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Explanatory note

This document is the edited and approved version, which appears in English
only, of the Review of Harmful Substances which has been discussed, revised and
approved by ple:uary sessions of the Joint Group of Experts on the Scientific
Aspects of Marine Pollution (GESAMP). In this sense all marine pollution experts
attending the first to the seventh sessions of GESAMP have participated in the
preparation of the Review. However, the detailed work, most of it done between
GESAMP cessions, has been the responsibility of a series of working groups under
the chairmanship of Dr. H. A. Cole. Those experts who participated in the working
groups ave listed in annex II of the Review, together with the technical
secretaries of the sponsoring GESAMP organizations who assisted them in their work.

Financiel support for the latter stages of the group's work -and for the
publication of the Review was provided by the United Nations Environment Programme

(UNEP).

Abbreviations
BP Boiling point
FP Flash point
. LC 50 Lethal ‘concentration, 50 per cent (concentration of solute in

ppm reqdired to produce a 50 per cent mortality of the test
animals)

MP Melting point

ppm Perts per million

SG Specific gravity




1

1. ITTRCTUCTION

1.1 Pursuant to United Nations General Assembly resolution 2566 (XXIV) this
report presents a first Review of Harmful Substances which may have deleterious
effects on man's health and his economic and cultural activities in the marine
environment and coastal areas.

1.2 Having regard to the importance of the living resources of the sea as a
major source of protein-rich food and the need to develop these resources further
wherever practicable, the present document has been prepared primarily with these
considerations in mind. Other effects of the introduction of potentially harmful
substances into the marine environment will warrant more extended treatment than
has been possible to give in the present review, in particular the hazards to
human health to which special consideration will be given in a later revision. It
should also be emphasized that the review is ccncerned with the oceans as a whole,
implying among other things that the dynamics, time-variability and circulation ot
the ocean have been borne in mind in the preparation of the report.

1.3 The present Review reflects the state of knowledge available to the
experts at the time of its compilation,i.e. the years 1972-197h. Scientific
knowledge is continually changing and developing, and as it does so, changes will
be-'required in this Review. For this reason, this document will be updated
regularly. It is strongly recommended that the most up-to-date version of it
should be used whenever possible.

1.4 A bibliography of major source materials is included as annex I. This
listing is not intended to be exhaustive but to represent the important reference
works used by the experts. In addition, use was made of unpublished material
available to individual experts. Some of this has now been publizhed and
appropriate references are included in the bibliography.

1.5 A large number of experts in many fields participated in the preraration
of the Review which hes taken plece over several years. A list of these experts
is attached as ernex II.

1.6 The Review is intended to be used by administrators and others concerned
with the over-all management of waste disposal who require both general and
specific information and evaluations of the hazards of various substances in the
marine environment. Although the tables provide a valuable means for rapidly
finding the degree of importance of various substances as pollutants, the reader
is urged to refer to the text for more detailed information and specifications.
Use of the tables without reference to the text could be misleading. -

1.7 This Review deals expressly with substances in the marine environment.
It should be noted that the World Health Orgenizetion (WHO) has much more detailed
information on, and is making a continuous assessment of, the hazard to man posed
by maeny of these substances under a variety of environmental and other exposure
‘situations. WHO documentation should be consulted for a fuller gppreciation of-
the hazards to man. o e :



1.8 Similarly, more extended and detailed reviews of the hazards associated
with radioactivity are available from the International Atomic Energy Agency (IAEA).

2. GEVFRAL ¥CTRS ON THIE RIVIET

2.1 A general problem that arises in connexion with the toxicity of certain
metals is that the interaction between them is not well understood, although it
has clearly been demonstrated that in the presence of one element, the anticipated
toxic effect of another masy not be fully observed. Cadmium and zinc, lead and
calcium react in thlsbway. The interaction of mercury and selenium is noted below.

2.2 It should Le noted that bioaccumulation of heavy metals is a reversible
process and that, with many organisms, the incrensed metal levels that occur
following an acute exposure will fall once the source of pollution is removed.

/\

2.3 It is stressed that the tox1c1ty effects of metals can only be considered
in relation to the valency state(s), solubility, stability of complexes and many
other factors. This is particularly true of the short-term effects. Cons: jeration
of longer-term effects must also take into account the forms to which the métals
and other materials are converted in the marine environment.

2.4 Some chemical substances may be altered by marine organisms or they may
have a synergistic effect with another substance resulting in a higher level of
acute toxicity than would otherwise have been expected. Little is known about the
mechanism by which some of these processes take place. There is evidence that in
some instances trace elements may trigger toxicity cycles in marine organisms;
further 1nvest1gat10n of ecological conditions which mey lead to the production of
b10tox1ns is highly desirsble. : , “

2 5 W1th regard to the sources “from which ‘pollutants orlglnate, it is-—
generally agreed that this is where measures of prevention or control can be most
effectively applied. To facilitate further consideration of the desirsebility and
feasibility of national control measures and international agreements the main
routes by which marine pollutants are currently known to reach the sea are
indicated in table 2.

2.6 Attention is also drawn to the fact that the cargoes carried by ships
include a wide variety of noxious substances, falling within the categorles listed
in Table 1, which may be discharged .into the sea either by acc1dent (such as in.
collision, stranding, fire or storm damage) or dellberately, such as in the tank
cleaning and ballasting operations of a tanker or other bulk cargo’ vessel. A
_ partlcular pollutant may therefore be subject to control under separate regulatory
agencies, one associated with transport by sea. (e g. by: 1eglslatlon arising ‘from
the Intergovernmental Maritime Consultative' Organization' (IMCO) Conventions) and
the other with its use or product1on ashore.‘ _Because of dlfferlng condltlons
under which the discharge is made . however each regulatory agency may ‘be obliged
to apply qulte separate and: distinet: measures of control in: respect of the
substance in questlon. ‘In response to a spec1f1c request from IMCO, & panel of :
IMCO and. GESAMP Experts was set up in. 1972 to. revmew the env1ronmental hazards of -



noxious substances other than o1l transported by ships. The rerort of this nanel
(GESAMP IV/19/Supp.l) has now been published and has been used as a reference

- document for evaluating the hazards of harmful substances for the purposes of the
International Convention for the Prevention of Pollution from Ships, 1973. It
must be emphasized that that report relates only to the partlcular circumstances
under which discharges occur in maritime transport and should not be used for -
other purposes, particularly the control.of continuous discharges from direct
outfalls which are generally lccated in inshore waters.

2.7 The Group is not aware of any situation in which the release of
radio--active materials to the sea by the nuclear energy industry has produced
adverse biologicsal exfects This situation has resulted from the very firm control
imposed by national” Governments over this industry since its beginning. The work
done on the study of the dispersion, effects and fate of radio-active materials  in
the marine environment has been, and continues to be, extensive. It has had theé
result that the status ofzeﬂ1o—act1ve materials as potentlal pollutants of the
marine environment is more clearly deflned than that of most other mauerlals
recognlzed as serious pollutants. : . e

2.8 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 domes%ic sewage by direct outfall or via rivers;

(c) run-off from the land of materlals used in forestry, agriculture, or
rublic health activities;

(d) deliberate dumping of material from shipss
_(e) _operational dlscharge of. pollutlng materlals by ships in the course of

their normal tasks, A

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

(g) exploitation of<§he sea-bed for petroleum or other mineral resources; and

S

(h) transfer of pollutants to the ocean from the atmosphere.

These: descrlptlons are included in table 2- and the 1mport£gce 0f each of them as a
route by which different categories of pollutants enter the sea has been shown by
the use of a number of symbols. To aid in the study of Teble 2 each category of
pollutant is the subject of an explanatory note whlch gives, where approPrlate,
further information on main uses, principal sources; ~and pathways to the marine

¥ environment, mode of occurrence and dlstrlbutlon, tox101ty, breakdown products,

degree of pers1stenc? and accumulatlon 1n blologlcal materlals, and known effects.
Attention is ‘called to the fact that there is an 1ncrea51ng number of E
potentlally harmful substances that may appear 1n effluents dlscharged 1nto the
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marine environment many of which have not so far been covered in the Review. These
substances are present in industrial wastes frequently as a result of complex
manufacturing processes.

2.9 Althcugh to an increasing extent measures of prevention and control, both
national and international, are being introduced for certain pollutants, the Group
recommends that further consideration be given especially to those categories shown
in table 1 as:"important" or “significant" with a view to improving the
effectiveness of existing legislation and, where necessary, taking further action
nationally and, where appropriate, internationally (e.g. on a regional basis) to
limit or control their discharge into the sea.

SN



3. NOTES ON MAJOR CATEGORIES OF MARINE POLLUTION

3.1 Domestic sewage

When discharged untreated, domestic sewage has five major characteristics:

(a) a high bacterial content, presence of parasites and, §3531b1y virus
concentrations, contaminating molluscan shellfish (nece881tat1ng purification
or heat sterilization) and limiting the use of bathing areas,

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

(¢) settling solids (organic and inorganic) depositing on the bottom - the
organic component undergoes decay with consequent oxygen depletion; -

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

(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 affecting self-purification.

By reason of these characteristics sewage affects recreation, utilization
of seafood, public health and general amenities. The production characteristics
of the receiving waters may be altered and there is & possible connexion with
the development of toxic blooms of algae.’

One’ of the reasons for the need to control pollution by sewage is the
meintenance of shellfish quality. The standards of treatment and/or dilution
required for this purpose are somewhat higher than those presently demanded for
other public health or amenity purposes. Filter-feeding‘mollnscan shellfish
concentrate bacteria and viruses along with other particulate materials and the
consumption of contaminated shellfish may give rise to enteric infections. The
transmission of the viral disease, infectious hepatitis, by consumption of raw
shellfish contaminated by sewage is well documented. Methods of purifying
shellfish from the effects of bacterial contamination are available and are
extensively used 1n many countries but are not yet fully acceptable in all
situations. _

Various degrees of treatment of domestlc sewage eliminate or reduce some of
the foregoing polluting characterlstlcs. primary - normally ellmlnates the o
settleable solidsand" ‘floatables and pr0portlonally ‘reduces the mvcroflora,
secondary - clarifies the effluent from the finer c01101dal suspensions,
mineralizes organic substances (reduclng tb/’blochemlcal oxygen demand) and
disinfection can prov1de a further- removai of pathogenlc forms; tertiary ~ removes
the plant nutrients by blologlcal or chemical action, or by a combination of the

ktwo and reduces the suspended sollds Stlll present as, well as decolor1z1n€

o,
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the effluent. Much coastally discharged sewage receives no treatment beyond
comminution 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 highly desirable, to prevent interference with
treatment processes during periods of heavy rainfall.

Other household wastes which ¢nter the municipal sewer include detergents
and optical brighteners (dealt with in another section of this report),
vharmaceuticals, house and garden pesticides and other chemicals, and oily and
other discharges from small businesses and garages, may 'also be important.
However, apart from the considerations mentioned above, the major problems of
municipal sewage disposal arise from the inclusion of industrial wastes with
materials discharged from municipal sewers. The tendency to replace sewage
treatment works by long outfalls, discharging well away from the shore into deeper
water, has led to the inclusion of greater quantities of industrial wastes with '
domestic sewage. Such wastes may contain-toxic and persistent materials
(e.g. metallic wastes) in concentrations which, if they were accepted by a
treatment plant would reduce its efficiency. Such pipeline discharges may
adversely affect marine resources, particularly shellfish and young fish on
coastal nursery grounds. Pre~treatment at source of industrial wastes before
discharge to sewers should become standard practice. There has been a similar
tendency to replace estuarine discharges by long trunk sewers leading to marlne
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 sewage treatment works by
dumping at sea may be harmful because such wastes may contain significant amounts
of absorbed metals e.g. mercury and other metals, and also pesticide 'residues and\-
other persistent chlorinated hydrocarbons. These factors and possible blologlcal/
effects, e.g. interference with benthic fauna, need to be considered in de01d1ng
disposal procedures for sewage sludges and the 'selection cf dumplng zones

(see GESAMP. VII, annex V). i
T }'
. “ = ,; :,

3.2 Pesticides

The term "pesticides" covers a wide range of substances of dlfferlng chemlcal
composition and class of target organlem. They are considered here under seven
headings, organochlorine compounds, organophosphorus compounds, ‘carbamate compounds,. .
herbicides, mercuriel compounds, miscellaneous metal~conta1n1ng compounds and ,
polychlorlnatea blphcnvls., The latter are not pestlcades, but ‘have. been w1dely
used in industry and can convenlently be dlscussed 1n the SLWP Aroup. as -
ozganochlorlne pest1c1des. ST : : | Lo : =

S R T

f*v.

3.2.1 Organochlorlne comppunds L

Much 1nformat10n is ava1lable on this group of pestlcldes, some of whlch“have
been 1n use for more than- 30 years. The most commonly used are probably DDT BHC

BN
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Dieldrin, Endrin, Aldrin and Endosulfan; 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 per cent in
some 1nstanc=s) and some will inevitably be lost to the atmosphere. Of this, a
proportion Jlll reach the sea by exchange with the atmosphere, in rain or sbsorbed
,on air-borne particulate matter. Since organochlorine oompounds are strongly
yansorbed on pa*lcquaLe matter and are relatively iksoluble in water, it is

*'unllkely that they will reach river systems except under flood conditions where

soil particles are washed into rivers. Although comparatively rcn-volatile,

© organochlorine compounds may be lost from the soil by evaporation and particularly

by codistillation with water. Ir addition, soil erosion by wind may carry a
proportion of the applled chemical into the sea. Aerial transport ‘accounts for
at least .50 per cent of the material reaching the sea. 4
\&

Mothproofing of woiyls and woollen garments and carpets may lead to discharge
‘of insecticidal formulutions (e.g. Dieldrin) directly to rivers and hence to the
sea. Recent analyses of sewage and sewage sludges suggest that lthese may also be
an 1mportant route of entry of pesticides to the sea. :

Estlmates of the proportion of the annual production of organochlorine
pestloldes reachking the sea have ranged as high as 90 per cent but a more accurate
estlmate may be 40-60 per cent.

Once ir the sea, organochlorine pesticides may be concentrated either in
surface slicks or by maring organisms. Some will be carried to the sea-bed on
particulate material and a certain amount will remain dissolved in the sea water
at 3 very low concentration. From analyses of marine animals, some of the
organochlorine vesticides, particularly DDT, are known to be distributed on a
world-wide basis. Concentrations in coastal waters can be determined, but oceanic
waters contain levels below the normally accepted detectable level, i.e.

1 part in 1012, Owing to the llpophlllc/hydrophoblc character of organochlorine
pesticides, they are particularly likely to be concentrated in any oily material,

e.g. fish oils. They are, therefore, found in appreciable concentrations in many i
' I

AL

marine organisms, especially those with & high lipid content and those organisms
highest in the food chain. Residence time in the enviromment has not been
accurately determlned for all of. them but _seems:to be generally of the order of

years rather thaq months. {

//

Although some have been used for more than 30 years, the pfecise mode of

- action of organochlorine pesticides is not fully understood. It is, however,

generally accepted that they affect the transmlsslon of" 1mpulses in. the central
~nervous systen.. Fecentxy, subtle sub-lethal side effects have beer recognlzed
‘.e.g. ‘on calcium dep081t10n in birds' eggs. Their. acute toxlclty to marlne

organlsms is now fairly well documented. »urustacea are rerticulerly sen51t1ve LoT

concentrations as low as 0,003 ppm in water have been shown to be Lethal to

shrimps,” but fish can tolerate concentrations up to two orders of magnltude

\
hlgher - at least for a short tlme.\w%. :

) s
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There is no evidence thnat 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 with organochlorine pesticide
residues. Effects on fish and shellfish populations have been demonstrated in
certain estuarine environments, particularly in North America. Most of the
incidents have been kills as a result of spray operations, but at least two
instnces have been reported where reduced breeding success of estuarine fish
has been attributed to organochlorine pesticide residues arising from routine
usage on the land. Predatory Lirds are particularly vulnerable; the reduction in
numbers of brown pelicans, bald eagles and peregrine falcons in North America is
attributed primarily to DDT and allied chlorinated hydrocarbons.

3.2.2 PCBs

Polychlorinated biphenyl compounds (PCBs) are sold under a variety of
brand names. There is a variety of formulations depending upon the degree of
chlorination of the biphenyl mclecule; the greater the degree of cllcrinaticn
the higher the viscosity. PCBs have had a wide range of industrial uses,
pairticularly in the electrical industry. Because of widespread contamination
of the environment, usage has now been restricted in a number of countries to
applicatiens where loss to the environment is unlikely. The routes of entry
to the inarine environment are still under investigation, but any industrial
use 1nev1tab1y involves some losses which may eventually reach the sea.
Analysis of sewage sludges has revealed that most sewage contains some PCBsﬁ
The dumping of waste materials containing PCBs is probably largely on land.
PCBs are highly resistant to burning and unless incineration is properly carried
out (a temperature of over 800°¢C is required), turning of materials containing
PCBs will 51mp1y release them to the atmosphere for subsequent rain--out into the
sea. Dlsvosal by dumping in the sea of wastes containing PCBs, except as trace
contamlncnts, is’ forbidden under the terms of the Convention on the Prevention
of Marine Pollution by Dumping of Wastes and Other Matter (London, 1972).

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

The mode of action of PCBs is not well understood but may be similar to that
of organochlorine 1nsect1c1des. Certalnly PCBs-have been 1mp31cated in shell
thinning of birds' eggs. The acute toxlclty of PCBs is in general lower than
that of organochlorine pesticides. There is some ev1dence, however, to suggest
that they have 'a high chronic toxicity; it may take a matter ‘of weeks before a
short-term low-level exposure takes effect. - ThlS may be attrlbutabee to
impurities in certain formulations. 7 .

In incidents of accldental 1ngest10n or' gross: 1ndustr1al exposure, illness
and even death have been reported in humans, Ttut there are no. known 111 effects

It



on man which can be associated with levels of PCBs in marine products. Even in
estuarine envirouments, PCBs have not been implicated in any damage to marine
life, although in some areas quite high levels have been reported in fish. The
presence of high concentrations of PCBs in the livers of sea birds was suggested
as a possible contributory cause in a liarge-scale bird kill off the United

Kinwdem coast in 1969, but it is now generally accepted that natural causes played
the major role in causins this bird mortality.

3.2.3 Organophosphorus compounds

This group of compounds includes Malathi%n, Parathion, Azinphos-methyl and
Chlorfenvinphos and, with the carbamate compounds, is to some extent replacing
the organochlorine insecticides. In chemical terms, they are more varied than
the organochlorines, although they all contain phosphorus. They are relatively
soluble in water, and may be carried into rivers, and hence the sea, in
substantial amounts, by run-off from land. Spray losses and evaporation of
sprayed material, followed by rain-out over the sea, is a second probable
route of entry to the marine environment. Industrial usage is probably small
and therefore an insignificant source of pollution.

Most organophosphorus compounds are chemically less stable than the
organochlorine type and they are therefore much less persistent in the
environment. Most are hydro%ys&d on contact with water and they are much less
hydrophobic than organochloriiies. As a result bio-accumulation is likely to be

unimportant.

Because they are less persistent and non-accumulative, not much effort has been
applied to the study of the role of organophosphorus compounds in the sea. They
are likely 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 they will be found in ocean
waters and there appear to be no reports of their occurrence in waters other
than estuaries. I :

Organophosphorus compounds act on the nervous system by inhibition of
cholinesterase activity. Their acute toxicity to marine animals is reasonably
well documented and appears to differ widely according to the particular compound
used, e.g. Azinphos-methyl: was lethal to Crangon crangon at a concentration of
0.0003 ppm but Morphothion had no effect on the same species at 0.3 ppm. The
mammalian toxicity of some organophosphorus compounds is high but residues have
not so.fer been detected in marine- organisms-other than:'a few estuarine species’
and rno cases of poisoning through the eating of organophosphorus
pest1c1de-contam1nated fish have. been reported/or 1ndeed seem llkely to occur.

