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Notes

GESAMP is an advisory body consisting of specialized experts nominated by the Sponsoring
Agencies (IMQ, FAQ, Unesco, WMQ, WHO, IAEA, UN, UNEP). Its principal task is to provide
scientific advice on marine pollution problems to the Sponsoring Agencies and ta the
Intergovernmental Oceanographic Carmnmission (10C).

This study is only available in English from any of the Sponsoring Agencies.

The study contains views expressed by members of GESAMP who act in their individual
capacities and their views may not necessarily correspond with those of the Sponsoring
Agencies.

Permission may be granted by any of the Sponsoring Agencies for the study to be wholly or
partly reproduced in publications by any individual who is not a staff member of a Sponsoring
Agency of GESAMP ar by any organization that is not a sponsor of GESAMP, provided that the
source of the extract and the condition mentioned in 3 above are indicated.

DEFINITION OF MARINE POLEUTION

Poliution of the rmarine environment means: "The introduction by
man, directly or indirectly, of substances or energy into the marine
environment (including estuaries) which results in such deleterious
effects as harm to living resources, hazards ta human heaith,
hindrance to marine activities including fishing, impairment of quali-
ty for use of sea water and reduction of amenities".

IMOD/F AO/Unesco/WMO/WHO/IAEA/UN/UNEP  Joint Group of Ex-
perts on the Scientific Aspects of Marine Pollution (GESAMP)

For biblicgraphic purposes, this docurment should be cited as:

CESAMP (IMO/F AG/Unesco/WMO/WHO/IAEASUN/UNEP Joint Group of Experts on the Scientific

1985 Aspects of Marine Pollution), Environmental Capacity. An approach to marine
pollution preventien. Rep.Stud.GESAMP, (30):49 p.
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PREPARATION OF THIS STUDY

This document is the Report of the GESAMP Working Group on the Methodologies and
Guidelines for the Assessment of the impact of Pollutants on the Marine Environment, which met
from 26 to 30 September 1983 in Rome, ltaly, from 29 October to 9 November 1984 in Bangkaok,
Thailand, and from 23 to 27 September 1985 in Rome, ltaly.

The following members participated in the preparation of the Report: Yves Adam, J. Michael
Bewers, Davide Calamari, Lisandro Chuecas, Antonio Cruzado, Wolfgang Ernst, Edgarda D. Gomez,
Gwyneth D. Howells, Manuwadi Hungspreugs, Taku Koyanagi, Uri Marinov, Jean-Marie Martin,
Edward P. Myers, Heiner Naeve {Technical Secretary), Twesukdi Piyakarnchana, Teerayut Paopetch,
John £. Portrnann (Rapporteur), Velimir Pravdic (Chairman), Alan Preston, Marco Antonio Retamat,
Lothar Riekert, Chellizh Satkunananthan, Anne £. Smith, Francisco Szekely (UNEP RS/PAC), Philip
Tortell, Herb |_. Windom.

The sessions of the Working Group were jointly sponsored by the Food and Agriculture
Organization of the United Nations {FAQ), the United Nations Educational, Scientific and Cultural
Organization (Unesco), the Warld Heatth Organization (WHQ), the International Maritime Organi-
zation (IMO), the International Atamic Energy Agency (IAEA) and the United Nations Environment
Programme (UNEP).
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EXECUTIVE SUMMARY

The aim of this Report is to provide guidélines for the assessment of the impact of potentially
harmful substances released into the marine environment.

The Environmental {also known as receiving, absorptive or assimilative) Capacity is defined as a
property of the environment, a measurement of its ability to accommodate a particular activity ar
rate of an- activity, such as the discharge of contaminants, without unacceptable impact. The
Environmental Capacity can be apportioned for various uses.

The Report propases the use of a strategy to combat marine pollution based on this concept of
Environmental Capacity, It provides the scientific rationale for the assessment of this entity, the
methodology of calculation based on rmodelling, guidelines for its systematic application, manitoring
and reassessment, and provides a number of case studies in the form of examples involving various
contaminants and different geographical areas.

The Report opens with a short introducticn outlining the basic concepts and premisses which lie
behind the acceptance of disposal of wastes in the sea. When a development is first proposed, its
impact on the whole environment, together with the costs and benefits to society as a whole, must be
taken into account befare the plans are actually implemented. The procedure is often now known as
environmental impact assessnent (EIA). This wide-ranging procedure embraces far more than the
scientific assessment of the impact of pollutants on the environment and as such lies outside the
terms of reference of GELSAMP,

Accordingly, this Report concentrates on describing the parameters and processes which have
to be taken into account in the assessment of the impact of pellutants on marine organisms,
ecosystems, amenities and human health, as a consequence of any discharges Lo the marine
environment.

The methodolagy of assessment of Environmental Capacity as proposed in the Report, involves
critical pathway analysis for both conservative and non-conservative contaminants, establishment of
envirommental and water quality objectives, criteria and standards. Faced with the incvitability of
several sources of upcertainty in real-life conditions, a probabilistic approach is proposed as an
alternative to deterministic analysis. The approach proposed is [Decision Analysis, and this is
exemplified by a flow diagram.

The Report does not describe in detail how to gather the basic data or to carry out practical
tasks such as conducting toxicity tests or measuring water movermnents. To have done so would simply
have duplicated materiai which is already available in the open literature and therefore accessible to
those persons who will be brought in to advise or otherwise provide expert opingn on any project. The
Report does, however, pravide guidelines on how ta utilize information to assess the overall impact of
the activity on the marine environment. Guidance is provided on those procedures wich are most
like!y to ensure that the activity can be contained within the capacity of the marine environiment to
recetve wastes without causing unacceptable effects.

The methodology of assessment of the Environmental Capacity is based on scientific research
and resulting data. It is, by definition, site- and contarninant-specific. It is accomplished in stages,
the preliminary assessment can be accomplished using approximations such as single-box and simple
mass-balance models, and by averaging over larger time scales on the assumption of steady-state
conditions. As more data become available and transport and modification processes become better
understood, maore accurate values of Environmental Capacity will be obtained. These can then be
used in environmentally compatible development planning and project implementation. The need for
monitoring and iterative assessment is emphasized as an essential component of the procedure
proposed, bath as a safequard against errors and as a means of fine tuning the controls so as to be less
conservative and make them fit the precise conditions of each situation.

The strategy based on the concept of Environmental Capacity is presented as a high order
interactive environmental management technique. The traditionally used complex strategy based on
environmental quality objectives, or the simple but readily enforceable strategies such as those tased
on uniform emission standards, maximum allowable concentrations in effiuents, the black/grey lists
of contaminants or the application of the principles of best available technology or best practical
means available, are shown to be but simple components of the adaptive, interactive strategy
proposed.

The examples given in the final section illustrate how.the concepts and premisses are put into
practice and how the guidelines can be applied.
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1. INTRCDUCTION

Environmental management consists of formulating and applying strategies by which the
resources of a given ecosystem can be utilized in an efficient and sustainable manner in the context
of the overall and specific socin-ecanomic and political goals of a society. The use of the marine
environment for waste disposal must only be undertaken after first conducting as rigorous an
assessinent as possible of the probable impact. The procedures by which this assessment is
conducted should be based on a comprehensive scientific assessment of the local environment as well
as on forecasting the potential effects that an activity might impose an that environment and human
well-being dependent an it.

