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FREFARATION OF THIS STUDY

 This document is the edited and approved original English version of the report of the
GhAMP wWorking Group on the Principlea for Developing Coastal wWater Wuality Criteria which
met from 25-29 November 1574 at FAQ Headquarters, Kome, and from 20-25 (October 1975 at the
Inter-University Center for Fostgraduate Studies in Dubrovnik, Yugoslavia with the following
members participating: Mr. J.S. Alabaster, Dr. A.L. Downing, Mr. D.J. Hanaen, Ir. C.5. Hegre,
Dr. 5. Kéckés, Mrs. S, de Maeyer, Dr. R. Favanello (assisting as WHO Technical Jecretary of
GE5AMF), Dr. G. Tomczak, FAO (Technical Secretary), Dr. M. Waldichuk {Chairman).

Contributions from the following outside reviewers were appreciated by the Group:
br, T.W. Beak, Dr. V.J. Cabelli, Dr. J. Cairns, Jr., Dr. J&£. Davis, Mr. E.E. Geldreich,
Dr. R.H. Hann, Dr. E.M. Hassan, Dr. ¢.D. Levings, Dr. D.H. licLean; Dr. J.C. Macleod,

Ur. B. Moore, Dr. V. Pravdié, Mr., 4. Freaton, Mr. 5.W. Reeder, Prof. P. Strohal, Frof.
K+Qv Sylvester, Dr. C.H. Thompson, Lr. J.F. Uthe, Dr. A. Walton, Dr. V. Zitko.

The Working Group was charged with identifying gaps in our preaent lknowledge and with
evaluating the nature and extent of problem areas in order to establish an order of priority
of coastal water quality characteristics which should be considered for the formulation of
coastal water quality criteria.

‘This study is also being issued in French, Spanish and kussian.

For bibliographic purposes, this document may be cited as:

IMCO/FAQ/UNESCO/WHO/WHO/IAEA/UN Joint Group of Experts on the
1976 Scientific Aspecis of Marine Pollutiom (GESAMP),
Frinciples for Developing Coastal Water Quality Criteria.

Rep.Stud.GESAMP, (5):23 p.
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ABSTRACT

Ceastal water quality criteria were considered for the proteciion of human health and
amenitier, ecosystems and living resources., For all uses, criteria umust be baged on cause-

effect relationships, Twenty-ocne principles were developed, of which five pertain to goals,
ten to methodelogy and six to implementation.

Development of criteris for the protection of ecosysiems is difficult because of the
physical =scale involved, cosis and complexity of measurements required and our relative
inexperience in thie field. Protection of human health in consumption of sea food iz often
achieved through regulations of the guaslity of these products; but such regulations should
not influence the role of criteria for the quality of the water where fish and shellfish are
grown, Criteria for bathing waters should ideally be basmed upon well-fonnded dose-response
relationships, which are unavailable at present, In attempting to meet this situwaiion, WHO
has recommended guidelines for acceptable bathing water quality. Protection of heaslih and
amenities should also be considered in terms of exposure-response relationships. At present,
difficulties arise in obtaining these relationships because of lack of means for quantitative
assessment of aesthetic enjoyment, JTdeally, all factors individually and in combination
affecting the survival and well-being of marine organizms in all stages of their life cycle
ghould be conzidered in developing water quality criteria to protect them.

DDT was chosen as an example to illustrate the application of principles in developing
water quality criteria bhecause of the diverse adverse effectis of DDT and its metabolites on
various components of the ecosystem, e.g. acute and chronic toxicity 4o marine life, bic-
accumulation and implication in reproductive failure through eggshell-thinning in fish-eating
birds. An attempt to apply principles to develop criteria for the protection of amenities
indicated that information on exposure-effect relatiomships is inadequate, and that at present,
enly the threshold value of perception can be utilized in practice.

11 iz recommended that if comtinuation of this study is considered deasirable, specialized
sub=groupas be set up to formulate tentative coastal water quality criteria for particular
water characteristics. On amenities specifically, priority should be given to the establish-
ment of threshold levels of acceptability for turbidity, colowr, slicks and odours contributed

by various pollutants, taking into account the self-purification capability of the marine
enviromment.



1. INTRODUCTICH

At the FPifth Session of CESAMP (IAEA, Viemna, 18~23 June 1973) an ad hoc working group
wag formed to examine the problem of developing coastal water guality criteria, Two of the
spongoring agencies of GEBSAMP had special interest in such criteria as they relate to water
pollution control: FAOC for protection of marine living resources; and WHO for protection of
human health. Moreover, INCC was interested in water quality criteria in preparation for the
International Gonvention for the Prevention of Pollution from 3hips (INCO, 1973) and has
continued its interest through recent deliberations of its Marine Emvironmental Protection
Commitiee.

The ad hoc working group at the Fifth Session of GESAMP agreed that coastal water quality
criteria are desirable and that these should be examined jointly for the protection of human
health and living rescurcea. The Fifth Seasion of (ESAMP céncluded that principles should
be esgtablished for the development of coastal water quality coriteria, and prepared terms of
reference for a working group, which was expected to work intersesaionally to complete this
task, Accordingly, the "Working Group on Principles for Developing Coastal Water Quality
Criteria” was formed at the Sixth Seasion of GESAMP (Geneva, 22-28 March 1974).

Responding to a recommendation of the report of the Fifth Session of GESAMP (para. 20),
the Group defined Ycriteria" as the required scientific information on which a decision or
jud zement be based concerning the suitability of the enviromment to support a deaired use,
recognizing that the health of man is paramount and that the latter can be affected either
directly or indirectly. The Group wished to emphasize the diatinction that should be drawn
between, on the one hand, scientifically-derived criteria, and, on the other, water quality
objectives, "norms" and alsc some control measures, including standards, which may or may not
be derived from them.

The Group comsidered that criteria for the marine environment should include conasidera—
tion of all aquatic compartments rather than water alone. It defined "coastal waters®
arbitrarily as the coastal region containing waters having a salinity of more than 0.5 part
per thousand and extending %o the edge of the comtinental shelf, or, in the case of islands,
comparable areas. (omsidering the request in the same paragraph, that the audience for whom
the criteria are established be determined, the Group concluded that its report and recommen-
dations, as well as any criteria that might be formmlated therefrom, might be for the benefit
of international and national groups of scientista and interested persona.

The "format of the criteria”, which the Group was apecifically asked to suggesti, was
diacussed and interpreted to mean the mode .of expression of the criteria. It was agreed that
expressions of cause—effect relationships should describe response to either concentration
of conatituents or maas inputs to the system in relation to time,

The Group comaidered that the "critical path” 1—/ method outlined by Preatom {1974) was
consistent witn the above, mince it could be viewed as a series of interacting dose-response
relationships, in some of which the dose would he amenable to expreasion as agueous concem—
tration for a given purpose, and in others as mass flow. For sxample, it would be possible
to express criteria related to human health in terms of concentratioms of material in an
edible fish product, without excluding the possibility of alasoc expressing them in terms of
the concemtration of the esame material in the water or other media, given the neceseary data
relating the two. Alse, it would be possible for criteria regarding a partioular waste to
be expressed in a number of ways, the choice being dependent on the target er use to be
protected.

l/ The “critical path" appreoach recognizes that there may be several routes by which
prollutants may reach a target,and that identification of their relative importance is
neceasary in developing criteria,



The GQroup reconsidered its terms of reference, namely:

(i} te evaluate the nmature and extent of problem areas in order to esiablish
an order of priority of coastal water quality characteristics which should
be considered for the formulation of coastal water quality criteria;

(ii) to consider past and current work and to identify gaps in our knowledge; and

(iii) to formulate tentative coastal water quality criteria,

The Group agreed that, while it might be desirable to proceed rapidly with all items,
the laat item im particular was a task well beyond its present resources. In order to
tackle item (i), the Group recognized that it would be necessary to collect and analyse
aprropriate data from national and intemational bodies. Useful data are regarded as
summary statistics on the frequency of occurrence and severiiy of observed pollution
incidents, their probable causes and projectioms of potential problems, based on the
expected growth of water use, It noted that much relevant information is available in the
literature, and that additional data may be forthcoming as a result of the activities of
marine workshops, such as those heing conducted by intemational agencies for the Mediterr—
anean, Indo-Pacific area and Caribbean. The Group considered that such information alone
would probably not be sufficient to describe the situation adequately and that, in the long
term, comprehensive field studiea in clean and polluted arema would be essential. The Group
envisaged that the main problems are likely to be found in estuaries, inshore coastal waters
and those marginal seas having little exchange with the open ocean.