3.2.h Carbamate cdmpounasf’

These compounds, Whlch are based on carbamlc acld are of two baszc types,

'”Carbaryl and Zectran Ih general they are 1ess soluble in water than the

SN ey > : , P e R
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organophosphorus compounds but more so than the organochlorides. Some of these
materials, particularly Carbaryl (Sevin), are now in fairly widespread use.
They are likely to reach the sea by all the routes quoted for organophosphorus
compounds. The mein usage of carbamaies 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 mariculture as a means of controlling
crustacean pests in shellfish cultivation programmes. This provides a direct
route of entry to the marine environment. o

None of the carbamate compounds is particularly stable; they are attacked
by acids and alkalis and it is probable that slow hydrolysis will occur once
they reach the sea. They can be relatively easily retebolized and the data
available for marine animals suggest that, once taken in by, for example, a
bivalve, they can be completely metabolized and/or excreted within 2-3 weeks.
.They are therefore unlikely to pose much of a hazard as a result of persistence
or accunulation. Carbamate compounds have not been detected on a wide scale in
sea waters or marine animals but they are known to be readily absorbed on silt
and small concentrations may be found in estuarine sediments following local
use on land and in mariculture.

Carbamate compounds are cholinesterase inhibitors; a few also show activity
against other eunzyme systems. A few of these compounds are also used as
herbicides and they might be expected to have minor effects on the phytoplankton
in local areas. The toxicity of carbamate compounds to marine animals follows
the same highly variable pattern, depending on compound and species, which they
exhibit in the terrestrial environment. Carbaryl is moderately toxic to
crustaceans but not to fish or molluses. With the exception of Isolan, all the
carbamate compounds are of low mammalian toxicity, and harm to human health,
either directly or indirectly, through eating fish or shellfish, seems improbable.
Isolan is of a lower mammalian toxicity than the organophosphorus compounds.

3.2.5 Herbicides

Herbicides are a mixed group of compounds, most of which have water
solubilities of the order of tens of ppm or more. They include urea-based
compounds such as Linuron, dipyridyl compounds such as Diquat, and acid ester
hormone type compounds such as MCPA and 2,4-D. The major routes to the marine
environment are probably direct water transport from the land or spray drift
and subsequent rain-out over the sea. Most of these compounds are likely to be
found in dissolved form but e& few, e.g., Diquat, are strongly absorbed by
particulate matter and will be largely associated with sediments or suspended
material. Very little attention has been paid to herbicide compounds to date
end the extent of their distribution in the marine environment is a matter of
speculation. Most are comparatively short-lived but a few, e.g. 2,4,5-T and
Picloram, have half lives up to 5 years. The genetic damage attributed to
2,4,5-T is now generally considered to be due to the presence of impurities.

Few of the herbicides are.particularly toxic to fish and it seems unllkely
~~that "appreciable effects would be noticed. The main effect Qf herblcldes in the
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varine environment might he expected to be on the phytoplankton but very few data
appear to be available on this subject. Tests with unialgal cultures at the United
Kingdom Fisheries Laboratory, Burnham-on-Crcuch with 2,4-D, Dalapon and two
triazine compounds (Atrazine and Simazine) suggest that at least some herbicidal
compounds tend to stimulate growth of algae rather than to kill them. Dalapon is
used in Spartina grass control in salt marsh areas but does not seem to cause
mortality of marine creatures at the levels normally used. Paraquat has a high
mammalian toxicity if directly ingested and there is no known antidote, but its
toxicity to marine life is low and it is strongly absorbed on particulate material.

3.2.6 Mercurial compounds

A variety of organic mercurial compounds is used in agriculture 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 fungicide and insecticide.

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

Mercury occurs naturally in the marine environment as a result of the normal
processes of weathering of rocks. The data available at present suggest a
concentration of mercury in sea water in the range 0.03 to 0.3 ppb. Methyl mercury
concentrations are probably about 1/1000 of this level. Locally higher
concentrations have been recorded in coastal waters and are attributed to
industrial pollution. { Most mercury compounds decompose to the ionic form which is
then available for methylation. Mercury as an element is a highly conservative
and persistent substaﬁ&e in the marine environment. Although the inorganic form
does not pose much of an accumulation hazard, methyl mercury is very readily teken
up by marine organisms and accumulated in the food chain. . Methyl mercury has a
high mammalian toxicity and produces nervous disorders and death at low levels of
dietary intake. One ppm of mercury is considered by many national Governments ton
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 instances of extremely high mercury pollution
have definite ill effects been observed in marine organisms. Normal levels of
mercury in fish are probably- in the range 0.0l to 0.2 ppm. Certain pelagic fish
e.g. tuna and swordfish, contain somewhat hlgher levels but these do not seem to
have changed durlng this century.

J
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3.2.7 Miscellaneous metal-ccnteining pesticides

In addition to the compounds already discussed, there are a small number of
metal salts and orgeno-metal compounds which are used as pesticides, e.g.
Bordeaux mixture (copper salt), lead arsenate and fentin acetate. These compounds
have appreciable solubilities in water and are likely to be transported to the sea
by land run-off and drainage. Their contribution in terms of quantity of metal
ions or compounds added to the sea is negligible compared to those from other
sources, e.g. lead from automobile fuels, copper from industrial wastes. It seems
unlikely, therefore, that harmful effects in the marine environment would arise
from their use on the land. Most of the metal-containing pesticides are toxic to
fish and improper use has caused fish kills in inland waters. It is.therefore,
conceivable that, in the marine environment, local damage may occur, e.g. in
estuaries, but the risk to humans is negligible.

3.3 Inorganiec wastes

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 introduction does not necessarily
constitute pollution, although similar amounts discharged to fresh water areas
might do so. In addition, because sea water has a high buffering capacity when
compared to fresh water it is able to absorb some inorganic pollutants, e.g. acids,
with relatively little change. These are two important factors which must be borne
in mind when considering inorganic substances as marine pollutants.

Of the various inorganic compounds or ions which are likely to enter the

marine environment a number can be selected as potential pollutants in certain
circumstances - the remainder might, at the worst, be defined as contaminants.

3.3.1 Acids and alkalis

The production of many inorganic chemicals and some organic chemicals may
give rise to large quantities of waste acid or alkali which may be discharged to
the marine environment. Sulphuric and hydrochloric acids are most likely to be
discharged, but smaller quantities of nitric acid may also be dlscharged The
effects of nitrate and sulphate are considered below but chlorlde, already
present in large amounts in the sea, cannot be considered as a pollutant. The
alkalis involved are lime, sodium hydroxide and, to a lesser extent, potassium
hydroxide and ammonia. The ammonium cagtion is considered separately below but
sodium and potassium fall into the same category as chloride. -

Sea water has a considerable buffering capacity, i.e. it can absorb relatively
large amounts of acid or alkali with comparatively small changes in pH. Discharges
of unneutralized acid or alkaline effluents are frequently made into estuaries and
quantities of waste acids are dumped by barge away from the shore.- A second major
source of acid is the burning of fossil fuels which releases quantities of sulphur
dioxide and acid oxides of nltrogen into. tke atmosphere (50—80 million tons

sanua’ Ty). These may subsequently be’ ralned out over the sea, but although
reintell cpntalnlng sulphur dloxlde (i.e. ac1d1c) may ‘have affected the PH of some

G
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Swedish lakes, a similar effect on the sea seems unlikely. Burning of
chlorine-containing compounds, particularly substances such as PVC, gives rise
to large gquantities of ECL gas, which on dissolution, e.g. in rainwater, is a
further source of acid and one which may grow in extent.

Although the effect on the pH of sea water of acids from the atmosphere
cannot be detected, pH changes can be detected over relatively small areas in
the proximity of discharges of acid or alkaline wastes both in estuaries and in
the open sea in the wake of a discharging barge. It must therefore be concluded
that discharges of acids or alkalis have only a local effect and that their
distribution, although possibly world-wide, is completely accommodated by the
carbon dioxide buffer system and has nc effect.

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

3.3.2 Nutrients and ammonia

Phosphate enters the sea via rivers and directly from outfalls via sewage,
wvhere its origin is largely polyphosphate from detergent formulations. Small
amounts may also be discharged by industry and some will enter as runoff from
agricultural land. Sewage effluents contain nitrate and ammonia + nityite both
cf vhich are oxid’z~l by bacteria to nitrate. Ammonia may reach the marine
environment in sewage effluents and as a result of;its use in industrial processes
and in agriculture. In addition large quantities -of ammonium sulphate are
produced as by-products in certain industrial processes. Some of this is
considered waste and is discharged to the sea.

The concentration of ammonium ion in sea water is low (generally of the order
of 5~50 ;im/1) although locally it may be high near a discharge of
nitrogen-containing waste. It is one of the intermediates in the bacterial
decomposition of nitrogen-containing compounds which eventually terminates at
nitrate. Ammonia is not therefore a persistent substance and large-scale
distribution of high concentrations is unlikely. Nitrate and phosphate are
essential nutrients in the productivity of the marine environment. Over-sbundance
of these ions in freshwaters can lead to hypertrophication with blooms cr
phytoplankton, followed by deoxygenation and anaerobic decay. Such phenomena”
have been recorded in the marine environment in fjord and estuarine areas
(e.g. Oslo Fjord) and may become a problem in some enclosed seas. Both nitrate and
phosphate are absorbed on particulate matter and the sediments provide a reservoir
and means of storage of excess nutrients. Although persistent, neither nitrate
nor phosphate constitute accumulation hazards within marine animals and there is
no evidence to suggest that concentrations less than grossly excessive would be

toxic. i
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3.3.3 Cyanide

Wastes containing cyanide are discharged to rivers, estuaries and on open
coasts from a variety of industrial premises, e.g. metal plating plants, gas
works and coke ovens, and from the scrubbing of steel works gases as well as a
numnber of chemical processes. Direct discharges such as these account for most of
the cyanide entering the marine environment, but small quantities are dumped
directly into the sea, usually in deepwater. Discharge of HCN, NaCN, KCN and
similar simple cyanides leads to the formation of HCN, with some subsequent
dlsch1at10n to CN-. It is now generally accepted that HCN is much more toxic
to aquatlc life than CN- and at pH 8 only sbout 7-10 per cent of the HCN is
dissociated. Cyanide is biodegradable and treatment methods are available which
can eliminate the need to discharge cyanides. The biodegradability of cyanide
and the readiness with which it forms complex—g with certain metal ions,
e.g. copper and iron, means that large-scale’ ‘distribution of cyanide is unlikely
and that any detrimental effects would be local in nature.

X
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3.3.4 Antimony

The over-all crustal abundance of antimony is of,the order of 0.1-0.2 ppm, and
except where antimony minerals are found, there is little local enrichment. Oxide
minerals are known, but almost all the production is from sulfide minerals,
including complex sulphides and subsequently with other metals.

World production is mainly frcm South Africa, China, Bolivia, Mexico, Morocco,
Yugoslavia, Turkey, the United States of America and the USSR. Smaller quantities
of antimony are produced from Czechoslovakia, Australia, Austria, Ttaly, Peru
and Thailand. A considerable amount of antimony is recovered from scrap
(principally lead-antimony alloy) and recycled. There has been little change in
the world antimony production from 1964 to 1973 at about 65-72,000 tons per annum.
The recovery cf antimony from its ores is by volatilization and pyrometallurgical
techniques and a number of different processes are in use.

‘ The chief use of antimony is as an alloying element, particularly with lead,

to form plates for storage batteries, as a cable covering, in type metal, fusible
alloys, etc. Antimony sulphides and trioxide are used as pigments and there are
smaller uses in the glass industry, in the striking surface of match boxes and
in sammunition.

Smelting of antimony ores is carried out in both the countries in which the
ore is produced and in industrialized countries. Antimony concentrates, crude
antimony sulphides and metallic antimony are transported by sea. Loss of a
shipment could give rise to a local problem.

Only small quantities of antimony are likely to be introduced to the sea by
weatherlng (estimated at 1,300 tons annually), or by fossil fuel burning. Normal
levels in sea water are reported to be of the order of 0.1-0.5 ug/l. Freshwater
streams have been reported to contain about 2 pg/l.

There does not appear to be any information on the toxicity of antimony to
merine animals but in freshwater acute toxicity levels of between 10 and 20 mg/l
have been recorded for crustacea and fish. Normal contents of antimony in marine
organisms are reported to be between 0.7-50 mg/kg for biyelve: species representing
a concentration factor over sea water of the order of 10%-105. Shrimp were
reported to contain between 0.05 and 0.8 mg/kg dry weight and fish 0.019-0.13 mg/kg
dry weight. ~ In higher marine animals, e.g. seals, antlmony ‘could not be detected
at 0.01 mg/kg (detectlon level).

Adverse effects on health have been noted in those exposed industrially and
therapeutically to antimony compounds. There are certain similarities to arsenic
but unllke'arsenlc it shows no tendency to be stored in tissues and also shows
differences in toxicity. Contact with polluted sea water and consumption of
gfafoods from polluted areas are unllkely to constltute & hazard.

\r

3. 3 5 Arsenlc

Arsenic 1s w1dely dlstrlbuted 1n crustal rocks but at only a very small
oo
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concentration - an cover-all abundance of about 2 ppm has been suggested. Rocks
are known which contain much higher quantities, usually in the form of the
mineral arsenopyrite (FeAsS). Strictly speaking, the word arsenic refers to the
element, although in commercial practice it is often used for arsenious oxide,
A5203’ known also as white arsenic.

World production of arsenious oxide, from the flue dusts obtained from the
roasting of arsenical ores, exceeds 30,000 tons per annum; France and Sweden
being the major producers. There is important production also from Germany,
Portugal, Spain, Namibia, Mexico, Brazil and Peru. Many other countries have
produced small quantities. In addition considersble quantities of arsenic-
containing materials are disposed of -as waste products.

Arsenious oxide is used in the manufacture of insecticides, wood
preservatives, anti-fouling paint, and weed killers. Smaller uses include as a
constituent of some vitreous enamels, and in the metallic form as an alloying
element with e.g. lead, antimony and copper.

Weathering of the earth's crust is said to introduce up to 72,000 tons per
year via rivers and the burning of fossil fuels a further 700 tons, mainly from
coal. This latter figure however is low in comparison with the recent estimates
of atmospheric input from all sources via rain t0 the North Sea of 1,000 tons
per year. Considerable amounts are likely to enter the sea as a direct result
of metal processing operations in which arsenic is evolved as the oxide and
discharged in flue gases or washings.

In the Clyde Estuary (Scotland) arsenic is reported to be present in the
surface sediment at an average level-of 21 mg/kg in the arca where sewage sludge
is deposited. The "background" level! in this estuary is reported to be about
8 mg/kg. Sediments off the ‘United States of America coast contained 3-15 mg/kg
arsenic and deep sea sediments contained similar amounts. Much higher
concentrations were, however, found in sediments in the vicinity of an arsenic
smelter in the Unlted States /of Amerlca (290-980 mg/kg)

In sea-water arsenic occurs normally in concentratlons of the order of
2 pg/l. Fresh-water streams contain a similar amount. Two valency states are
pocsible and both the trivalent (arsenite) and pentavalent (arsenate) have been
reported. The most likely form however is arsenate since arsenite is readily

- oxidized. P

Elemental arsenic is virtually non-toxic to marine organisms; the trivalent
form is more toxic than the pentavalent form.  Most: of the ‘toxicity data refer
to the arsenite form and the acutely toxic. level is reported to be within the
range 1-10 ug/l tor a wide variety of marine organlsms, and the in~-tissue levels
associated with death of Crangon exposed ‘to arsenic in solution ranged from
10-100 mg/kg. The normal background levels observed in marine animals are usually
lower e.g. molluscs 0.4-1.3 mg/kg, crustacea 1-10 mg/kg, fish 0.1-10 mg/kg, but
much higher concentrations have been recorded in apparently healthy animals
e.g. 120 mg/kg in mussels, 170 mg/kg in pravns and up to 100 mg/kg in flsh (all
-concentrations on a wet weight b351s)
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Certain inorgznic arsenic compounds are known to be carcinogenic and are
highly toxic to man on acute or long-term administration, producing
gastrointestinal, skin, liver and nerve tissue injuries, possibly by affecting
anzymnes c0ﬂ‘nln1ng sulfhydryl groups with which arsenic forms additive compounds.,
Although certain arsenic compounds readily penetrete the skin, it is most
unlikely that arsenic-polluted sea-water would contain a suff1c1ently high
concentration to cause acute or long~term injury to those exposed to it. Organic
arsenic compounds are generally of much lower toxicity, probably because they are
rzore rapidly eliminated from the body than the inorganic forms. In the forms in
which arsenic is present in food it is well absorbed but is also rapidly and
almost completely eliminated in urine so that accumulation in tissues is unlikely
except with high intake levels. All foods contain arsenic and the richest sources
of dietary arsenic appear to be seafoods, especially shellfish and crustaces;
severe or prolonged pollution of the sea with arsenic must be avoided in those
. areas from which these species are taken, especlally if seafoods form a
substantial proportion of the normal dlet of the population.

3.3.6 Beryllium

Beryllium is a rare and dispersed element. Although most rocks contain a
few ppm, local concentrations are rare. Production is entirely from the silicate
mineral beryl, which contains T-8 per cent beryllium.

The world production is not known, as significant contributions from the \
United States of America and the USSR are not recorded. Remaining production is
about 6,000 tons per annum, largely from Brazil, with significant amounts from
Uganda, Rwandese Republic and Burundi, South Africa,.Zaire and‘Argentina.

The productlon of beryllium is a dlfflcult and hazardous process, and as a
consequence is undertaken only in the more highly developed countrles, where
stringent precautlons are in force,

Beryllium has important uses in nuclear reactors, where it is used as a
moderator for neutron flux, as a copper-beryllium alloy for non-sparking safety
tools and other purposes, as a castlng alloy, and in the form of the oxide"as a
refractory material. y : : :

Only very small quantities of'berylllum - 410 tons per year - enter the -
atmosphere annually as a result of fossil fuel burnlng.»a further 5 600 tons has
been estlmated to enter the sea as a result of weatherlng.gs - o

The normal concentratlon of berylllum in, sea—water 1s reported to be of the .
order of 0. 0006 0.005% ug/l and concentratlon factors for aquatlc organlsms ‘have

d

been reported to be of the order of 103 j-f;f yi:‘fvb__ 4

There appears to “be no - 1nformatlon on* the tOXlClty of berylllum to marlne

organlsms., Tn‘freshweter its tox1c1ty decreases markedly with 1ncrea51néag¢ g
' hardness of:the water, e.g. the. LC 50 for fathead minnows increased from‘k_ T
0. 2 30 mg/l with a correspondlng 1ncrease 1n hardness of 12-500 mg/l (calc1um




©dry welght. o
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carbonate). It therefore seems likely that the toxicity to marine organisms
would be less than that reported for frestwater.

. Severe toxic effects have been produced in workers who have touched or
inhaled beryllium and its compounds during their production and use. The
particular ill-effect depends on the route, frequency and degree of exposure,

as well as on the particular individual exposed. Various types of skin changes
occur in beryllium disease and lung disease cvan be acute in onset, develop over

a period of years or become chronic after an acute episode. Only a small fraction
of beryllium taken by mouth is absorbed. Most of that absorbed is excreted in
urine and faeces but some accumulates in bOdy tissues, particularly -in bones, and
is slowly excreted over a period of vears. chever tissue. levels are extrexely
low even in those exposed to high® ‘concentrations.

Although beryllium is dangerous industrially there is no evidence that the
quantities aud types of beryllium compounds likely to occur in the marine
environment or in seafood taken from polluted\waters will be in any way hazardous
to human heglth. However, data are limited end cautlon is necessary.

30 3 3 7 Ca-dmium ) 4

Cadmium occurs-naturally in association with zinc (and lead) and its
production is entirely from zinc concentrates (sphalerite~ZnS). Its level of
abundence in crustal rocks 1s low (about 0.2 ppm)-but it occurs w1dely.
Independent minerals are few and rare. It occurs widely in eplmals and plants.

World annual production is in excess of 15,000 metric tons and increased
steadily up to 1969 after which there has been a slight fall. Areas of
production are similar to those of zinc. Cadmium recovery from zinc and lead
concentrates takes place mainly in 1ndustr1allzed countrles. Only very small
quantltles are recycled. i ‘ Tl

\!

