e.g. the p~lp industry and rayon manufacture. Sulphur dioxide produced from 
the burning of fossil fuels "Till also enter the sea as sulphite from the atmosphere. ';.'he 
sulphite ion is not stable in sea water; under normal aerobic conditions it Hill be 
oxidized to sulphate. Under anaerobic conditions sulphite and sulphate rna:r be 
reduced by bacteria to sulphide \"lhich is toxic and obnoxious on amenity grotmds. 
Sulphite is also toxic to ma:Hne lif'e and, although not stable in the marine environment I 
is knolm to have caused damage to oarine life near effluent discharges. Sulphate is 
not toxic to marine lile and is present naturally in sea Hater in relatively high 
concentration (2.76g!1); it CruL~ot therefore be considered to be a pollutant. 

3.3.5 Phosphorus 

Phosphorus is normally found in the sea in the form of phosphate, either particlllo.te 
organiC or inorganic. If discharged in elemental form, however, it remains largely i:n 
that state and is potentially highly toxic. There have been some instances of elementa,l 
phosphor\1S being discharged to the marine environment from factories producing phor3-
phorus from phosphate ores and from ships carrying phosphorus both in bulk and in Uruns. 
Much of the phosphorus becomes locked in the sediment s l-lhere H 'Pem',ins virtually 
unchanged for a considerable period; the fraction reme.ining in the 'tfater is sloHly 
oxidized to phosphate. One large scale incidence of toxicity arose on the coast of 
Nevtf'ound1and from a factory discharge. Large nmnbers of herring, cod and othe;r:> s:pedes 
were killed; in some species extensive haemolysis and reduction of haematoorits Has 
observed. 

3.3.6 Titanium dioxide Hastes 

The industrial production of titanium dioxide from titanium ores can give rise 
to large volumes of a "laste vlhioh is characterised by its high proportion of acid and 
ferrous sulphate. This particular I-laste is considered Northy of special attentioOl 
since in mruw instances the waste is discharged, completely untreated, into the 5a.::. 
either from a pipeline or from barges. 

The terrous ion is very rapidly oxidized to ferric ion whioh preoipitates 
in oollodial form as the hydrated hydroxide over a oonsiderable area in the 
locality of the discharge or dumping. Although the effeot of the aoid is lost 
relatively rapidly, ferrio hydroxide is persistent and remains in or on the 
Bea bottom for oonaiderable periods. No ill effeots on human health or living 
resouroes, except in the immediate vioinity of the disoharge, have been 
reported, but amenities might be affeoted in ooaetal areas owing to deposition 
of ferric hydroxide in the intertidal region. The nature of this waste is 
likely to ohange in the future as new methods replaoe the old sulphuric aoid 
prooesB. The sulphurio aoid in the waste will be replaced to same extent by 
hydrochlorio aoid. 

*).3.7 Mercury 

The mode of oocurenoe, toxiCity, dist-ribution, etc. of mercury are 
disou8sed in Section 3.2. Agricultural usage of mercurial pesticides is, 
however, a relatively minor source of mercury to the environment, although 
industrial use ot mercury compounds as slimioides has had an important 
effeot on the environment in some area8, e.g. Sweden and Canada. 

* This section is in prooess of revision 
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The annual tV'Orld production of tl'_ercury is a?proxir:1atcly 9,0 :);) 
tons, the majority of \v:1ich is used by industry, t!1e most im~)ortant 
single usage being in t~e clllor-alkOlli industry. In theory, no 
losses of mercury should occur, but in fact,typically 250 gm of 
!T!<3.rcury Here lost per ton of chlori!12 r:coduc(~d. '-1'-1ch of t!1is found 
its ,yay int,.Q th~ marine environ:nent eit.hGr via rivers or from t:le 
atmosphere: Recently introduced methodo of troatment of the effluentn have 
greatly reduced the discharge of mercury from most of these plants~ Other 
industrial usages of mercury are in the eleotrical industry in mercury 
switches and batteries and in the production of high grade antifouling 
paints. Mercury is also used as a catalyst in the production of 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 t:H'!se sources of m~rcury; ,·!llic11 beblecn t!1em 
probably account for 4-5,030 tons added to the sea per year, an 
amount possibly equivalent or greater is derived from the burning of 
oils and coal much of ""hie!1 Bay contain some Dercury, al?:>ci t very low· 
conccntrntions. T",1is mercury is carried in the atmosFhere and ina)' :')C 

rained out over the sea. 

Hereury is accumulated to approxi~ately t:le sa~e degree in 
bivalve molluscs and fis!), in contrast to other metals SUC;l as zinc 
and copper. 

*3.3.8 Lead 

The annual world ?roductio!1 of lead is approximately 3 million 
tons und tJe contri":Jution of lead to t~e marine environ:r:.ent as a 
result of man's activiti~s I'lUst nm'] hp- 0reatly in excess of t!-le 
natural supi-lly. 0ver 1'J p·2.rc~nt of the ;:>rcsent annual production 
of lead is used in leaded motor fuels ·dher·~ i-l:. functions as ,:m 'anti
knock' agent. l-·[Uc!1 of the lead is released to thz &tmosp:1c:re in 
eX:1aust fumes and su!.)sequcntly finds its -\"lay i:1.t9 t'iC sca. Use of 
lead in t:lis -.'lav is lIelievcd to introduce 2 x IQ::! .tons of lead into 
the marine environm·;mt annually and is believed to be t:-te cause of t;v~ 
elevated lead concentrations ::ou:1d in 5ca \,wt8r:o; ;~d.jac'--;!nt to 
inaustrial and 00Dulat-co coasts. Lead is also introduced in the 
effluents of many~ chemical factories and nat:lra~ p::::-ocess·2.s of 
!veathering proba~l:! contri~'Jte a further. 2 :x: 10:'> tons ann-.lally. The 
concentration of lead found in t:le surface layers of near -S:lOre 
sediments is nO·1/ considerably higher than that ia s"J.b--surface layers. 

Lead accumulates in ani-:'131 tissues and is only very slo'."lly 
excreted. It is an e!1zy:-ne in~1i'Jitor a!1d impo.irs cell metabolism. In 
marine animals it is probable that, at least in acute ex?os.ures, l(.ad 
acts by damaging gill s.urfaces and hence inhibits oxygcn-carb-::m dioxide 
tra!1sfer. Lead is :persistent in the mari:1e. environment and T1arinc 
sediments are probably tile main 5torag(~ point. In common ~ ... i th ot}ler 

*Tilts sections are in process of revision 
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'heavy metals' (except mercury) lead is s~)eci0.1ly prone to 
accumulate in bivalve molluscs and t:l0- cl~vatcd levels of lead found 
in near s?1.orc seairncnts arc causing h.igh lead concentrations in !:11:;se 
s11ellfish. lfm"ever, no ill effectg have so far ])cen rccoHled either 
in fis:"1 or s~ellfish and there ap?ear to ?c no recorJed in:;tances 
of human ,?oisoning _0Y eating mari'18 proC:uct~ '.",ith high lead 
contamination. T~1C rapid increase in th":;! level of lead in th,~ -surface 
layer of the sea in recent year;:; "lU;,t, 'lo'dever, be vie,"'ed ' .... itfl concern. 

* 3. 3 • 9 OLler 1·1etals 

A number of other metals ~esides lead and mercury are considered 
as potentially hazardous in a marine pollution context. T:"wse ar3 
co?per and zinc, both of 'i",hich are produced on a v;~ry large scale 
annually (5 millio:) tons), ch-coniu;u (annual production 2 --:till ion tOllS) 
and cad~ium. i'1.rsenic, antif:'lO'lY, :)is~uth and selenium may also be of 
interest in viG'.'/ of t:18ir to;.d.eity to man. 