Recognizing the importance of social, economic and political considerations in the ultimate
policy deeisions, this document has been restricted as far as practicable to a description of an
approach to a comprehensive scientific assessment in which ‘hard' scientific data on local conditions
are often limited. Because the criteria used in the scientific assessment must make reference to, and
in many cases will change in response to, larger social decisions about the relative value of various
amenities and uses, the report touches on how the scientific assessment process can be placed within
the context of a generalized, illustrative, social evaluation process. To this end, the document
describes the application of probabilistic analysis in decision-making.

The process by which the final decision is taken often centres on a document known by
different names - Environmental Impact Report, Environmental Impact Assessment, Environmental
Impact Statement. These documents contain the results of wide-ranging investigations. Input is
required from economists, social scientists, engineers, scientists and other specialists.

The type of assessment undertaken in environmental impact assessment can follow one of two
approaches:

(1) Ta make a 'deterministic' assessment of permissible effiuent or water quality standards
based on relatively simple techniques and applying empirical safety factors, and making
conservative assumptions where uncertainties exist (Section 3.2).

(2) To perform a probabilistic assessment of the E£nvironmental Capacity for the contami-
nant, based an the techniques described in Section 3.4. This permits an explicit
weighing of risks asscciated with each effluent standard.

There can be many reasons for adopting one or other approach, but the planners should be
aware that the choice between them should be a conscious step in the management process. The
second approach is preferable when caosts and risks can be explicitly balanced.

The assessment process may be enhanced by ranking options in social preference so that the
appropriate research priorities for scientists are clear. It is essential that monitoring is undertaken
as a follow up of the initial assessments, once the project has been implemented, in order to permit
the accuracy of the assessment to be checked and correction made if necessary.

There is no methodology of assessment, which in itself would remove the requirement for
difficult and often controversial decisions. The process of impact assessment serves to clarify
objectives, quantifying potential impacts and risks, helps identify the opportunities for reducing
undesirable consequences and assists in the decision-making process by systematizing information.
The Environmental Impact Assessment process involves more than scientific considerations, and
consequently is beyond the terms of reference of GESAMP, in that it considers political,
econamic and social, as well as scientific components.

Scientific input to the process of environmental impact assessment may be required, first
when the scope of the investigations is being determined, secondly in the specific investigations
required to provide the necessary data and, finally, in direct advice to decision-makers in interpreting
scientific data and in allaying public concern. Further scientific input is required as follow-up action
such as monitoring and review. ' :

The wastes of soriety can be placed on land, in the atmosphere or in the water. It seems only
reasonable to consider the comparative consequences of disposal in each of these receiving
environments and to choose between them on the basis of scientific, technical, economic and social
grounds. While GESAMP's brief is limited to the marine environment, other disposal options cannot
be ignored.



The disposal of wastes in the marine environment, even those produced by the best available
technologies and after extensive treatment, may have an impact on the marine ecosystem and
resources, hUman health, amenities and other legitimate uses of the maripe environment.

Identifying and assessing such potential impacts in view of the characteristics of the wastes
and of the receiving environment, as well as available waste management options, is basically a
scientific exercise requiring close harmenization with other aspects of environmentat management.

The scientific concepts and methodulogies discussed in the following sections and the
guidelings put faward are intended for the scientific assessment of the impacts produced or expected
by the disposal of wastes in the marine environments.

Z. PREMISSES, CONCEPRPTS AND DEFINITIONS

The basic premisses for this document are that:

(1) a certain level of any contaminant will not produce any unacceptable effect on the
marine environment or its various uses;

(2) the enviranment consequently has a finite capacity to accommodate wastes;
(3) sdch capacity can be guantified.
The last of these may prove difficult to achieve in practice but in principle is always possible.

2.1 Acceptability of Impact

Acceptability of impact is a subjective judgement often reflected in water quality standards
and obiectives which are set nationally or internationally within the political process. However,
acceptability can be determined from a more scientific perspective, based on the GESAMP definition
of pollution. According to this definition, any discharge which does not cause poilution would be
deemed as acceptable from the scientific point of view.

The concentration {level) of a substance {or waste} at which deletericus effects on one of the
various components of the ecosystermn or uses of the marine environment occur may be defined

through toxicolegical, epidemiological or other studies.

In some cases, that concentration (Jevel) may be based on the acceptability or risk of
exceeding the point at which deleterious effects actually occur.

2.2 Environmental Capacity

Various terms are used to describe the extent ta which the environment is able to
accommodate waste without unacceptable effects. One such term is Environmental Capacity. As
cammaonly used, and certainly as used throughout this report, Environmental Capacity is a propecty
of the environment and can be defined as its ability to accommodate a particular activity or rate of
activity {e.g. volume of discharge per unit time, quantity of dredgings dumped per unit time, quantity
of minerals extracted per unit time) without unacceptable impact. Definition of this capacity must
take into account such physical processes as dilution, dispersion, sedimentation and evaporation, as
well as all chemical, biochemical and biological processes which lead to degradation or removal from
the impacted area by which a contaminant or an activity loses its potential for unacceptable impact.
It should take intc account processes which may lead toc reaccumulation of the contamipant in
guestion and the possibility that the substance may be transformed into a mare toxic compound {e.q.
mercury to methylmercury).

It must be stressed that Environmental Capacity will vary with the characteristics of each site
and with the type and number of discharges or activities or affected resources and uses. Use of the
capacity of an environrnent to assimilate a waste or activity must recagnize the defined capacity as
an upper limit. Proper management of the marine environment, giving attention to waste treatment
and alternative means of disposal, should be successful in preventing excesses, as has been the case
where effective management of river water quality has been practised. If the overall cost to society
tmplied by the restrictions of the scientifically-defined Environmental Capacity is judged to be tco
high, e.g. a factory cannot be built, with conseguent massive unemployment, the social decision



process may lead to acceptance of some environmental damage in order to extend the Environmental
Capacity. The procedure described here will ensure that such a revision of Environmental Capacity is
the result of conscious, scientifically-informal decision.

2.3 Recovery of Polluted Ecosystems

Although poilution impacts may severely damage the marine environment, corrective measures
tending to eliminate or reduce the pollutant load should in general allow recovery albeit to an altered
state. In cases where serious poliution has occurred, identification of the cause and the resulting
remedial action, which only rarely has necessitated total cessation af the input, has resulted in
recovery of the affected environment.

[t is important to recognize that many ecosystems do have a potential to recover from
pollution, including that caused by accidental releases of pollutants. The ability of the system to
recover should be assessed before any discharge of waste is allowed to take place. Knowledge of
detoxification processes and of recovery potential may help to optimize remedics if an aceident
occurs or damage is suddenly detected. It is also important to understand the causes and time course
of polluting events. Only if these are known, can effective remedial measures be applied.

3. SCIENTIFIC RATIONALE AND METHODOLOGY FOR THE ASSESSMENT
OF THE IMPACT OF POLLUTANTS ON THE MARINE ENVIRONMENT

3.1 Approaches to Effluent Control

Waste management strategies should aim at selecting the disposal option which involves the
least collective impact in terms of human health detriment, disturbance and/or damage to the natural
envirenment and assoclated sacial and ecenomic penalties.