Cadmium. is used malnly in plgments (e. g. in palnts, ceramics and glass)

‘ benrlng metals, in fusible and other alloys, in batteries and in. riuclear .

reactors, and in plating for corrosion 1nh1b1t10n and electrlcal contactss

Probably the main mode of entry to the/marlne env1ronment 1s fromreffluents
derived from the plating industry.  Sewage contains relatlvely small- .
concentrations. Sewage sludge from Swedish. munlclpal plants is reported to-
contain on average 16 mg/kg dry weight of cadmium.  Glasgow sewage. sludge (one

"observation) contained: iz mg/kg: and the sedlment in- the dep051t area 1n the

Clyde Estuary, Scotland, contained 3-T mg(kg dry weight ‘compared. with a
background .value -in‘the. "unconteminated” area.of..0.k. mg/kg."Uhlted Klngdom
values of ‘the - cadmlum content of sewage sludge range between 2 3 and 60 mg/kg .
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North Sea indicate an input via aerial d=position of 230 tons per annum. There
are no global estimates for the amount of cadmium reaching the sea through river
discharges. ‘rhe cadmium input to the’North Sea by the Rhine has, howsaver, becn

estimated to be 50-100 tons per annum.

Cadmium is transported by ships as a component of zinc and lead ores and
metals. There is some movement by sea of refined cédmium metal end as pigment
(largely C40). Spillage will result in,slow leaching but no serious hazard to
marine life. R ! o g

Toxicity of cadmium to marine animals varies wfthwgompounds, species and
stage of development. Values are reported to be within the range 0.1-100 ug/i.
Marine larvae and algae seem to be particularly susceptible. Accumulaticn
appears to be via the food rather than by direct uptake from the water. Whole
body burdens associated with- death range from 2 ng/kg for ehrlmps to 40-100 mg/ke
for oysters. "Normal" contents of cadmium in animals from areas not specially
exposed to industrial effluents are for fish <0.2-10 mg/kg, and for crustacean
muscle tissue <1.0-20 mg/hg. Molluscan shellfish may confaln somevwhat higher
concentrations e.g. 20 mg)kg in scallops from the Englisih Channel. Very much
higher values have been Iound in shellfish from the Bristol Channel (United
Klngdom), an area dl*ectly ‘'exposed to contamination from a nearby smelter.

The average cadimium content of open oeean sea-water has been estimated at
0.02 ug/l; Br1t151 coastal waters yleldea vaJues between <0.01 and O. 62 ug/1i
"Contaminated" waters have yielded values\ up +o 10 pg/l.

R \

Sedlmentg from coastal areas not expo~ed to industrial effluents contain
0.L47-1.9 mg/kg, deep sea clays yielded, however, only 0.4 mg/kg. Sediment from
the Bristol Channel, exposed to 1ndustrlal pollutlon ranged 1.6-4.7 mg/keg dry
weight. Organic matter from bottompsedlments ‘collected from a contaminated
area off Finland is reported to have yielded up to 130 mg/kg dry weight of

cadmium. - 2

{Padmlum vapour and cadmium salts can induce acute toxic injury to the lungs,
gastxomlntestlnal tract,and kldneys but such injury ls unlikely to occur on
contact with polluted ‘séla water or eonsumptlon of feaToods Cadmiunm is
v1rtually absent from the body at birth. Although only 5-10 per cent of .
1nge=ced cadmium is absofhed it is only very slowly excretzd, the blologlcal
half life- “being between lé—33 years, and it gradually accumulates with age,
malnly in the kldneya and ‘the liver. Kidney damage is llkely to occur in man
vhen the cqncentratlon in khe cortex of that organ reaches A level of about
200 mg/kg net welght. In@Japan 1ong-term ingestion of high levels of cadmium
in food and water, resultlng from industrial pollution in localized areas, has
been implicated as a contr*butory cause(ofwan illness syndrcme comprising ’
kidney damage w1th bone dlsﬁase.- Although shellfish have been shown to
accumulate cadmlum, there 1S\at present no indication that consumption of thelr
flesh leads to human disease except in areas of high industrial pollutiocn.
However, because the human body is virtually unable to eliminate absorbed
cadmium, every effort should contlnue to be made to reduce to a minimum

contamination of the marine env1ronment w1¢h this metal.,
\
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3.3.8 Chromium

Crustal rocks vary greatly in chromium content, from less than 1 ppm in some
granites to almost 1 per cent in some basic rocks. Some minerals have "chrome-
bearing" forms which may contain much more. The principal ore of chromium is
chromite FeCrp0), which is the only ore from which chromium is produced on any
scale.

The world's production of chrome ore is principally from the Philippines,
Turkey, South Africa, Rhodesia and the USSR. There are many other smaller
producers. World production of chromite has risen steadily in recent years and is
now 7.5 million tons per annum (1973).

Chromium is used as an alloying element in the production of stainless steels,
armour plate and certain cutting steels. In the form of chromite it is used in the
manufacture of chrome refractories, and in the chemical industry it is used to
produce chromates and bichromates. These have a wide variety of uses including
tanning, dyeing, chrorium plating and production of chrome pigments.

Shipment is largely as the mineral concentrate; loss would not give rise to
any hazard to marine life.

Input to the atmosphere of chromium from the world-wide combustion of coal and
oil has been estimated at 1,500 metric tons per annum, a part of which may
subsequently be deposited in the sea. This would appear to be a relatively small
proportion of total atmospheric input when compared to preliminary estimates of the
atmospheric input to the North Sea - 2,000 tons per year. The globsl contribution
to the ocean by river discharges has been estimated at 236,000 tons per annum. The
superficial sediments at the mouths of the estuaries of the Rhine and Ems have been
reported to contain respectively 160 and 180 mg/kg of chromium.

The "normal" concentration of chromium in open sea water is stated to be =
0.3 pg/l; coastal waters may yield about twice this figure. Near-shore sediments
in areas not expcsed to industrial effluents are reported to contain approximately
10-100 mg/kg. "Normal" sewage sludges from Swedish plants gave an average content
of 50-200 mg/kg of chromium, whereas plants contaminated with industrial effluents
yielded 1 mg/kg dry weight of chromium in the sludge. Sewage sludge from plants in
the United Kingdom contaln from T-2, hOO mg/kg dry weight. In the New York Bight the
mean content of samples from sediments well away from the dumping zone was <10 mg/kg,
whereas near the centre of the sewage sludge dump1ng area the mean value was ‘
205 mg/kg. A single sample of: Glasgow (Scotland) sewage sludge contalned 660 mg/kg.
Sediments from the deposit area in the Clyde ranged ia chromium content ‘from _
48-308 mg/kg, while the Clyde "backgrOLnd" range is" reported to'be" 38-106 mg/kg.
There appear to be ‘no recent’ estlmates for deep sea dep031ts. AR

Chromlum contents in marine orgenisms. are usually below +the 11m1t of S
detection, but vealues of 0.5 mg/kg wet welght have been ‘obtained from fish '
taken from English coastal waters. Rather lcwer flgures have" been obtained by
French workers. However, the soft parts of 1nvertébrates from the Clyde Estuary
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sludge dumping area ranged in chromium content from 13-42 mg/kg dry weight;
the highest value was given by the whelk (Buccinum undatum).

In the marine system the hexavalent form of chromium is ususzlly considered
to be the most toxic and has been suggested as the cause of ulceration in fishes.
Threshold concentrations vary between 1 ppm for Nereis sp. to 40-60 mg/l for
Carcinus and 33 mg/l for Crangon. Oyster larvae are killed by concentrations of
5-~10 mg/l and 1 mg/l chromium reduced the rate of photosynthesis in Macrocystis
by 20-30 per cent after seven to nine days' exposure. The concentration factors
reported for marine organisms are quite large, e.g. 10,400 for soft-shelled
clams and 60,000 for Crassostrea.

High concentrations of chromium salts are irritant to the gastrointestinal

‘tract, skin, eyes, mucous membranes and lungs and prolonged skin contact can

cause dermatitis. Human exposure in chromate-producing industries is associated
with an increased incidence of lung cancer.

However, these ill-effects odcur only on prolonged contact with concentrations
as high as those found in the industrial environment and concentrations to be
found in even heavily polluted water are unlikely to be hazardous.

Chromium is present in human tissues end takes part in some metabolic
reactions. It does not accumulate to a significant extent in the body. Chromium
compounds are poorly absorbed from the gastrointestinal tract and amounts which
are known to occur in fish would be harmless to man.

7

3.3.9 Cobalt

Cobalt is a dlspersed element, most rocks contalnlng from less than 1 to
gbout 10 ppm. Local enrichment is rare and deposits are not sufficient \y
concentrated to be worked for cobalt alone. The production of cobalt concentrates
is associated with the winning of other metals, especielly copper, nickel and
gold. The principal minerals of cobalt are sulfldes and arsenides and often
include other metals. \

World productlon is almost entirely from sulfmde ores and pr1n01pally from
Canada, Zaire, Zambia, the United States of Amerlca/and Finland. Smelting of
ores takes place in the . country where they are produced. Total-world productlon
1s now of the. order of 25,000 .tons, hav1ng rlsen steadlly in recent years.

Cobalt is used pr1nc1pally in hlgh temperature alloys, hlph-speed steels,
non-magnetlc and other alloys. Other uses. include in the ceramic 1ndustry as
plgments, enamels and glazes, and in glass maklng, where it is used not only to
produce blue and blue-tlnted glass but also in small quantltles to neutralize

yellow tlnts from 1‘on or. selenlum.

, Shlpment is prlnclpally as cobalt metal and cobalt alloys. ‘Loss would not
give rise to any hazard to +he marlne env1ronment.‘ . ' '

oo
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The "normal" cobalt content of open ocean sea water is stated to be very low -
0.03 ug/l. It is a constituent of nuclear fall-out and it has been estimated that
cobalt-60 entering the sea in this way from the atmosphere, in the North Pacific,
remains for about five years in the surface waters. The burning of coal and oil
is said to contribute globally TOO metric tons of cobalt per annum to the
atmosphere, some of which will later reach the sea. The contribution via river
discharges of naturally occurring cobalt results from the weathering of rocks and
is estimated to be 15,200 tons annually. The contribution from sewage may be
judged from the estimate of 8-20 mg/kg dry weight as the cobalt content of
"normal" sludge from Swedish municipal plants, while "contaminated" sludge from
similar plants receiving industrial effluents is given as 50 mg/kg dry weight.
In sewage sludge from Glasgow (Scotland) 7.5 mg/kg dry weight was found in one
sample.

In near-shore sediments from areas not exposed to industrial pollution the
cobalt content ranges from T7.7-8.6 mg/kg dry weight, but an average figure for
near-shore sediment is said to be 13 mg/kg. In the Sclway Firth, United Kingdom,
which is relstively free from industrial effluents, the cobalt content of silts
and clays gave a mean value of 16 mg/kg dry weight. Muds at the mouths of the
Rhine and Ems contained respectively 43 and 40 mg/kg dry weight. Near the centre
of the sewage sludge dumping area in ithe Clyde Estuary, Scotland, values ranged
between 30 and 40 mg/kg dry weight, with a mean value of 34 mg/kg. Similar values
are found rather widely in this estuary. In surf clams (Spisula solidissima) from
off Delaware Bay, United States of /merica, the cobalt content was found to be
less than 0.10 mg/kg drained weight of meat -~ the limit of measurement of the
method. Nevertheless, cobalt is an essential element for many biota and is
normally concentrated in marine organisms by factors of 102-10%; the higher values
have been recorded in experiments with crustacea:; in fish and seaweeds the values
are usually below 100.

There is very little information on the toxiecity of cobalt to marine life.
In freshwater acute toxicity varies considerably with species and values of
16-5000 mg/l have been reported. For marine life the only value available
suggested that 200 mg/l cobalt chloride was not toxic to fish (mummichogs).

Acute exposure to high concentrations of cobalt salts can cause
gastrointestinal irritation, facial flushing, pancreatic damage and a loweribg of
blood pressure. Long-term administration of relatively large amounts causes
nerve damage, alteration of thyroid and bone marrow activity, and heart disease
which may prove fatal,

Cobalt ié, however, an essential element for men: - it is also & component
of vitamin Bjp. It seems unlikely that polluted water or contaminated fish
could ircrease the amount ingested to a level which might be hazardous to health.
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3.3.10 Cogpez

Although not abundant, copper is widely distributed in crustal rocks with an
over-all sbundance of about 45 prm. It accurs mainly as sulfides of which the
most common is chalcopyrite (CuFeSQ). Most copper deposits show an oxidized zone
with carbonate minerals such as malachite and azurite. Oxide and native copper

are also known.

Production exceeds 7.5 million tons per annum, largely from sulphide ores.
Major producing countries include Australia, Canada, Chile, Japan, Peru,
Philippines, Poland, South Africa, the USSR, the Unlted States of Amerlca' Zaire
and Zambia. There are many other smaller producers. Copper is exten51vely
recycled in industrial countries.

Major uses are for electric wiring, switches, plumbing, plating, roofing
and building construction, alloys (e.g. brass and bronze), domestic utensils,
agricultural chemicals, wood preservatives, protective coatings, pigments, china
and glass and wallpaper manufacture. —

e

N

Copper reaches the marine environment from copper mines and a large number
of industrial processes, e.g. artificial fibre production, egricultural chemicals,
wood preservatives, wallpaper manufacture, ete. Contribution to the atmosphere
from the burning of coal and oil is estimated to be 2,000 tons per annum. Natural
weathering of rocks has been estimated to contribute in riveér discharges about
325,000 tons per annum. Old mine workings and mine dumps continue 1o release 4
copper for an indefinite period; in some areas it is now worth while to recover '

the metal from such leachings. v

World-wide carriage in ships is mainly as copper metal; smaller amounts
are carried as concentrates (about 500,000 tons in 1970). Formulated products are
transported as packaged goods. Spillage of metal or concentrates would result
in slow release to the sea and no hazard to marine life. Spillage of packages
of copper salts would create local problems.

Copper is present in all sewage being derived from food, copper plumbing
and due to mixing with industrial wastes. Sewage sludge from Swedish municipal
plants is reported to contain 0.5-1.5 g/kg dry weight. Glasgow sewage sludge
contains 320 mg/kg and other values/from the United Kingdom range between 100

and 1000 mg/kg dry weight.

In the New York Blght sludge dumplng area, copper content of sediments ranged g
from 80-240 mg/kg dry weight in contrast to a nearby "uncentaminated" area which ‘
yielded 3 mg/kg dry weight. An area near the centre of the sludge dumping ground
in the Clyde Estuary, Scotland, gave values between 40 and 210 mg/kg dry Yelght

In near-shore aregs, far. removed from 1ndustr1al plants, the uperf1c1a1
sediments gave values ranglng from 2-26 mg/kg dry weight. ' Deep sea ‘clays, on
the other hand, gave average values of 250 mg/kg dry welght.. Muds -at. the mouths
of the Rhlne and Ems are reported to contaln hTO and 150 mg/kg dry welght
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respectively. The calculated input from the Rhine to the North Sea is between
1,000 and 1,500 tons per annum. Deposition from the atmosphere with rain has
been estimated to introduce about 13,000 tons of copper each year to the Korth

Sea.

An average value for the copper content of open sea water is 2 upg/l.
Coastal waters around the United Kingdom gave values ranging from 0.05-1.7 upg/l.
Copper is removed from sea water by adsorbtion on organic matter and by deposition
with clay minerals and manganese nodules (which mav contain up to 2.2 per cent Cu.)

Acute toxicity to marine animals is usually repcrted to be of the order of
a few ppm for adults of numerous species. Larvae are consistently more sensitive
(0.01 ppm for sea urchin larvae) and similar levels have been shown to affect
photosynthesis and growth in algae. In many molluscs and polychaetes there
appears to be no regulation and concentration factors of 100-1000s are common.
For example in Ostrea high levels are accumulated (100 mg/kg in the so-called
"green oysters') but the copper is present as inert granules in the leucocytes.
In Nereis accumulation occurs and death can result at body burdens of 200 mg/kg.
However, there is evidence of genetic (?) selection for copper resistance. Fish
and crustacea appear to be able to regulate their body burdens, though in Crangoz,
for example, detoxification is by formation of granules. IQZ—
"Normal" levels of copper in fish appear to be of the order of 20 mg/kg dry
weight; shellfish yield higher values e.g. mussels about 75 mg/kg, edible crabs
360 in the muscle to 1000 mg/kg dry weight in the "biown meat" (gonad and
hepatopancreas).

Large doses of copper salts produce injury to the gastrointestinal tract
and liver and this may ~ause death. Exposure to such large doses by contact
with:-sea water or seafood is not possible. Copper is an essential element for
man. Food and water provide man with a daily intake of about 4 mg copper.
Normally any excess of copper ingested is rapidly excreted so that the element
does not accumulate in tissues and chronic toxic injury is unlikely to occur
following contact with polluted water or ingestion of cseafcod frcm any area
polluted with copper.

3.3.11 Lead.

The natural abundance of lead in the crustal rocks of the earth is about
15 ppm. It is ubiquitous in soils, plants and animals. Lead as an exploitable
mineral occurs widely as the sulfide galena (PhS) which is the main source of
production of the metal; sulfate and csrbonate ores are also found but are of
very minor importance. Smelting is carried out both in the mining areas and in
the receiving countries. Large quantities of lead are recycled in all industrial
countries, especially from batteries, cables, piping and sheeting.

ry
World primary production is gbout 3.5 million metric tons; production appears
to have tended to stabilize durlng recent years follow1ng a steady rise during
the 1950s and 1960s. The principle world sources are Avstralia, Canada,
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Mexico, the United States of America, Bulgaria and Yugoslavia, mostly from
relatively small mines. Lead ore production on a lesser scale occurs, however,
in many countries.

The main uses of lead are in storage batteries, anti-knock petrol additives
(e.g. tetraethyl and tetramethyl lead), radiation shielding, in tank construction
and lining in the chemical industry, in ammunition, fusible alloys, pigments,
sheet and pipe, cable coverings, type metal, vibration damping in heavy
construction, decorative pottery, glass and foil.

Lead reaching the atmosphere from the burning of coal and oil has been
estimated at 3,600 metric tons per annum. World-wide introduction of lead to the
sea by river discharge as a result of weathering of rocks has been estimated as
being between 110,000 and 180,000 metric tons. Over 10 per cent of the present
annual primary production of lead is used in leaded motor fuels where it functions
as an "anti~knock' agent. However, its use for this purpose can be expected to
decline, both in terms of the concentration and the total amount as control
measures take effect. Much of the lead is released to the atmosphere in exhaust
fumes and part of this subsequently finds its way into the sea. Using lead in
this way was estimated in 1972 to introduce 2 x 102 metric tous of lead into the
marine environment annually. For the North Sea the atmospheric input, estimated
at 15,000 tons per year, comprises a significant proportion of the total input
of lead. The 1966 level of lead in a Greenland glacier has been shown to be
500 times the level of 800 BC. Atmospheric input is considered to be the cause
of the elevated lead concentrations noted in coastal waters adjacent to
vindustrial and heavily populatéd coasts. . Locally, however, smelting activities
may have much greater effect. Lead is present in enhanced concentrations in
river discharges from mineralized areas and mining activities, including long
disused workings; these may contribute substantial quantities to the marine
environment. Lead also occurs in the effluents of many chemical factories.

Lead is present in sewage: the mean content of sewage sludge in Sweden is
stated to be 324 mg/kg dry weight; in areas receiving wastes from particular
industries the lead content may, however, reach 1 g/kg dry weight. The lead
content of sewage sludges from the United Kingdom ranged from 5-750 mg/kg. liuch
of the lead reaching the sea will be in particulate form. Y

Carriage of lead by ships is on a world-wide scale; it is shipped mainly
as metallic lead and lead sulphide concentretes. The loss of a cargo of either
(there have been some recent wrecks of ore-carriers) would result in slow
leaching into the sea water without creating a serious hazard to marine resources.

~ Acute toxicity levels (LC 50 values up to 96 h) to marine animals have been

reported to be between 1 and 10 ug/l. :Lead nitrate at a concentration of 0.15 ug/l
reduced growth of a marine ciliate protozoan by 8.5 per cent in laboratory
experiments. Toxicity was increased when lead was associated with zinc or

mercury. Lead accumulates’in animal tissues and is only very slowly excreted.
Concentration factors in fish are of thevorder of 103 and in invertebrates of

the order of 10%. In crustaces lead tends to be spgred in the exoskeleton = .
and the digestive organs. Lead is an enzyme inhibitor and impairs cell metabolism.

O
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' In marine animals it is probeble that, at least in acute exposures, it acts by
damaging gill surfaces and hence inhibits oxygen-carbon dioxide transfer. The
mode of entry, however, is primarily with food rather than from sea water.
Larvae of marine animals are generally more susceptible than adults e.g. embryos
of the American oyster (Crassostrea virginica) gave an LC 50 in the range

2.20-3.60 (mean 2.45) pg/l for lead nitrate.