The Group felt that, as an essential first step, it would start by considering the
principles to be taken into account in formulating coastal water quality criteria and then

make recommendaiions. 3ubject areas singled oul for consideration as a matier of convenience
wWere:l

(1} Ecosystems

(2) Human health
(a) fish and shellfish
{b) bvathing waters
(c) aesthetics

(3) Living resources

(ag fisheries

(b) fishing activity

(cg aquacultiurs

(d) others, including birds and mammals.

However, the Group recognized that other uwses, such as production of sea salt and algae

for domestic consumption, desalination, transportation and waste disposal are also impertant
and might warrant attention in the future.

2. SUMMARY OF FRINCIPLES

The following preliminary list of recommended principles for the developmeni and
application of water quality criteria should not be uged or taken out of context without a
careful atudy of the document as a whole. The succeeding sections from which these recommen-
dations arise provide definitions and insight valuable in applying them to unforeseen
circumstances, FPFurthermore, sections on specific uses contain guidelines as to the meaning
and value of environmental data relative to those uses, and auggest forms of expression of
criteria in relation to a specific use, 4 procedure which might be used in establishing

criteria has been given in some detail in section 7. Unless otherwise stated, the principlean
apply to all uses.



2.1 Principlesg related to goals

(1) Environmental oriteria are considered as the required scientific information on

which a decision or judgement may be based conecerning the suitability of the enviromment to
support a2 degired use,

(2) The health and welfare of men is a paramount consideration and can be affected by
charges in environmental quality sither directly or indireetly and at either the individual
or population level (p, 1, para.3).

(3} It is recognized that the health and welfare of man will continue to be affected
both beneficially and detrimentally by his own activities and that value judgements involved
in setting standards (which are outside the scope of this report) must be made in determining

the extent to which the various aspects of man's health and welfape relating to coastal waters
are protected.

(4) Coastal ecosystems are recognized as having a bearing on the health and welfare of
man, through having scientific interest and aesthetic value to man, as well as the poiential
for rational exploitation for his food and other resources.

(5) For some situations, the development of criteria, to achieve the desired protection
of ihe environment, may be either unnecessary or imposible because they could not be utilized.
If that be accepted there would be little point in seeking to esiablish cause-effect relation-
ships in any detail, For example, for the- preservation of endangered species and ecosyatems
in their existing condition for various uses, €.g. marine parke and preserves for scientific
study, the requirement would be the virtual exzclusion of man—made changes (p.5, para.5) Also,
for some substancee for which the dose-response relationship cannot be reagsonably quantified
and that conatitute a hazard, e.g. floating driftwood, plastics and containers, it is not

feasible to devise criteria, but ideally the objective sought should be the virtual exclusgion
of the substances by all reasonable means {p. 13, para. 2).

2.2 Principles related to methodology

(6) In developing criteria to protect a particular water use, effort should be mad§ to
identify the critical factors on which thies use depends. This implies not merely establi-
shing that there are real problems {o¢ solve but, that the principal causative agents invglved,
including thogse causing changes through natural degradation processes, am reflected in bio—
chemical oxygen demands, have been identified.

(7) Studies of real field situations, whether or not change has been noted, are an
essential element in establishing whether or not a problem really exists (p. 6, para 3;
P+ 7, para. 3; p. 10, paras. 1 and 2; p. 10, para. 7; p. 11, para. 6; p.12, pars. 1).

{8) TField studies are alsc seen as an essential element in developing valid criteria,
They are envisaged as including intensive investigatioms of specific incidents, ®.8sy an
oil 8pill, as well as long-term surveillance programmes of both disturbed and undisturbed
aituations.

{9) In developing valid criteria, priority should be given to establishing the
exposure—effect relatiomships for these factora (seciion 7). In each case, these should
take full advantage of the critical path approach (p. 1, para.6; p. &, para. 4).

(10) 48 a general principle, it is important to establish the reliability and relevance
of criteria in order that the desired protection of the water ude can be accomplished with
confidence at minimum cost. This ie particularly applicable where it is necessary to rely
heavily on respomaes observed under laboratory conditions (p. 11, para. 2).



{11) Where data are inadequate, it must be accepted that to some extent the use of
arbitrary procedures has to be invoked in developing criteria (as well as for getting
standards), for example, based upon the highest exposures found to cause no wndesirable
effect, in combination with an appropriate application factor and asgumptions about the
comparability of diverse data (p. 17 -19),

(12} The most effective criteria will be those that take into accownt, to the
greatest degree, differences in local circumstances, such as population susceptibility
and environmental factors (p. 6 paras. 1to4; p. 10, paras. 3 and 4 '. This principle
does not exclude the possibility that criteria may be applicable to large geomraphical
areas and to & variety of specific uses, such as different fisheries involving related
species.

(13) vhere water quality problems extend over the area of jurisdiction of more than
one conirol authority, every effort should be made to further the use of criteria obtained
according to a common methodology agreed upon by the authorities involved,

(14} cCriteria for the protection of a given use should be established independently
of other uses, which may or may not be made of a coastal ares of concerm.

(15) 'The validity of criteria should be frequently reviewed in the light of new
knowledge (p. 10, para. 5).

2.3 Principles related 10 implementation

(16) Criteria should be expressed in such terms as are likely +to be most useful in
the establishment and enforcement of control measures, including standards.

(17) The precision and accuracy with which criteria are established and expressed
should be related to the nature and extent of the problems to which they are to be applied.

(18) It should be recognized that where no exposure—effect relationship has been
established for practical reasons, there may be justification for using as criteria devices,
such as a threshold response as in the case of aesthetics, of the recommended maximum {or
minimum) permigsible levels of water quality characteristics, issued as guidelines by author-
ative international agencies, in the case of human health. This might apply, for
example, where costs of control measures are emall relative to those invelved in establishing
criteria. In such a case, it is assumed in effect that there has been general accepiance of
the desirability of some control measure which could obviate the need for a criterion
{p. 5, para. 5; p. 11, para. 5; p. 13, para. 2; p. 16, para. (8)).

{19) Ideally, scientifically-~based criteria should not be influenced by factors such
a8 the feasibility and cost of remedial action. For example, the aveilability of an
effective inexpensive method for decontamination of oysters does not necessarily obviate
the need for water quality criteria for aiding prevention of the original contamination.
However, in developing coastal water quality criteria, priority should be given to those
aspects which are not already adequately covered by effective product or waste treatment.