Chromium is likely to enter the marine enviro'1lncnt largely as 
a result of its use in t;le ::n~tal-plating industry. In arlcition, srnall 
quantities are used in pest control and in paints. Recently,. large 
quantities howe been used in r00.d markinq materials some of whic:' 
must reach tj1e marine environment via rivers. Cooper and zinc are used 
in large quantities for ·,later pin:?3 and for plating of storage tanks 
respectively; zinc plating I galvanizin,] etc. is corruTtonly used as 
a rust preventative and '1uantities of cop?er and zinc must be dissolved 
and run into rivers and se-Vlers from all 1arg2. tOli?a::;. Se'dage sludges, 
particularly from industrial areas, contain measura'?le amounts of 
both copper an::!. zinc. In a(:;dition, hath cO,?;,Jcr and zinc salts are 
used in a variety of ind'Jstries and are found in nany industrial 
vlC1ste discharges. C'Jpper finds a sPlall-scale usage in pesticide 
for;nulations. Cadmium is used largely i:1 t'le ~)lating and metallurgical 
industry in certain electrolytic processcq. It i_s also a useful 
catalyst in some industrial !JroccsseSi in adcition,cadmiwCl C01"190Unds 
are used as pigments. Pro:)a~ly t:..c nost in;")ortant routes to the 
marine cnvironDcnt for all fOllr of b1esc metals are via rivers and 
sewage or indnstrial ontfalls. 

All four ele~ents are found in sea ~·,ater and 50"18 vlill b2; in 
the sim?le ionic form, oth2.rg (is ionic cOIn!,;)lexes. Levels of all four 
elemcnts appear to ;)e :nighel~ ne<lr to t)Ie land, proba:)ly partly due to 
natural \veatheri:tg of rocks but also due to man's usage of these 
elements. 

Some of the forms in '.'lhich the elements occur in sea '.'later arc 
insoluble and it seems likely t!lat a proportion of the <:lnnual los.s 
to the marine environment enters the se-:1imc:1ts. There is a definite 
evidence of accumulation ';)y bivalv03 of vcry high concentrations of 
both copper and zinc, :)ut :-narine fis>1. apl)ear to be less likely 
to accumulate these t".",o elements. Cad,mium is knov: to ~)e accu::lulated 
by certain l'1arinG anirnals but data for chror::iu!n are lacking. There 
is evidence that cadmiUM , once in t:-te human body, is only very slm",ly 
excreted, if at all. 

*ThiS sections are in process of revision 
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*3.4 Radioactive Materials 

Although as a result of fallout from nuolear explosions or weapon testing, 
radioaotive materials may reach the marine environment in unoontrolled amounts, 
the development of the civil uses of nuclear energy is strictly oontrolled, 
usually by special legislation, so as to minimize the hazard to publio health 
or damage to marine resources. The disposal of solid radioaotive waste to 
the deep ooean will be governed by the provisions of the London Convention 
1972. There are no known effects of introduoed radioaotivity in the natural 
environment on marine resouroes, e%oept in the immediate vioinity of nuolear 
test sites. 

3.5 Oil_anu 9il Dispersants 

Prior to about 1950, petroleum W1S refined in the country of 
origin, and the \'lOrld traffic ,vas largely in refined products. The 
ne1vcr refineries hilVC been built in the developed countries, giving 
rise to the grOlvth of a ne',v trade in the carriage of crude oil by sea 
from t:1e oil producing areas to the usee countries. The massive 
and continual r1:se in oil consumption has r~sulted in the construction 
of larger and. larger vcc;sels for this trade. At the present timC! t:le 
largest s?1ips carry 0.5 ;nillion tons of oil, h'J.t shios to carry'). 7 
million are actively being consid:?!red, and s~1ips to carry 1.0 
millio'1. tons are ~')roiected. 

Annual ''1Orld ?roduction 11.as risen from 1,260 million ton:3 
in 1962 to 2,60~ million tons in 1972; this is expected to rise to 
3,500 million tons ~y 1980. 

T:-tis rise in oil consumr>tion has L~d to a world-;.,ide seare!1 
for nee/ler sources of SUPi?ly, and an increasing proportion of the 
world's needs is no'''' and will conti::1ue to be met from off-shore 
oil fields. 'r~1es:?! Nill increasingly be sited on the deeper parts 
of ti.1e continental s~elf, as the technology of deep-sea drilling 
develops. 

These changes in the .. vorld' fi trade in petroleum and petroleum 
products since about 1950 resulted in a :-:lassive increuse o:~ oil 
pollution of the marine environment, especially of :?eaches, largely 
from shipping. There has b,~en considera:)le national and international 
activity to limit,and Hherc possiryle to l?revent/this pollution by oil. 
An internationul convention for the prevcmtio~1 of oil pollution ,vas 
adopted follmvin,) tlle 1954 I:'iCO Confcrp.nce. l'lmendments to this 
convention, designed to further lir.tit the quantities of oil 
discharged at sea, ':'lere adopted in 1962 and 1')69, altilOugh t:1.C latter 
has yet to be brought into force interna.tionally. Further limitations 
on the operation of tankers and ot11er vessels arc li;zely to result 
from the 1973 IHeo conference and t~1e 1973 Convention ,,,;-dch is 
de~i'Jn~d to achieve "th:; com~)lGte elirain.1.tion of intentional 
pollutio,1 by oil and noxiou5 substances other than oil and the 
minimization of accidental spills". 

Oils and oil products can enter the marine environment from 
submarine seeps, from s:1ipping operations and marine accidents, 
both on the high seas and in port (up to 1]11. tons per annum) and !Jy 
discharge to ri vcrs, self.ers, and so fi!1u.lly to the sea. Aerial 
transport of oil derived fror.1 internal conbustion engines may transfer 
substantial quantities to the sBa. 

*ThiS sections arc in process of revision 
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In general, oil is lighter than water and tends to spread 
fairly ra9idly, forming a thin layer w~1ich moves over th~ surface 
under the influence of vlinds and tides. T;lOUgh fou::1d widely ov(!r th,,= 
oceans it is most frequent around the Main routes by 1vL1ich oil 
is carried from producing areas to the refineries and along 
trade routes and near the population centres they connect. 

In temperate and tropical zones oils are biodegraded and 
also poly:nerized; under the action of lig:lt and oXYlJcn density 
increases and the particles 'become dense enough to sink to the 
sea floor. In very cold 'daters such as the Arctic it is not 
knmvn ",hether or not biodegradation occurs. l\. fresh crude oil 
can lose up to 3:) percent by evaporation in 3Q hours. l\ much 
smaller amount can dissolve in the \.;ater. These effects tend 
to increase t:1e density to t;1e sinking point. 

Oils \vith high \'lax content or ',qhich are very viscous uo not 
degrade so rapidly and are frequently found on bC!aches as lUFl;;:'s or smears 

of so-called "tar" . "Tar balls" are ubiquitous in many ocean are:.lS r 
particularly on major tanker routes, and may be d'3rived from 
tanker ~.;ashings. 

ahen hig{lly dispers~dloil may be moderately toxic to r.1arine 
life but under nor:':Ial fiel'] conditions toxicity is 1m!. 1'h8 
sPGcies ~ost at risk an" those living in th8 littoral zone where 
oil may be deposited on a falling ti'le. In such circumstances, 
shellfish have becomG tainted and edi':lle seaHeeds both reduced 
in gro\'lth and made unsaleable. :cxDerilTlents in te'':'!gerate zones 
have sho'vn that a single h'2avy contamination of the flora d:ld 
fauna of the intertidal 2\one ;li1G a negligible effect t;lOugn 
repeated applications (every tide) of a much sr:laller anount -
a hardly visible film - eventually leads to a reductio:1 in the 
number of .speci~s and in SO!'lC cascCl, aosence of life. In tropical 
areas marine life Y.lay 'Je more ,'3ensitive to da~,lage by oil. 

In inland estuarine "wtcrs or enclosed bi"lYs or sirrt~lar 
situation~, the effect of the more toxic aromatic frac~~on~) 
togetber '""ith the reduction in dissolv'3d oxygen re~ult~ng from 
biodegradation, may produce more marked mortality ~n many 
species. 

f r f' . It i"" believed that traces of hydrocarbons !":lay af,ec _ l.sn 
behaviour'" such a3 the return of salmon to the "home" r~Vi~r. 
so~e oils contain carcinogens and t"cJ.eir reported <?ccurre~c: 
in organisms in the food c~lain as t'1e rcs111 t of o~l P?llutJ.on 
could, if 9roven, lead to SOI'1C risk to F.lan as the ult~mate 
consum2r. 

Oil nollution is popularly recrarded as an impnrtqnt contaminant 
, "t' ..... , 1e and , 0 a qr~-'at of the ocean very largely bc.caus'; 1 1S V~-:,10 I ''-' '),.. - -

dc"'-:)oiler of coastal amenities. It also kl.lls S2a 01rd.:>, 
pa;ticularlY the diving birds, vlhich, b2ing Hashed as:1ore in an 
oiled condition, arouse great concern. 
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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 oalm conditions but 

it is still difficult to apply such methods to the open sea. 