Lead 1s persistent in the marine environment and marine sediments are
probably the main storage point. Normal open sea water concentration is 0.02 ug/l
but in near-shore areas concentrations in surface waters can be between 10 and
100 times those in the open ocean. Surveys of the North Sea sbout 10 years
apart (1961 and 1970) showed no significant change in the lead content of surface
waters. Near-shore marine sediments, not affected by local sources of lead /
contamination, contain 1-20 ppm of lead. Sediments.in the Severn Estuary
(United Kingdom) ranged from 130-200 ppm; there are smelters nearby and old
mining areas in the drainage basin. Deep 'sea clays, however, are reported as

containing 80 ppm of lead. H
The acute toxicity of inorganic lead is relatively low in man but when
exposure continuously exceeds the rate at which it can be excreted from the
body it accumulates in the tissues and finally provokes the illness known:as
chronic nlumbism. In those countries where adequate surveys have been made the
intake of lead eu food and water (the main sources of lead) is lower than that
likely to constitute a health hazard. However, lead accumulates in shellfish,
particularly bivalve molluscs, and high concentrations of lead in their flesh
seem to be associated with elevated levels of the eLement in near-shore sediments.
No instances of human p01son1ng from eatlng such shellflsh have been recorded
but the rapid increase in the level of lead in the surface layer of the sea in
this century must be viewed with some concern where shellflsh form a substantial

proportion of the human diet. n

3.3.12 Manganese

Manganese is usually classed as a "minor" rather than a "trace" element in
crustal rocks, ranging from 0.05-0.2 per cent. Local concentratlons occur in some v
sedimentary rocks and also in the form of accretions known as '"manganese nodules" ;
on the deep sea floor. These nodules may conta1n$also appreciasble quantities of

some non-ferrous metals espec1ally copper, cobaau and nlckel.

The pr1nc1pal ores of manganese are oxide mlnerals, pgrtlcularly
pyrolusite Mn02 Slllcates and carbonates are. known “but these ‘are not. 1mportant

sources of manganese.

There is wldespread productlon, transport and usage of manganese ores,
the largest productlon be1ng from the USéR Indla, Brazil, South Africa, Morocco,
Zaire, the United States of America, Japan, Mexlco Australla, China and Gebon,
Total“productlon has risen from 4 m11110n tons in 1953 to about 8 million tons

conta1ned metal 1n 1973.
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Manganese is used extensively as an alloying element for steel and in other
aspects of steel production. Large quantities of manganese dioxide are used in
the production of dry batteries and smaller quentities in glass manufacture, in
glazes for pottery and making coloured brlcks.f Manganese salts have many uses

in the chemical industry as mordants, dyes, ox‘dants, plgments, catalysts and
intermediates. «

Manganese is carried by sea largely as manganese dioxide in bulk ore carriers.
Small quantities are shipped as ferro-menganese. Spillage of either of these
would not result in a hazard to marine life.

Mangaﬁese occurs at the level of 200 ug/m3 in United States urban air and
the air/ocean ratio is 700:1. This, it is estimated, may result in an increase
of 15 per cent in the manganese content of the upper 200 m of the ocean.

The burning of coal and oil is estimated to contribute to the atmosphere
only 7,000 metric tons of mailganese annually, part of which will later reach the
sea. The total annual input of manganese to the North Sea from the atmosphere
has been preliminarily estimated to be 6,000 tons per year.

River discharges have been estimated tb contribute globally both in solution
and in particulate matter in total 2.2 million metric tons of manganese per annum,
much of which is ultimately deposited as manganese dioxide or in manganese nodules
on the ociean flcor, carrying with it substantlal quantities of a number of other

metals.

The manganese content of "normal" open ocean sea water is stated to be
0.3 ug/l, but values up to 1.9 ug/l have been quoted. Streams are reported to
yield on average T ug/l. Filtered Atlantic water 2ollected west of the
British Isles gave values ranging between 0.03 and 0.09 pg/l. North Sea values
ranged from 0.24-~0.54 ug/l; the English Channel was similar. Substantially
higher values (range 0.22-14.6 ug/l in filtered sea water) were obtained from
the eastern Irish Sea, which receives drainage from large industrial areas and
rivers rich in minerals. In the Irish Sea significantly greater amounts of
manganese were found in shore-line water than off-shore. Values obtained in 1970
from British coastal waters were not significantly different from those obtained
10 years earlier. In all areas approximately 75 per cent of the total manganese
was in suspended partlculate matter. i

Muds from the Solway Firth (United Kingdom) are reported to contaln on
average 360 mg/kg of ‘manganese, with a range of 180-720 mg/kg. Sandy silt
from Saenich Inlet, British Columbla, also-yielded 360 mg/kg.  On the other hand
the Clyde Estuary, in the area where sewage is deposited, gave flgures ranglng
from 500-1000 mg/kg with a meen of 911 mg/kg. A single’ analy51s of the sewage
sludge itself gave 762 mg/"-g of mangenese. . '"Normal" sludge from Swedish plants
gave 200-500 mg/kg dry weight. Even higher values have been reported from the
muds at the mouths of the Rhlne and Ems v1z. 2600 and 3300 mg/kg respectlvely

5 Generally it appears that ca.tlons .are more ‘tOXlC than- anlons, e.g. Mn0, - but
Mn~ , the most llkely form to occur 1n sea. water is more toxic thar Mn3*. "There
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is little information on the toxicity of manganese to marine organisms; acute
toxicity to fish is reported to range from 1-1000 ug/l. Oyster larvae are
reported to be killed by 1L4-19 ug/l and algae are claimed to be damaged by
concentrations as low as 5 Hg/l. Certain species appear to have a striking
ability to accumulate mangsnese e.g. scallops (concentration factor 50,000)

but in fish 100-fold appears usual and a value at which the fish can regulate
further uptake. Concentration factors for manganese in algae have been reported
as Fucus sp. 2.3 x 104 (18 observations) and Porphyra umbilicalis 7.0 x 103

(20 observations).

Actual concentrations of manganese ranged from 64-99 mg/kg dry weight for
Fucus sp.; 29 mg/kg (two areas) for Porphyra; and 3i-42 mg/kg for Patella (soft
parts). Values obtained for surf clams, Spisula solidissima, from off
Delaware Bay ranged from 0.68-2.79 mg/kg, drained weight of shellfish in
May/June 1967. Average values for the Northern Quahaug (Mercenaris mercenaria)
are reported as 3-7 mg/kg.: ,

43 //::.,'/
- In the industrial environment, inhalation of mariganese and its compounds
over a prolonged period has led to damage of the nervous system, liver and

- lungs. DManganese is poorly absorbed through the skin and from the gut where

ill-efflects are seen only at concentrations high enough to cause severe irritation.
Menganese is an essential element for man. Tissue levels are probably regulated
by alterations in the excretion rate. Manganese is present in many foods,
occurring at low concentrations in seafoods. Human contact with manganese-
polluted water and consumption'of manganese contaminated seafoods do not at

the present time present a health hazard.

3.3.13 Mercury

The abundance of mercury in crustal rocks is low, a figure of 0.06 ppm
has been quoted. It does, however, tend to be more sbundant in the rocks from
certain areas, where it may appear as the sulfide mineral, cinnabar (HgS). The
total world production has been fairly stable in recent years at about
9,000 tons per annum. The chief producers are Italy, Mexico, Spain and the USSR,
with some production from China, Turkey, the United-States of America and
Yugoslavia. In general, local smelting is utilized. '

- The most important single usage of mercury is still in the chlor-alkalx
industry. Recently introduced methods of treatment of the effluent have greatly
reduced the discharge of mercury from these plants. It has, however, a wide
variety of other uses, e.g. agricultural chemicals, pharmaceuticals, electrical
switches and instrumentation, mercury vapour lamps, extraction of gold and
silver, in high quality anti-fouling paints, in dentistry and in the dyeing
industry. o . R gy ‘ o L :

u

' Mercury is al%o'used as_a cataiyst,ih:the pr6duction,"inter:aiia,‘of
acetaldehyde and vinyl chloride -and it was this latter use at Minamata in
Japan which led tq:phe;deqths-ofgmdte,thaq.h03people5 and lasting injuries... .

Pt
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to a greater number. Because of its relatively high vapour pressure
(10 mg/m3), losses to the environment occur during smelting operations and

whenever metallic mercury is used.

In addition to these sources of mercury, which between them probably
account for L-5,000 tons added to the sea each year, some will reach the
atmosphere from the burningz of coal and oil, part of which will be rained out
over the sea. Tk rlobal stmospheric input has bzn sshbimated at 3,200 tons
per annum. Input to the cceen by river dischar;cs derived frcim the weathering
of rocks has been estimated to be about 2.500 tons.

ltercury is transported by sea, primarily as the metal in flasks or as
formulated packaged products.  The role of leaching of the metal into the sea
is uncertain, since it has beeln reported that metallic mercury can accumulate
in hollows in the sea bed and %ay become covered by sediment. Under these
conditions some conversion to alkyl mercury may still occur.

Hercury is present in most sewage, being derived from numerous: sources,
including food, dental fillings and minor industrial uses. The mean content
of "normal" sewage sludge from Swedish plants is stated to be 4-8 wmg/keg.

Figures for United Kingdom® sewage sludges range from 2.6-50 mg/kg with an
average of about 9 mg/kg. ihv-lnput from sewage to the North Sea has been
calculated to be. about 22 tons per annum. There is evidence that mercury
released to the marine environment is rapidly absorbed on sedimentary material
and this is reflected in the high concentrations noted in muds off major
estuaries, e.g. the Rhine. . The input to the North Sea from the Rhine has been
estimated to be 100 tcns of mercury per annum. The superficial sediments at
the mouths of the Rhine and Ems were found to contain 18 and 3 mg/{g of

mercury respectively.

The normal content of mercury in open ocean sea water lies within the
range 0.01-0.1 ug/l. Equatorial waters are reported to yield figures one or
two orders of magnitude lower than the average for temperate waters and it has
been suggested that this results from ‘uptake by plankton. t

Regardless.of its state on entry into the marine environment, mercury {
compounds are liable to be converted into methyl mercury under anaerobic
conditions. Acute toxicity of ionic mercury varies both with the species and
with its stage of development from O. 005 10 mg/l. Organic mercury compounds are
much more toxic than ionic mercury, e.g. 18 per cent of Plumaria juvenlles were
killed by 0.04k mg/l methyl mercury (of mercurous chloride 3.12 ppm). Slmllhrly
propyl mercuric chloride was more toxic than ethyl mercuric chloride which was
more toxic than methyl mercuric chloride. The figures for acute toxicity are
time-dependent - apparently with a very low threshold. The corollary to this
is a slow elimination or detoxification mechanism. This is seen from the
half-life of alkyl mercury which'is much longer than that of inorganic mercury.
Half-lives for Tapes, Mytilus, Carcinus and fish have respectively been reported
as 480, 1,000, 400 and 250-1,000. days. Concentrdtlon factors for alkyl mercury
are also higher, for example Venus rapldly accumulated 30-40 mg/kg from
0.3 mg/kg mercuric chloride but 70 mg/kg from methyl mercury.




-30-

The significance cof residue levels 1s uncertain. It is thought that the
action of mercury is selective, binding at - SH groups of proteins etc., especially
gt livid-richrsites, e.g. nervous tissue. However, the site of accumulatioun is
dependent on the form of mercury. Levels of 200 mg/kg (total body burden) caused
behavioural disorders in seals; 15 mg/kg mercury caused death in fishj; 30-100 mg/ke
death in shrimps. Behavioural abnormalities were apparent at concentrations only
slightly less than this. It has been suggested, at least for seals and pussibly
for other mari.le animals, that the toxic action of mercury rcan be blocked by
parallel accumulation of selenium almost up to the lethal concentration.

The human toxicities of elemental mercury and of inorganic and organic
mercury compounds are different. Poisoning by elemental mercury has been found to
occur only following inhalation of the vapour or prolonged-ccntact with finely
divided metal; the nervous system is chiefly affected. Inorganic mercury is
concentrated in the kidney and large dosns damage that organ. "chgver, inorganic
mercury is excreted from the body at a moderately high vate (a half-life of
about three monthg) and chronic poisoning by~ concent;atlons which would occur in
sea water or seafood is un ikely. The toxicity of alkyl mercury compounds is
higher than that of/uhe aryl and alkoxy compounds. “Acute poisoning by
organomercury comrounds has occurred only on industrial exposure and following
the consumption T’ organomercury-treated seed intended only for agricultural
purposes. Long-term exposure of man to organomercury compounds damages the
central nervous system; in localized areas this has occurred fol]owlng the
ingestion over a lcng period of seafoods” containing high concentrations of methyl
mércury compounds originating from industrial pollutien. The accumulation o¥
organomercury -compourds in marine species used as human food has led to a need
for some countries to introduce a ban on fishing and on the sale of contaminated
fish in some areas where industrial pollution has been high. Since inorganic
mercury compounds are in part transformed intc organomercury compounds in the
sea, contamination of the sea hy all forms of mercury should be reduced to the
minimum. :

~

3.3.14 Nickel

Crustal rocks vary greatly in nickel content, from a few ppm to about

0.5 per cent in some basic rocks. There is enrlchment of certain secondary rocks
in nickel (s ome_bauxites and laterites for example) with pockets “vhat’ may be
exploitable at times of nickel shortage. Although nickel is more abundant than
copper, lead or zinc, there are fewer deposits. These are mainly sulfide ore
bodies -~ some of which contain no more than 1 per cent nickel, with other
non~-ferroys:metals such as cobalt and copper. The silicate mlneral garnierite is

also an 1mportant source of nickel. R o G
T ’ - )

The greater part of the world productlon is from sulfide ores in Canada.
Other major producers 1nc1ude the USSR, New Caledonia, Cuba and the United States
of Amerlca Australia is expected to become a major-producer. There is smaller
productlon from Flnland Indonesia, Poland, South Africa, Rhodesia and only :
very suq'l quantities Qf nickel from other countries. World productlon amounted

i
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to 0.67 million tons in 1973. There is appreciable recovery and recycling of
nickel metal.

The principal use of nickel is as an alloying element, both in steels,
especially stainless steel, and in high temperature alloys. Smaller quantities
of nickel metal are used in the electronic and electrical industry and nickel
salts are used in electroplating, vitreous enamelling and as a catalyst in
hydrogenation processes.

Nickel ores are smelted largely in the countries in which they are produced,
and the nickel shipped as metallic nickel and nickel alloys. There is also some
shipment of nickel ore for smelting in industrialized countries. Loss of a
shipment is unlikely to cause a hazard to marine life.

The annual rate of introduction of nickel to the sea via rivers resulting
from the natural weathering of rocks has been estimated at 170,000 tons. World-wide
burning of coal and oil is estimated to discharge to the atmosphere only
3,700 metric 4ons ver anmun of nickel, some of which will later reach the cea.
However, for the North Sea, the annual -contribution from the atmosphere from
all sources has been estimated by direct-measurement at 5,000 metric tons per anmum,

The '"normal"” content of nickel in open ocean sea water is stated to be
2 pug/l. Vaters of the United States eastern coast are said to show a five to
tenfold inerease in nickel content. Atlantic waters west of the United Kingdom,
after filtration to remove suspended material, yielded values ranging from
0.29~0.66 ug/l. North Sea values were slightly lower. ¥iitered shore-line
samples from the North Sea yielded 0.1-6.0 ug/l. Concentrations in the English
Channel and the western Irish Sea were very similar but in the eastern Irish Sea,
in an area receiving substantial industrial drainage and river discharges from
mineralized areas, the level was approximately twice as high. Shore~line sea
water, from the same area, gave figures up to 9.8 pg/l of nickel. The suspended
material from these shore-line areas in the Irish Sea yielded atout 50 times the
nickel found in the sea water.

An average value for the nickel content of near-shore sediments is stated
to be 55 mg/kg, but analyses from some areas unaffected by industrial development
gave values from <2-6 mg/kg in superficial sediments. Deep sea clays, on the
other hand, contained 225 mg/kg and nickel is present in significant quantities
in- the manganese nodules found abundantly on the sea floor in certain areas.

Sewage contains substantial gquantities of nickel, even when uncontaminated
by industrial effluents, e.g. the '"mormal" sludge from 100 Swedish municipal
plants is stated to contain 25-100 mg/kg dry weight; "contaminated" sludge from
Swedish plants contained 500 mg/kg dry weight of nickel. A single analysis of
sewage sludge from Glasgow (Scotland) gave 82 mg/kg dry weight, while the
superficial deposits near the centre of the sludge dumping area averaged 50 mg/kg
dry weight with a range of 24-T70 mg/kg. In the New York Bight the "natural' values
in the sedimant are very low (3-8 mg/kg dry weight), but near the centre of
the dumping area average 24 mg/kg dry weight.



Nickel is concentrated from sea water by many marine orpanisms  o.f. Ooyobers

3

and clams, by a factor oi «bvit oo T o e e s

Concentration factors for nickel in dry material oi brown seuweeds \xubu;
sp., mainly F. vesiculosus), an edible seaweed (Porphyra umbilicalis) and
(Patella vulgata) from around Britain are stated to be 2.3, 1.1 and 2.0 =x
respectively. The soft parts of a ranpe of crustacean and molluscan species fron
the Clyde Estuary sludge deposit area ranged in nickel content from 8.5-9.2 wmz/ly
dry weight, with the highest valuss from shriwps and the lowesi from vhellks
(Buccinum undatum).

In freshwater acutely toxic levels to fish have been reported hetween
0.5 and 10 mg/l but toxicity in sea water seems to be lower e.gm. 48 h LC "0 Lo
Crangon - nioen 125 mg/l Ostrea edulis 100-150 mg/l; Pandalus mont“;ul vere

-

however quite susroeptiin’l. (14 rrm) oand Crenacst ey dinrvas wera killed by 1,70 e,

Large «cues of nickel salts taken by mouth cause acute gastrointestinal
irritation, but poisoning iun man, even by the large amounts at one tiume used
therapeutically, is almost unknown. Hickel is poorly absorbed and any that enters
the tissues is rapidly eliminated in urine and faeces and there is no evidence
of accumulation in the body.

Severe dermatitis occurs in irdustrizl workers and others in frequent contact
with the metal, and it is possible that nickel (in some form) is carcincgenic to
those working in nickel refineries, however, there is no evidence that ordinary
exposure to the low concentrations of nickel which occur in the marine environment
congtitutes a health hazavrd.,  And at the present tinme, with the present levelis
of nickel in the marine environment, the consumption of seafood is unlikely to
be harmful. A hazard could arise if increasing amounts are to be discharged
into the sea.

3.3.15 Phosphorus (elemental)

Phosphorus is normally found in the sea in the form of phosphate, either
particulate organic or inorganic. If digcharged in elemental form, however, it
remains largely in that state and is potentially highly toxic. There have been
some instances of elemental phosphorus being discharged to the marine environment
from factories producing phosphorus from phosphate ores and from Ships carrying
phosphorus both in bulk and in drums. Much of the phosphorus becomes locked in
the sediments where it remains virtually unchanged for a considerable period;
the fraction remeining in the water is slowly oxidized to phosphate. One large-
scale incidence of toxicity arose on the coast of Newfoundland from a factory
discharge. Large numbers of herring, cod and other species were killed; in some
species extensive haemolysis and reduction of haematocrits was observed.




Selenium i1s larrely associated with sulfur minerals in the crustal rocks
and has an abundance of about 0.09 ppm. A few selenides are known, but these
ars of rar= occurrence. The bulk of world production is from anode slimes that
result from the electrolytic refining of copper, plus a smaller contribution by
extraction from flue dusts of certain pyrometallurpgical processes, including the
burnine of ryrites.

The world production of selenium reached 1,200 tons in 1970, largely from
the United States of America, Canada, Japan, Sweden and lMexico, with smaller
amounts Trom Belpium, Finland, Yugoslavia and Peru. There is also a small amount
of gelenium recovered and recycled.

The principal uses of selenium include glass manufacture, rectifiers and
rhotoelectric cells. Smaller quantities are used in the production of rubber
and plastics, as a catalvst, in dyeins and in pharmaceuticsle.

The burning of codl and o0il has been estimated to contribute 450 tons of
selenium per annum to the atmosphere gmlobally: some of this will later reach the
ocean. Weatherine processes are reported to introduce about 7,200 tons per annum
of selenium to the world oceans.