The methadology recommended for the assessment of the impact of pollutants on the marine
environment is schematically shown in Figure 1. It consists of three stages (decision loops): (i) the
planning loop, (ii) the preliminary scientific assessment loop, and (iii) the monitoring and adaptation
laop. The scheme recognizes scientific and socio-ecanomic inputs as two parallel, interactive and
complementary activities in decision-making in integral, environmentally compatible, development
planning. It emphasizes the objectivity and independence of scientific assessments, but also their
deep invelvement in influencing socio-economic feasibility decisions,

In the planning loop, socig-economic goals trigger an activity. Srientific assessment is needed
in the identification of availabie present and future resources. The process also requires initial
consideratian of alternative options.

In the next stage the essence of the assessment process is to translate the defined
environmental quality objectives (EQO) into the maximum allowable inputs. The assessment process
proceeds through the identification of development activities, and of present and expected future
contaminants. The process of adoption of water quality criteria will involve choice of the maost
sensitive target or population to be protected and investigation of the critical pathway of the
contaminant to it. This accomplished, by use of toxicity data for the target and the contaminant
along with a proper application factor, water quality criteria can be derived. Using environmental
data and end points based on water quality criteria, the assessment of the Environmental Capacity,
and apportionment of a fraction of it for the particular project, enables the setting up of allowable
inputs. Such a procedure will always involve several sources of uncertainty, requiring approxi-
mations based on experience.

This final and most important stage is shown in the manitoring and adaptation loop. Monitoring
provides a tast of whether the Environmental Capacity is (i) balanced, thus allowing the project to
became operational. If monitoring shows that Environmental Capacity is (ii) exceeded, the project
must be revised or would require alternative technology, primarily in the waste and effluent
treatment. If no economically or technologically acceptable alternative is available, environmental
consideration would require cancellation of the project. If in conservative assessments too low
application factors {(see 3.2.1) were used, the Environmental Capacity might be found (iii) under-
utilized. In such cases, if economic and development needs dictate, atlowed inputs may be increased,
but enly with caution and retying on loeng time series monitoring data,



3.1.1 Removal/reduction of contaminant levels by effluent treatment

From a purely technicat standpoint it is passible to devise treatment processes to deal with
most contaminants in most types of effluent. Treatment processes already exist for many industrial
wastes, and methods are available to reduce the impact of such activities as dredging and sea-bed
resource exploitation. The capital and running costs of effluent treatment usually increase the
greater the degree of contaminant removal reguired. However, there may be a cost return in
addition to environmental benefit if potentially re-usable or saleable materials are recovered or
generated in the waste treatment process.

Given that there is to be a discharge, the greatest level of environmental protection is
provided if the effluent is treated with the best available technology (BAT), i.e. that which allows the
maximum remaval of the substance in question, regardless of costs. If economic factors are taken
into consideration the ievel of treatment called for may be less. This option, which takes account of
economic aspects, is often described as using the best practicable means available {BPMA).

This type of approach to environmental protection has been adopted by the European Economic
Community as the procedure preferred by most of the member countries for the implementation of
the Directive on Pollution Caused by Certain Dangerous Substances Discharged to the Aquatic
Environment of the Community (EEC, 1976). This Directive seeks to eliminate poliution of surface
waters, including estuaries and coastal waters, by various so-called black-list substances and to
reduce pollution by so-called grey-list substances. The approach takes account of what is achievable
in terms of effluent quality and sets limits on the concentrations of particular substances concerned.
This approach is called the uniform emission standards (UES) approach because the same limits are
applied to all discharges of the substance in guestion or all processes of a particular type. The limits
are usually set in terms of the concentrations allowed in the effluent and, in the case of a particular
process, in terms of the amount of product produced. For example, the limits for mercury arising
from chlor-alkali production are expressed both in terms of grams of Hg per ton of chlorine produced
and of mg/l of the effluent.

These approaches to environmental protection ail seek to reduce the potential impact of
cantaminants on the marine environment by reducing the input of wastes. Because such limits are
based purely on praticabie treatment technology, they cannot guarantee, and certainly are not
designed for, protection of the environment on a site-specific basis. They do, however, have the
additional advantage of being relatively easy to organize, administer and monitar, and they do not
require detailed investigation of environmental variables, which inevitably vary from site to site.

It must be recognized that these appreaches to environmental protection may reguire costly
technology to be used, because they do not take account of the extent to which the environment can
assimilate wastes. Conseqguently, although effluent treatment (whether BAT or BPMA) may reduce
pollutant levels in effluents, poliution may not be avoided. Thus, for exampie, the discharge from an
extremely large plant may cause poliution, even though that from a small one may not. Equally, a
small plant discharging to a small river or estuary may have a disastrous effect whilst several qguite
large plants discharging to a large river, estuary or open coastline may have no detectable effect at
all.

3.1.2  Water quality classification systems/water quality criteria

An approach to environmental protection, which attempts to ensure that pollution does not
occur and takes Enviranmental Capacity into account, involves the adogtion of environmental quality
criteria. These may be adopted as standards within a legal framework of control. In their simplest
form water quality criteria are derived so as to protect aguatic and human life, the more stringent of
the two usually being applied. The use of water quality criteria within an overall environmental
quality objective framework is discussed in detail below.

Protection of aquatic life is sought by assessment of all available toxicity data from both
acute and chronic exposure tests. If data are sparse it may be necessary to apply a safety factor or
to otherwise accommadate uncertainties, e.g. that other species may be more sensitive or other
pollutants may be present and have an additive effect. Implementation of the resulting value as the
maximum allowable concentration (MAC) in the aguatic environment would be expected under normal
conditions to protect aguatic life. Different criteria may be derived for marine and freshwater life
and may be further sub-divided, e.g. into standards to protect crustacea, molluscs or fish.

A similar procedure is used to ensure that hurnan health is not at risk through use of the water
for drinking purposes, for swimming or other recreational purposes, or through wutilization of fish
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from the impacted area for food - marine organisms may accumulate the substance of concern and
whilst not at risk themselves may be dangerous to man. In deriving criteria to protect man, the
consumption rates used will be those of the most exposed group, e.g. in the case of an exposure
pathway invelving seafood consumption, they will be those who habitually eat large amounts of sea
food. Values are usually set on the basis of the babits of an average member of the mast critically
exposed group of the population (Hunt et al., 1982).

A further dimension of the water quality criteria approach is that which permits the derivation
of criteria to meet a whole series of Water Quality Objectives. Such a system acknowledges that,
for a variety of reasons, it may not be desirable or practicable to require criteria to protect human
health or aquatic life in every sector of the aquatic environment. For example, it may be decided
that the most important use of a particular stretch of water is for navigation or irrigatien and that
protection of fish or other aquatic life is less important. To this end, different standards may be
adopted to protect the various possible uses of the water. Those usually considered in a marine
environment protection context are:

- a source of food for man

- abstraction of water for desalination for drinking water purposes

- abstraction of water for industrial pl,;rposes

- a recreational medium, i.e. for bathing and other water sports

- an environment which is aesthetically pleasing

- an environment which supports a normal population and diversity of aquatic life

- an eavironment which supports an exceptianally rich, productive, diverse or rare population
of aquatic life.

Apart from the additional complication of having to derive separate standards to protect each
af these uses, decisions also have to be made as to what single or multiple use is desired for the
particular stretch of water. In common with other decisions which will be required, this clearly
invalves much more than inputs by scientists and will entail various value judgements being made.