Sinkjng techniques are now regarded as less desirable because of 

the tendency of sunken oil to return to the surfaoe or to move 

substantial distances and so affect living resources. However, 

it may be necessary to use such methods as -an 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 effeotive at lower concentration, enabling better 

use to 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 

condi tions. 

3.6 Organic chemicals 

The number of organic chemicals known to man at the present 

time exceeds 1 million. A wide range of these substances occur 

naturally in animals and plants and in natural products such. as 

petroleum. 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 the proportion will exceed 90 per cent by 1980. 

As a starting point in the review of the potential pollution 

risk posed by organic chemicals, the ~lorking 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 'Horking Group has used the Report of an Ad Hoc 

Panel of H-4CO and GESAMP Experts to Review the Environmental Hazards 

of Noxious Substances other than Oil Transported by ~hips (GESft~P 

IV/19.hupp. 1) and a st.udy by Norway for niCe on the bulk carriage 
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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 quanti ties, 

type of ship,etc. involved in bulk transport of chemicals. Because 

replies to the questionnaire 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 quoted. 

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' cargo. Comments are made on the effect 

such a spillage might havej these are equally applicable to 

accidental massive losses from a factor,y 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 Group 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. Extent 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, etci 
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4. Effects on marine life including bio-accumulation, or 

tainting; 

5. Hazard to human health by ingestion directly or via sea 

food, by skin or eye contact or inhalation, for exa~ple 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; 

1. Nature of breakdown products produced in the Il:a.rine 

environment, their toxicity and persistence. 

Acetone CH3COCH3 dimethyl ketone, 2-propanone 

Acetone is a very widely used solvent, especially in paints, 

varnishes and the pharmaceutical industryi it is also used as a 

delustrant in cellulose acetate fibre manufacture and as a geheral 

degreasing agent. The compound is manufactured on a world wide scale, 

~ith plants in most developed countries. 

Because of its very wide scale usage as a solvent, substantial 

amounts are likely to enter the sea in effluents discharged to rivers 

or via pipelines. 

Transport by sea i.s largely in chemical tankers. 
o Acetone is readily miscible with water. highly volatile (B.P.56 C) 

and inflammable (F.P. - 20
o

C)j the vapour will ignite above water 

solutions of 2 - 3~. 

Its acute toxicity (LCSO) 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 

liquid produces transient eye irritation. 

Even a substantial spillage would be unlikely to create an 

ameni ty problem. Its smell is not objectionable (it is used in 

many paints). 

Acrylonitrile CH2 '" CHCN 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. 

"Ac ril an" and"Courtelle") j it is also employed as a grain fumigant. 
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Small quantities 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 t per tank. Maximum release from 

rupture of two tanks possibly 400 tons). 

Although lighter than sea water (sa 0.80), it is soluble in 

"later (31 gil in fresh water) and is unlikely to remain on the surface 

of the sea due to its solubility and volatility (BP 77.3 0 C). 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. OOC explosive limits 3-17%). 
If released to the marine environment in substantial quanti ties, 

it would consh tute a si.gnificant hazard to marine life, (LCSO 1-10 ppmJ 

It is not bio-accumulated but longer term low level effects are 

uncertain. Breakdown products in the sea are likely to be less toxic 

than acrylonltrile. 

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 acrylonitrile is unlikely to polymerise 

on the beach. 

Benzene C6H6 benzol 

Benzene has many industrial uses: for example, in solventsj 

as a starting material for the manufacture of "hard" detergents and 

of cumene used in the production of resinsj 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) 

its flashpoint is very low (_17°C) and it 

limits 1-8%). 

readily (B.P. 

If spilt, it floats on the 

BoDC) • 

is somewhat above toluenej 

is also an explosive hazard (explos: 

sea (s.G. 0.88) and evaporates 

Benzene has an acute toxicity to marine life (LC50) in the range 

10-100 ppm but it is not bio-accumulated. Breakdown products are 

less toxic than the benzene which is a human hazard because it 
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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 explosive hazard on a beach, but 

this would be a short-lived situation. 

Carbon disulphide CS2 Carbon bisulphide 

This substance is mainly used for the production of rayon 

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 quantities 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 drumn. 

It is heavier than seawater (S.O. 1.26), very volatile (B.P.46°C) 

and highly infla~mable (F.P. _30oC). It presents an acute fire and 

explosive hazard and may ignite spontaneously 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 (LCSO) 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 health hazard. 

Carbon tetrachloride CC1
4 

tetrachloromethane, perchloromethane 

It is used in the manufacture of aerosol propellants and 

refrigerants; and as a solvent, degreasing agent and agricultural 

fumigant. It is al80 used in the chlorination of paraffin wax to 

produce "Gerochlorsu, plasticisers for paints, etc. Usage is world

wjde, principally among industrialized countries. 

It is not a problem in effluents, the main losses being to the 

air by evaporation (B.P. 77°C) where it may be broken down by 

ultraviolet light. 
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Carbon tetrachloride is carried in bulk tankers (amount carried 

in 1970 - llt1.,203 tons; maximum lond about 1000 tons; usu.ally small 

chemical tankers). 

Solubility in fresh water is 750 ppm and probably less in sea 

water. It is heavier than sea water (s.G. 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 observed concentration in Irish Sea coast~ 'water was 1 x 10 or 

10-11i concentration in fish showed a higher degree of magnitude 

in the same area. Some 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 liquid can be absorbed through the skin and the vapour, 

which is heavier than air, may be inhaled. Exposure to either liquid 

or vapour may cause severe liver damage. 

The smell is distinctive but not highly objectionable. Following 

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

beach over a period. 

Chlorobenzene 

phenyl chloride 

C6H
5
Cl monochlorobenzene, benzene chloride, 

This is a liquid used as an intermediate in the production of 

phenol from benzene, as a starting material in dyestuffs manufacture, 

and in the production of fine chemicals. It is also employed as 

a 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 liquid industrial effluents. 

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

Chlorobenzene is moderately volatile (B.P. 132°C), heavier than 

water (~.C. 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 dO\m by r.1icroorganisms to hydrochloric 

acid and phenol, which eventually breaks down to carbon dioxide and 

wat~r. In the atmosphere it is broken down by ultraviolet light 
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in about two weeks. It may accumulate in sediments depending upon 

organic content and concentration in the overlying Hater. 

Ingestion of the liquid and inhalatjon of high concentrat"ions 

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 GRGl
3 

trichloromethane 

Chloroform has many uses: in toothpastes and pharmaceutical 

productsj as a flavouring in foodsj as a solvent; and in making 

aerosol propellants and refri.gerants. It presents a minor fire 

hazard and is, therefore, not used in major industrfal processes, 

but it is employed in small amounts in a wide variety of ways. 

An important route to the mari·ne 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 than carbon tetrachloride (B.P. 61 0 C) 

and more soluble in seawater (ca. 1.5%). It is heavier than 

seawater (S.C. 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 liquid 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 onto 

which the liquid might be brought by successive tides. 

Cresol CH
3

C6H
4

0H methylphenol, cresylic acid, tricresol 

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

1,4 hydroxymethylbenz,ene.. Cresols have a very wide usage, mainly 

in the manufacture of disinfectants and synthetic resins, but also 

in the production of tricresyl phosphate, salicylaldehyde, coumarin 

and herbicides. They are produced in many countries. 
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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 - l.05). 'l'hey are slightly volatile (B.P. 195 -20SoC) and 

soluble in water (ca. 2%). They are inflammable (F.P. 80_86°C) 

but do not. present a, major fire risk. 

They have an acute toxicity to marine life (LC50) in the 

range 1-10 ppm and are liable to taint fish and shellfish at v.ery low 

concentrations with consequent interference with marketing. They 

are biodegradable, the breakdown products being less toxic than the 

parent compound. 

Cresols are highly irritant and rapidly damage skinj they 

are hazardous to huma~ beings on oral ingestion or following 

absorption through the skin. Solutions are somewhat less harmful. 

A large spillage near a beach would create an amenity problem. 

Crotonaldehyde CH
3

CH CH CHO Methyl acrolein, crotonic aldehyde 

This is used mainly for making 2-ethyl-hexanol and acdate solventsj 

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 on a large scale. 

It is lighter than sea water (s.G. 0.86), moderat.ely volatile 

(BP 1020 C), soluble in '<later (ca l5.5';t) and inflammable (rp UOC), 

but has low vapour pressure; explosive and fire hazards are minor. 