(20) With substances that in the judgement of qualified scientisis may be excessively
harmful in coastal waters, e.g. transuranic elementa, all practical measures should be taken

te avoid such a release, and the criterion of no recognized acceptable threshhold level may
be adopted.

{21) Where a given coastal water is subject to several desired uses, the standard
adopted should be based on the criteria for the most demanding use.

3. BECOSYSTEM3

It has been held that the protection of any living marine resource can be most
certainly accomplished by protection of the integrity and balance of the greater or smaller
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ecosystem of which it is a part. hile this can be accepted as basically true, many
characteristics of such systems act ito make this a most difficult task. Only by coneidering
individuale in greaily restricted groupings of interdependent organiasms and in simple

environments, or (in the opposite extreme), by considering as an entity the whole system,
rather than each component, has any progress been made in predictive modelling.

In the first case, biological input and output terms of the model are each predicted or
observed values, resulting from the activities of individual species within the aggregations
of organiams. The importance of the contribution of each included component to these terms
must be known. In the second "black box™ case, individual speciea are not considered and
results are thus not easily used to predict the response of desirable species, Difficulties
in modelling are especially critical in marine waters, where the systems of interest, and
interactions within them, have often not been adequately described. For example, many life
cycles are still unknown. This, of course, limits the success of attempts at quantitative
degcriptions of interactions. The situation with regard to criteria is further complicated
by the fact that, especially in temperate waters, the compenents of a local system change
with season, the various functions being performed by species of varying sensitivity at
different times.

The status of an ecosystem can be described at any given time by a number of more or
less informative techniques. [lost descriptive, but least manageable, is a complete descrip-—
tion of the numbers and disiribution of each species and life stage present. Such voluminous
data are not easily ireated in a aimilar fashion to responses such as percentage mortality
or percentage reduction in photosynthesis. A number of other techniques have been developed
to reduce such data to indices of various dimensions, which can each be used as a Bingle
parameier for comparison of systems for evidence of stress. When differences are noted, it
is still necessary to return to the original species data, in order to assess the significance
of the change (such as altered dominance or species composition).

For two reasons, such ecosystem data from the field are difficult to use in establishing
cause—effect relationships. First, there is often a long "lag” between onset of low—level
stress and system response, second, the degree of response t¢ protracied low-level stress
must exceed the sometimes extreme natural variability, in order to appear significant. Third,
natural systems are most often subjected to multiple siresses simultaneously. Kcosystem
characterization by indirect measures of function has become an increasingly impertant and
senaitive technigue. Here, measurements of nutrient flux, energy budget, carbon turmover
rate, productivity/respiration ratio, and the like, have proven to respond to altered
environmental conditions more rapidly than the system as a whole. 45 a penalty, it is to be
expected that such parameters are subject to greater and more frequent short-~term variations
than are the commmities whose function they reflect.

In consideration of the foregoing, aside from a recommendation for more research, which
could include manipulation, the guiding principle for protection of natural ecosystems for
scientific study must be virtually total non-intervention. It must be recognized, however,
that even if this is possible, the system being “preserved" is subject to natural change.

Beological principles do, however, offer qualitative if not quantitative guidance in
the development of criteria, whether the approach used is inductive or deductive. Although
a change induced in one component will result in changes in other components, this will not
necessarily disrupt the ecosystem, but may rather result in a new series of oscillations
{(2ege, fluctuating population density ratios). These are gradually dampened but never
digappear entirely. The system and each organism within it are constantly adjusting to
variations in stress, whether these be environmental factors or population pressure. This
elastic or plagtic nature of ecogystems allows for a certain capacity to absorb stress and
to tolerate management., Thus, if preservation of one gapecies, or a fishery, ia to be an
objective, criteria which fall short of nop~intervention will usually be effective. This
consideration applies most forcibly where the interests and well-being of man are concerned.
The quality of human life is enhanced by coexistence with a wide range of species, The
protection of human health obviously demands intervention, but further consequences of
aiternative courses of action need to be carefully weighed.



Not all systems are equally robust. It may be argued that arctic systems are less
resilient than othera. Also tropical systems, while containing a great diversity of species,
are particularly fragile with respect to thermal siress, since the majority of organisms
already live near the upper limit of their thermal tolerance (Wood and Johammes, 1975). More
generally, in aystems with many species, the complexity of interactions provides gome stability.
and is also responsible for the fact that alterations in one portion of the aystem can cause
degirable or undesirable effects in seemingly unrelated portions of the system. For example,
bioaccumulation of toxic substances may produce a hazard to consumers, including man.

3.1 Impact of ecological conziderations on the development of principles

Discussions of the effects of pollution on, for example, plankton in relation to
Tisheries, as well as to amenities, public health and shellfish quality, illustrate the
difficulties encountered, and thus the difficulty in formulating criteria, and are there-
fore of value in clarifying the principles operative in arriving at criteria. Various marine
organisms, by virtue of occupying different ecological niches, have different relationships
1o various types and modes of introduction of poilutants. These deiermine the nature of
their exposure.

The essential differences involve varying time scales for exposure (constant, intermittent
or cyclical stress), alterations of the polliutant before or during exposure, and the route
of administration fo the target orgamism (e.g., via water, suspended sediment or food
particles, and detritus). Gonsideration of these differences has led to the formulation
of basic procedural requirements for obtaining data on which well founded deféensible criteria
should be based. (bservance of one or all of these reguiremenis is eagential to criteria
development, dependent on the resource for which a specific criterion is to be set, and the
importance of those characteristics in limiting its use, Not surprisingly, generation of
completely adequate information on which to base criteria requires, in almost all cases,
satisfaction of all requirements listed in section Te

¥ost of these requirements are also recognized by EIFAC (1964) and, taken as a whole,
embody the principles underlying the formalized "critical path" technique referred o earlier.
The Working Group gave some thought 1o classifying the various known stresses, according to
the applicability of the various requirements in the eatablishment of criteria for them in
relation to a given use, but agreed that this approach would offer them little real help,
because it is uniikely that consideration of various uses would result in similar groupings
of requirements. Also, even within a reasonably inclusive group such as inorganics, extreme
variations are known to occur in duration of biological effect as a result of recycling
pathways, biocaccumulation and physical or chemical alteration. The dame may be assumed for
groups or chemicals not yet considered or even synthesized. Furthermore, the pattemn of
fluctuation in concentration with time within a class or for a single compound, is extremely
variable between poinis of introduction where criteria may be of value. This is also true
for major environmental variables such as dissolved oxygen, temperature, salinity and pH
value, In general, the greater the temporal variation, the greater the obligation to test
using a multi-factorial appreoach approximating the extreme limits of local variation of each
factor, as well as the observed local rates of fluctuation. It sheuld be borne in mind that
the most common appearance of most contaminants iz as a compoment of a mixture, the total
offect of which is of concern. Consideration of the components of the mixture is likely to
indicate the complexity of procedures regquired for developing criteria.

3+2 Application of criteria for the protection of ecogystems

It has been assumed above that the cbserved ecosyatems' response is the best measure
of whether the degree of proteection being offered is adequate. The difficulties noted here
in measurement and significance of respomse are not novel and run directly parallel with the
responge of single organisms. Death of an organism/ecoaystem is admittedly undesirable, but
the significance of behavioural, hormonal and enzymatic alterations becomes progressively
less clear. At what point does adaptation become a liability? The development of criteria
to protect a specific ecosystem should be subject to the same approaches being applied to



single species. That is, a dose-response relatiomship can be developed in which the reasponse
being described is a function (usually a desirable ome in terms of human value).