The main advantage of the water quality objeciives approach is that standards can be set
according to the particular uses of the environment. [t provides a set of management goals upon
which further decisions can be based.

The main disadvantages are that, in order to derive the criteria, a considerable amount of
basic information may be required on the substances concerned and their behaviour in the
environment, including their interaction with other substances. The application of water quality
criteria also requires discharge limits to be set with regard to use and characteristics of the area into
which each discharge is to be made. Discharge lirnits may be more relaxed than would be required
under the best practical technology type approaches. However, discharge limits would normally be
set to ensure that the water guality criteria are met with adequate safety margins. The extent of the
safety margin would be determined by economic and other factors. Situations will also arise where
the discharge limits may be such that they simply cannot be achieved even using best available
technology and the project has to be abandoned, or moved elsewhere. This is particularly likely to
arise if several similar discharges are already being made to a particular area, especially If the
principle of setting individual discharge standards as low as reasonably achievable was not followed
for the earlier plants. Also, for political reasons, the same water quality criteria could be adopted
for all water bodies of & cauntry, resulting in a diversion of discharges from already polluted areas to
still undisturbed environments of a higher ecological value.

Water quality criteria have been set at international and naticnal levels. These can be used as
guidelines for application elsewhere. It should, however, be recognized that such criteria were
derived with the particular needs of those regions' and countries' environments in mind. They may not
therefore be sufficient to protect particularly sensitive ecosystems.

The criteria selected to ensure that water is suitable for the use desired will be a major
component in the process of calculating the Environmental Capacity. This latter will include the
amount of the contaminant which can be added to a particular body of water without the level
defined by the criteria being exceeded.



3.2 Quantification and Derivation of Environmental Capacity

Any assessment of the capacity of the environment to assimilate wastes will require Maximum
Allawable Concentrations or Water Quality Criteria to be set. At least some data have to be
available for both these aspects and the level of precision of the evaluation is dependent on the
quality of data available.

The quantification of capacity involves the following main companents:

- characteristics of the contaminant, i-e. chemical physical and toxicological

- environmental distribution

- environmental fate

definition of boundaries of the impacted ecosystem.

3.2.1 Characteristics of the cantamirant

The maost significant characteristic of the contaminant is its toxicclagical properties. The
scientific basis for water pollution control regulations is the definition of water quality requirements.
Depending on the intended use of the water, human utilization and aquatic life are the most
demanding uses.  Although most examples quoted in the following sections refer to freshwater
experience, the same approaches have been used for coastal and marine waters, for example by EPA
in the United States of America (U.S. EPA, 1980) and by the Eurcpean Communities.

The criteria are defined by reviewing available scientific infarmation and critically defining a
limit not to be exceeded. This procedure can be applied only to thoroughly studied, well-known
substances but, at least in fresh waters, its usefulness has been clearly demenstrated. According to
EIFAC {1964}, criteria for freshwater fish should satisfy the following needs:

‘Water guality criteria for freshwater fish should ideally permit all stages in the life cycles to
be successfully completed and, in -addition, should not produce conditions in a river which
wauld either taint the flesh of the fish or cause them to avoid a stretch of river water where
they would otherwise be present, q\r give rise ta accumulation of deleterious substances in fish
to such a degree that they are potentiatly harmful when consumed. Indirect factors like those
affecting fish-food organisms must also be considered, should these prove to be impartant'.

Each toxicant is usually reviewed on the basis of its chemistry in water, sublethal effects on
fish, type of toxic action, factors which influence lethal levels, and then field cbservations in poiluted
walers, data regarding toxicity on algae and invertebrates. Tentative quality criteria for aguatic
life are subsequently published. In the cases where validation has been possible, the results were
consistent.

When data are scarce, several other approaches are helpful, depending on the type of
information available. For exampte, in the U.S.A. the maximum acceptable toxicant concentration
(MATC) (Mount and Stephan, 1967) is experimentally determined as that concentration which allows
for the full life cycle of target organisms, usually fish, to be completed successfully {from egg to
eqq). Another way to identify a non-dangerous concentration is the no abserved effect level (NOEL)
approach which is used where a few consistent data are available, including some long-term
exposures, but where full toxicity information is lacking. In some circumstances, a number of acute
toxicity tests have been completed at various levels of biological organization. These provide the
basis for evaluation of ecotoxicological characteristics of the substance in question by means of an
integrated rating system (iRS) (Weber, 1977; Calamari et al., 1980, 1983; Schmidt-Bleek et al., 1982).
This method involves Lhe summation of empirical and consistent toxicclogical "scores" by which the
substance can be ranked ameng others with known properties. In the case of necessity, therefore,
this method allows tentative water quality criteria ta be derived from the few data available, on the
basis of analogy.

A further approach when data are scarce, and there Is uncertainty, is the use of an application
factor (AF) (Lloyd, 1979). This may be used to transform short-term LC50 data or chronic toxicity
data available for a limited number of species into a concentration which should praotect seither also
other species or all development stages of those species it is desired to protect. Whilst the use of an
application factor may appear arbitrary, the concept is based on experience gqained from



toxicological studies of a wide variety of substance, verified by field experience, and is thus soundly
ernpirically based. The usual toxicity curves showing the relationship of concentration with time of
response for a chemical substance or an effluent will allow the identification of an appropriate
application factor. For example, in Figure 2, curve {(A) shows a well defined threshold of response (or
incipient effect level) while curve (B) shows only a tendency to a threshold, whereas (C} has no
threshold for the period of time tested. In this case, the application factors could be 0.1, 0.05, 0.01.
The allowable concentration for the species tested is then the effective concentration muitiplied by
the application factor. Application factors should be used with care and the appropriate value is
best judged by experienced toxicologists. Values less than (.01 may be advisable in certain
circumstances.

A further factor may also be needed to take account of different patterns of response so as Lo
provide additicnal safety, e.g. in order to try to protect all life stages of all species concerned. The
common relationship between effect and concentration is represented in Figure 3 by curve (D) which
shows little effect at lower concentrations byt a sharply increasing response at some higher
concentration. Curve (E), on the other hand shows a sharp response at lower concentrations, but
minimal response thereafter. This, therefore, cauld be regarded as a more sensitive system requiring
a lower application factor. In the absence of evidence to the contrary, curve (E) shouid be assumed
so as to ensure protection.

When more than one chemical substance is present in a water body, possible interactions have
to be taken into account, in the event that more than additive effects {synergism) or less than
additive effects {antagonism} can occur. However, in the majority of cases for which data exist the
response is simply additive. This was the clear conclusion reached in a review of data on the acute
toxicity of mixtures to freshwater organisms made by the EIFAC Working Party on Water Quality
Criteria (Alabaster and Lloyd, 1982). Although most of the available data relate to freshwater
organisms and very few to marine organisms, as a first appraoximation it is reasonable to assume that
synergistic or antagonistic effects will arise equally rarely in the marine environment.