Acute toxicity to marine life (LCSO) is in the range 1-10 ppm, it is 

biodegradable but not bioaccumulated.Breakdown products are less toxic 

than the parent compound. 

Both llquid and vapour are strongly irritantj splashes of liquid 

in the eye may cause blindness. Exposure to liquid, vapour (TLv 2 ppm) 

and solutions is extremely hazardous and beaches affected by a 

spillage would have to be c.leared for a period. It has a pungent 

smell. 

Cumene C6H
5
CH(CH3)2 isopropylbenzene, cumol 

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

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

Horld wide carriage is in bulk (amount carried in 1910 - 151,075 

tons) • 

Cumene is lighter than seawater (s.G. 0.86) and practically 
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insoluble. It is moderately volatile (B.P. 152°C) arid 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 

evaporationj any that dissolved would be degraded. 

Although very high concentrations of the vapour are narcotic, 

curnene is unlikely to harm human health. 

A large spillage near a beach might create a short lived 

amenity problem because of the fire risk. 

a-Dichlorobenzene 1,2-dichlorobenzene 

This substance is used in the manufacture of isocyanates and 

qyestuffs, 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 volatile (B.P. l80oc), heavier than 

seawater (s.G. 1.31) and practically insoluble (ca 100 ppm in 

seawater). It is inflammable (F.P. 65°C). 

o-Dichlorobenzer.eis highly toxic to fish (LC50 ca 1 ppm) and is 

accumulated and lost ver,y rapidly (within one week), with high 

concentrations in the liver, but ver,y 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 but 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, 

a 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 penetratinGI but not unpleasant. 
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p-Dichlorobenzene C6H
4

C1 2 l,4-dichlorobenzene 

This substance is a solid (M.P. 530 C). Its main uses are as 

a deodorant, moth repellent and soil fumigant, and in the manufacture 

of qyestuffs and fine c~emicals. 

Losses to the environ~ent will occur mainly by evaporation 

(it is widely used as a deodorant). 

It is transported largely in drums. 

It is heavier than seawater (s.a. 1.46)-, slightly volatile 

(B.P. 174°C) and practically insoluble (ca 75 ppm). It is inflawmable 

(F.P. 65°C). 

p-Dichlorobenzene has an acute toxicity to fish (L050) of ca 1.5 ppm; 

there is no information regarding its bioaccumulation but it is 

probably similar to a-dichlorobenzene. Bio-degradability and breakdown 

products have not been investigated. 

The risks of injury to human health are extremely 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. 
~o, 

Epichlorohydrin CH2-CH CH2Cl, 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 paint s. 

Trade is mainly between the developed countries (amount carried 

in 1970 - 2445 tons). The maximum ~hip consignment is likely to be 

around 500 tons, with a maximum tank size (no~ally stainless steel) 

of 200 tons. The bulk of the material transported is carried in 

drums. 

Epichlorohydrin is heavier than water (S.G. 1.lS), moderately 

volatile (B.P. llSoC) 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 (LC50) to marine life is in the 

range 1-10 ppm, it is unlikely to be accumulated by marine animals 
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and is probably readily broken down by bacteria and other aquatic 

life. The final breakdown products and intermediates are likely to 

be of lower toxicity than the parent compound. 

Repeated contact with the liquid may cause allergic 

sensitization. 

Because of its volatility and strongly irritant vapour, 

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 

alcoholic drinks. It has many minor uses and is consequently present 

in small quantities in many industrial effluents. 

Trade is world widej sea transport is in bulk (amount carried 

in 1970 - 59,477 tons) and in demountable tanks. 

Ethyl alcohol is lighter than (5.G. 0.80) but completely miscible 

with seawater. It is volatile (BoP. 7SoC) and inflammable (F.P. 9_1I oC). 

Its acute toxicity to marine life (LC50) is in the r~ge 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. 

No human health hazard or amenity problem is likely to arise 

from the relea8e of ethyl alcohol to the marine environment. 

Ethylbenzene C6H
5
C2R

5 
phenylethane 

This substance is used in the production of styrene monomer 

and as a solvent. 

Its main rotite to the sea will be in wastes from manufacturing 

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 \-later (s.G. 0.87), practically insoluble, 

moderately volatile (B.P. 136°C) and highly inflammable (F.P. 20°C). 

Its acute toxicity to marine life (LC50) is in the range 10-100 ppm, it 

is not likely to be bioaccumulated and the breakdown products are 

expected to be less toxic than the parent compound. 

Liquid and hi~h concentrations 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 pro~m. 

Ethylene dichloride CH2Cl.CH2Cl 1.2 dichloroethane 

This substance is a solvent for gums, fats and waxes. It is 

used in the manufacture of paints, varnishes and other surface 

coatings and in the production of artificial fibres and plastics, 

e.g. acetyl cellulose, vinyl chloride and PVC. It is also used in 

the production of automobile anti-knock co~pounds. 

The principal source of contamination of the marine environment 

is from wastes arising from industrial processes; tanker washings 

are relatively unimportant. 

Worldwide tanker trade is in bulk (amount carried in 1910 -

241,356 tons). 

It is heavier than seawater (S.O. 1.26), slightly soluble (ca 1%), 

and volatile (B.P. 85°C); spillage could create a fire risk (F.P. lSoC). 

Acute toxicity to marine life (LC50) lies above 100 ppm, with 

short term accumulation only. This substance cannot be detected in 

the marine environment 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 liquid 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 close to a beach there would be a minor 

amenity problem, since ethylene dichloride, though heavier than 

water, might be brought ashore by successive tides. 

Ethylene glycol CH20H.CH20H 1.2 ethanediol 

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 manufacture of Terylene. Smaller quantities are widely used, e.g. 

in cosmetics, printing inks, brake fluids and laminate plastics. 
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Because of its low volatility (B.P. 191°C),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 

chemical tanker washings. 

World trade is extensive, especially of the high purity fibre 

grade compounds;large amounts are carried in ordinary chemical 

tankers (amount carried in 1910 - 169,161 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 volatility. 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 liquid is not harmful to human skin but 60 m1 is reported 

to be a fatal dose when taken by mouth. Harmful concentrations of 

vapour are unlikely to OCcur at sea. 

Except where large amounts are spilt in enclosed bays or 

estuaries when deoxygenation may occur, the material does not seem 

likely to cause any problem in the marine environment. 

Methyl alcohol 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 automobiles. It is employed as a denaturant for ethyl alcohol. 

It is produced in many countriesj world-tlide carriage is in 

bulk chemical tankers (amount carried in 1910 - 611,601 tons). 

Methyl alcohol is lighter than sea water (S.G. 0.19), volatile 

(B.P. 65°C), completely miscible with water, highly inflammable 

(F.P. 12°C) and explosive (explosive limits 6-31~~). 

It has an acute toxicity to marine life (LC50) above 1000 ppm. 

It is not bioaccumulated 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 vapour depress the nervous system and cause respiratory failure 

and blindness (which may be permanent), methyl alcohol is unlikely 
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to present a health hazard under conditions whioh may be enoountered 

following spillage at sea. 

There is no amenity problem. 

Methylene chloride CH2C12 methylene dichloride, dichloromethane 

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

a paint stripper, both 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 ver,y volatile (B.P. 40oC). It is inflammable. 

It is not bioaccumulated and acute toxicity to marine life 

" (L050) ismore than 100 pp~ •• There is no information on bio-degradabilit~ 

but photochemical breakdown in ultrav:idet ·light is rapid. It cannot be 

found in the marine environment by present methods of analysis. The 

breakdown products 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 preventatives in wood, cellulose products and natural 

fibre ropes, aDd as paint driers. The commercial grade is normally 

dark in colour with a strong unpleasant smell. 

This substance is mostly moved in drums, but pccasionally in 

bulk tankers (amount carried in 1910 - 1,963 tons). 

It is lighter than sea water and practically insoluble; it is 

not volatile. 

Acute toxicity to marine life (LC50) is in the range 1-10 ppmj 

it may possibly result in tainting of fish and shellfish. It is 

likely to be biodegraded, the breakdown products possibly having a 

similar toxicity. 

Naphthenic acid is unlikely to be harmful to man, but because 

of its strong persistent smell,a substantial spillage could create 

an amenity problem. 
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Phenol 

This is a sinele substance with no isomers. Its fOrITIGr majn 

source, coal tar distillation, ha.s now been largely superseded by 

synthesis from benzene. It is eenerally used a~ a chemic~l inter

mediate, for example in production of resins, including ba,kelite-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 uses and is contained also in a number of household 

products. It ~ay, therefore, be present in many industrial and 

domestic wastes. It is dGtectable at very low levels. 