Perhaps it can be seen from the foregoing that development of criteria for the protec~
tion of ecosystems is not essentially different from developing other criteria. It does
differ in the physical scale, cost and difficuity of measurements which must be conducted,
ag well as in our relative inexperience in performing and interpreting them.

4. HUMAN HALTH

In the introductory part of thie report, a definition of coastal water quality
criteria has been given in the most general terms acceptable to the Group. {riteria for
coastal waters in regard to human health should ideally be sets of quantitative exposure—
regponse relationships between environmental exposure factors and effects on the population
groups exposed. When dealing with human Bubjects, it is often difficult to establish aven
a basic cause—effect relationship, and even more difficult to obtain a craded response,.

Acute effects of exposure to high levels of chemicals or pathogens are more easily
linked to human response than are effects of chronic expogure to the low levels so often
typical of the enviromment. At the lower end of the response spectrum, sub-clinical changes
in behaviour or enzyme activity (the biological significance of which is difficult to assess)
have been detected down to the ‘mo-effect level", i.e., below the exposure level at which no
gross pathological, physiological or metabelic impairment has been detected.

The observed no-effect level is of course related to the choice of the indicator(s) of
responge and the sensitivity of the methods available or adopted for its measurement. The
same can be said for the identification and measurement of the exposure. !nless evidence is
available that such sub-clinical changes are simply adaptive, and do not prejudice survival,
reproduction or quality of life, they must be assumed to be detrimental. There are, however,
well established principles, such as those emunciated by Bradford Hill (1965} which sheuld be
used for testing the significance of cause—effect relationships derived from epidemiological
data.

4.1 Fish and shellfish

Factors other than water pollution may influence the microbiological and hygienic quality
of fishery products. (atching, handling, processing, siorage, marketing and the way the
product is prepared may affect the transmission of disease by such products, and cccasionally
falsely indicate inferior water quality. Theae factors should not influence the role of
criteria for quality of the water where fish and shellfish are ZrOWn.

The influence of the physical, chemical and biclogical quality of fish- and shellfish-
growing waters may extend beyond the effects on marine organisms themselves. Wffects on
congumers include: viral apd bacterial infections and intoxications; parasitic diseases;
intoxications due to accumulated chemical poisons or biotoxins such as paralytic shellfish
toxini allergic reactions; responses of undetermined etiology; and offensive flavour
causing nausea or more acute illness due {o tainting of the product, Effects on non-consumers
include: occupational diseases such as secondary bacterial skin infections, bites, stings,
and allergic reactions due to contact with shellfish or goar.

Table 1, derived from Tables 1 and 2 of WHO (1974), summarizes the principal bacterial,
parasitic and viral diseases in man which are transmitted by fishery products.

The adequacy of the basis for criteria should be taken into account when contemplating
control action, which could involve, for example, the closure of fishing grounds, requiremente
for the reduction of input of pollutants and the restriction of consumption of contaminated
fishery products. 3uch actions can also be supported by sanitary surveys. Particular atien-—
tion should be given to molluscan shellfish which may be vectors for viral hepatitis. Molluses
may also serve as one of the routes by which metals and other bicaccumilated materials reach
predators, including man.
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4.2 Bathing waters

Jea waters near some beaches are becoming increasingly contaminated chemically and
microbiclogically and may be a health hazard for man. One of the scientific approaches to
demonstirating the relationship between waiter qualitiy and disease is the epidemioclegical
survey.

lor waterborne diseases, such aw typhoid fever or chelera, the link between disease
and drinking water, or beilween disease and shellfish—eating, has been firmly established,
whereas for diseases occurring at the seaside, the link with bathing is more diffieult to
egtablish, lNonitering of water ¢uality is one of the means of assessing the potential risk.
However, the recovery of pathogens from bathing waters does not necessarily indicate that the
incidence of disease will be zmignificantly increased.

In practice, the rouwtine monitoring for pathogens presents varicus difficulties,
necovery of pathogens from bathing water is not normally done for routine surveillance as
to bacteriological quality. Enteric diseases can originate from drinking water comtaminated
by excreiz from infected humans or animals, It therefore seems important to use, as
indicators of water quality, faecal organisma.

Although there is no demonstrable correlation between faecal indicators and pathogenms,
except for Salmonella, several cowntries have introduced norms of bacterioclogical quality
based upen the faecal celi index. After a long discussion about the linking of faecal indi~
cators with the presence of pathogens and about the dose~response relationship for pathogens
occeurring in seawater, the Group wished to emphasize that criteria for bathing, like those
for other uses such as fisheries, should ideally be based upon well founded dose—responae
relationships. Nevertheless, at the present state of knowledze and under certain circum
stances, an indicator organism characteristic of the contamination by sewage of human ox
animal origin may be used fo indicate a potential hazard to human health, because of the
possible presence of human pathogens, especially antibiotic—-resistant strains. To meet
this situation, WHO has recommended guidelines for acceptable bathing water quality (wHO,
1975}. It should be borne in mind, however, that any dogse~response relationship would vary
as the susceptibility of the population changes.

The principle of reviewing the validity of criteria, in the light of experience and
the acquisition of new kmowledge, applies to health criteria as much as it does to the
others considered here.

4,3 Aegthetics

The enjoyment of amenities is heavily dependent, not merely on the availability of an
activity, but on the aesthetic satisfaction which it affords. Aesthetic satiefaction can be
& very positive force in promoting public health and well-being. It is experiemced through
the senses of sight, smell, taste and touch.

In seeking criteria to protect aesthetic quality, one requires ideally, a knowledge of
the relationships between water quality and other environmental factors, its detectability
by the senses, and the degree of associated adverse or favourable reaction, In attempting
to derive such information it is obviously necessary to ensure that the population, whose
reaction is to be assessed, is reasonably representative of those whose interests the
criteria adopied are intended to protect. In many coastal areas, thie may involve
obtaining a proper balance of reactions of residents and non-residents whose requirements
and sensitivity may differ.
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Determination of the association between aesthetic reactions and water quality presents
considerabla difficulties, because it is rarely possible to expose people in a controlled
manner to a range of conditions in coastal waters themselves, though some guidance can be
obtained from assessment of experience at different sites, where differing conditions exist,
or at the same site, before and after a change in conditions. Because of these difficulties,
such information will in praoctice need to be supplemented by assessments of the reaction of
people to water quality conditions creaied artificially in the laboratory. Such laboratory
assessments would probably be most relevant in the case of taste, which is unlikely to be
greatly affected by the circumstances in which people are exposed, and perhaps least relevant
in the case of reactions to certain visible manifestations of pellution, such as the appea~
rance of a slick, whioh is difficult to simulate realistically in the laboratory.

As a general principle, it will be important to meke every effort to eatablish the
reliability and relevance of the criteria in order that the desired degree of protection of
the waters' use can be accomplished with confidence at miniwum cost. Thie is especially
important where it is necessary to rely heavily on reactions observed under laboratory
conditions.,

There is alao a problem in deciding on adequate measures of aesthetic satisfaciion and
in standardization of their use so that reliable data can be attained., Among measures that
might be applicable in different situations, the following come immediately to minds verbal
or written expresaions of opinion in graded categories as determined by interview or ques-—
tionnaires trends in the ratio of numbers of visitors to a site and the accommodation avai-
lable} trends in the price of property; or expressed willingness to pay for measures designed
to reduce effects., These matters require further study.