Furthermore, on the basis of their extensive review, the EIf AC Working Party concluded that
for the comman pellutants, e.g. metals and ammonia, there was no additive effect of concentrations
below the no-observed effect level. However, in up-dating this review on the basis of recent
information, the EIF AC Working Party acknowledges that for mixtures of certain organic compounds
which have a well defined common quantitative structure-related activity (@SAR), the combined
toxic action is additive at all coencentrations. Also, for complex mixtures which in part include some
of the common pollutants, the combined effect may be that of partial addition. Other groups (e.g.
FPA in the U.S5.A.) ask fer a reduction in the established acceptable levels when more than one
substance is present. The extent to which established acceptable levels have to be reduced in such
cases will be determined to some extent by the information available on the joint action of the
substances present. A conservative approach would be to assume additive joint action in all cases,
but unless there are more than three disparate substances each present at their individual established
acceptable level, it is unlikely that these levels would need to be reduced by rore than two-fold in
order to take joint action into account.

In the case of accumulative substances, contrel of the concemtration in water may not be the
best means to protect the ecosystem or any of its components, including man. A few metals,
radionuclides and some organic substances are selectively retained in the living tissues of crganisms
where they may cause direct effects, or may be transferred via the food chain to other organisms. In
these cases, the concentration in the tissues should be measured and used to derive control measures.
For example, the level of mercury in aquatic organisms has been used in the U.K. to arrive at a
maximum allowable discharge of mercury to coastal waters {Preston and Portmann, 1981). A second
example of indirect protection of fish-eating sea birds against the effects of accumulative chemicals
is the definition of an acceptable level of induced enzyme activity (e.g. acetyl-choline-esterase and
mixed function oxidases) in bird liver.

The bioconcentration factor (BCF) can be used as an instrument of control. Potential
bioconcentration factors for organic substances can be predicted on the basis of physico-chemical
properties, using water solubility and/or partition coefficients in n-octanal/water (Neely et al., 1974).
This has also been shown to apply to marine organisms (Ernst, 1980). In some instances, where
biodegradation occurs, the BCF derived from physico-chemical properties may be too high. In
contrast, if biomagnification via the food chain occurs, the derived BCF will be too low; such cases
are rare.
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3.2.2 Classification of pollutants

Several authars have attempted to classify pollutants by a variety of systems (see, for
instance, Page, 1983; Marel and Schiff, 1983; U.S5. EPA, 1984). Methodologies could praceed along
one of two pathways or possibly simultaneously: (a) a whole effluent approach, and (b) a chemical-
specific approach. The simultaneous application of both approaches might be needed where (a} is
appropriate for the input and {b) is more appropriate for certain contaminants contained in the
discharge. The choice of the most appropriate pathway can be made by identifying the classes of
contaminants in the discharge.

Wastewater contaminants can be divided into four classes according to Page (1963):

Class I - nutrients and natural organic materials in the form of suspended solids, ammonia and
nther natural oxygen-demanding materials. These materials naturally cycle through eco-
systems in large guantities. Heat discharges would fall into this category.

Class Il - pathogens: bacterla and viruses.

Class Il - heavy metals such as lead and cadmium in greater concentraticns than appear in
natural systems.

Class IV - toxic chemicals which, by affecting the genetic code (genatoxic) may cause
carcinagenic, mutagenic and teratogenic {CMT) effects and diseases., Many synthetic aorganics
and radioactive materials fall into this class.

In general, the environmental uncertainty increases from Class | ta Class IV. This is due to a
greater knowledge regarding the earlier classes and relatively less knowledge regarding Class V.

Page's classification includes a range of constituent classes, cavering the spectrum from
(traditional) constituents which have been part of the evolutionary experience to the non-traditicnal
which have not. These also reflect different perceptions of environmental hazards. The former have
been accommodated by marine systems throughout history, but are now being added in amounts
exceeding the rate at which they can be accommaodated in some situations. The latter are relatively
new and may not have bicgeochemical systems that can accommodate them without adverse effects.

Morel and Schiff (1983) proposed a general framework for understanding the environmental
pathways of organic compounds that should prove useful in assessing environmental threat in
classifying them primarily on reactivity or persistence time, although the classification (I - easily
deyradable, II - moderately resistant and Il -very resistanl to degradation) does not per se imply
risk. If persistence is coupled with toxicity or bicaccumulation, the risk will gencrally increase from
Class I to Class {II.

It is perhaps worth noting that for traditional contaminants there is a gyood data base.
Consequently, the water quality standards have been developed and tested on the basis of experience
and have been demonstrated to be adequate. For cther contaminants a calculation of the
Environmental Capacity and an evaluation of risk within the context of Decision Analysis (Section
3.4) would be appropriate.

3.2.3 Environmental distribution

Krnowledqge of both the environmental and discharge characteristics is necessary in tracing the
possible distribution of a contaminant from source to ecosystem. Some valuable information
regarding the behaviour of a chemical released into the environment can be obtained through study of
biogeochemical processes. However, in cases where only limited environmental data are available,
the physico-chemical properties of the substance, including partition coefficients for the equilibrium
distribution between phases, are valuable in predicting its probable behaviour. In particular, those
environmental components in which the substance is likely to accumulate and those exposure
pathways which will probably be the most impartant can be identified.

Over the last few years, it has become possibte to establish the degree of affinity of chemicals
to the fundamental environmental compartments (water, air, soii, biota) on the basis of four physico-
chemical praperties: S - water solubility; H ~ Henry constant; K{p) - soil absorption ceoefficient;
K(ow) - n-octanol/water partition coefficient. The values for these parameters can both be
measured experimentally or calculated by means of property-property correlation equations (Kenaga
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and Goring, 1980). On the basis of these simple approaches, mare compiex calculations can be made
using relatively simple models such as the fugacity model of Mackay and Peterson {1981), which
allows the predicted environmental distribution (PED) to be calculated. More complex madels based
on the same principies have been developed. A limiting feature of these models is that, being based
on thermodynamic principles, kinetic aspects of pollutant distribution have been largely neglected.

The extent to which physical processes contribute to the pollutant dispersion will be
determined by topographic characteristics (shore lines, bottom slopes, existence of sills) and
oceanographic characteristics {currents, rate of exchange with offshore waters, vertical gradignts
and stratification plumes, fronts, etc.), and the characteristics of the discharge itself {coastal,
surface or deep water pipeline, jet or diffused discharge, etc.). Further consideration of physical
processes will be found in subsection 3.2.5.

3.2.4 Environmenta! fate

Persistence in the environment of a given substance strongly depends on the characteristics of
both the substance and the environment. Certain substances may be remaved from the marine
enviranment or rendered harmless by chemical transformation into naturally-occurring substances,
Some of the removal processes involved are photolysis and photo-oxidation, biodegradation and
metabolization, sedimentation and sediment burial, transfer into the atmosphere, etc.

Dther substances, particularly same of the syntheticaily-produced organic chemicals may ngt
be so readily removed from the environment and thus become a potential threat in view of their
persistence. .

Few attempts have been made to obtain the data on organic chemicals needed to predict their
environmenta! fate; however, some information is available. For further details, reference may be
made to Haque (1980), Ernst (1984) and Hutzinger (1980, 1982). Many more data are available on
degradability and for a number of substances their persistence is predictable, although the problem is
still controversial, particularly on methods for studying biodegradation (Gerike and Fisher, 1379,
1981) and in the application of labsratary data to the field.

Concentrations in the field may slowly accumulate so long as addition continues, with the
consequence that observed environmental concentrations can reach those known to cause effects if
appropriate control measures are not applied (Figure 4).