Selenium is stated to be present in opnen sea water dt a concentration of
about 0.5 ug/l. Streams are said to yield on average 0.2 ug/l.

Information on the effects on marine life of concentrations of selenium in
sea water preater than normal does not appear to be available. However, selenium
is present in easily detectable concentrations in a number of marine animals,
for example, crustacea about 0.6 mg/kg dry weight, flounder 0.3 me/kp, oysters
0.6 mg/kg and scallops 0.5-1.4 mg/kg dry weight. In various fish from Japan,
selenium levels were reported to be 0.17-0.77 mg/ke dry weipght, while from
Canada levels in marine fish were between 0.8 and 1.9 meg/ke dry weight. Fish
appear to be able to regulate their selenium content and the biological half-life
1s reported to be of the order of 10-30 days.

Selenium has been found to be especially high (approximately 100 mg/kg dry
weight) in Antarctic seal and penguin livers. Levels in common or harbour seals,
(Phoca vitulina), from the Netherlands varied frem 0.3-1L mg/kg in fresh brain
tissue and from 5-370 mg/kg in the fresh liver of the same species. The highest
values were found in the older animals. 1In the grey seal, (Halichoerus grypus),
frem the Netherlands the fresh brain contained 0.26 mg/kg (one example) and the
liver 1.6-182 mg/kg. Most of the harbour and grey seals were dead or dying and
contained large amounts of mercury.

iInnd seals (Cystophora cristata) from the Arctic gave much lower values of
seleniur, J.6-12 mg/ke, in a mixture of adults and juveniles (seven examples).
Four observations from harp seals (Pagophilus groenlandicus), taken north-east of
Jan Mayen, pave very low values 0.4-2.3 mg/kg, from fresh tissue.
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There 1s a remarkable correlation between the levels of mercury and selenium
in seals; in the liver this indicates a molar ratio of 1:1. A similar correlation
has been found in dolphins and porpoises. It is known that selenium compounds
may protect man from the toxic action of mercury: it seems that they may exert a
similar effect in marine animals.

Acute and long-term exposure of workers to selenium fumes has caused a
variety of ill-effects and animals receiving high dietary concentrations of
selenium compounds have developed impaired vision, liver injury, anaemia and
paralysis leading to death. Selenium and its compounds are not readily absorbed
through the skin and concentrations high enough to cause skin injury could not
occur in the open sea. While selenium, because of i%s insolubility, is itself
relatively harmless when taken by mouth, soluble selenium compounds are highly
toxic and when taken over prolonged periods have been implicated in causing cancer
in animals.

However, selenium is an essential element for several animal species and
possibly also for man. The human dietary selenium intake varies considerably in
different areas, mainly due to differences in the selenium content of grain foods,

bmt there are no convincing reports that even high selenium diets have caused ill-

health in man. It is unlikely that consumption of seafood would increase dietary
selenium to a sufficient extent or for a sufficiently prolonged period to produce
adverse effects on health. WNeverthelegss, concern could arise where the discharge
of selenium compounds ocecurs.

3.3.17 Silver

Silver is a rare element, with a crustal abundance given as 0.08 ppm. The
important ores of silver, themselves rare in occurrence, are all sulphides, often
complex sulphides,with other metals. The production of metal is divided equally
between recovery from lead-zinc sulfide ores and ores of copper, aickel, gold
and tiny There is also some production from ores worked exclusively for silver.

Primary production, amounting to 9,600 tons in 1973, is largely in those
countries where the ores are mined. The major producing countries are Australia,
Canada, Mexico, Peru, the United States of America and the USSR, with smaller but
important production from Bolivia, Chile, France, Germany, Honduras, Japan, South
Africa, Sweden, Yugoslavia and even smaller quantities from a number of other
countries. Silver is extensively recycled from photographic residues and to a
lesser extent from obsolete coinage metal.

There is still some use of &ilver as a coinage metal. Large quantities are
stored as a monetary reserve and as tableware. Small amounts are used in brazing
alloys and in the electrical and electronic industries and as plating metal, but
the chief uses of silver are in photography, in silverware, for electroplating
and in Jewellery.

ed - S Ly » 1] I
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The burning of fossil fuel has been estimated on a global basis to add to
the almosphere 70 tons of silver per annum, some of which will later reach the
sea.,  The contribution from streams through the weathering of rocks has been
estimated on a world-wide basis to be 11,000 tons per annum.

Silver Jevels in the sea appear to range from 0.01-0.3 pg/l. Stream water
is said to vcontain 0.03 pg/l. TFiltered shore-line sea water from two localities
in the Irish Sea gave values between 0.02 and 0.24 and 0.03 and 0.16 ug/1
respectively. The silver in the particulate fraction in these twc sets of samples
was LUT and 69 per cent of the total. There is evidence that approximately halfl
f the silver reaching the ocean from radio-active fall-out may be retained in
the upper ocean over a period of uvne decade.

The silver content of surface sediments from ccastal areas far removed from
industrial development seems to range from 0.5-3.0 mg/kg, and deep sea clays have
been found to contain even less (0.11 mg/kg). In the Solway Firth (United Kingdom)
all values were <C.2 mg/kg dry weight.

Brown seaweeds (fucus sp.) from the coastal waters around the United Kingdom
gave values ranging bBetween 0.20 and 0.35 mg/kg, the highest values coming from Lhe
North Sea. The edible seaweed Porphyra umbilicalis ra:ged (mean values) from
0.09-0.13 mg/kg in the Irish Sea, while the soft pacts of limpets (Patella sp.)
from the same area yielded mean values.of 1.3-2.1 mg,/%g. Concentration factors were
5.0 x 103 for Tucus, 1.9 x 103 for Porphyra and 3.1 x 10% for Patella. Silver
content of Fucus seaweeds was very similar in 1961 and 1970 when all British coastal
areas were compared. Concentration factors in the livers of fish are stated to be
5 x 10°. Bivalve molluscs can accumulate silver to a notable extent and levels of
20 ppm in Crassostrea, 17 ppm in Mya and 8 ppm in Ostrea are reported to be 'normal
The highest concentrations are reported to be found in the heart and kidney.

The toxicity of silver to freshwater species appeurs to be extremely high and
threshold levels as low as 0.005 ppm have Yeen reported for fish. In the marine
environment toxicity appears to be of the same order, with the 48 h LC 50 value
for Crassostrea larvae being reported as 0.0058 mg/l.

Although some 111- erfects, including accumulation in tlssues, have been noted
following therapeutic use of silver salts or on prolonged industrial exposure, no
hazard to health can be expected from contact with polluted sea water or from

eating contaminated seafood.

3.3.18 "~ Sulphur (as sulphite)

Sulphite may enter the marine environment in wastes from certain industrial
processes e.g. the pulp industry and rayon manufacture. Sulphur dioxide produced
f.via the burning of fossil fuels will also enter the sea as sulphite from the
atmosphere. The sulphlte ion is not stable in sea water; under normal aerobic
conditions it will be! oxidized to sulphate. Under anaerobic conditions sulphite
and sulphate may be reduced by ‘bucteria to sulphlde which is toxic and obnoxious on
amenity grounds. Sulphite is also toxic to marine life and, although not stable in
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Titaniig dioxide wastes

The induslirial proeduction of ti aniun dicoxide from titanium ores can 2ive
rige to lar-e vclumes of a waste which is charucterized hy its high proncrtion of
acid and ferrous sulphate. This varticuler waste is concidered worthy of crecial
attenticn since in many instances the waste is ”'bLhiTVPd, comuletely unureabsd
into the sea either from & pipelire or from bargres. i
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The ferrous ion is very rapidly oxidized tc ferric ion which precipitates in
collodial form as the hydrated hydroxide over a considerable area in the locality
of the discharge or dumping. Although the effect of the acid is lost relatively
rapidly, ferric hydroxide is persistent and remains in or on the sea bcottom for
considerable periods. MNeo ill-effects on human health or living resources, except
in the immcdicte viecinity of the discharge, have been reported, tut smenities
mipght be affected in coastal areas owing to dewncsition of ferric hydroxide in the
intertidal repion. The nature of this waste is likely to change in the fulure as
new methods revlace the old sulphuric acid process; thece use a different one and
the sulphuric acid in the waste is to some extent replacs=d by hydrochloric acid.

3.3.20 Vanadium

anadium is widelv distributed in small amounts in both igneous and
s d'.erta'; rocks, with an over-all abundance of abtout 200 ppm. Basic rocks tend
to ccntnin more vanadium than others, but there is o wide variation within euch
group of rocks. It occurs naturally as a base element in plants and animals.

0

World production increased sabstantislly up to 1969 but has now stabilized
at ghout la,OOO tons per anmun.

The principal sources of vanadium minerals are in the United States of America
and South Africa, mostly in the form of small, local concentrations of fairly rare
minerals, especially vanadinites. There is also production in South Africa and
Finland from particular iron ore deposits in which vanadium exists as a minor
constituent. There has also been some prcduction from deposits of the sulfide
mineral patronite in South America, from vanadiferous phosphate ores, from certain
iron ore slags and from the ash obtained bty burning certain oils originating from
South America that are particularly rich in vanadium.

There are a number of small uses, as a catalyst, in alloys e.g. ferrovanadium,
in pigment production and photography, etc. U

River discharges have been calculated to introduce 312,000 tons of vanadium
each year to the oceans of the world. Fossil fuel burning is estimated to
contribute 12,000 tons to the atmosphere, a part of which may subsequently reach
the sea with rain. Only small quantities will reach the sea in industrial
effluencs.
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The toxicity of vanadiam compounds in Srocio b o0 g oo
increasing hardenine of water. There geem to be no datza lor merin: animals but
toxiecity is probably even lover then in freshwater animals.

Vanadium is conc=ntrated by certzin classes of narine animals, esnecially
ascidians and echinoderms . in which it is vrssent in the blood as haemovanadine.
Concentration factors can be very nirsh up to 102 or even slirntly rore. Certain
echinederms may centain up to 57 me/ke dry weierht (internal tissues) while certain
ascidiars (whole body) may contain 620 me/ke dry weight. It will be rescalled that
some ascldians are eaten, e.g. in the Mediterranean and in Japan. Other
irverLebrat @n are reputed to contain 5-L0 me/ke, while fish ranme from
1.6-1.8 mp/ke dry weipht. »

Open oczan concentration of vanadium is stated to be 1 /1 while coastal
vaters may contain 3-4 yig/1.

Vanadium compounds are of moderately hipgh acute toxicity and have been said
to cause a wide range of effects when sdministered to marmals. However, no
ill-effects to man are likely to occur from contact with sea water even if it is
contaminated with vanadium compounds since the normal diet provides man with about
2 mg of vanadium each day, an intake which rreutly exceeds any exposure frem
consumine present day seafoods.



3.3.21 Zinc

Zinc occurs naturally as the sulphide mineral sphalerite (ZnS) whichlhas a wide
variety of common names, and in lesser quantities as carbonate, smithsonite
(calamine) and silicate minerals. It occurs very widely in small quantities as =
component of rocks and soils; average terrestrial abundance-is of the order of
40 ppm.  Zinc compounds are ubiquitous in animals and plants.

Zinc production is largely from the sulphide mineral and world production is
rather more than 5 million tons per annum; it hus 2lmost doub’ed since 1953 but
now appears to be stabilizing. Chief producers are Australia, Canada, Germany,
Italy, Japan, Mexico, Poland, the United States of America and Zaire, with smaller
production from many other countries.

Devosits of zinc sulfide are frequently associated with lead sulfide and all
zinc sulfide ores contain a small proportion of cadmium. The main uses of zinc are
for galvanizing or otherwise coating iron and steel sheets and wire which have a
very wide application e.g. in roofing, agriculture, etc. Zinc is also used in
artificial fibre manufacture, in battery cases, alloy manufacture (e.g. brass and
in diecast alloys), paint manufacture, in plating as an alternative to cadmium,
electrical fuses and anodes, and cable wrappings.

Large amounts of zinc are discharged to rivers in chemical wastes e.g. from
some artificial fibre manufacturing processes. Sewage contains large quantities of
zinc mainly derived from food (zinc is poorly abscrbed by the gut) and galvanized
dom:stic utensils and water cisterns. OSwedish sewage sludge analyses give an
average content of zine of 2500 mg/kg dry weight (range 1-10 g/kg). Similar
figures have been obtained from United !Kingdom analyses e.g. the Greater London
Council sewage averages 3500 mg/kg of zinc. Other sources of zinc in the sea are
mining wastes and the disscolution of sacrificial anodes fitted to ships' hulls for
protection against electrolytic corrosion.

Zinc in river discharges 3d~rived from the dissolution and weathering of rocks
has been estimated at 720,000 tons per annum on a global basis. Bur.ing oi fossil
fuels is estimated to contribute 7,000 metric tous per ennum of zine to the
atmosphere part of which will ultimately reach the sea.

There is world-wide transport by ships of zinc ingots and sulfide concentrates
(in 1970 in excess of 400,000 tons). Spillage of a cargo would result in slow
leaching of salts but negligible hazard to marine life. The acute toxicity of zinc
compounds to marine animals is generally reported as being within the range
1-10 mg/l, but concentrations as low as 0.006 mg/l may induce abnormalities in sea
urchin larvae under laboratory conditions. Acute exposure leads to gill damage in
fish, but uptake by marine organisms is primarily via food rather than directly
from sea water. Zinc sulphate at a concentration of 0.125 mg/l is reported to
reduce growth of a marine ciliate protozoan by 8.3 per cent; toxicity was-increased
when the zinc was associated with lead or mercury.
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, Larvae of marine animals are generally more susceptible than adults e.g. the
LC 50 (96 h) value for European flat oyster (Ostrea edulis) larvae is reported to
be 0.1 mg/l while that for adults of the same species is 100 mg/l, growth of the
larvae was impaired at 0.05 mg/l. Larvae of the American oyster (Crassostrea
virginica) gave an LC 50 of 0.31 mg/l of zinc chloride (range 0.22-0.37 mg/1).
Fifty per cent of the larvae of several marine invertebrates were killed in

two hours by 5.30 mg/l of zinc as citrate. Concentration factors for zinc in
marine animals range from 2,000-100,000 depending upon the species; the lowest
values are derived from fish and the highest from oysters.

The normal concentration of zinc in open sea water is reported to be 3 ug/l.

Coastal waters give values ranging from 2.50 uz/l. Marine sediments in areas
removed from irdustrial contamination may contain from 4-39 mg/kg, but
concentrations in deep sea clays were found to be 165 mg/kg. A sandy silt from
Saanich Inlet, British Columbia, yielded 89 mg/kg of zinc. In contrast values from
sediments taken from the Bristol Channel, United XKingdom, an area containing an
active smelter and old mine workings, ranged between 400 and 600 mg/kg. In the
New York Bight sediment values from the area uncontaminated from dumping ranged
between 16-20 mg/kg whereas near the centre of the sewage dumping area the mean
value was 254 mg/kg. The amount of sewage dumped in the area exceeded 10,000 tons
per day in 1964-1965. In the Clyde Estuary (Scotland) sediments from the sewage
dumping area contained 136-826 mg/kg.

Zinc is an essential element for man and is a constituent of several cellular
enzymes. It occurs ubiquitously in food which normally provides man with an intake
of 10-15 mg zinc per day. Gastrointestinal upsets can be caused when high
concentrations of soluble zinc salts are taken by mouth but the concentrations
necessary to produce this effect are much higher than could occur in even highly
polluted water. Constant exposure to low concentrations of zinc salts does not
cause its accumulation in human tissues or produce chronic toxic effects.

3.4 Radio-active materials

The group considered that they were more concerned with the problems arising
from exposure to radiation, and not with other problems associated with specific
radionuclides such as bicaccumulation or acute toxicity. Radic-active substances
are naturally present in the marine enviromnment, in solution, in crustal rocks and
in sediments. There are two main sources of artificial radio-activity in the marine
environment, fall-out from nuclear weapon testing and vastes from nuclear power
production, including fuel processing.

i

- Uncontrolled inputs of artificial radio-activity to the marine environment
still occur as a result of nuclear weapon testing. At the reduced level of testing
in recent years this input approximates the rate of loss of this category of
material due to radio-active decay. Under these conditions the global ocean
inventory of wespon test origin will remain roughly the same with an average annual
input some 10 times greater than the present input from nuclear power operations.
Moreover, the introduction of waste radio-active materials fror this latter source
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ig subject to strict control, usually under special legislation, designed to reduce
hazards to public health or harm to marine resources to negligsible proportions.

Yhilst greater in over-nll mnpnituds, wearon test fail-out may be recarded s a
diffuse input and the consequential concentrations in any sector of the marine
environment, except possiblv in the vicinity of maritime test areas, will be low.
There may be some bias with respect to latitude or, in the case of fresh fall-out,
between hemispheres, according to the location, scale and frequency of testing. In
contrast, inputs from waste management activities in association with nuclear nowver
production will twnd to be discrete point inputs leading to higher but localized

contamination.

Tt follows that in terms of the governing criteria for human radiation
exposure, waste management policies will have major significance for the radiation
exposure of individual members of the public. Veapon testing, in spite of its
lower concentration, will on the other hand, by virtue of its wide distribution,
continue to contribute the major share to population radiation dose commitment
from the marine environment. Provided there are no serious changes in the scale
of weapon testing or the philosophy and practice of radiation protection, hoth
categories of exposure will be of minor significance. ~

Continued development of nuclear power may gradually change the balance of this
picture, with the exploitation of nuclear energy for peaceful purposes contributing
an increasingly large share of the radiation exposure. Several hundred nuclear
pover plants are expected to be in operation within the next 20 years. Strict
maintenance of high levels of control and surveillance should, however, serve to
ensure that the situation is contained well within acceptable bounds under routine
conditions. IHowever, because of the high level o. radio-activity of some wastes and
the long half--lives of some of the substances, there“are materials that must be
prevented from escaping into the marine environment for centuries.

High level radic-active weste must, of ccurse, remain under stringent
surveillance in high integrity storage or be introduced to the environment in swch
a way, as for example burial in remote geological strata, as to ensure that there
1s no possibility of radiation exposure of man or other elements of the biosphere.

There remains the consideration of nuclear accidents, and whilst the
probability of occurrence of accidents of significant magnitude are acceptably low
at individual nuclear sites, the over-all probability of an accident will increase
as the total number of sites increases. Accidental release of radio-active materials
may be caused by human error, equipment failure, earthquake, sabotage or war. The
first three factors ican be and are catered for in the de51gn, construction and
operation of nuclear installations to an extent that ‘accidents of such origin are
reduced to a very low frequency. The preventlon of accidents due to war and
sabotage presents different problems not sppc1f1c%}1v catereé>i95 in design and
construction but amenable to treatment to some extentw_n ngeratlon\and control.
Accidents whose origin, probability of occurrence and magnltude Wagrant contingency
planning are not llkely to be on such a scale as to present proble% which are
other than national in character. It is incohceivable that the fréquenCJ of
occurrence of “such accidents which would be acceptable to national |regulatory
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authorities could pose a serious problem to the marine environment. As with
rcutine disposals, the present stringent standards of construction, operaticon and
control should ensure sensible management of these problems.

There are three different types of radio-active substances, namely those that
give rise to u (alpha), B (beta) or v (gamma) emissions (or mixtures of these).
Each of these activities has a characteristic energy. Different isotopes have
different half-lives and pathways in the marine environment and these, together with
the different types of em:issions lead to different deprees of hazard. TFor more
complete and detailed information see, e.g. IAEA Information Circular 205/Add.1,
10 January 1975 (Convention on the Prevention of Marine Pollution by Dumping of
Wastes and Other Matter).

3.5 0il and oil dispersants

Prior to about 1950, petroleum was refined in the country of origin, and the
world traffic was largely in refined products. The newer refineries have been
built in the developed countries, giving rise to the growth of a new trade in the
carriage of crude oil by sea from the oil producing areas to the user countries.
The massive and continual rise in oil consumption has resulted in the construction
of larger and larger vessels for this trade. At the present time the largest ships
carry 0.5 million tons of oil.

Annual world production has risen from 1,260 million tons in 1962 to
2,600 million tons in 1972; this is expected to rise to 3,500 million tons by 1980.

This rise in oil consumption has led to a world-wide search for newer sources
of supply, and an increasing proportion of the world's needs is ncw and will
continue to be met from off-shore oil fields. These will increasingly be sited on
the deeper .parts of the continental shelf, as The technology of deep-sea drilling

develops.