The problems encouniered would be simplified if it were to be accepted that one usual
and proper objeotive of designers of disposal schemes is to prevent any unwelcome aesthetic
effects. In developing aesthetic criteria, it is then mainly necessary to assess the levels
of contamination at which such effects just become detectable., It is considered that atten—
tion should be initially concentrated on the limited objective of obtaining such information.
This, combined with our more fragmentary knowledge of the detailed response of people to
the degree of contamination, might well be adequate for most decisions. The vieible effects,
whose thresholds of detection are required, principally include appearance of floating or
suspendsd debris, turbidity, foams, slicks and colour.

Determination of thresholds of sensibility presents a variety of difficulties. In
certain instances, these could be obviated by taking into account that assessment of detec-
tability in a comprehensive seieniific manner would be expensive, and that it might be pos-
pible, in cases where material causing offence can be easily and cheaply eliminated, to make
a pragmatic decision that no material of this kind should be released. It seems, however,
quite feasible to develop meaningful relationships between amounts of substances present and
gensory perception of turbidity, due to suspended matter released in waste waters, or recog-
nition of colour, foams, and slicks. Some progress toward this end has already been reported
(Newton, 1975; Selleck, 1975). Developing such criteria for turbidity, resulting from the
growth of organisme induced by polluting discharges, also seems feasible in prineiple, though

more difficult in practice.

Development of criteria for odour presents the difficulty of establishing a relevant
test. There is no problem in determining the level of dilution of a polluting discharge, or
one of its constituenis which, when allowed to establish equilibrium with a standard volume
of air, can just be detectsd by smell, More work is required, however, to establish the way
in which results of such a test could be related to the degree of offence, which would
actually ocour in open coastal areas, owing to the presence of polluting matter at the minimum
detectable level so obtained. -



5e LIVING RESOURCES

5.1 Pigheries

The sections dealing with ecomystems and the impact of the ecological concepis on the
development of principles for water quality criteria are pertinemt to criteria for fishery
resourced. A fishery is necessarily in a mtate of dynamic equilibrium, e.g., where a
gugtained yield is being obtained, and amy change in the balance caused by altered chemical,

piayuical and biological factors is not necessarily incompatible with the ume of its
regiurces.

In establishing criteria, it should be recognized that a succeseful fishery depends upon
yeveral essential requirements, incinding the svrnepalol aompletion of all stages ir the life
cycles of the fish and their food ovgeniems. It als~c depends upon the zbsence of conditions
that would cause fish to aveid a region where they wonld otherwise bLe present, or to con-
gregate in a region where imminent danger exists, foed is lacking, or substances are present
wbich could taint the flesh of fish, or could give rise to the accummlation of substances
t5 levels harmful to the fish or to the consumer.

The criteria should, if necessary, include separate consideration of commercial and
sport fisheries, of species and races of different susceptibility and of regional differences
of habitat. They should make allowance for times when vulnerable stages of organisms are
found, and for the effects of season, temperature and water quality.

Ideally, the eriteria should relate all these factors to the probable impact on the
fighery of impairment of each part of the life cycle., This, however, as already discussed,
is difficult because of our lack of kmowledge and understanding. C{riteria may be expressed
in physical, chemical and biological terms.

Difficulties arise, however, in their formulation because of the widely different pat-
sermg of fluctuations in environmental quality and the dearth of laboratory experiments
cimlating these conditions. Furthermore, field datas are generally inadequate in that either
“the fish populations present, or the regime of environmental quality, are poorly described.

5.2 Pighing activitieg

Commercial and recreational fishing can be affected by physical conditions in the water
and on the bottom. Floatables, ranging from logs to fragments of plastic, may interfere with
nze of nets and of hook and line. Large floating objects, such as submerged logs just below
the water purface, present a collision hazard to fishing vessels, while plastic sheets can
get sucked into seawater cooling systems and pose at least a nuisance, if not causing outright
damage to an engine. Ploating oil is a muisance in fishing activities, because of iis ten-
dency teo foul fishing gear and vessels. Moreover, the lighter refined petroleum products,
such as gagoline and kerosene, can be a sericus fire hazard to fishermen.

Turbidity and discoloumiion can modify fishing effectiveness with hook and lire because
of the reduction of underwater visibility. For recreationsl spear fishing with SCUBA, reduced
visibility is a definite problem. However, it should be noted that many estuarine regions
sre already highly turbid as a result of inflow »f silty, muddy river water, which can be
aggravated by bad agricultural practices and other land activities.

At least two types of pollutants, sewage and radioactive waste, have a psychological
impact on fishermen, even though there is usually no phyeical harm to the fisherman, his gear
or his catch,

The character of the bottom may be modified to such an eztent by dumped solid wastes,
both containerized and in bulk, that commercial bottom trawling is seriously affected. Indeed,
recreational fishing with hook and line, could alro ba adversely affested, Int such materials
are usually dumped in deep water far enough from shors as %o be out of the range of most
sporte fishermen. Dumped solid wastes may cover oc dastyoy benthis communities, interfeve
with the food chain and could seriously affect the quality of botbom Tishss.
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Gontainerized wastes of various kinds have been recovered by trawl fishermen, and
these can damage fishing gear, as well as pose a hazard to fighermen when brought on deck.
Such wastes can include noxious chemicals, radioactive substances of low and intermediate
level, and military materials, including nerve gases, all of which have been dumped in the
sea. Hater~logged wood, sometimes escaping from booms of logs towed in coamstal waters,
presents occasimal but sometimes serious probleme in certain local areas, .

uriteria for seawater quality and bottom characteristics, as they affect fishing
activities, cannot be developed in the way normally followed for other uses. Guidelines
for contrel of dumping of solids and comtainerized wastes are dealt with in the recent
international conventions on dumping of wastes at sea (U.K., 1972), and on the prevention
of pollution from ships (IKCO, 1973). The scientific criteria for the selection of sites
for dumping of wastes into the sea have been considered by the CGESAMP Working Group on the
scientific Basis for bDisposal of wastes into the sea (GE3AMP, 1975).

5.3 Aquaculture

There is increasing production of seafood throush marine agquaculture, particularly in
developing cowntries. The practice is carried out on either an intensive {(high density,
closely comtrolled) or extensive (low density, semi-natural) scale, Water quality for
intensive aguaculture under confinement in somewhat artificial conditions must be high 1o
compensate for the stresses from crowding, unbalanced diets and increagsed waate products.
Food used in such culiture must meet the game high standard, although it is recognized thai
sewage effluent is successfully used for carp ponds in parts of bBurope,and pig and poultry
manure are put into fish ponds in Hong Kong and China. fhe threat of disease is ever-present,
and it must be recognized that latent fish pathogens can be stimulalted into active disease
cutbreaks by the siress of inferior water guality which lowers the fish's resistance.

Extenaive aguaculture, being less coniined thaun the intensive form, has fewer risks
from digeases and poor water guality. However, the practice is highly dependent on the
coastal marine enviromment, and is, therefore, vulnerable to infusion of polluted water f'rom
great distances. Being dependent for feod on the influx of planktonic organisms with the
sea water, it can also suffer from extreme fluctuations in food supply and quality that may
be related to water quality.

It iz clear that highly controlled water quality is required for aguaculture, but this
can vary with species. For example, salmon require a much higher water quality than mmlled,
It must also be noted that cultured organisms are essentially captive and cammot escape
a toxic water masa. While the bioaccumulation of certain substances, such as meials and
organochlorine compounda, can be controlled through use of carefully aslected prepared food,
it is known that some of these substances can enter fish directly from the water through
the gills or across digestive membranes.