Biological pracesses in various components of an ecosystemn may hinder or enhance the
mobility of contaminants, thus influencing the size of the impacted area. Metabalism in organisms
plays a minor role in the transformation of environmental contaminants. In the water column,
primary production or bactericlogical oxidation-reduction may enhance the removal or degradation of
contaminants. iikewise, processes such as bioturbation and sediment irrigation by macro infauna or
microbial oxidation-reduction may mobilize sediment-bound contaminants.

A quantitative description of the kinetics of interacting processes responsible for decay andfor
dispersal of contaminants in the system is needed.  The kinetic coefficients will determine the
concentration of contaminants at steady state and changes with time.  Alternatively they can be
expressed either as mean life times of decaying substances or as mean residence times of entities
which are subject to a conservation law {e.g. mass, amounts of chemical elements). However, all
time-related parameters must be defined precisely and in operational units. It is important to
distinguish between mean life of a chemical and mean residence time of a chemical (subsection
3.2.6). Whenever non-steady state conditions prevail crude approximations may be necessary but
care should be exercised in applying them.

3.2.5 Definition of boundaries of the impacted ecosystem

An essential step in assessing the environmental impact of a discharge is the detgrminatiop of
the boundaries within which the ecosystem might be impacted. The diversity of site~dependent
factors and of the physical and biogeochemical characteristics of both the ecosystem and substance
as wel! as their time and space variability makes the definition of boundaries difficult.
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At least three types of sites can be distinguished:

(1}  An enclosed type {e.g. lagoon or gulf). This usually has restricted exchange of water and
is imost amenable to definition of boundaries of the impacted ecosystern.  In its simplest
form, it can be modelled as a lake.

(2) A semi-enclosed type (e.q. estuary or river mouth} will be amenable to mathematical
descriptions similar to those used in determining a plume or sediment dispersion, or of
the salinity or density field in the mixing region. The magnitude and potential influence
of tidal exchange must be taken into account.

(3) The open coast type, especially if it is subject to strong lang-shere and off-shore
currents, the boundary might extend far along the coast on either side of the site of
discharge and perhaps far out to the open ocean.

In all cases a further extension of the boundaries to coastal wetlands may be expected under strong
tidal regimes.

In the case of suspended particulate materials, heat and other such contaminants, the size of
the area affected is basically determined by hydrodynamic processes. for other contaminants, high
persistence, toxicity and bydrodynamic or ecological mobility will tend to extend the size of the area,
area, while easy removal or accumulation in sediments and sessile organisms will do the contrary.

A discharge may occur as continuous, intermittent, occasional or accidental releases, and may
be from either point or non-point sources. For continuous releases, the boundaries will be
determined mostly by considerations of contaminant persistence, system hydrodynamics and biogeo-
chemical cyecles. Intermittent reieases present the greatest difficulties, whether they arise from
operational, non-point source or accidental inputs. Furthermore, many of the characteristics of an
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aquatic ecasystem (mean residual current velocity, temperature, density and salinity, biological
activity) are subject te diurnal, seasonal and annual fiuctuations.

From the viewpoint of hydrodynamics, the boundary may be defined on the basis of
topography, currents, and gradients of physical properties. A preliminary study using simple physical
or mathematical models may provide an adequate estimate of concentration distribution. For soluble
substances whose movement is governed solely by water transport, a useful parameter is the
hydraulic retention time, This can be estimated by dividing the volume of the water body by the mean
annuat outfiow.

In the absence of sufficient information, an arbitrary boundary developed from successive
approximations may be used, although eventually careful data acquisition and/or modelling must be
performed to take account of seasonal variability of the phenomena. In most cases, a proportion of
any persistent substance(s) will escape from the impacted area, and an estimate of the fluxes is
reqguired.

Other factors which influence the size of the impacted area include:
- biological processes which hinder or enhance the mobility of contaminants;

- geochemical processes such as precipitation, dissclution, absorption and desorption which
influence the residence time of a chemical contaminant in the water column,

- physico-chemical processes, such as oxidation-reduction and photochemical reactions which
can accelerate the degradation of some erganic contaminants.

3.2.6 On the calculation of Environmental Capacity

The Environmental Capacity of an ecosystem can be calculated using the informatiaon listed
abave. An impacted area may for convenience be divided into zones, for instance near-~ and far-
field. Starting from a simple steady-state box model a preliminary calculation can be made and
pragressively refined by the inclusion of more parameters and variables.

Mean life of a chemical species is the ratio between the amount of this species (in mol or kg)
in a given closed system and its rate of disappearance in this system {in mol/s or kg/s). Mean
residence time of a material {e.g. of a chemical element) in an open system at steady state is the
ratio between the amount of this material in the system {in mol or kg) and the rate of throughput (in
mol/fs or kgfs), It is important to distinguish these two different gquantities.

Simple mass balance rmodels such as those using the mean residence Lime concept may provide
a good insight, although more complex models may have to be applied if a greater degree of accuracy
is required. Numerical andfor probabilistic models might be helpful when various degrees of
complexity and uncertainty are evident.

For a closed system, the Environmental Capacity is given by the total load, which is the
volume of the system multiplied by the difference between the maximum allowable concentration and
the existing concentration in the system. This input will bring the system up to the maximum
allowable concentration after which any further input wauld be unacceptable.

For an open system, the Environmental Capacity is given by the sum of the capacity of a
closed system and the flow-through capacity output of the substance into an adjacent system,
assuming steady-state conditions.

Therefore, in & steady state condition, when the maximum allowable concentration is reached,
the Environmental Capacity remaining is a function of the flow-through rate or the mean residence
time.

An application, a posteriori, of the mass balance calculation has been made by Schwarzenbach
et al. (1979) for Lake Zurich, using distribution, residence times and fluxes of l.4-dichlorobenzene
and tetrachloroethylene. The seascnal distribution of these compounds reflects lake circulation and
is compatible with the assumption from laboratory studies that mass transfer ta atmosphere is the
principal elimination process. A mass balance has been established and an average residence time
found for the chemicals. By applying a single baox, steady-state model, a mass transfer coefficient

has been obtained. However, the model used was somewhat conservative because the value obtained
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was smaller by more than an arder of magnitude than these found typically in the laboratory, and for
the open ocean.

Using this approach as an initial step and allowing for and cansidering possible limitations,
similar caleulations can be made for other, non-conservative, molecules.

Mare complex rmodels based on the same principles arc the QWASI {Quantitative Water, Air,
Sediment Interaction Model) (Mackay et al., 1983, 1983a) or that produced by EPA, the EXAMS
(Exposure Analysis Modelling System) (Burns et al., 1981) The QWASI model describes the fate of a
chemical in a lake system comprising water, bottom sediments and suspended matter, and air.
Equilibrium is quantified using the fugacity concept and fugacity capacity. Fugacity is defined ‘as
the tendency of a chemical to transfer from one compartment to another. Eguations are derived
from processes of advective flow, volatilization, sediment deposition and resuspension, atmospheric
deposition and degrading reactions (Fig. 5).