These changes in the world's trade in petroleum and petroleum products since
about 1950 have led to a massive increase of oil pollution of the marine
environment, especially of beaches, largely  from shipping. There has been
considerable national and international activity to limit, and where possible to
prevent, this pollution by oil. An international conference convened in 1954 by
the United Kingdom concluded the International Convention for the Prevention of
Pollution of the Sea by 0il, 1954, which was subsequently deposited with IMCO.
Amendments to this convention, designed to further limit the quantities of oil
discharged at sea, were adopted in 1962 and 1969, although the latter have yet to
be brought into force internationally. Further limitations on the operation of
tankers and other vessels were developed by an international conference convened
by IMCO in 1973. This resulted in the International Convention for the Prevention
of Pollution from Ships, 1973, which was designed to achieve "the complete
elimination of intentional pollution by 011 and noxious substances other than 011
and the minimization of accidental spills". :




Lo

Oils and oil products can enter the marine environment frcom sutmarine seeps,
from shipping operations and marine accidents, both on the high seas and in port
(up to 1 million tons per annum) and by discharge to rivers, sewers, and so finally
to the sea. Aerial transport of oil derived from internal combustion engines may
transfer substantial quantities to the sea.

In general, oil is lighter than water and tends to spread fairly rapidly,
forming a thin layer which moves over the surface under the influence of winds and
tides. Though found widely over the oceans it is most frequent around the main
routes by which 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 polymerized;
under the action of light and oxygen density increases and the particles may become
dense enough to sink to the sea floor. In very cold waters such as the Arctic the
rate of biodegradation appears to be very slow. A fresh crude oil can lose up to
30 per cent by evaporation in 30 hours. A much smaller amount can dissolve in the
water. These effects tend to increase the density to the sinking point.

Oils with high wax content or which are very viscous do not-dégrade so rapidly
and are frequently found on beaches as lumps or smears of so-called "tar"
"Tar balls" are ubigquitous in many ocean areas, particularly on major tanker routes
and may be derived from tanker washings.

When highly diSpersed, 0il may be moderately toxic to marine life but under
normal field conditions toxicity is low. The species most at risk are those living
in tke littoral zone where oil may be deposited on a falling tide. In such
circumstances, shellfish have become tainted and edible seaweeds both reduced in
growth and made unsaleable. Observations in temperate zones have shown that a
single heavy contamination of the flora and fauna of the intertidal zone has a
negligible effect though repeated applications (every tide) of a much smaller
amount - a hardly visible film - eventually leads to a reduction in the number of
species and in some cases, absence of life. In tropical areas marine life may be
more sensitive to damage by oil. '

In inland estuarine waters or enclosed bays or similar situations, the effect
of the more toxic aromatic fractions, together with the reduction in dissolved
oxygen resulting from blodegradatlon may produce more marked mortality in many

species.

It is believed that traces of hydrocarbons may affect fish behaviour such as
the return of salmon to the "home" -river. - Some oils contain carcinogens and their
reported occurrenoe in organisms in the food chain as the result: of oil pollution
could, if proven, . ead to some risk to man as the. ultlmate consumer.‘,

0il pollutlon is popularly regarded as an important contamlnant of the ocean
very largely because it is visible, and is a great de,p01ler of coastal amenities.
Tt also kills sea birds, partlcularly the d1v1ng blrds, whlch belng washed ashore
in an oiled condltLon, arouse great concern. : &
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Considerable aitention continues .o he paid to methods for the recovery of
0il from the sea surface. Satisfactory methods are now available for corfined
vaters under calm conditions but it is still difficult to apnly such methods to
the open roa.  Dinking techniques are now repgarded as less desirable because of tae
tendency f zunken 0il to return to the surface or to move substantial distances
and so affect living resources. Fishing gear dragged along the bottom may become
contaminzted by oily residues. However, it may be necessary to use such methods
as an ewnerpency measure in the event of a massive release of oill such as could
nccur {ellowing a tanker casualiy.

Triprovements have been made in the formulation and usage of oil dispersants,
Those now available are of low toxiecity to marine life and are more effective at
lover 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 seca conditions.

For a further consideration of the effects of o0il reference should be made 1o

the Reports of the GESAMP Working Group con the Impact of 0il on the Marine
Environment (GESAMP VII and VIII, GESAMP Reports and Studies Wumber 6).

3.6 Organic chemicals

The number of organic chemicals known tc man at the present Lime cxceeds
L million. A wide range of thesc substances cocur paturally in animels and piasnts
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
prcduced 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. o

As a starting point in the review of the potential pollution risk posed by
organic chemicals, a number of substances were selected each of which are known to
e carried in large quantities by ship (more than 25,000 tons per year) or which
might create a hazard to marine life if relzased to the sea. In making thigz
selection, use was made cf the Report of an Ad Hoc Panel of IMCO and CESAMP Experts
to Review the Environmental Hazards of Noxious Substances other than 0il Transported
by Ships (GESAMP IV/19/Supp. 1) and a study by Norway for IMCO on the hulk carriage
of chemicals by sea. The Norwegian study wis prepared as a background dociment for
the 1973 IMCO Marine Pollution Conference and summarizes the replies to s
questionnaire on the quantities, type of ship, etc. involved in bulk transport of
chemicals. Becauss replies to the yuestionnaire were not received from all
countries, the totals given for annual carriage cannot be regarded as the complete
world-wide carriage figures. They ¢o, however, provide a satisfactory basis for 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 25,000 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 sclected orpanic chemicals ss horpiul substances, the view
v baken Lhedt the major risk Lo the marine environment arisszs 25 a result of
chronie exposure to continuous discharees from {octories, ate,  However, where it
ir known th-t substential amounts '»25,000 tons cer anmum) are moved by sen. there
is = slgnificant risk of severe short-term pollution follovine smillare of ships'
rargo.  Comments are made on the effect sueh a spillape mirht have; these are
equally applicable to zecidental massive losses from a factory o storape facility.
Vhere marine transport 1s ¥nown to be important for other substances listed in this
revisw, sirilar notes iV Ze added as vart of the continuins rrocess of revision
and urdating. -

It hz2s not been possible to cite world production figures of orsanic
chericals but it was noted that other rroums hed recuimized the need to estahlish
these wherever possible,

In compiling notes on the organic substances included in the Review, the
Vortings CGroup assembled infermation on the followin~ noints

{1) Nature of the substance and principal vpurncses for which it is used:
(2) Dxtcnt to which it is transvorted by sea-

{3, Princiral ways in which it mav reach the merine environment, e.g. as
veste from particular industrial processes or uses, from tank was hlnrb by aerial
transport, etc;

) Effects on marine life, inciuding dicaccumulation or tainting.

(5) Hazard to human health by ingestion directly or via seafood, by skin or
e7e contact or inhalaticn, for example when bathine in an arca affected by a
it
substantial spillage; I
ot
‘/
e . . . . T
(€) Erfects on améenities, e.s. by interference with leisure activities,

objectionable smell or persistence;:; e NG A
: i

(7) Nature of breakdown products produced in the marine environment, their
toxicity and persistence.

3.6.1 Acetone CH3z COCH3, dimethyl ketone, 2-propanone

Acetone is a very widely used solvent, especially in paints, varnishes and
the pharmaceutical industry; it is also used as a delustrant in cellulose acetate
fiore manufacture and as a general degreasing agent. The compound is
mamufactured on a world-wide scale, with plants in most developed countries.
Because of its very wide scale usage as a solvent, substantial smounts are likely
to enter the sea in effluents discharged to rivers or via plpellnes. Transport by
sea is largely in chemical tankers.
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Acetone is readilg miscible with water, highly volatile (B P 56OC) and
inflammable (F P - 20 C); the vapour will ignite above water solutions of
2-3 per cent.

Its acute toxicity (LC S0) to zzuatic 1life is in the range 1U0-1,000 nym. 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 1o concentrations of vapour well above those that are cecognizatle
by odour may cause eye, nose and throat irritation in man; the liquid produces
transient eye irritation.

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

3.6.2 Acrolein, CH. = CH.CHO, propensl, acrylic, aldehyde, allyl, aldehyde,
acraldehyde, acrylaldehyde

This substance, an unsaturated aldehyde, has a disagreeable odour, resembling
burnt fat. It is a clear, colourless liguid but is more usually tinted or
coloured yellow. It is used as an intermediate in the production of acrylic and
other plastic materials and is manufactured on a large scale by the dehydration of
glycerol and by the oxidation of propylene. It is not normally carried in bulk,
but any increase in usage may require the use of demountable tanks.

Acrolein is unstable and polymerizes readily to give disacryl. It undergoes
oxidation in air to form acrylic acid.

It is lighter than water (SG 0.841) but fairly scluble in it (about
22 per cent in freshwater). It is very volutile (BP 52.5°C) and has an
appreciable vapour pressure at normal atmospheric temperatures. Its flash point
is less than 0 C and in view of its flammability and low boiling point, a spillage
could te a fire and explesion hazard.

Acute toxicity to marine life (LC 50) is less than 1 mg/l, and sublethal
effects (decreased shell growth of oysters) have been recorded at less than
0.1 mg/l. It is repellent to fish.

The vapour causes strong irritation to the skin, lungs and eyes, but is
readily detectable by smell at concentrations below that likely to be harmful.
Acrylic acid, to which it is oxidized, has similar properties. Acrolein is
unlikely to accumulate and does not have long-term toxic effects.

Spillage on or near to a beach would cause an amenity problem on account of
its smell and fire hazard.
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3.6.3 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. "Acrilan'" and '"Courtelle");
it is also employed as a grain fumigant.

Smell quantities are found in wastes from manufacturing plants. Some may be
Qlost to the air during manufacture.
—al ‘“
oIt is transported in bulk by sea on a world-wide scale, mainly between
developed countries. (Amount carried in 1970: 93,453 tons: maximum cargo
about 800 t: 200 t per tank. Maximum release from ruvture of two tanks nossibly
J
%400 tons.)

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

If released to the marine environment in substantial quantities, it would
constitute a significant hazard to marine life (LC 50 1-10 ppm). 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 acrylonitrile.

The vapour is acutely poisonous and beaches affected by a spillage would
have to be cleared. It would, however, evaporate rapidly in favourable
circumstances, e.g. high temperatures and breezes. The polymer is harmless but
acrylonitrile is unlikely to polymerize on the beach. :

3.6.4 Allyl alcohol, CH =CH.CH20H, 2-propen-1-ol, propenol-3, vinyl carbinol

2
This substance is an unsaturated alcohol, with a pungent odour. It is a

colourless liquid, but frequently tinted yellow. It is used in the preparation

of resins and plastic materials, and to a smaller extent in the preparation of

some pharmaceuticals. It is manufactured from glycerol by dehydration and

subsequent reduction and from allyl chloride by hydrolysis. It is carried largely

in drums.

TRy .
Ig is miscible with water in all proportions. It is not very volatile
(BP 97°C), nor does it have an appreciable vapour pressure at normal atmospheric
temperatures. It is inflammable/’/flash point 32.5 C.

Its acute toxicity to marine life is in .the range 1-10 mg/l. Development
of eggs of bivalves was adversely affected at concentrations of about 1 mg/1.

Liquid and gaseous allyl alcohol are irritant to the 'skin, mucous membranes,

lungs and eyes. It is readily absorbed from the gastrointestinal tract and through
the skin, causing severe liver damage at comparatively low dosage levelg.».However,

vﬁ ‘ : O
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low concentrations are easily discernible by taste and smell and concentrations
likely to be 1njur*ous in a short period of time will be painful to the eyes
and nose. ‘

Spillage on or near a beach would cause a short-term amenity problem on
account of its smell and fire hazard.

N
i
N

3.6.5 Allvl chloride CHL=0HCH, CL ) s-—chloropronene , chilorcnronylenc

[

9

This substance is a clear colourless liquid with an irritating smell. It
is used as a chemical intermediate and in paints, varnishes and adhesives. It 1is
made by nhigh temperature chlorination of propylene. It is normally carried in
drums and demountable tanks, but not so far as a bulk liquid.

It is lighter than water (SG 0.938). It is only slightly soluble in water,
with Wthh it reacts slowly to form allyl alcohol. It is very volatile
(BP 44.6°C), and is a fire hazard.

For acute toxicity to marine life and hazard to human life see allyl alcohol.

Spillage or a beach would create a short-term amenity problem on account of
the smell and fire hazard. o e
f

3.6.6 Benzene C,/H., benzol
= 56

Benzene has many industrial uses: for example, in solvents; as a starting
material for the manufacture of "hard" detergents and of cumene used in the
production of resins; as a lubrication 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).

Tts solubility in sea water (2000 ppm) is somewhat above that of toluene;
its flashpoint is very low (—17 C) and it is also an explosive hazard (explos1ve
limits 1-8 per_ cent). If spilt, it floats on the sea (SG 0.88) and evaporates

readily (BP 80°C).

Benzene has an acute toxicity to marine life (LC 50) in the range 10-100 ppm
but it is not biocaccumulated. Breakdown products are less toxic than the
benzene which is a human hazard because it damagesvli%er and bone marrow. It is
metabolized and excreted by human beings. Frequent exposure may lead to
leukaemia; high concentrations of vapour have a narcotic effect.

5
It has a strong but not highly objectionable smell. A nearby spillage might
cause a fire or explosive hazard on a beach, but thls would be a short- llved
situation. , xﬁg

pE
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3.6.7 Carbon disulphide 082, ecarvon 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 Tlotation 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 it is moved
in drums.

It is heavier than sea water (SG 1.26), very volatile (BP 46°%c ) and hirhly
inflammable (F P -30°Q). It presents an acute fire and explosive hazard and
may ignite spontaneously at 100°C, e.g. by contact with hot steam pipes. It is
very slightly soluble in sea water (about 0.% per cent).

Carbon disulphide has an acute”toxicity (LC 50} 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.

3.6.8 Carbon tetrachloride CClu, tetrachloromethane, perchloromethane

It is used in the manufacture of aerosol propellants and refrigerants, and
as a solvent, degreasing agent and agricultural fumigant. It is also used in
the chlorination of parafrlin wax to produce "cerochlors', plasticisers for
paints, etc. Usage is world-wide, principally among industrialized countries.

Carbon tetrachloride is 80t a problem in effluents, the main losses being to
the air by evaporation (BP 77 C) where it may be broken down by ultraviolet
light.

Carbon tetrachloride is carried in bulk tankers (amount carried in 1970:
114,203 tons; maximum load about 1,000 tons:; usually in small chemical tankers).

Solubility in fresh water is 750 ppm and probably less in sea water. It is
heavier than sea water (SG 1.59) and is not inflammable. Acute toxicity to marine
life (LC 50) is in the range of 10-100 ppm, with rapid uptake and loss from
the tissues. The observed concentration in Irish Sea coastal water was 1 x 10~10
or lO’ll; concentration in fish was higher in the same area. Some difficulties
however, were experienced in identifying peaks in the records. Muds may take up
carbon tetrachloride 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.
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The smell is distinctive but not highly objectionable. Follcocwing a major
spillage, carbon tetrachloride mi~ht be driven up on to the beach over a period.

3.9.9 Chlorobenzene C6H €1, monoclklorobenzene, benzene chloride, phenyl

chloride

p)

This liquid is 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 ig moderately volatile (BP 132°C), heavier than water (SG 1.11),
inflammable (F P 28°C). and explosive (explosive limits 1.8-9.6 per cent).

Its acute toxicity to marine life is rather high (96 hour LC 50 #bout 2.5 ppm)
and it can accumulate rapidly in fish, largely in the liver. Chlorobenzene is
broken down by microorganisms to hydrochloric acid and phenol, which eventually
breaks down to carbon dioxide and water. In the atmosphere it is broken down by
ultraviolet light in about two weeks. It may accumulate in sediments depending
upon organic content anc concentration in the overlying water.

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

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

3.6.10 Chloruoform CHC1l,, trichloromethane

Chloroform has many uses: in toothpastes and pharmaceutical products; as a
flavouring in foods; as a solvent; and in making aerosol propellants and
refrigerants. It presents a minor fire hazard and is, therefore, not used in major
industrial processes, but it is employed in small amounts in.a wide variety of
ways. An important route to the marine environment may be through the atmosphere.
It is mostly carried in small drums (25 litres) with ethanol as a stabilizer
and there is little bulk carriage (amount carried in 1970: 3,621 tons).

Chloroform is more volatile than carbon tetrachloride (BP 61°C.) and more
soluble in sea water (ahout 1.5 per cent). TI% is heavier than sea water (SG 1.49).
Its effects on marine life, so far as they have been assessed, are similar

to lthose of carbon tetrachloride (96 hour LC 50 about 30 ppm). The breakdown
products of chloroform in the marine environment are likely to be less toxic than

the parent compound.
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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 on to which the liquid might be trought by successive
tides.

3.6.11 Cresol CH3C6HhOH, methylphenol, cresylic acid, tricresol

This substance is normally & mixture of 3 isomers, 1,2, 1,3
and 1,4 hydroxymethylbenzene. 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 meny countries. Trade is world-wide and includes carriage in bulk
(amount carried in 1970: 25,697 tons).

These substances are marginally heagigr than sea water (SG 1.03 - 1.05).
They are slightly volatile (BP 195 -205°C) and soluble in water (ebout 2 per cent).
They are inflammable (F P 80-86°C) but do not present a major fire risk.

They have an acute toxicity to marine life (LC 50) in the renge 1-10 ppm
and are liable to taint fish and shellfish at very low concentrations with
consequent interference with marketing. They are biodegradable, the breakdown
products being less toxic than the parent compound.

Cresols are highly irritant ani rapidly damage skin; they are hazardous to
human belngs on oral ingestion or follOW1ng absorption through the skin.
Solutlons are somewhat less harmful.

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

3.6.12 Crotonaldehyde CH3CH : CH CHO, methyl acrolein, crotonic aldehyde

This is used mainly for making 2-ethyl-hexanol and acetate solvents; it is
also widely used as a chemical intermediate. The main routes of loss to the sea
are via industrial effluents and leakages. It is not known to be transported
on a large scale, -~ a

‘ It is lighter than sea water (SG 0.86), moderately volatile (BP 102°¢),
soluble in water (about 15.5 per cent) and inflammable (FP 13°C), but has a low
vapour pressure; explos1ve and flre hazards are minor. =

Acute tox1city to marine llfe (LC 50) is in the range 1- lO ppua, it is
biodegradable but not bloaccumulated. Breakdown products are less toxic than
the parent compound. e , ,

Both liquid and vapour are strongly 1rr1tant, splashes of liquid in the eye
may cause blindness. Exposure to liquid, vapour (TL_ 2 ppm) and solutions is
extremely hazardous and beaches affected by a- splllage would have to be cleared
for a period. It hes a pungent smell. - o
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3.6.13 Cumene C6H5CH(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. World-wide carriage is
in bulk (amount carried in 1970: 151,075 tons).

Cumene is lighter than sea water (SG 0.86) and practically 1nsolub1e. It is
moderately volatile (BP 152°C) and highly inflammable (FP 45°C).

Its acute toxicity (LC 50) tomarine life is in the range 10-100 ppm. If
released to the sea, the bulk would be lost by evaporation; any that dissolved
would be degraded.

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

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

Lf

3.6.14 O-dichlorobenzene CeHy,Clys 1,2-dichlorobenzene

This substance is used in the manufacture of isocyanates and dyestuffs, as
a solvent and in the production of paint-strippers, as a pesticide and also as
a degreasing agent for metals, wool and leather. Losses to the environment
will occur via effluents from industrial use, discarding of used solvents and
paint-strippers and by evaporation. It is transported by road and rail tankers
and by ships but not in bulk.

It is only slightly{§blatile (BP 18000), heavier than sea water (SG 1.31) and
practically insoluble (abcut 100 ppm in sea water). It is inflammable (FP 65°C).

O-dichlorobenzene is highly toxic to fish (LC 50 about 1 ppm) and is accumulated
and lost very rapidly (within one week), with high concentrations in the liver,
but very much less in the flesh. It may also accumulate in sediments, depending
on organic content and concentration in overlying waters. There is very little
information on biodegradability or breakdown products in the sea but it can
be metabolized and excreted by mammals.

} Although high concentrations of both vapour and liquid can lead to depre531on
of the nervous system and liver. and kidney damage, a human health hazard is Lo
unlikely except from prolonged or frequent contact with ‘liquid which might be

washed up on beaches.