Some of the more widely practised forms of aquaculture are invelved in the rearing of
shellfish, particularly oysters and mussels. Water quality is especially important feor
these bivalves because of their tendency to accumulate substances such as micro—organisms
and metals from the water. Moreover, they are sometimes eaten raw or partially cocked.
This requires good manitary practices in rearing and handling for the protection of. the
consumer. .

Part of the world human population, especially in Japan, utilizes cultured aeaweeds
for a portion of ite diet. This again demands good quality water for production of an
acoceptable product. Excessive turbidity, for example, could retard photosynthesis, and the
presence of dismsolved noxious substances could be not only hazardous but might also impart
an wacceptable flavour,
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Development of criteria for agquaculiure which have much in common with those for fishe-
ries should include consideration of: environmental stability; coniinuous conirol of those
factors desirable for healthy and vigorous stocks of organisms; prevention of deleterious
chemical, physical and biological conditions; avoidance of introduction of parasites and
diseases; and prevention of environmental conditions favourable for development of diseases,

5.4 Others, including wildlife

Other natural living marine resourcee which must be taken into account in developing
coaptal water quality criteria include seaweeds, both for their commercial value and for their
sontribution to the ecosystem that supports other plant and animal communitles. Tt is well
known, for exsmple, that the discharge of sewage off the coast of southern California has
been accompanied by a decline of the giant kelp beds.

A major component of the living marine resources in coastal waters, outside of
the fisheries, is wildlife, Water fowl are vulnerable to such sea surface pollutants as oil.
Fish-eating birds are top predators and therefore are highly susceptible to adverse effects
of bioaccumlated substances, such as metals and persistent organics., The problem of egg-
ghell thinning ceusing reproductive failure in raptorial birds, as a result of DDT and its
metabelites in the environment, is considered as an example in section 8.1,

Although little is known about the relationship of water quality to gurvivel of other
species of mammals, such as whales, porpoises, narwhals, seals and polar bears, some atten—
tion should be paid to effects of coastal water pollution on these aquatic animals, particu—
larly in the Arctic where degradation of organic substances is alow. The presence of oil in
"preathing holes" used by seals in ice-covered areas could be particularly uwnfavourable.

Marine mammals, because they are air-breathing, present a special problem in oil
pollution and in other surface-contaminating phenomena., The sea otter, and presuuably almo
the fur seal, require clean water for protecting the insulating quality of their fur. The
sea otter in captivity rapidly succumbs to illness and eventually dies when its fur becomes

matted.
6. OTHER ASFECTS

The Group recognized that envirommental quality criteria have to be developed for other
uses of the coagtal zones, These range from underwater marine parks and preserves for which
maseimim protec?1on is required, to seabed mining and transportation requiring minimsl envi-
ronmeptal quality. The Group felt that it lacked expertise to deal with any of thepe other
uges in any detail, but considered it might be worthwhile to direct attention to a number
of specific uses where coastal water quality is vital.

6.1 Desalination

The growing need for fresh water in many parts of the world regquires looking to the sea
eg 2 source. The uses of desalted water may range from drinking to industrial processing.
In the case of drinking water and possibly that of irrigation, the quality is relevant Yo
public health. The potable product must meet standards set by public health authorities,
and therefore, sea water used for this purpose must also be of ressonably high quality. The
degreg of contamination that could be tolerated would depend also in part on the process
used in desalination, In general, the relationship between concentrations of substances
?efore and after treatment has to be established as part of the development of criteria;
in the particular case of evaporative proceases, for example, attention would have to be
focussed on volatile constituents.
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6.2 Food-processing water

Coastal water contaminated by sewage can present a serious economic problem in fish~
processing because of health risks. Water intakes may have to be extended or alternative
gources found. Criteria for guality of food-processing water may be as demanding aa those
for drinking water,

6.3 bxtraction of chemicals from sea water

4 certain degree of water quality contrel must be maintained in plants using sea water
for extraction of such chemicals as bromine and magnesium. However, the contaminants which
have to be guarded against depend on the material extracted and om the process used.
Undoubtedly, ¢il may present a problem in all such extraction operations. The industry of
extraction of pharmaceuticala from marine organisms is dependent on the maintenance of water
quality suitable for their growth.

6.4 Industriasl-cooling water

The main characteristic of sea water desired for codling purposes in thermal power
Plants, nuclear reactors and other industrial systems is low temperature. Therefore,
cooling intakes are usually set at a depth where the coldest water can be obtained. Although
other characterisiics of the water may not be too important, ¢il and suspended matter drawn
into the cooling system can present problems.

Te SUGGESTED PROCEDURR FOR ESTABLISHINGlCRITERI&
(1) <¢ritically review the relevant literature,

(2) Determine physical, chemical and biological characteristics, including variability
in space and time, which influence the desired use or property of the environment. This can
be partially achieved by preliminary field observations and laboratory experiments. Such
data together with judicious use of mathematical modelling techniques will limit the rumber
of variables t0 be conaidered.

(3) Bstablish the relative importance of each characterimtic — usually to within an
order of magnitude, This again can be achieved in both the field and laboratory and will
further limit the number of variables to be considered.

(4) Determine the amount of siress being applied to the water mass to be protected
{or chosen for atudy). This should be expressed in appropriate units {e.g., concentration,
mass, volume, energy, number of organisms). This will help define the magnitude of the
problem.

(5) Determine the chemical and physical fate and distribution of the siress in the
syetem taking into account time factors. This will require chemical, physical and/or
biclogical analyses of various compartments in ithe aystem as well as hydrological data.

(6) Determine the portions of the population or use in the aree o be protected (or
chosen for study) that are subject to each of several different degrees of risk. This infor-
mation will be needed when deriving standards from criteria, and requires estimation of the
ratea of input to defined portions of ihe system.

(7) Determine the exposure/response relationship which holds for the local system in
question, This ie a fundamental and nearly universally applicable procedure and will involve
determination of the most vulnerable point in the system (e.g., top predator, man, fish,
life stage, required food organism, enzyme syastem, physiological process).
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(8) kxperimental exposures in the laboratory and/or field should be made whenever
posaible to establish a family of exposure/response curveg reflecting the effects of expected
variationz in conditions and pollutant input on observed response. An attempt should be made
to cover the full range from stimulatory to toxic levels, particularly for hiologically
essential subatances. It is expected that variations introduced will cover the range of
ambient conditions encowntered in the region and that the test systems chosen will approximate
the expected or actnal nature of the encowmter of the target with the stress. Factors
affecting this encounter include chemical alterations of the toxicant, variability of expo-
sure and route of administration., It is expected that as far as possible the parameters
being measured will reflect responae at the most vulnerable level of the target, This level
may not be the same at all degrees or durations of exposure. This will provide one of the
bases for selecting a particular exposure or response as a criterion in formulating a
standard.

(9} Hhistimate the effects of several degrees of target response on trophic levels
immediately above and below the target. This will provide a first estimate of the probability
of remote effects in the ecosystem and requires consideration of patterms of biomagnification.