Similar calculations have been employed in Italy for preparing a strategy of control of
phosphorus to prevent eutrophication in the Adriatic Sea (Chiaudani et al., 1983). Their model for
the prediction of the trophic state in a marine coastal area assumes a single river input with high
load, and the parameters considered are phosphorus concentration in river and sea water and salinity
dlstnbutmn in the sea. When applied to Northern Adriatic coastal waters, the calculated chlorophyll
concentrations show qood agreement with experimental data. Then, different possibilities of
reduction of phasphorus leading in the river basin are used to derive estimates of trophic state
attainable in the given conditions.

These examples demonstrate that Environmental Capacity can be calculated using different
models. The degree of complexity of the models will be determined by the needs identified by the
users. In some instances, a satisfactory model may not be possible due to the particular complexity
of the case uhder examination.
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3.3 Choice of Objectives, Targets and Pathways

If water quality criteria are adopted they will usually serve to protect the water use desired.
+However, an assumption is normally made as to which use is likely to require the most stringent
criteria. If this proves inaccurate, other water uses may be at risk. Accordingly, a variety of
pathways and targets should be examined to decide which is most sensitive.

This has been done in a number of cases for a variety of contaminants, but it is most
thoroughly canducted in the field of radiological protection where the process is known as critical
pathway analysis (CPA). The CPA method is internationally accepted as a means of defining the
guantity or rate of discharge of a particular radioisotope which ran be discharged to a particular
environment (Slansky, 1971; IAEA, 1978).

For a radionuclide, it can usually be assumed that man is likely to be the critical target. Steps
are then taken to establish exposure pathways and to determine which one becomes critical in
exposure terms. This will in turn allow the nature of the critical group(s) to be identified, taking
accounl of existing dernographic situations, including those human habits leading to exposure. For
such calculations dose limits have been established by the International Commission on Radiological
Protection JCRP). Discharge limits corresponding to those dose limits can be determined on the
basis of models. However, in radiolagical protection there is also a requirement that doses are as
low as reasanably achievable (ALARA). Optimization, as defined by ICRP (1973) is the recommended
procedure for compliance with ALARA. This includes the principle of keeping detrimental radiation
exposures to levels that are reasonably achievable through technolagical improvements and by choice
between available options. In this sense the term ‘reasonably achievable' does not imply only the ease
with which the technology can be applied, but also the social and economic cost for the benefit of
dose reduction.

It has been suggested that the same formal approach can be applied in a much wider context to
other types of contaminants (see e.g. Preston, 1979, 1982; Templeton and Preston, 1982). An example
of such an application was that adopted by the LLK. in regulating the discharge of mercury ta its
coastal waters (Preston and Portmann, 1981).

The application of the CPA type of approach to pellutant classes other than radionuciides may
call for some modification of these procedures. A single target {e.q. man or commercially-valuable
fish, or a threatened, rare species) may not necessarily be identified, and a natural community or
ecosystem may be threatened, or a combination of contaminants may interact. This latter candition
is, indeed, likely to be the reality at sites of coastal development where there are usually discharges
from energy generatijon, sewaye discharge and complex industrial activity.

In general terms, the choice of targets might follow a similar approach to that adopted for
radionuclides. An example of a pathway to man or marine organisms is given in Figure 6 where a
unidirectianal seguence of steps is shown. Various feedback loops can be superimpased to allow for
regulatory control, the results of environmental surveillance of monitoring undertaken to assure the
validity of prediction, or revision of standards in the light of new infoermation. Other targets to be
protected are sensitive and commercially important species, rare and endangered species ar
communities. It should alsc be assured that impaortant biological processes such as photosynthesis
(primary preduction) ar essential enzymatic processes will not be disturbed.  Organic synthetic
compounds deserve special attention since they are usually present in complex mixtures of
components with different physico-chemical properties.

In some instances it will be impossible to solve all the identified difficulties or to fili the gaps
in information quickly enough to allow full application to the problem in question. This may be the
case where new developments are proposed in a developing country. If a praject nanetheless is tao
proceed, other methods (e.g. BPMA, Section 3.1.1) may still be applied.

The appreach is equally applicable to common discharges involving targets other than man,
e.g. metals, organic compounds, heated discharges. An example of the way in which it could be
applied to a sediment discharge is illustrated in Figure 7.  Other applications are illustrated in
Section 6.

For sediment discharges or disturbance, littaral or benthic communities may be at risk only
through their physical effects. However, significant interactions with other contaminants may have
to be taken into account. Sediments and suspended matter may exert, according to their particle
size, significant sorption potentials for organic compounds and should be taken into account to
protect bottom living and sediment-feeding fauna.
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Until recently, the hazard of many non-radivactive substances was recognized only when harm
became evident (though not necessarily irreversible). Knowledge of the chemical nature of these
substances and their chemical transformations and biological responses (especially carcinogenic,
mutagenic and teratogenic effects) will help to identify their real or potential risks, This may allay
the fears perceived in the absence of information by an exposed human population which may
otherwise dermand costly and/or ineffective controls or alternatives, even where risk is low. [n this
case the CPA type of approach seems appropriate. Particular attention should be given to susceptible
stages in life histories where exposure is greatest or sensitivity critical, for example accumulation of
fat-soluble pesticide residues in birds eqgs and associated egg-shell thinning.

3.4 Probabilistic Analysis as Applied to the Assessment of Envirgnmental Capacity

Traditionally, risk avoidance has been exercised by making conservative assumptions. An
alternative to such an approach is probabilistic analysis, derived from the procedures of Decision
Analysis (Howard, 1966, 1975; Hietamaki et al., 1982).  This is more complex than the traditicnal
approach but it has been applied to radioactive discharges and is beginning to be applied te other
environmental situations. For this reason, it is briefly outlined here.

Any majar development requires complex decisions which must be taken on a systematic and
consistent basis. Many goals and policies have to be taken inte account, yet may be apparently in
hon-comparable terms and include value judgements. The techniques of Decision Analysis provide a
canceptual and practical tool, responsive to the need to evaluate risks as wel] as expected gains.

The decision rule in the case of application of praobabilistic analysis to the assessment of the
Environmental Capacity would be that the risk of exceeding some critical value should be below a
limiting level of probability. This approach requires definition of decision criteria and of the value
system.

The approach is shown schematically in Figure 8, based on the example of the location and
technology choice for a power plant. In principle it is adaptable to any problem, whether or not
there is risk of pollution resuiting from a new development project.

The basic tenet of the approach is that the input to decision making originates from two
independent social strata, the socio-economic and political on one side, and the scientific community
on the other. The divisicn is not necessarily one of confrontation, but rather ane of independent
assessment and advancement of issues. The proposed approach is designed to reconcile needs and
knowledge into a form suitable for reaching decisions.

The socio-economic and political input is needed to define decision criteria and the value
systemn. With these established, the process enters the deterministic phase {(first box in Figure 8). The
first step is a socio-econamic value model, aften based an techniques such as the cost/benefit
analysis (CBAJ, or, in cases where only modifications or expansion of an existing praduction unit is
cansidered, the techniques of cost/effectiveness analysis (CEA). The socio-economic value model is
then combined with the results of preliminary envirecnmental studies produced by the scientific
sector. The result is a preliminary decision model, a component of the overall environmental impact
assessment process. These procedures are best seen as an interactive, iterative process involving
same effort at review and refinement before completion, for the socio-economic value models are
maost complete and most useful when they incorporate valuations of likely physical effects identified
in the scientific environmental studies.