It is otherwise unllkely to create an’ amenity problem~ the smell is
penetratlng, but not unpleasant. ,

o
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3.6.15 P-dichlorobenzene C_.H,Cl,, 1,4-dichlorobenzene
6472

This substance is a solid (MP 53°C). Its main uses are as a deodorant, moth
repellant and soil fumigant, and in the manufacture of dyestuffs and fine chemicals.
Losses to the enviromment will occur mainly by evaporation (it is widely used as a
deodorant). Tt is transported largely in drums.

It is heavier than sea water (SG 1.46); slightly volatile (BP 174°C) and
practically insoluble (about 75 ppm). It is inflammable (FP 65°C).

P-dichlorobenzene has an acute toxicity to fish (LC 50) of about 1.5 ppm; there
is no information regarding its biocaccumulation but it is probably similar to
O-dichlorobenzene. Biodegradability 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. -

2 - T2

The biggest single use of this chemical is in the production of epoxy and
phenoxy resins; smaller quantities are used as a solvent for cellulose esters,
in the manufacture of glycerol and in curing propylene-based paints.

' /o\
3.6.16 Epichlorohydrin. CH,~CH CH,Cl, y-chloropropylene oxide

Trade is mainly between the developed countries (amount carried in 1970:
2,445 tons). The maximum ship consignment is likely to be around 500 tons, with
a maximum tank size (normally stainless steel) of 200 tons. The bulk of the
material transported is carried’in drums.vﬂ

Eplchlorohydrln is heavier than water (SG 1.18), moderately volatile
(BP 118°C) and inflammable (FP 34°C); it is slightly soluble in water
(about 1 per cent) and if released in small quantities in factory effluents will
probably be completely dlssolved. Ac idental splllagesvof larger amounts will

sink.

Although its acute toxicity (LC 50) t0 merine life is in the range 1-10 ppm,
it is unlikely to be, accumulated by marine’animals and is probably readily broken
down by bacteria and. other aquatlc life. The flnal breakdown products and
internediates are. llkely to. be of lower tox1c1tj than the parent compound.

C

Repeated contact w1th the 11qu1d may cause allerglc sen81t1zatlon in man.

Because of 1ts volatlllty and strongly 1rr1tant vepour, a 1arge splllage
would cause a short-term but substantlal amenlty problem. T -

"
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3.6.17 Ethyl alcohol CZHSOH’ ethanol, alcohol

Ethyl alcohol is produced in many countries. Its main uses are in
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-wide; sea transport is in bulk (amount
carried in 1976: 59,477 tons) and in demountable tanks.

Ethyl alcohol is lighter than :_; 0.3C} Mt corpletely misciltle
with sea water. It is volatile (BP 78°c) and inflammeble (FP 9-11°C).

Its acute toxicity to marine life (LC 50) is in the range lO—lOO ppm. It is
not accumulated and is rapidly biodegraded to substances which are harmless.
A major spillage might result in a deoxygenation problem in confined waters.

No human healtn hazard or amenitybproblem is likely to arise from the release
of ethyl alcohol to the marine environment.

3.6.18 Ethylbenzene C6H5C2H5, phenylethane

This substance is used in the production of styrene monomer and as = solvent.
Its main route 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), malnly in.the North Atlantic.

It is lighter than sea water (sG¢ 0.87), practlcally insoluble, moderately
volatile (BP 136°C) and highly 1nf1ammable (FP 20°C)

Its acute toxlclty to marine 11fe (LC 50) is in the range 10-100 ppm; it dis
not likely to be bioaccumulated and the breakdown products are expected to be
less toxic than the parent compound. . : _

The liquid and hléh concentration of vapour are somewhat 1rr1+ant to skin and
eyes and prolonged eprsure will depress nervous act1v1ty.v Human health is
unllkely to be harmed except on prolonged exposure to 11qu1d

. Apart from deposition of 11qu1d -on beaches resultlng from a substantlal
nearby spillage, there would be no amenlty problem.~

i
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3.6.19 Ethylene dibromide CH2Br CﬁaBr, EDB, 1, 2—d1bromoethane glycol
dibromide

This substance is a heavy colourless liquid with a sweet odour, but may be
tinted or coloured yellow. It is used as a grain fumigant, a solvent, an
anti-knock reagent (especially in aviation fuels) where it asctc as a lead
scavenger, and as a chemical intermediate. It is made by direct bromination of
ethylene. It is carried largely in drums; bulk transport is not known.

It is much heavier than water (SG 2.17) and slightly soluble in it (alout
0.4 per cent). Tt has an eppreciasble vapour pressure at normal atmospheric
~ Lomperatures, but is not purticularly volatile (BP 132°C). It does not constitute
a fire hazard; it was formerly used as a fire extinguisher, but this use had
discontinued as it emits toxic fumes when heated to decomposition.

The acute toxicity to marine life is in the range 10-100 mg/l. There may
be short-term bioaccumulation, and the material is known to be both carclnogenlc
and mutagenic.

High concentrations of ethylene dibromide vapour are irritant; prolonged
contact with the liquid causes skin injury. It is readily absorbed by the
lungs, skin and from the gastrointestinal tract. Solutions resulting from
spillage at sea are unlikely to be hezardous to human health.

\,

The only amenity problem is that wh1ch could arise from high concentrations

of the vapour. » 0

3.6.20 Ethylene dichloride CHQCI .CH.Cl, 1.2 dichloroethane

2
This substance is a solvent for gums, fats and waxes. It is used in the
manufacture of paints, varnishes and other surface coatlngs and in the productlon

of artificial fibres and plastics, e.g. acetyl cellulose, vinyl chloride ‘and
PVC. It is also.used in the production of automobile anti-knock compounds.
The principal source of contamination of. the marine environment is from wagtes
arising from industrial processes; tanker vashlngs are relat1vely unimportant.
World-wlde tanker trade is in bulk (amount carr1ed in 1970 241,356 tons).

It is heavier than sea water (SG 1 26) sllghtly ‘soluble (about 1 per cent)
and volatile (BP 85°C); splllage could create a fire rzsk (FP 15°C). g

Acute toxicity to marine life (LC 50) 11es above 100 ppm,vw1th short-term
accumulation only. This substance: ‘cannot ‘be detected in the marine-environment

by present analytical methods. .. Breakdown .products in the marlne env1ronment are

likely to be less tox1c than ethwlene d1chlor1de.,f ‘ : -

The vapour 1rr1tates the eyes, nose and throat ‘and exposure to: elther llquld
Oor vapour causes nervous. ‘system: depre881on and’ liver and: kldney damege. There '
-ig likely to be a health hazard only 1n areas close to a large splllage;g i
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If spillage occiurs close to a beach there would te a minor amenity problem,
since ethylene dichloride, though heavier than water, might be brought ashore
by successive tides.

3.6.21 Ethylene glycol CH,OH.CH,O0H, 1.2 ethanediol

This compound is the simplest of the glycols. Its major uses are as a
ccolant and an anti-freeze and de-icing 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.

Because of its low volatility (B P 197 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-gradei
compounds; large amounts are carried in ordinary chemical tankers (amount carried
in 1970: 169,167 tons) with a maximum tank size of 500 tons.

Ethylene glycol is heavier than water (S G 1.12) but is very soluble in
water and has a low volatility. It is, however, readily degradable and has an
acute toxicity to aquatic life (LCc 50) atove 1,000 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 ml is reported to be a
fatal dose when taken by mouth. Harmful concentrations of vapour are unlikely to
occur at sea. (1

Except where large amounts are spilt in enclosed bays or estuarles when
deoxygenatlon may occur, the material does not seem llkely to cause any problem
in the marine environment. ' _ RO

3.6.22 Methyl alchol CH.OH, methanol, carbinol, wood alcohol

-3
This substance is used as an industrial solvent, as raw material for
formaldehyde and methyl ester production and as an anti-freeze in automobiles.

It is employed as a denaturant for ethyl: ‘aleotiol. It is produced in many -
countries; world-wide carriage is 1n bulk: chemical tankers (amount caerried in
1970: 617, 601 tons) :

Methyl alcohol is llghter ‘then sea vater (s ¢ o. 79), golatlle (B P 65°C),
compleﬂely miscible with water, hlghly 1nflammable (F P 12 C) and exp1031ve
, (exploﬁlve 11m1ts 6—37%) .

It has an acute toxlczty to marine 11fe (LC 50) abtove 1,000 ppm. It is not
bioaccumulated and the breakdown products in the sea will be harmless. A
substantlal splllage 1n confined waters mlght produce deoxygenatlon.
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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 to present a health hazard
under conditions which may be encountered following spillage at sea.

There is no amenity problem.

3.6.23 Methylene chloride CH 012, 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 eveporation. It is
transported on a world-wide scale (amount carried in 1970: 30,329 tons).

It is heavier than water (S5 G l 33) but is soluble in water :.about
2 per cent) and very volatile (BP L0 %). Tt is inflammable.

It is not biocaccumulated and acute toxicity to marine life {(LC 50) is more
than 100 ppm. There is no information on biodegradebility, but photo-chemical
breakdown in ultra-violet 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 depreéses 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.

3.6.24 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 nephthenates which are subsequently used as rot preventatives
in wood, cellulose products and natural fibre ropes, and as paint driers. The
commercial grade is normally dark in colour with a strong unpleasant smell. This
substance is mostly moved in drums, but occasionally in bulk tankers (amount
carrled in 1970: 1,963 tons).. :

u:**fyl It is lighter than sea-water and practically~insolub1e; it is not. volatile.

Acute toxicity to marine life (LC 50) is in the range 1-10 ppm ‘it may
p0551bly result in talntlng ‘of fish and shellfish. %+ is likely to be blodegraded
the breakdown products p0531bly hav1ng 8 51m11ar tOXlClty. R P

Naphthenlc acld is unllkely to be harmful to man but because of 1ts strong
.persistent smell, a substantlal splllage could create an amenlty problem. '




~57-

3.6.25 Phenol 06H OH, carbolic acid

This is a single substance with no isomers. Its former main source, coal
tar distillation, has now been largely superseded by synthesis from benzene.
It is generally used as a chemical intermediate, for example in production of .
resins, including bakelite-type and epoxy resins, and also in the production of
pharmaceviicals, 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 may, therefore, be present in many industrial and domestic wastes. It is
detectable at very low levels. Phenol is carried in road and rail tankers and
in ships (emount carried in 1970: 28,970 tons); it may be molten or as a
60 per cent solution in water or as a solid.

It can be very objectlonable as a, contaminant of potent1a1 water supplies,
e.g. fram desalination and can be tasted at concentrations as low as 20 ppb after
chlorination. Disposal of wastes containing rienol is usually carefully
controlled in developed countries.

Heavier than ses water (S6: 1.07) but miscible and very soluble, phenol is
a significant hazard to marire life, (Lc 50: -1C-100 ppm). Tainting of fish and
shellfish may occur at very low concentrations and can produce severe difficulties
in marketing. Although chemlcally stable, phenol is blodegradable but the speed
of this process in the sea is not known. Tt will react with protelns but action
on marine life has not been closely studied. Breakdown products ar@ 1ke1y to
be less tox1c than phenol. : ‘ i

High concentrations are caustic and hezardous to human beings on oral
ingestion or on contact with the skln through which it can be absorbed. Dilution
marked]y reduces the hazard.,r o S : : :

A 1arge spillage near. 8 beach would creete a slgnlflcant ‘but short-lived
emenity- problem. . WUy oy :

3. 6 26 Phthalatexestérs'

‘These are esters of o-phthal:.c ac:Ld (1 2 - cénh(coon )) ‘and alecohols
ranglng from Cl to 013 with various isomers. They are. used mainly as plasticizers
in the productlon of FVC, - polvv;nvl acetate,. cellulose nitrate and a few other
plastlcs where - flex1b111ty is- requlred. They are also used as. solvents, -iusect
repellants, ‘alcohol denaturants and in cosmetics. . ‘The main routes of loss to .
the sea will be, effluenﬁw' om;man’fhbturln ’quntsvand from plastlc productlon.

dl-cctyl phthalate.*][j

‘ Some phthalates w111 float: onﬁ_he sea but’ others will' slnk slowly They
are not volatile (BP above 283°C‘,*pract1callv 1nsoluo‘e“1n water and v1rtuallv

; non-anflammable._g,«
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Although wide€ly found, the toxicity to marine life of phthalates is in
general very low but will vary with the alcohol used. One of the most widely
used - di-octyl phthalate - has a very low acute toxicity but work on di-butyl
phthalate shows a 96 dour IC 50 in the ranre 1-10 ppm. Di-octyl end di-butyl
phthalates are accumulated by some invertebrates and fish from water by factors
of 1,400 to 3, 600 times. There are indications that natural synthesis can occur
in biological. materlal Hydrolysis and metabolism of the alcohol part of the
molecule are likely to occur but the fate of the phthalic acid in the sea is not
known. The rate of breakdown will vary between esters.

Human health is unlikely to be harmed by direct contact with the esters,
and there is no evidence that fish contaminated with small quantities are a
denger to huwnan health. _ B

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

7
3.6.27 Styrene monomer CGHSCH CH,, - vinyl benzene, phenylethylere

This compound is used in the production of polystyrene and other plastics,
artificial rubbers and resins. The monomer is unstabie and is normally shipped
with small quantities of paratertiary butyl catechol added as a stabilizer
(20 ppm). It is shipped in bulk on a world-wide scale (amount carried in ™~
1970 - 476,206 tons), meximum single shipment being 1,000 tons. Small quentities
of the monomer may enter the sea in effluents or in chemical tanker washings
but the most commonly encountered form is the expanded polymer which is widely -
used in thermal insulation and as a packaging material.
\‘ 0

The monomer is a colourless inflammable liquid (F P 32°C) which is lighter
than water (S G 0.91) and pract1ca11y insoluble. It would float on sea water
and, because the stabilizer is readily soluble in water, the monomer would
probably polymerize to a solid unless dlspersed by wave &ctlon. Jt is moderately

volatile (B P 1u45°C )

~ Styrene monomer has an acute: toxlclty to marlne life - (LC 50) in the range
10-100 ppm. The polvmerlzed.materlal is not ‘toxic to man and is only very.
slowly degraded. Degradatlon products -of" the polymer and the monomer in the
marine environment are not fully known, but are unllkely to e more toxic
than the parent compound. The familiar: expanded polystyrene ‘beads are produced

. by heating small;beads of. polystyrene conta1n1ng occluded pentene., These beads

are almost neutrally buovant ‘in 'see: water and ‘have been found in several areas
of the world, e.g.: the -United. States and the United Kingdom. ° They have been -
. found in the gut of fish where they may ceuse block&ges end haye bcen reported
to absorb compounds such as- PCBa.g,,__ e _ o o

e
i
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3.6.28 Tetramethyl lead and tetraethyl lead Pb(CH3)y and Pb(C Hy i, lead
tetramethyl and lead tetraethyl (TML and TEL)

These two substances are colourless, mobile, oily liquids with slight but not
unpleasant odours. They are made from a sodium-lead alloy by reaction with methyl
and ethyl chlorides. In recent years other processes have been developed. By far
the greatest quantities of these substances are used as anti-knock additives to
fuel. Other minor uses are in the manufacture of organomercury fungicides and
other pesticidal products. They are carried exclusively in special returnable
tanks and drum-sized containers.

They are heavy liquids (SG 1.99 and 1.66 respectlvely) and are not apprecizbly
volatile (BP 110°C and sbout 220°C with decomposition). Tetraethyl lead is a
moderate fire hazard, tetramethyl lead more so.

Acute toxicity to marine 'life is of the order of 1 ppm (tetraethyl leed); no
figures are availasble for toxicity of tetramethyl lead, but this is probably of the
same order. There is likely to be short-term bioaccumulation, although this is as
yet not well understood ,

These substances cause injury to the bra1n liver and kidneys when absorbed
through the skin, gastrointestinal tract and lungs following contact with liquid or
vapour. As they are practically insoluble in water (20-30 mg/litre), injury
through contact with polluted sea water appears unlikely. :

Amenity problems are unlikely to arise except when the special containers are
demeged. In view of the high density of these substances, full drums are unlikely
to be washed up on beaches. However, there have been a number of incidents where
empty or partly empty drums have been lost on return voyages and were subseqiently
stranded on beaches. Use or reuse of these drums for other purposes woul?l be
highly hazardous to human health.

<

3.6.29 Toluene C6HSCH3’ 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 (e.g. TNT). It is
carried in bulk by sea on a world-wide scale (amount carried in 1970: 366,441 tons)
The main means of entry to the marine environment will be from industrial wastes.

It is more volatile than xylene, highly inflammable (F P 14°C), and has a
similar explosive risk (exploslve limits 1-T. per cent). Tt is lirhter than sea
water and only sllphtlv soluble thouvh more 50 th~ ylene.

The biological. propertles of. toluene are not well known, its acute toxicity to
merine life (LC 50) being in the range 10-100 prm. It is slirhtly more hazardous

to human beings than xylene but does not: hawe the toxic propertles of benzene. It

is not a skin irritant.

Amenlty risks from. a splllage wbuld be slmllar to those: of xylene.
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3.6.30' Toluene diisocvanate CH3C6H3 (NCO)Q, tolylene diisocyanate

The normal commercial product is a mixture of the 2,4 and 2,6 isomers. It is
used meinly in the production of polyurethane foems which are employed in
upholstery and in refrigeration as thermal insulators. It is also used as a
cross-linking asgent for nylon 6. Trade is world-wide and the normal means of
transport is in drums; in future some may be transported in bulk.

It has a sharp. pungent odou=, is slightly volatile (BP 251 ©¢) and is heavier
than water (SG 1.22) with which it reacts to evolve CO, and form phenyl ureas
whlch are solids. It may be a solid or liquid (MP about 20°C).

The pure substance would bL toxic to marine life (LC 50 in tlie range
1-10 ppm), but 1f released to +he marine environment would react with sea water
producing substances which are not harmful.

The liquid. and vapour are markedly irritant and highly toxic to man: the
vapour is harmful at a very low concentration (TLv 0.02 ppm). Because it is
widely regarded as a particularly hazardous substance to man, 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 amenlty
problems at least for a short time.

3.6.31" Trichlcrobenzenes CgHigClg

There are three isomers, l1l.2. 3, 1.2.4 and 1.3.5 trichlorobenzene: <the 1.2.3
and 1.3. 5”1somers are solids: the l 2.4 isomer is a liquid at ordinary
temperatures (MP 17°C); and there is a commercial grade consisting of a mixture of
isomers. ﬂ They are formed as intermediates in dyestuffs ‘manufacture and the liquid
isomer ]S used as & solvent. They are transported in drums but the liquid 1.2.k4
isomer is also moved in tanks. Little is known about p0831b1e losses to the
env1ronment but these will include evaporatlon.
//
_Ehese substances are heav1er than sea water (SG 1.5-1. 7). practically
1nsolub1e (about 30 ppm in fresh water) and only sllghtly volat11e (BP 208-218°C)
(
V/Trlchlorobenzenes are s1m11ar to dichlorobenzenes in their toxicity to fish.
The 1.2.4 isomer, the most harmful, appears to have an LC 50 of about 1 ppm.
hThere is no 1nfbrmatlon on. bloaccumulation or. breskdown products but the degree of
bzoaccumulatlon is- 11kely to be at least as great as fbr o-dlchlorobenzene. The ‘
l 3 5 is llkely to be the most stable.«”;m;t' . e SRR SRR S
/ A human health hazard is unllkely except by ingestlon of the chemlcal washed
hup on a beach B A TIL LRSS AT St R R e ,

:Anfamenityap;cblemgis,unlikely tbfarise;wlvgbL_'f;ﬁ7 T




3.6.32 Vinyl acetate CH,COOCH: CH,

7 This substance is used in the manufacture of plastics, films, lacquers and
“"paints. It is carried ir bulk chemical tankers (amount carried in 1970:

85,162 tons) on a world-wide scale with added stabilizing substances, usually
hydroquinone or dlphenylamlne.

It is moderately volatile (B P 72°C) and very inflammable (F P1 C), and
presents a serious fire risk. ‘It will float on the sea (S G 0.93) and 1s
moderately soluble (about 2 per cent)

Acute toxicity to marine rlfe (Lc 50) is in range 100-1 000 prm and it is
readily blodegradable. .