Carried in road and rail tankers and in ships (amount carried 

in 1970 - 28,970 tons)i it may be molten or as a 60% solu+,ion in 

water or as a solid. 

It can be ve~ objectionable as a contaminant of potential 

water supplies, e.g. from desalination and can be tasted at concen

trations as low as 20 ppb after chlorination. Disposal of wastes 

containing phenol is usually carefully controlled in developed 

countries. 

Heavier than seawater (S.O. 1.07) but miscible and ver,y soluble, 

phenol is a significant hazard to marine life, (LC50 10-100 ppm). 

Tainting of fish and shellfish may occur at ver,y low concentrations 

and can produce severe difficulties in marketing. Although chemically 

stable, phenol is bio-degradable but the speed of this process in t.he 

sea is not knollm. It will react with proteins but action on marine 

life has not been closely studied. BreakdOloffi 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 IIlOul d create a significant but 

short-lived amenity problem. 

Phthalate esters 

These are est.ers of a-phthalic acid (1,2 - C
6

H
4

(COOH2 )) and 

alcohols raneing from C
l 

to Cu with various isomers. 'l'hey are 

USed mainly as plasticisers in the production of PVC, polyvinyl 

acetate, cellulose nitrate and a few other plastics whGre flexibility 

is requi'red. They are also used as solventG, insect repel1ants, 

alcohol denaturants and in cosmetics. 
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The main routes to the sea Hill be effluents from manufacturinG 

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 \"Iill sink 

slowly. They are not volatile (n.p. above 283°C), practically 

insoluble in water and virtually non inflammable. 

Although widely found, the toxicity to marine life of phthalates 

is in general very low but will vary \-Ii th the alcohol used. One of 

the most widely used - di-octyl phthalate - has a very low acute 

toxici ty but work on di-butyl phthalate !haws a 96 hour LC50 in the 

range 1-10 ppm. Di-octyl and di-butyl phthalates are accumulated 

by some invertebrates and fish from water by factors of 1400 to 3600 

times. There are indications that natural synthesis can occur in 

biologica1 material. Hydrolysis and mctabol ism 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 breakdoNn will vary between 

esters. 

Human health i,s unlikely to be harmed by direct contact with 

the esters, and there is no evidence that fish contaminated \'dth 

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 rronomer C
6

H
S

CH: CH2 vinyl benzene or phenyl ethylene 

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 stabiliseI' (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 "lidely used in thermal 
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insulation and as a packaging material. 

The monomer is a colourless inflammablE' liquid (F.P. 32°C) which 

is lighter than water (s.a. 0.91) and practically insoluble. It would 

£bat on sea water and, because the stabiliser is readily soluble in 

water, the monomer would probably polymerise to a solid unless dispersed 

by wave action. It is moderatly volatile (B.P. 145°c). 

Styrene monomer has an acute toxicity to marine life (LC50) in 

the range 10 - 100 ppm. The polymerise.d material is not toxic to man and 

is only very slowly degraded. Degradation products of the polymer and 

the monomer in the marine enviroTh~ent are not fully known,but are 

unlikely to be more toxic than the parent compound. The familiar 

expanded polystyrene beads are produced by heating small beads of 

polystyrene containing occluded pentene. These beads are almost 

neutrally buoyant in sea i'later 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's. 

Toluene Methyl benzene, phenylmethane, toluol 

This substance is widely used in industry, especially as a 

solvent and chemical intermediate, and is also used in the manufacture 

of explosives ('TNT). 

It is carried in bulk by sea on a Horld wide scale (amount 

Carried in 1910 - 366,441 tons). 

It is more volatile than xylene, highly inflammable (F.P. 4°C), 

and has a similar explosive risk (explosive limits 1-1%). It is 

lighter than seawater and only slightly soluble, though more so than 

xylene. 

The biological properties of toluene 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 xy::J.sne but does 

not have the toxio properties of benzene. It is not a akin irritant. 

Amenity risks from a spillage ~lo'!.J.ld be similar to those ofy;ylene. 

Toluene diisocyante 

The normal commercial product is a mixture of the 2,4 and 2,6 isomers. 

It is used mainly in the production of pol~~rethane foams which are 

employed in upholstery and in refrigeration as thermal insulator!,;!. 

It is also used as a cross linking agent for nylon 6. 
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Trade is world-wide and the normal means of transport is in 

drums; in future SO!l1e may be transported in bulk. 

It has a sharp pungent odour, is slightly volatile (B.P. 251°C) 

and is heavier than water (S.G. 1.22) .. lith which it reacts to evolve 

CO2 and form phenyl ureas which are solids. It m~ be a solid or 

liquid (MP ea 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 

wi th sea ~~ater producing substances which arc not harmful. 

'rhe liquid and vapour are markedly irritant and highly toxic to 

man; the vapour is harmful at a very 1m-I cancentratian(TLv 0.02). 

Because it is widely regarded as a particularly hazardous substance 

to ma~ great care is necessary in handling. Losses in manufacture 

or use are likely to be very small. 

Losses of drum-sized quantities could, however, cause serious 

amenity problems at least for a short time. 

Trichlorobenzenes C6H
3

C1
3 

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 (r.r.p. nOc); 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. 

Li tt1e is known about possible losses to the environment, but 

these will include evaporation .• 

These substances are heavier than sea water (s.a. 1.5 - 1.7), 

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 LC50 of about I ppm. There is no information on bio

accumulation or breakdown products but the degree of bioaccumulation 

is likely to be at least as great as for a-dichlorobenzene. 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 CH3COOCH: CH2 
This substance is used in the mamlfacture 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. 72oC) and very inflammable 

(F.P. 1%), and presents a serious fire risk. It will float on the 

sea (s.G. 0.93) and is moderately soluble (ca 2%). 
Acute toxicity to marine life (LC50) is in range 100 - 1000 ppm. 

and it is readily bio-degradable. 

The liquid monomer and its vapour are of low toxicity 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 CH2: CH Cl chlor ethylene 

This is a gas (B.P. B.SoC) carried. as a liquid 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 contamination 

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 solubility 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 8n 

amenity problem. 

dimet,hylbem .. ene, xylol 

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

is widely used as solvents in the manufacture of paints and other 
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surface coatings and in the synthesis of org~~ic chemicals. Ortho

zylene is used in the manufacture of phthalate plasticisers 

(Phthalates arc now made in most developed countries). Paraxylene 

is used in making "Terylene", a synthetic fibre. 

Main routes to the sea are by spillaee, leakage from manufacturing 

plants and tank washings. The bulk of the xylene llsed in paints 

evaporates and there may be some transfer from the air to the sea. 

Xylene is carried in bulk by sea in large quantities on a world

wide scale (amount shipped in 1910'- 603,291 tons). Bulk cargoes 

may be either single substances or mixtures. 

It will float on ,..rater (S.O. o.86), is practically insoluble, 

and evaporation will occur rapidly (B.P. 131 _140oC). It is 

volatile and highly inflammable (F.P. 29°C) and explosive (1% lower 

explosive limit). A substantial spillage will create a fire and 

explosion hazard. 

Xylenes are relatively stable substances whose chemical break

down is SlOl'l, but the resulting products are less toxic. Toxicity 

to marine life is not well established but is not high unless 

emulsified into the water with other chemicals. Further investigations 

are needed. Xylenes are not likely to be bio-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. 

3.1 Organic industrial wastes 

L 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 t-lith sulphur-

containing compounds, arising from the wood digestion process, and 

chlorinated phenolic compounds creat'ed by bleaching the pulp and paper. 
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High BOD ~s a characteristic of untreated sulphite pulp 

effluents 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. 

'I'he solid fractions of pulp and paper mill wastes may 

accumulate in sludge beds to produce local nuisances. rrhese 

undergo decomposition and remove dissolved oxygen from water. 