8. EXAMPLES OF APPLYING FRINCIPLES

The relevance and application of the principles has already been conszidered to some
extent in relation to criteria for ecosyastems, but a more detailed appraigal is desirable.
In choosing other topics, attention was given to those that could be tackled reasonably
thoroughly in the time available and alsc to those that might reveal some of the sirengihs
and weaknesses of the approach developed to date. Some important topics, however, such as
the effect of metals on fisheries and human health would clearly demand considerable effort
in reviewing the appropriate literature with the thoroughness considered necessary. One
subject, the effect of DDT in coastal waters, was chosen because it appeared to be more
amenable to study, since there was a substantial amount of 'well-founded' data available,
and furthermore was of interest because the chemical was synthesized and introduced into the
environment by man. UDT can be used to illustrate most facets of the application of prin=
ciples to develop criteria for protection of different components of the ecosystiem. Another
subject, coastal water amenity, in contrast to DDT, was of interest partly because of the
lack of quantitative data availabie,.

8.1 DDT as an example

In terms of biological effects, chemicals such as DDT can be taken up directly from
the water and exert a toxic effect on marine organieme; these chemicals may also be bio-
accumulated and advermsely affeci predators. In addition, certain regulatory bodies, through
concern about possible health hazards, have specified maximum permissible levels in edible
figh products. If these are exceeded, the commercial exploitation can be adversely affected.
Therefore, criteria are required to relate body burden to aqueous concentrations or other

environmental levels.

8.1.1 Data base

DDT is probably one of the most studied chemical pollutants. Consequently, a brief
summary can include only a small portion of the available references., The Tollowing
discussion attempts to illustrate a basis for selection of water quality criteria, rather
than to provide a comprehensive critical review of literature.

(i) Acute toxicity

Laboratory tests lasting 48 to 96 hours ahow that DDT is acutely toxic to organisms
that live in goastal waters (NAS-NAE Comnittee on Water Quality Criteria, 1973). The
96 hour L(50 for p,p' DDT in static tests ranged from 0.4 to 89 ug/l for seven estuarine
fishes (Eisler, 1970) and from 0.6 to 6.0 pg/l for three species of crustaceans {Bisler, 1569).

1/ Concentration lethal to 50 percent of test organisme in 96 hours.
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The 48 hour LG50 in pg/l in flow=through tesis was 0.4 for Mugil curema, 5.5 for Fundulus
gimilis, 10 for Callinectes gapidus and 1.0 for Penaeus asztecus, and from 7 to 9 pg?l raduced
the growth of Crassosirea virginica by 50 percent (Butler, 1963). The $6 hour L{50 in flow-
through tests for Morone saxatilis was 0.53 pg/l (Korn and Earnest, 1974). In a test in
which the actual concentration of DT in water was measured by chemical analysis, the 96 hour
L¢50 to F. aztecus was 0.13 ng/l (Schimmel, unpublished data), which is almost an order of
magnitude lower than found in the test reported by Butler (1963).

{ii) Chronic toxicity

The long-ierm toxicity of DDT has been siudied using juvenile or adult shrimp {¥immo,
Wilson and Blackman, 1970}, crabs (Lowe, 1965}, oysters (Lowe et al., 1970) and fishes
(Butler, 1969); however, no laboratory data are available on effects of DDT on the entire
iife cycle of coastal organisms. Information on the sffect of DDT on entire life cycles
of coastal aquatic species is necessary if scientifically derived application factors
relating to acuie and entire life-cycle toxicity data (Baton, 1973), rather than arbitrary
application factors (NAS-NAK Committee om Water quality Criteria, 1973}, are to ba used to
estimate watsr quality criteria that would be expected to protect these species from chronic
effects of DDT.

(iii) Bicaccumulation

The presence of DDT in coastal waters and other environments may affect fish and birds
by its adverse effects on reproduction. 4lsc, DDT may affect a commercial fishery because
of excessive concentrations in tissues of organisms that are consumed by humans. Excessive
cenicentrations of DDT in gametes of apotted seatrout, Cynoscion nebulogua, were associated
with a decline in numbers of juvenile seatrout (Butler, Childress and Wilson, 1972}.
3imilar quantities of ODT in eggs of lake trout, Salvelinus namaycush, adversely affected
their reproduction (Burdick et al., 1964). Decreasing populations of raptorial and fish-
eating birds, such as eagles, ospreya, peregrine falcons and breown pelicans, have heen
associated with the use of DDT (Blus et al.,1972; Hickey and snderson, 1968).

8.1,2 Examples of possible approaches 1o development of water qualiiy criteria

Frobably no single numbsr should be used as a permissible rioncentration of DOT for
all user in all coastal waters. Currently available data on the direct toxicity of DDT
in water and iis biomagnification in fishes to concentrations that adversely aifect
reproduction of piscivorous birds, or could affect a fishery as a food source for humans ,
support the use of these data to calculate permissible concentrations. The following
discuasion should be considered as an example of a method of app~cach 46 the derivation of
a criterion and net as presenting criteria for DDT approved by this Group.

8.1.2.1 Application factors with acute toxicity data

IDT ia acutely itoxic to many coastal fishes and crustaceans ai concentrations less
than 1 ng/l, with the lowest 96 hour LG50 being 0.13 ng/1 (brown shrimp). No scientifically
derived application factors for DDT are available for coastal organisma, and if criteria
are to be derived at all, arbitrary factors have to be used to estimate the expected chronic
effects of persistent chemicals, In these circumsiances, it might be better to utilize
application factors derived from experimental data on phylogenetically similar speciea than
to use an entirely arbitrary factor such as 0.1 or 0,01,

8+1.2.2 Bioaccumulation and adverse effects om birds

A water quality criterion for DT, based on bioaccumulation potentials from water to
fish to predacious birds, must use data that contrast concentrations in water, in prey-fish
and adverse effects on birds, BPecause critical data are missing, certain assumptions
become necessary about the comparability of field and laboratory data and about the responses
of different gpecies. 'The Group considered alternative approaches in relation to bird
reproduction utilizing the following seven specific sets of information.
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Ta Jater—to-fish bioconcentration factors (Estuarine and Laboratory)

Water—to~fish bioconcentration factors of 10 C0O to 41 000 have been found in
laboratory studies {Hansen and Wilson, 1970) and in an estuary {(Woodwell, Wurster
and Isaacson, 1967).

2. Water~to-fish bioconcentration factors (Freshwater)

The above estimated of bioconcentration factors from water to fish of 10 000 to 41 000
are probably conservative, and although laboratery studies using freshwater fishes
aleo support factorg of this magnitude, data from the Great Lakes indicate that
environmental accumulation factors may be as great as 2 million (Reinert, 1970).

One reason for this difference may be that trophic levels are involved in field
exposures. Also the concentration factora calculated from the data of Woodwell,
Wurster and Isaacson (1%67) may be too low, because the concentration of DDT in

water was not measured and may have been over—estimated.

3. Effect of DIk in food on reproduction of birds (Laboratory)

Laberatory studiea have shown that dosages of 3 pg/g of DDE in the food adversely
affected reproduction of mallard (Heath, Spann and Kreitzer, 196%), black ducks
(Longcore, Samson and Whittendale, 19715, kestrels (Wiemeyer and Porter, 1970) and
screech owls (Mclane and Hall, 1972).

4, water-to-bird-egg bioconcentration factor (Estuary)

Woodwell, Wurster and Isascson (1967) obiained data on DDT in biota from an east
coagt estuary. They estimated that the concentration in water was 0.05 pg/l and
measured 7.13 jug/g in tern eggs which would give a concentration factor of 143 000.

5. Pood=towbird=egg bioconcentration factor (Laboratory)

Laboratory studies with black ducks {Longcore, Samson and Whittendale, 1971), and
Cotwmix quail (Bitman, Cecil and Fries, 1970) indicate that DDT accumulated in
egga at 6 to 10 times the amount in food.