The llquld monomer and its vapour are of low toxicity and nelther the monomer
nor polymer are llkely to present a health hazard. _ ;' I

V1ny1 acetate may polymerize in air and in- the sea and create a nulsance!on
beaches if carried ashore after spillage. Such polymerized material is llkelv to

resist breakdown but is less persistent than PVC.

3.6.33 Vinyl chloride CH,.: CH Cl chlor ethylene~

2’

This is a gas (B P 13.8°C) carried as a 11qu1d under pressure. Vinyl chloride
monomer is used in making polyv1nyl chloride (90 per cent of its use). It is also
used in the manufacture of polyv1nyl1dene and co-polymers for fibres and as a
rrefrlgerant. It is transported by road and ' ship. Escape from manufactnr*ng plants
" could result in scme contamination by aerlal transport.

Vinyl chloride is highly volatlle and 1nf1ammab1e (FP- 78°C) it poses an
explosion risk (explosive limits L-22 per cent) S

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 hesalth hazard in the marine env1ronment is llkely to occur “only on exposure
to concentrations of gas which mlght\pccur in the 1mmed1ate prox1mity of a major

ease. ) s . - (-
release S o _ ‘f~, _ , \\

However, it has recently been suggested that the monomer may be more harmful than -
prev1ously thought and 1ndustr1al exposure 11m1ts have been reduced.o Sl

3 6.3h Xlene c6Hh(CH )2, dlmethylbenzene, xylol

. _w i

. Xylene exlsts as" three 1somers. ortho- meta— and para-xylene,, They are
w1de1y used ‘as solvents in the manufacture of palnts .and other. surface coatings

‘and . in ‘the synthe51s of" orgenchohemlcals.a Ortho-xylene is used in ‘the: manufacture

_of. phthalate plaStIClzerS (phthalates ‘are now- made in most developed countries)

. /r T

#

)
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. Paraxyleue is used in meking "Perylene”, a synthetic fibre. Main routes to the
sea by spillage, leakage from manufacturing plants and tank washings. The bulk of
the xylene used in paints evaporates and there may be some transfer from the air to
the sea.

Xylene is carried in bulk by sea in very large guantities on a world-w1de
scale (amount shipped in 1970: 603,297 tons). Bulk cargoes may be either single
substances or mixtures. |

It will float on water (S G 0.86), is practically insoluble, and evaporation
will occur rapidly (B P 137-140°C). It is volatile and highly inflammable (FP°29 ¢)
and explosive (1 per cent lower explosive limit). A substantial spillage will
create a fire and explosion hazard. .

Xylenes are relatively stable substances whose chemical breakdown is slow, and
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 bioaccumulated.

7\

They are oxidized andfexcreted by the human body. ~ They are m11d1y irritant
and have a strong but only sllghtly ‘objectionable smell.

. Xylene would not present a serlous amenity problem if spilt near a beach
except for the fire risk.

3.7 Organic industrial vastes

(1) Pulp and Beper mil) vastes
These wastes .can be hnrmful.to'receiyinngaters for four ressons:
(a) toxicity
(b) biochemical oxygen demand (BOD)
(c) ‘suspended,solidsm} |
.(d) \colour" ” .
The toxlclty of pulp m111 wastes 1s usually associated with sulphur-contalnlng

'compounds, arzslng ‘from the wood dzgestion process and chlorlnated phenollc
compounds - produced durzng bleach;ng of - the pulp and paper. : v -

Hlbh BOD is a characteristlc of untreated sulphite pulp effluents and many flsh .
kills have occurred because of omygen depletion in’waters receiving: ‘these high- BOD '
wastes. Stabillzation ponds with aeratlon and activated sxudge systems sre common _
forms of treatment. . A e
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The solid fractions of pulp and paper mill wastes may accumulate in sludge
beds to produce local nuisances. These undergo decomposition and remove dissolved
oxygen from water. They often form noxious gases. In addition, large areas of the
bottom of receiving bodies of water may be covered with a layer of settled organic
material having undesirable effects on benthic communities. By the use of improved
in-plant facilities, more efficient screening and better retention ZnAElarifiers
and/or ponds, losses of solids can be reduced. The effects of p*ln“and paper mill
wastes on the higher forms of marine flora and fauna are often sublethal rather
than acute. For example, oyster quality is known to have declined in many pulp
mill areas, although there is little documentation on actual mortality. The food
supply of these sedentary organisms can be markedly altered owing to decline of
phytoplankton caused by toxicity, turbidity and colour.

(2) Other high-BOD wastes

Certain simple organic chemicals, e.g. straight chain alcohols and wastes
from food processing, breweries, distilleries, .etc. exert a high biochemical
oxygen demand. This characteristic is often of greater practical importance in
the marine environment than their direct toxicities. Fish kills may occur in
restricted bays and estuaries, especially in tropical areas, owing to decomposition,
and if the wastes contain a high proportion of solids. local sludge deposits may
result. When deoxygenation occurs, noxious gases are evolved and amenities are
likely to be affected... Provided the wastes are adequatelyv diluted and dispersed
and local accumulations are prevented, direct acute toxicity problems can be
avoided. Chronic toxicity is unlikely except in the immediate vicinity of
outfells where dispersive processes are poor.

3.8 Military wastes

"

The dumping of military wastes may be a significant factor in the pollution
of national and international waters. These wastes may consist of organic
material, biological and chemical warfare agents, heavy metals, petrochemicals,
out-dated explosives, defoliating agents pesticides, solid objects, dredging
spoils and other miscellaneous inorgenic ‘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. Nevertheless, it should be pointed out that tbe duuping of many of
these materials may be contrary to sound - conservatlon practlce and should so far
as practlcable conform to: the recognlzed conventlons.“; R

3.9 Heat //

Increase 1n temperature arlslng from the dzscharge‘of power statlon and
,1ndustr1a1 coollng andeaste weters may cause two maln undes;rdble effects, 1t

thpertrophlcatlon;E
‘ [sources, 18 accomp
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may result affecting natural self-purication capacity. Fluctuating water
temperatures may produce changes in biological communities. The effects of this
form of pollution naturally depend on the recipient sea water temperature and
that of the effluents.

In certain circumstances thermal pollution has made estuaries and enclosed
reef areas unsuitable for various commercial species of fish and shellfish and,
on the other hand, it may lead to the introduction end establishment of alien
species some of which may be undesirable such as timber boring organisms. Special
care is needed in siting power stations employing sea water Tor 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:

oy (1) Non-biodegradability, resulting in foaming of receiving waters;

| (2) “Phosphgte content, 1eadiﬁg to enrichment of receiving waters; and
(3) To a leséér degree, direct toxicity of the ingredjents.

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 "soft" lauryl alkyl sulfonate (LAS) form. The former are, however,
still widely used in industry. Sodium polyphosphates remain as a major constituent
(20-60 per cent) in most proprietary detergents. Because they perform vitel functions
related to cleaning efficiency and no generally acceptable substitute is avallable,
manufacturers are reluctant to eliminate or even reduce the amount of. phosphate in
detergents. NTA.(spdlum salt of‘nitrilotriacetate) has been used as a substitute
for phosphate in detergents but doubts have been expressed as to the:wisdom' of
this; its environmental effects are not fully known. Optical brighteners added

to most detergents appear to persist in the entvironment and their effects should
be studied. L L ' . E 3 k‘:?

3.11 - Solid obdects

The dumplng of contalners, scrap metal and ‘other bulky wastes 11able to sink
to the sea bottom and to present a serlous obstacle to- flshlng or nav1gatlon is .
controlled by the Convention on the Preventlon of Marine Pol]utlon by Dumping of
Wastes and Other Matter (London, 1972) and a. special. permlt is: requlred ~In
granting such speclaIOpermlts one of the . factors to be con31dered is the sultablllty
of the proposed dlsgoaal 91te 1n relatlon to for example exp101table resources .
and flshlng areas. N e : S P :
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in suspension in the sea in such a manner as to interfere matesrially with fishing,
navigation or other legitimate uses of the sea" is forbidden.

Many of the synthetic plastics are virtually indestructible. Their main
effect is to 1nterfe7e with navigation and flshlng operations and when washed up
i on shores, they redvce amenities. For example, pieces of synthetic ropes and
fishing taets are commouTv Iound floating in areas of 1ntense flshlng activity, such
as the Eorth Sea, and. uney cexn 1mmob1112e vessels by gettlng 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 gettlng entangled in pieces
of floating fishing net. Sunken objects may also interfere with fishing operatlons
\and\some areas have been reported as being unfishable after off-shore oil drilling
operations on account of _tke rubbish left behind. In some cases, the dumping, of
objects has been on such & scale as to affect the habitat of bottom-11v1ng animals.
[Tiie dlspersal of garbage from sblps will be controlled by the provisions of the
(IMCO International Convention for the Prevention of Pollution' from Ships, 1973.
Wastes enclosed in containers may be dumped in very deep water beyond the edge of
the continental shelf. ' Under the terms of the Convention for the Prevention of
Marine Pollution by Dumping from Shlps and Aircraft (Oslo, 1972), such deep water
/" must be not less ~than ? 000 metres in depth and not less than 150 nautical miles
from the nearest land. i

L

3.12 Dredging. spill and inert wastes

. Inert wastes are. introduced 13%0 the marine env1ronment in very. 1arge
quantltles via rlvers and plpellnes by dredglng and- m1n1ng operations and by
dumping from barges. In shallow coactal seas dispersal away from the coast may
be“serlouqu hampered by various types of sediment traps. Frequently, solid
matter ‘discharged into: the sea returns. to nelghbourlng shores .or estuarine waters,

i thus threatenlng areas where 1mportant marlne, plaqt and anlmal populatlons are
located. ‘ . :

, Dredglng and mlﬁing operatlons can create an exce381vely hlgh sedlmentatlon
factor which can reduce the supply of llght for plants, smother -fish eggs, larvae,
invertebrates and\mlcga-organlsms thereby 1nterfer1ng w1th the normal bottom
component- of blologlcal energy. cycllng - These - et ffects may be partlcularly

~ disastrous in troplcul reef: areas where many reef organlsms -such as- aponges ,

corals and otner coelenterates ‘are. especlally senaltlve to 1ncreased sedlmentat1on.

‘There is a néed for accurate qnantltatlve data, regardlng the effects of 1ncreased
sedlmentatlo? On marlne fauna and Plora.. e b SR
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penetration. Primary production may be decreased, fish spawning grounds may be
destroyed and the settlement of molluscs prevented. The bottom may be rendered
unsuitable for crustacea such as lobsters, crabs and prawns, but new comrunities
of bottom animals may be produced which may provide additional food for fish.
Where dredgings include a substantial quantity of organic material, an additional
BOD 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 and persistent organic substances which may or
may not be later released.

fa
)
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Table 1

DEGREE OF IMPORTANCE AS POLLUTANTS ACTORDING TO THE MAJOR
CATEGORIES OF MARINE POLLUTION RE(XJGNIZED BY GESAME

Note: The ratings in this table refer to knowledge of the state of marine pollution
at the present. As such they can be considered to provide guidance on future levels of
pollution, provided existing controls ere maintained or strengthened.

It should be noted that WHO has much more detailed information on, and is making a
contimious assessment of, the hazard to man posed by many of these substances under a
variety of envirommental and other exposure situations. WHO documentation should be
consulted for a fuller appreciation of the hazards to man.

Key to symbols: -++ important
+ sgignificant
(+) slight

? uncertain
- negligible

Indications for control:

In relation to the prevention and control of marine pollution, the symbols in
table 1 would generally imply the following:

++ - restrictive or preventive measures recommended
+ - restrictive or preventive measures should be considered

? - further investigations required pendtng wvhich caution is recommended
(+) - po special action indicated /&
- no special action indicated b
Harm to Hazards Hindrance
o © living to human to maritime Reduction of
Category resources health activities amenities -
(1) Domestic sewage B + (+) +
(2) Pesticides
Organochlorine compounds -+ '! (+) - .
Organophosphorus compounds .+ - - -
Carbamate compounds S+ (+) - } -
Herbicides +. (+) Y- 5 -
Mercurial ccmpmmds v =+ + - o -
Miscellaneous metel- W o ‘
containing pesticides + Ty — -
PCBs - , o S {+) - -
() - Inoi'gn.nic wasteé IS o
, Nutrients ‘and am'non:la Y _—_§‘+)v S (f;‘ - (+)
- Cyanide S (Y () - -
Antimony . L) e e .
. Arsenic ) (+) e -
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Table 1 (continued)

Herm to Hazards Hindrance
living to human to maritime Reduction of
Categery resources health activities amenities -
(3) Inorganic wastes
(continued)
Beryllium (+) (+) - -
Cadmium + + - -
Chromium (+) - - -
Cobalt - - - -
Copper. + - -
Iead = (+) + -
Manganese (+) - -
.Mercury ++ ++ - -
Nickel - - -
Phosphorus (elemental ) - ++ -
Selenium ? (+) - -
Silver , +4 - - -
Sulphur (as sulphite) (+) - - (+)
Titenium dioxide wastes (+) - - (+)
Vanadium : - - - -
(4) Radio-active materials - + - -
\"\\‘;3(5) 0il + ? + -+
N
(6) Organic chemicals
Acetone - - - -
Acrolein ++ + - +
Acrylonitrile + + (+) ++
Allyl alcohol + - - (+)
Allyl chloride + + - (+)
Benzene o (+) - (+) -
Carbon disulphide ++ + + +.
Carbon tetrachloride + + - +
Chlcrobenzene ++ - - (+)
Chloroform (+) (+) - (+)
Cresol + - - . +
Crotonaldehyde + o+ (+) Ty
Cumene : (+) i (+) -
0-dichlorobenzene ++ - - (+)
' P-dichlerobenzene o - L (+) =
‘Epichlorohydrin . +. A+) e o
Bthyl alcohol =~ el e e -
.Ethylbenzene = . (+) e (+) R
Ethylene dibromide +) SO(+) e e (+)
+) _(+) (+)

Ethylene dichloride

P
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Table 1 (continued)

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

(6) Organic chemicals

~ (continued)

Ethylene glycol - - - -

Methyl alcohol - - - -

Methylene chloride (+) - - -

Nephthenic acid + - - (+)

Phenol + - - -

Phthalate esters ? - - (+)

Styrene monomer (+) - - +a/

Tetramethyl lead , ++ + - ++

Tetraethyl lead ++ + - ++

Toluene (+) - (+) -

Toluene diisocyanate + + - +

Trichlorobenzenes. ++ - - (+)

Vinyl acetate (+) - - +

Vinyl chloride - (+) - (+)

Xylene (+) - (+) -
(7) Organic industrial wastes v

(a) Pulp and paper mill wastes ++ (+) +

(b) Other high BOD wastes + - ++
(8) Miiitazy wastes ? I - -
(9) Heat + - - -
(10) Detergents ? - - -
(11) Solid objects /( (+) - ++ “+
(12) Dredging spoil and inert 7 k R )

L e e () o

ywastes »

a/ Relates to polymer.




Table 2

RELM.'IVE IHR)RTANGE OF ‘I‘HE DIFFERM ROU'I'ES BY WHICH FOLLUTANTS ENTER THE SEA

‘m— ratinga 1n this ta.ble rerer—to knowledge of the otate of marine Pollution at the present. As such they can be

onsidered - to prcvide guidance on future levels of pollution, provided existing ‘controls are maintained or strengthened.

‘P Potentia.‘l.]y ilnportant BRI .
Dependent on extent of weepons testiug ‘

Lo (a) G f(b) o (e) (@) - (e) (r) (g) (h)
. and ‘use of T :
,;imhmtrio.l -Domestic | Agriculture, - Accidental
products - wastes - forestry, : Operational release Exploita-

‘d:lspoaa.l via ° disposal - public - discharge from ships tion of

. via. d:lrect health - -Deliberate’ from ships and sub- sea-bed Transfer

outfalls = via run-off - dumpings - in course marine mineral . from the

a.nd rivers from lesa™ from ships of cuties pipelines resources atmosphere
3 0 o2 _ 1 0 0 0
- 2 T2 o] 0 P o] 3
- 1 2 0 0 P o 3
ar 1l 2 o] 0 P 0 ?
2 1 2 0 o] P 0 ?
L2 0 3 0 0 P (o] ?
2, 1 1 0 (o] p 0 ?
3 0 0 0 0 P ? 3
3. N I 0 2 1 P o] 0
(-] -2 3 1 0 0 0 (¢]
REIS 0 o 1 0 0 0 o
-2 0 o 0 o o] 0 o]
- IS i O (o) 1 0 P P 2
b B 0 o 0 0 0 0 o]
=g o . o Q 0 0 0 1
A I 0 0 1 o 0 o] 0
20 0 - 0 0 0 (o} 0 0
3 2 1 1l 0 0 0 0
o2 1 o ? 0 ] (o] 3
3 1 o] ? o 0 0 1
T3 2 0 0 0 P 0 3

_‘_'_QL-



Table 2 (continued)

(a) (®) (e) (a) (e) () (8) (n)
Manufacture
and use of
- industrial Domestic Agriculture, Accidental
. products - wastes - " forestry, Operational release Exploita-
disposal via disposal public discharge from ships tion of
direct out- via direct health - Deliberate from ships and sub- sea-bed Transfer
: falls and outfalls via run-off dumpings in course marine mineral from the
S Chtegory of pollutant ‘ rivers and rivers from land from ships of duties pipelines resources atmosphere
3 -0 0 o 0 o] 0 1l
2 o 0o 0 1 P (o] (¢
2 o (o] . 0 0 o 0 1l
, 8 HONE 2 0 0 w0 0 0 0 0
‘Sulphur (as sulphite) 2 0 0 \ o 0 0 0 2
IﬁuMMGMﬁavuus 3 (o] (o] 23 0 0 0 (o]
B 2 0 0 o] o] (o] 0 1
3 (o} 0 1 o p 0 P*
3 1 0 1 30 2 1 ?

,jmmhmghml

ftmﬁﬂah&d -

 ;rmmnmewmnu
f]nMMMcwm

12 L1101 10 A8 U A1 A0 A0 U8 A DO (o 1 W o
COONHOOOCONOOONOOOOOOOO0OO
CHHOMOOOOOOOOHOOWMWYO OO H
COOFHNOOOOOOHOHOOOOWOO WO O

0
0
P
0
0
P
P
P
P
0
P
P
P
P
P
P
0
P
0
P
0
0
0
0

“,-"OOOOOHOOOOOOONOOOOOOOOOO
[eNeoNoRoRoNeNoNoNoNeoNeoNoNoNoNoNeoNoeNoNoNoNoNeNoNe]
O W OO w VOO WwwODOwmawawO w0200
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_Table 2 (continued)

{v) (e) (a) (e) (¢) (8) (n)
' Domestic  Agriculture, Accidental
wastesg - - forestry, Operational release Exploita-
" ‘disposal . public discharge from ships tion of
.via direct. =~ health -  Deliberate from ships and sub- gsea-bed Transfer
. outfalls’ = via run-off dumpings in course marine mineral from the
and rivers from land from ships of duties pipelines resources atmosphere
3 .1 1 1\ 1 P 0 0
3 2 0 0 1 P 0 ?
S 0 0 0 1 P 0 0
2. 0 0 0 0 P 0 ?
2. (] 0 0 0 P o} ?
3 o 0 P P P 0 ?
B T 0 0. 0 0 P 0 0
-3 0 s 0 0 o P 0 ?
o3 -0 v 0 0 0 0 0 0
- X 0 0 0 (4] 0 o 7
3 o o} P P P 0 ?
0 0 0 o 0 0 )
2 2 0 P P (o] 0]
0 o ? ? ? 0 o
0 o 0 0 0 0 0
3 1 0 1 0 1 0
1 o 3 3 1 1 0
o 3 0 0 3 0
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Annex I

BIBLIOGRAPHY: MAJOR SOURCE MATERIALS

The assessments and notes on particular substances appearing in the Review
were based upon the examination and discussion of a large number of original papers
describing studies of individual substances, or groups of substances, and available
in the national agencies and departments. In addition, much use was made of
published and unpublished data available -to individual experts. Some, but not all,
of this unpublished information has since appeared in national reports and
scientific journals.

The selected references listed below have been grouped according to whether
they (a) provide information over a wide range of substances or situations or
(b) concentrate on particular substances or aspects of marine pollution. . It must be
emphasized that they represent only a small fractlon of the 1nformat10n considered
in compiling the Review.
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