They often form noxious gases. In addition, large areas of the 

bottom of receiving bodies of water may be covered with a layer 

of settled organic material having undesirable effects on benthic 

communities. By the use of improved in-plant facilities, more 

efficient screenil'g and better retention in clarifiers and/or ponds 

solids losses can be reduced. The effects of pulp and paper mill 

wastes on the higher forms of marine flora and fauna are often 

sub-lethal rather than acute. For example, oyster quality is known 

to have declined in many pulp mill areas, although there is Ii ttle 

documentation on actual mortality. The food supply o£ these 

sedentary organisms can be ma~kedly 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 

bqys and estuaries, especially in tropical areas l owing to decomposition, 

and if the wastes contain a high proportion of solids,local sludge 

deposits may result. When deoxygenation occurs, noxious gases are 

evolved and amenities are likely to be affected. Provided the 

wastes are adequately diluted and dispersed and local accumulations are 
prevented, direct aoute toxicity problems oan be avoided. Chronio toxioity 
is unlikely except in the immediate vicinity of outfalls where dispersive 
prooesses are poor. 

3.8 Military wastes 

The dumping of military wastes may be a significant factor in 

the pollution of national and international waters. These wastes 

may consist of organic material, biological a~d chemical warfare 
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agents, heavy metals, petrochemicals, 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 toxicological nature of these 

materials is frequently unknown. Moreover, details concerning 

the dumping of these materials are not generally available. 

~evertheless, it should be pointed out, that the dumping of many 

of these materials may be contrary to sound conservation practice 

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 m~ 

cause two main types of undesirable effects; it decreases oxygen 

solubility in water and increases metabolic activities of microflora 

and fauna generally, which in turn may result in higher BOD and 

eutrophication. When the discharge of wastes of high BOD,from 

domestic sources, is accompanied by thermal pollution a local 

environmental degradation may result affecting natural self-purification 

capacity. Fluctuating water temperatures may produce changes in 

biological communities. 'l'he 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 commercial species 

of fish and shellfish and, on the other hand, may lead to the 

introduction anel establishment of undesirable forms such as timber 

boring organisms. Special care is needed in siting power stations 

employing seawater for cooling 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 rec'eiving 

waters; 
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(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 

biodegradable, as a result of conversion by manufacturers from 

the "hard" alkyl benzene sulfonate (ABS) to the "softH lauryl alkyl 

sulfonate (LAS) form. The former are., however, still widely used 

in industry. Sodium polyphosphates remain as a major constituent 

(20-60%) in detergents. Because they perform vital functions 

related to cleaning efficiency and no generally acceptable 

substitute is available, manufacturers are reluctant to eliminate 

or even reduce the amount of phosphate in detergents. NTA (sodium 

salt of nitrUotriacetate) 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. 

3.11 Solid objects 

Any solid objects, heavier than seawater, dumped on the 

continental shelves or slopes may interfere with and damage bottom 

trawls or seine nets. Under the terms of the London Convention 

(1912) on the Dumping of Wastes at Sea, the deposit of Hpersistent

plastics and other synthetic materials, for example netting and 

ropes, which may float 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 permit under the terms of this 

Convention. 

In granting such special permits one of the factors to be 

considered is the suitability of the proposed di-sposal site in 

relation to, for example, exploitable resources and fishing areas. 

Many of the synthetic plastics are virtually 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 

63 



commonly found floating in areas of intense fishing activity, 

such as the North Sea, and they can immobilize vessels by getting 

wound round propeller shafts. Again, plastic bottles and containers 

thrown overboard and washed ashore 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 getting 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 oil 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 terms 

of the Oslo 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 npoil and inert wastes 

Inert wastes are introduced into the marine environment in 

very large quantities via rivers and pipelines, by dredging and 

mining operations and from barges. In shallow coastal Beas 

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 

populations 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 a~d micro

organisms, thereby interfering with the normal bottom component of 

biological energy cycling. These effects may be particularly 

disastrous in tropical reef areas where ma~y reef organisms such 

as corals, sponges and coelenterates are especially sensitive to 

increased sedimentation. There is a need for accurate quantitative 

data regarding the effects of increased sediment.ation on marine 

fauna and flora. 
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In addition to sand a.nd silt dredged fr9m navigable channels 

and harbours., and dumped at sea, there are industrial activities 

which result in a large volume of inert waste which may either 

reach the sea by pipeline as a slurry, be dumped from barges, 

or merely tipped on the shore. Examples are china clay, gypsum, fly

ash from power stations and colliery waste. These materials are 

usually inert and non-toxic but m~ affect marine life by settling 

on the sea bed, and so modifying the ecosystem, or by creating 

turbid conditions and reducing light penetration. Primary production 

m~ be decreased, fish spawning grounds mqy be destroyed and the 

Bettlement of molluscs prevented. The bottom may be rendered 

unsuitable for crustacea such as lobsters, crabs and prawns, but 

new communi ties of bottom animals may be produced which may provide 

addi tional food for fish. lihere dredging includes a substantial 

quantity of organic material, an additional EOD may be created 

locally and nutrients may be added. Where material is dredged from 

industrial harbours or estuaries it may contain significant quantities 

of absorbed pollutants, e.g. metals. 
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Table 1 

IIAJOR OATIXlORIES OF IIARINE POLLUTION 

Category Harm to Hazards Hindrance Reduction of 
living to human to maritime amenti ties 
resources heal th aotivities 

1) Domestic sewage •• .. (.) .+ 

2) Pesticides 

~rganoohlorine oompounds •• (.) 
Organophosphorus 

oompounds • 
Carbamate oompounds • 1:l Herbicides • Mercurial compounds •• +. 
Misoellane9us metal-

based opds. • + 
PCBs •• (.) 

3) Inorganic wastes 

Aoids and alkalis 
(+j 

• 
Nutrients and Ammonia (. 

1:l 
(. ) 

Cyanide (. 
Sulphi te (. 

1:l Ti tanium dioxide wastes (. 
Mercury ++ •• 
Lead ( .) (+) 
Copper • ? 
Zinc • 
Chromium 

1:j 
? 

Cadium ? 
Arsenio (. 

4) Radioaotive materials • 
5) .Qll + ? • .. 
6) Organic ohemicals 

Acetone 
Aorylonitrile • • !:l •• Benzene (.) 
Carbon disulphide •• • • • 
Carbon tetrachloride • + • 
Chlorobenzene ++ (·l Chloroform (+) (.) (. 
Cresol • • Crotonaldehyde • + 

1:l 
+ 

Gumene (+) 
o-Dichlorobenzene +. 1·) p-Diohlorobenzene •• .) 
Epichlorohydrin • ( .) + 
Ethyl Aloohol 
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 glyool 
Methyl Alcohol 
Methylene ohloride (+) 

(+) Naphthenic acid + 
Phenol + 
Phthalate Esters ? ~+)1I 
StyTene monomer f:l Toluene (+) 
Toluene diisocyanate + + ++ 
Triohlorobenzenes ++ (+) 
Vinyl acetate (+) + 
Vinyl ohloride (+) (+) 
Xylene (+) (+) 

7) Organio wastes 
~l~PUlP and paper wastes ++ (+) + 
2 other ~igh BOD wastes + ++ 

8) Kili tarz wastes ? ? 

9) .!!!!! + 
10) Detergents ? 

11) Solid objeots (+) ++ ++ 
12) DredSing: s::2oil and 

inert wastes + (+) + 

Key to symbolss ++ important 

INDICATION FOR CONTROL 

+ significant 
(+)slight 
? unoertain 

negligible 

In relation to the prevention and control of marine pollution, the 
symbols in Table 1 would generally imply the f'ollowings 

++ restriotive or preventive measures recommended 

+ restriotive or preventive measures should be considered 

? further investigations required pending which caution is 
recommended 

(+) - DO speoial action indicated 

no special aotion indicated 

********* 
11 Relates to polymer 
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TAllLE 2 

RELATIVE n!PORTANCE OF THE DIFFERENT ROUTES 'BY !-THIGH POLLUTANTS EN~ER 1}'l'lE SEA 

(oi (b) (c) (a) (e) (r) (g) (h) 
Nanu:facture Domestic Agriculiiure , Deliberate Operational Accidental Exploita- rransfer 
and use of wastes - forestry, dumping discharge release tion of from the 

Category of industrial disposal public health from ships from ships from ships sea-bed atmosphere 
products - via direot _ via in course and sub- mineral pollutant disposal via outfalls run-off of duties me,rine resources 
direct out_ and rivers from land pipelines 
f'alls and 
rivers 

1. IJomastic",Sewa.ge- 0 3 0 2 1 0 0 0 

2. Pesticides 

Orcane-chlorine compounds 2 2 2 0 0 p 0 3 
Organo-phosphorus 
compounds 2 1 2 0 0 p 0 3 
Cnrbamate compounds 2 1 2 0 0 p 0 ? 