6. Effect of DDT in bird-egeg on reproduction of birds (Field Data)

A concentration of 0.5 mg/g in pelican eggs does not affect reproduction (Blus
st al., 1972).

T Inferred effects of DDT on reproduction of birds (Field Data)

DDT and its primary breakdown product, DDE, have been implicated in adverse effects
on reproduction of natural populations of raptorial and fish-eating birds, but
monitoring programmes generally have not determined the quantities of DDT in water
that produced food chain effects on bird reproduction. DIDT measured in the Pacific
Ocean in the California Current system ranged from 0.0023 to 0,0056 pg/l (Cox, 1971).
Concentrations in rivers entering some estuaries along the Pacific Ocean and Gulf
of Mexico ranged from 0.005 to 0,08 ug/l (Manigold and Schulze, 1969) and large
lakee may contain only a few parts per trillion (parts in 10125 of DDT (Reinert,
1970). Although the quantity of data should be greater, that available auggests
that only a few parts per trillion of DDT in water have produced serious reproduc-
tion damage to certain raptorial and piscivorous birds, through bicconcentration
and conversion to LDE.

(omsideration of this infermation and various combinations can lead to several
conclusions about ithe effects on bird reproduction expected at various aqueous
concentrations, as shown in Table 2.



Table 2. Summary of results of different approaches to asgsess the
effect of LDUT on bird reproduction

tomcentration of Lxpectation of Type of evidence utilized
DDT in water adverse effects from gection 8.,1.2.2,
(ng/1)
. . »*
i5 =~ 300 High (1,3)
*
2.3 -8 (73
- *
1.5 (2y3)
*
1-8 (1 ) s6)
*
3 (4,6)
0,02-0,04 Low (2,5,6)"
* 1 uWater—to-fish bioconcentration factors {Estuarine and Laboratory}
2 Water~to-fish bioconcentration factors (Freshwater)
3 Effect of DDE in food on reproduction of birds (Laberatory)
4 Water-to~bird—egg bioconcentration factor (Hstuary)
5 Food-to-bird—egg bioconcentration factor (Laboratory)
6 Effect of DDT in bird~egg on reproduction of birds (Field Data)
7 Inferred effects of DDT on reproduction of birds (Field Data)

Manipulation of input data eof thiz kind and in this way can produce values which
indicate the crder of magnitude of concentrations that might affect bird reproduction, but
the lack of data on any one species in any particular environment prevents the establishment
of precige limits below which there are noc adverse effects. This example illustrates some
of the difficulties of establishing water quality criteria occasioned by the lack of rele-
vant data which neceasitates making assumptions about the comparability of field and labora-
tory data and of the responses of different species. Moreover, the output dats have been
developed assuming a steady state aituation, and the relation beiween effecte caused by this
condition and these caused by & mean concentration in the enviromnment where the levels may
fluctuate widely, is uncertain,

8.1.2.3 BRioaccumulation in seafood

If the water—to-fish bioconcentration facter is 2 x 106 (only the edible portion is
considered here), and if 1 pg/g in edible tissue is deemed the highest acceptabtle by a
regulatory agency, then the water concentration would have to be lesas than 0.5 ng/l.

8+1.3 Conclusions

From the example, it im obvious that any group which proposes to develop water
quality criteria for DDT must consider several principles as already discussed.

(1) cCriteria should be developed using toxicity data on organisme from the
locality 1o which the criteria would apply and ideally should include
life—time toxicity tests.

(2) 1In the absence of life—time studies, it may be neceasary to utilize
appropriate data on the relatiomship between acute and life-time studies
of phylogenetically similar coastal organisme. Such a procedure, while
not ideal, could be preferahle %o using arbitrary application factors.

.



(3} Thorough eritical reviews of the literatiure should be made to determine if
additional concentration factors derived from environmental monitoring can
be obiained. Froduction of such data may redguire improvements in
anzlytical sensitivity.

{4) uhen developing criteria, additional assumptions which may be necessary
should be rigorously tested wherever possible. '

$.2 Amenities

Application of the general principles in the development of criteria for the protec—
tion of aesthetic enjoyment of amenities requires further consideration of the form of
cause—effect relationships that would he of most use. The issues arising are illustrated
by reference to forms of criteria that might be appropriate in relation to the influence of
pollution en the clarity of coastal waters. The effects of interest are those vigible %o
humans in the environment.

Having attempted to develop the example of criteria for aesthetic satisfaction with
regard to water clarity, it soon becomes apparent that, while the various factors contri-
buting to light penetration are well known and numerical relationships between concentra-
tions of pollutants and changes in light penetration can readily be obiained, no quantita-
tive relationships have yet been derived between the degree of appreciation of clarity and
such objective measurements. It was algso recognized that the degree of appreciation would
vary with the subject population, and with any change in balance between contributions by
various factors affecting clarity. It is thersfore judged necessary at the present time
to rely on a threshold value of perception in order to assure protection of this aspect
of amenities. As noted earlier in this report, if control of water clarity at this level
appears impractical, it will then be necessary 1o establish exposure—sffect relationshipa.
Furthermore, such an approach will be necessgary, in order to permit a rational setiing of
gstandards involving cost-benefit analysis, to assess both the cost of remedial measures
and the value of the amenity.

Y.  RECOMMENDATIONS

The Working Group must conclude that it has not completely fulfilled the terms of
reference assigned to it. O(nce the Group's programme was initiated, it soon became clear
that it could not embark at all on actually formulating criteria and that its major goal
would be the consideration and emunciation of principles., The Group feels that it has
achieved that goal, and in so doing, has formulated a constructive approach ito the first
and second terms of reference, concerned respectively with evaluating the nature and extent
of problem areas and with the data required for the formulation of criteria. Furthermore,
it has provided an extensive framework within which further effort could be directed.
Specific recommendations follow on the way any further effort might be continued.

(1} This report should be used as a basis upon which priorities can be assigned to
coastal water quality characteristics for the formmlation of coastal watler
quality criteria.

(2) bSpecialized groups should be set up to fornulate tentative envirommental
quality criteria for coastal waters. The adoption of the principles and
procedures outiined in the prement raport should be of value in helping them
to formulate the criteria, and at the same time facilitate identification of
gaps in lmowledge and thereby emnable them to make recommendations on research
needs,
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{(3) The groups should be so constituted that each is concermed with only part of
the whole subject area, namely one relaited to a particular use, e.g., bathing
and human health, amenity, or fisheries, which in some cases should be
confined to a particular geographical area. The main reasons are firstly, thait
the amount of work invelved would be very large, and secondly, that the criteria
will differ between uses in a given area, and between areas for a given use,
It should be recognized that, while focussing on particular pollution problems,
the membership should include those qualified to interact adequately to cover i
all inputs called for in section 7. The Working Group sees advantage in j'f
conatituting any new subgroups on an international basis. i

(4) Having chosen amenity as an example, the Group recommends specifically thai in
the development of criteria to protect aesthetic satisfaction, pending further
information on the nature and extent of the problems, pricrity should be given
to the establishment of thresheld levels of acceptability for turbidity, coleour,
g8licks and odours, derived from sewage and other wasies. Ideally, these levels
of accepiability should take account of the extent and duration of the effect.
Furthermore, objective as well as subjective measures of acceptability should
be developed. Such measures would greatly assist the execution of benefit-cost
analyses which may be needed to aid decision making in cases where control 1o
threshold levels appears impractical.
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