.... Herbicides 2 1 2 0 0 p 0 ? 
0 r:ercurial compounds 2 0 3 0 0 p 0 ? 

IHaoellaneous m~tal -
containing compounds 2 1 1 0 0 p 0 ? 
PCB's 3 0 0 0 0 P ? 3 
3. Inortro.nic Hastes 
Acids and Alkalis 3 0 0 2 1 P 0 0 
Sulphite 2 0 0 0 0 0 0 2 
Titanium dioxide wastes 3 0 0 3 0 0 0 0 
j.Iorcu:r"'J 3 2 0 0 0 p 0 3 
Lead 2 1 0 ? 0 0 0 3 
Copper 3 2 1 1 0 0 0 0 
Zinc 3 2 0 1 0 0 0 0 
Chromium 3 0 0 1 0 0 0 0 
Cadmium 3 0 0 0 0 0 0 ? 
.-''.J:'senic 3 0 1 1 0 0 0 0 

4. Radioactive materials 3 0 0 1 0 p 0 P* 

~ Oil 3 1 0 1 3 2 1 ? 



TABLE 2 (continued) 
RELATIVE HIPOllTAIiCE OF THE DIFFERENT ROUTES BY !-flITCH POLLUTANTS ENTER THE SEJ\. 

(.) (b) ( c) ( d) ( e) ( f) (g) (h) 
Manufacture Domestic Agriculture, Deliberate Operational Accidental Exploita- Transfer 
and use of wastes - forestr,y , dumping discharge release tion of- from the 

Categor,y of industrial disposal public from ships from ships from ships sea-bed atmosphere 

pollutant products - via direct health-via in course and sub- mineral 
disposal via outfalle run-off from of duties marine resources 
direct out- and rivera from land pipelines 
falls and 
rivers 

6. Organic chemicals 

Acetone 3 0 0 1 0 0 0 0 

Acr,yloni trile 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 0 0 p 0 p 0 ? 

Chlorobenz,ene 3 0 0 0 0 p 0 ? 

Chloroform 3 0 0 0 0 0 0 ? 

Cresol 3 2 2 1 1 P 0 0 

Crotonaldebyde 3 0 0 0 0 p 0 0 

Cumene 3 0 0 0 1 P 0 ? 

a-Dichlorobenzene 3 0 0 0 0 p 0 ? 

p-Dichlorobenzene 3 2 0 0 0 p 0 ? 

Epichlorohydrin 3 0 0 0 0 p 0 0 

Et~l Aloohol 3 0 0 0 0 0 0 0 

Ethylbenzene 3 0 0 0 0 p 0 ? 



TABLE 2 (continued) 
RELATIVE Ii-TPORTANCS OF THE DIFFERENT ROUTES BY mIICH POLl UTili"'ifTS ENTER TIlE SEA 

( a) (b) ( c) ( d) ( e) ( f) (g) (h) 
Manufacture Domestic A,,!,ricul ture i Deliberate Operational Accidental Exploita- Transfer 
and use of wastes - forestry , dumping discharge release tion of from the 

Category of 
industrial disposal public from ships from ships from ships sea-bed atmosphere 
products _ via direct health _via in course and sub- mineral 

pollutant 
disposal via cutfalls run-off from of duties marine resources 
direct aut- and rivers from land pipelines 
falls and 
rivers 

Organic oh.l.Dl.:1cale (continued) 

~h71.n. dichloride 3 1 0 1 2 P 0 ? 

Bthylane glycol 2 2 0 0 1 0 0 0 

Kethyl Alcohol 3 0 0 1 0 0 0 0 
.... Methylene chloride 3 0 0 1 0 0 0 ? '" 

Naphthenio acid 3 0 0 0 0 0 0 0 

Phenol 3 1 1 1 1 P 0 0 

Phthalate laters 3 2 0 0 1 P 0 ? 

Sty-rene monomer 3 0 0 0 1 P 0 0 

Toluene 3 0 0 p p p 0 ? 

Toluene diisocyanata 3 0 0 0 0 p 0 0 

Trichlorobenzenea 3 0 0 0 0 p 0 ? 

Vinyl aoetate 3 0 0 0 0 0 0 0 

Vinyl chloride 3 0 0 0 0 0 0 ? 

qlene 3 0 0 p p p 0 ? 



CategoX"'J of 
pollutant 

orr-nie Hastes 
i In.tlp and paper 

wa.stes 
(ii)other high BOD 

\·rastes 
..., 8. Nilite:r:v :ia1:lies 
'" 2- Heat 

10. Deter~nts 

11. Solid Ob,iects 

12. Dred.r:inr~ sEoil and 
inert ~Iastes 

TABLE 2 (oontinued) 
RELATIVE IMPORTANCJ!j OF TIlE DIFFERENT ROUTES BY HHICH POLLUTi\NTS REACH TIlE SEA 

(a) (b) (0) 
Manuf'aoture Domestio Agriculture I 
and use of wastes- forestry, 
industrial 
products-
disposal via. 
direct out-
falls and 
rivers 

3 

3 
? 

3 
2 

2 

2 

Key to Symbols 

3 important 
2 significant 
1 slight 
? uncertain 
o negligible 

disposal public 
via. direct hea.lth -via 
autralls run-off 
and rivers from land 

0 0 

2 2 

0 0 

0 0 

3 1 

1 0 

0 1 

p potential~ important 

(d) 
Deliberate 
dumping 
hom ships 

0 

0 

? 

0 

0 

3 

3 

* dependent on extent of weapons testing 

(e) (f) (e) (h) 
Opera.tional Acoidenta.l EXploita- T~ansfer 

disoharge release tion of from the 
from ships from ships sea-bed atmosphere 
in course and sub- mineral 
of' duties marine resources 

pipelines 

0 0 0 0 

P P 0 0 

? ? 0 0 

0 0 0 0 

1 0 1 0 

3 1 1 0 

0 0 3 0 





Annex V 

MANAGEMENT OF WlSTE DISPOSAL 

(Working Group 2 - Agenda Item 2.2) 

INTRODUCTION 

Members of the Working Groupl 

Dr. C. H. Thompson (Chairman) 
Dr. F. Valdez-Zamudio 
Miss G. Matthews (Technical Seoretary) 

1. Following discussion in the Joint Group as to the kind of work 
which might most usefully be undertaken under Agenda item 2.2, the 
Working Group met to evaluate the report prepared during the fourth 
session of GESAMP (Annex VI, GESAMP IVj19J and to oonsider what its best 
oourse of aotion might be in the future. The Working Group felt handi
oapped 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 ~hould be made to involve the Water Pollution Research 
Laboratory, X Stevenage, U.K., in this work. 

2. While the Working Group recognized that methods of waste disposal 
were pertinent to several subjeots ourrently of concern to GESAMP, e.g. 
the review of harmful substances and ocean dumping, it felt inoreasingly 
constrained by the lack of olear direction in the requests made by 
sponsoring agenoies. In that situation, it was not possible to adopt 
a logical approach to Waste Disposal Management as a distinot and 
manageable topic for the Group to develop; nor was it possible to make 
the best use of the Groupls resources. 

3. The information presented in Annex VI of the fourth session report 
was considered valuable primarily as it might provide a readily available 
referenoe 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 currently available on treatment teohniques 
or methodology from those oountries, 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 Bnd documented manual (or 
series of manuals) on all available waste treatment teohniques was not 
considered to be within GESAMPls capaoity, or indeed, to be a proper USe 
of the Group·s expertise. The revision o£ Annex VI would therefore be 
limited to the extent that the Annex would serve as a basic guide or 
summary of available teohniques. Where appropriate, stress can be plaoed 
on systems Whioh might be economically attractive in developing oountry 
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situations. 

5. Above all, the Annex should satisfy the requirements of the 
administrator in developing countries. Such personnel will need to 
be able to appreciate the symptoms of damage in the marine environment; 
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 appreoiate 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, inoluding its capacity to acoommodate future changes in 
urb~n/indu8trial areas. The administrator should be fUrther awqre of 
the oontrolling faotors whioh will influenoe both his short and long-torm 
investments for construotion and operations; he must be able to determine 
priorities in handling different types of wastes aooording 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 accuraoy 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 assistanoe. 

6. As an important 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 
teohnical/economic studies, utilizing GESAMP, as appropriate. These 
suggestions ara contained in Section B below. 

7. This outline of areas of oonsideration for management of waste 
disposal WaS oreated in an attempt to respond to an inoreasing need for 
general technical information to be used by interested countries. This 
need goes further than data supply, however, and exposes a framework 
of alternatives whioh should be useful to the UN system in trying to 
assist these nations. For example, oertain problems were discussed in the 
Working Group which relate to the more long-term economio and sooial 
factors underlying waste management. It was felt that the Group might 
be able to offer useful guidance to sponsoring agenoies and possibly to 
incorporate some of the considerations, as disoussed in Seotion C below, 
in the revised Annex. 

A. Revision of Annex VI (OESAMP IV(19) 

(1) Editing of present text; 

(2) Insertion of general economio analyses, with referenoe to 
illustrate the advantages and limitations of each unit 
operation and unit prooess acoording to possible applioation 
in interested countries; 

(3) Inclusion of notations, Where possible, on relative capital 
and operational expenditures; 

(4) Documentation at especially appropriate souroes of 
available information for easy reference by technioal 
personnel in interested oountries. 
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B. Preparation o£ detailed technioal/eoonomic 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 
wastes; (iii) to compile typioal cost data giving cost ranges for the 
identified treatment systems and illustrating dependence upon factors 
such as volume and strength of waste; (iv) to indicate how available 
cost data: (normally derived from developed countries) can be converted 
into data more relevant to areas with different labour and construction 
costs, availability of skilled operation, etc. 

C. Evaluation of waste management methods in the long term 

9. Wi thout embarking on an exercise in "technology assessment" as 
it might apply to optimum waste management, it is suggested that the Group 
might assist 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 oan 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 environment and in the habits of local pODulations 
as more improved waste treatment methods are employed. Numerous 
subtle factors can come into play. personal hygiene habits, municipal 
operational and administrative changes, land use changes, misuse of 
newly constructed systems and the possibility of increased taxes, enc. 
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 I the choice of an alternative method such 
as extended contact stabilization or oxidation lagoons would need to 
be made with a full understanding of the implications. Examples of the 
implications and a procedure for their evaluation could be provided. 
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Members of the Working Group: 

Dr. G. Berge (Chairman) 
Mr. J. S. Alabaster (Rapporteur) 
Dr. E. E. Geldreich 
Mr. H. Fleckseder 
Dr. S. K~ck~s 
Dr. Y. K. Strizhak 
Dr. G. F. Weiohart 
Dr. G. J. Cleary) Technical Secretaries 
Dr. G. Tomczak ) 

CONTENTS OF REPORT 

1. INTRODUCTION 

2. TERMS OF REFERENCE 

3. DESIRABILITY OF WATER QUALITY CRITERIA 

4. FEASIBILITY OF ESTABLISHING WATER QUALITY 
CRITERIA 

5. STUDIES NEEDED FOR DEVELOPING WATER QUALITY 
CRITERIA 
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Annex VI 

1. INTRODUCTION 

The Group noted GESAMP IVjl9 which considered principles of 
developing coastal water quality criteria and reviewed four GESAMP V 
papers I "The Development of Water Quality Criteria for Marine Fisheries" 
by J. S. Alabaster, which outlined the approach to the problem made by 
EIFAC for freshwater fisheries, "Prinoiples for Developing Criteria 
for Coastal Bathing Waters" by E. E. Geldreich, which summarized 
epidemiological and bacteriological studies of health risks associated 
with bathing in polluted sea water, "Techniques for Evaluating Lethal 
and Sub-Lethal Effects of Pollution that Occur in the Marine Environment" 
by S. Keckes and "Sanitary Questions Concerning the Use of the Sea Coast 
for Recreational Purposes" by Y. K. Strizhak. The Group considered that 
these papers provided a valuable basis for future development of criteria. 

2. TEBMS OF REFlIIlENCE 

The Group agreed the following terms of reference I 

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

(1) living marine resources 

(2) fishing activities 

(3) human health 

(4) amenity 

3. DBSIBARILITY OF WATlIIl QUALITY CRITlIIlrA 

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 pollution 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. 

4. FEASIBILITY OF ESTABLISHING WATER QUALITY CRITERIA 

The Group considered that the feasibility of developing justifiable 
criteria depends upon establishing relationships between reduced water 
quality 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 m&:rine 
products could also be achieved independently of water quality control. 
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5. 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 polluted 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 criteria; special 
investigations of the combined effect of several pollutants acting 
together would need to be intensified. 

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

6. RECOMMENDATIONS 

The Group recommended that the terms of reference of the GESAMP 
Working Group should be: 

(1) to eval~ate the nature and extent of problem areas 
in order to establish an order of priority of coastal 
water quality characteristics which should be considered 
for the formulation of coastal water quality criteria; 

(2) to consider past and current work and to identify gaps 
in our knowledge; 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 hu~an health and ~enity. 

The Group noted that ACMRRjIABO had set up a working group on 
the Biological Effects of Pollutants 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 
amenity in recreational coastal waters and was elaborating a guide to 
public health aspects of co~stal water quality. It recommended that close 
liaison should be maintained between the GESAMP group and these other 
groups, including EIFAC, to avoid duplication. 
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1. INTRODUCTION 

This is an Addendum to GESAMP IV/19, Annex VII. Most of 
the observations 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. 

2. 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 oertain oonditions, be mobilized. 
This sedimentary record contains abundant chemical and sedimentalogical 
evidence of this mobilization. 

We can assign bottom sediment mobilization to one of four 
categories I 

(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 manls activities 
in the nearshore aras affecting the ocean floor. These activities 
include dumping of solid wastes, dredging, and construction of 
submarine structures, such as oil well rigs. 

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

(1) A study of a sediment "wedge" known to be deposited episodically, 
probably by storm action, in Long Island Sound indicates that the 
metals Pb, Zn, Cd and au were not released in the 20 years since the 
deposition of the sediment wedge from adjacent sources probably 
polluted by metals. 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 2cm is reducing and contains H2S 
whereas the overlying water is rarely, if ever, anoxic. The bio
turbation brings reduced sediments to the sediment-water interface, 
and interstitial Fe+2 and Mn+2 are oxidized and redeposited as oxides 
coprecipitating most meta~~ that might also have been released. Uranium, 
however, forms U02 (C03») which, being highly soluble, is released 
to the overlying water. Some actinide elements might follow a pattern 
similar to uranium, although this aspect has yet to be proven. Recent 
data by Noshkin and Bowen (1913, IAEA, BTI/PUB/)l)) 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 
as highly soluble anion complexes. 
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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 bottom. 

(2) A common feature of deposition in the rugged topography of the 
mid-oceanic ridge areas is slumping from high points to deeper areas. 
The sediment accumUlating on the topographioally higher parts of the 
ridge is primarily calcium carbonate. This material can episodically 
cascade or avalanche down into the deeper intermontagne areas and the 
deep trenches made by the transform faults perpendicular to the crest 
line of the ridge. Results to date indiGste 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 reoeiving slumped sediment. 
Alternatively, sites in the ridge area might be assayed by exploration 
submersibles to identify deeps adjacent to thick sedimept piles on hills. 
These 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. 

3. ~SAL 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, winds, 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 ' 
contr~buto: t? mixing a~d dispersion processes. Understanding of these 
processes ~s ~mpor~ant ~n determining the general dispersion patterns of 
fine grained mater~als away from the point of human activity, whether it 
be sand and gravel dredging or the dumping of dredge spoils. 

The proposed U.S. Project NOME in Massachusetts Bay is one ~n 
which a 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 also 
being executed to understand the dispersive processes in sreas 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.S. 
National Oceanographic and Atmospheric Administration (NOAA). Although 
mainly a national problem, some of the results may be of significance 
to areas of international interest where dumping or dredging may occur. 

Although the tidal effect diminishes with distance from the coast, 
it is still important to the edge of the continental shelf. The 
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continental slope and rise are subjected to a somewhat different 
regime of dispersion. For example, so-called slope currents may be 
a permanent feature along the continental slope, varying in intensity 
seasonally and from year to year. A unique characteristic of the 
continental slope is its propensity toward submarine slides of 
accumulated sediments which can lead to turbidity currents of considerable 
magnitude, as discussed in GESAMP II/II, Annex IV and GESAMP IV/19 t Annex 
VII. Certainly the slope and continental Tiee 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 consideration 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 the 
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 continued 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 Vll t 
on dispersive processes in the deep sea. 
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