The preliminary decision invoives certain critical parameters (e.g. water quality criteria,
susceptibility of the ecosystem to stress exerted through discharge of heated effluents, etc.). At
this stage, adequate baseline study data are required toc assess the dosefresponse characteristics of
man, biota, or any other sensitive target of the impacted ecosystem. If the target examined is
sensitive, in terms of stress exerted by the project, ane proceeds to the step of risk identification. If
the first target examined is not sensitive, one proceeds to the Decision Model. If there are
insufficient data {in quantity or quality} the process must revert to baseline studies, and the
procedure be repeated. ’

The analysis enters next into the probabilistic phase. The sensitive variable, incorporating
possible environmental risk, is encoded as a probability density function (pdf) over its range of
pessible values. Such an appreach is necessarily based on infoermation gathering and similarity
analysis. It can be based on interviews (Spetzler and Stael von Holstein, 1975) with expert scientists
and engineers. By stating sensitive variables probabilistically, the analysis of environmental
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capacity is, for example, expressed as the risk of exceeding a maximum tolerable limit for any water
contaminant of concern.

With the risk probability identified for each of the contaminants, and each of the technolagicat
options,.one enters the decision model of site selection. In addition, -if the sensitivity analysis has
tndicated that no variable is really sensitive, the decision model can be entered without risk
probability analysis.

With the selection of site and technology made, one strives for an information update. This is
indicated by the information phase box in Figure 8. If no new information significantly changes the
assumptions on which the sensitivity and risk analyses were made, the proposed option can be
accepted.  If, however, some new information extends the scope of the proceeding analysis, an
expanded baseline study is needed and the sensitivity analysis must be repeated.

With such a probabilistic analysis, the policy maker can then set water nuality standards just
tightly enough so that society is willing to accept the remaining risk that unacceptable adverse
effects will actually occur. Thus excessive expenditures or overly conservative control technologies
can be avoided better than with an approach using non-probabilistic conservative assumptions.

if the control techrology which is indicated as necessary to avoid excessive risk is tog
expensive or unavailable, then the policy maker must reconsider the socio-cconomic goals and
alternative marine uses. If this does nob result in reconsideration of water use and a revised
classification then the decision must be either to accept greater risks of unacceptable adverse
effects arising or not to allow the polluting activity to develop.

If, on the other hand, the necessary technology of control is less stringent than practicable,
then the policy makers can allow the activity ta develop with the higher effluent concentrations than
BPMA would provide. Some may argue that more stringent control measures should be applied
simply because they are feasible or because a pristine environment is a goal in its own right. [f the
social goals originally identified were correct and if present and future activities were accounted for,
such proposals are contradictory and economically unsound.  Any decision to justify more stringent
control should therefore be directed toward a re-examination of the relative social values of
environment and economic develapment, and of the social attitudes towards acceptable levels of risk.
This is primarily the job of the policy maker, not of the scientist.

A word of caution is needed concerning the interpretation of a probabilistic assessment of
Environmental Capacity. The resulting probability density functions are not predictions of future
events. Rather, they are expressions aof an expert's subjective beliefs of the likelihood that each
particular value is the true value for a range of possible values. However, the uncertainty which
surraunds the location of the true value induces subjective opinions which effectively create a density
function for the true vaiue's probability. Nevertheless, since experts embody the most information
on the particular parameter, then their beliefs would provide the best basis for such a pdf, and
uitimately their views ‘should be the best guidance for the decision-maker wishing to make use of
scientific advice.

3.2 Presentation of Scientific Results

The presentation of scientific results is often the weak link between those tendering advice
and those receiving it. It will be especially so if the scientific advice obtained from several quarters
either conflicts or appears to be non-definitive. Decision-makers, and the public at large, who are
rarely specialists and usually not conversant with scientific terminalogy, have no basis for selecting
from the available advice. Decision-makers are also often in the difficult position of having to take
into account other advice and information.  The results of scientific studies should, therefore, be
clear and concise, and expressed in non-technical language. Advice for scientists who are writing for
non-specialists is available {(Rathbone and Stone, 1962; NAS, 1970),

An effective method of presenting the results from a variety of studies in a comprehensive
manner is through the use of graphic techniques. These can be used in conjunction with other
methods and techniques such as geographic information systems, remote sensing, predictive modelling
and computer-assisted data analysis. A cumulative, visual presentation of results will highlight the
interrelationship of data and place specialist input against the averall context. Summaries of
information and data, evaluation of risks, identification of hazards and assessment of impact, can atl
be presented graphically in map form. Such maps, which can show spatial distribution of abstract
and hidden data, can range from a resource atlas, to vulnerability indices and hazard maps (U.S.
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National Ocean Survey, 1981; Tortell, 1981). They could take the form of a series of transparent
overlays on a base map or the total data can be depicted on a single map. All data, including
graphics, should be prepared in a manner suitable for computer storage and retrieval. Whatever the
method used, the aim is to provide a cumulative, comprehensive picture without the need for a
decision-maker to refer to different sources or sets of data.

4, VERIFICATION OF THE ASSESSMENT MADE
AND ENVIRONMENTAL QUALTY CRITERIA ADOPTED

Once the acceptable level of input has been established, monitoring will be necessary both
within a purely control framework and as an essential feedback mechanism to validate the modet
used. Thus, manitoring should be regarded as the measurement of a contaminant or its effects for
reasons related to the assessment or control of exposure to that contaminant of either man ar some
other target. Three monitoring requirements will need to be fuifilled:

- measurement of the levels and/or effects in the environment,

- measurement of the rate of input to the environment,

- measurement of effects on the identified target(s).

4.1 Monitoring of Primary and/or Other Targets

Monitoring of levels of contaminants will usually start with a baseline survey to establish
existing levels. This will be essential if previous intraductions of the cantaminant in question have
already taken place either naturally or from man's activities. It may occasionally be passible to look
for the first signs of effects of pollution, e.g. in sensitive areas, by biological monitoring. More usual,
however, will be chemical measurement of the level of the contaminant in the water, sediments or
biclogical tissue.

The levels found are then compared to the water quality criteria or relevant standards. In
some cases, the comparison may be direct, e.g. the criteria for a metal in sea water but it may be
more practical to use an indirect target as an indicator of the level of exposure of the primary
target. For example standards for organochlorine pesticides to protect aquatic erganisms will
usuaily be expressed as a concentration in water but it will be more practicable to measure the
pesticide in the tissue of the organism concerned ar in its food. Such monitoring requires the
definition of secondary standards. Once the primary standard and exposure pathways have been
defined, this is usually comparatively easy to achieve.

4.2 Monitoring of Qualities and Quantities of Effluent

After discharge limits are set, it is essential that the extent of compliance be monitored. Such
maonitoring will also be necessary in order ta verify the validity of the model and/or exposure routes
assumed in establishing Environmental Capacity and safe input levels. If such data are not collected
and the selected criteria or standards are exceeded there will be no way of knowing whether this is
due to an error in the model or its assumptions or whether it was due to the developer failing to
cbserve the discharge limits.

The pursuit of envirgnmental monitoring without the ability to interpret the data generated
will rarely be profitable, unless it is undertaken in the context of a basic scientific investigation of
spatial and tempaoral trends and statistically designed to answer certain key questions. If the latter
is the case, the frequency of surveys can usually be substantially reduced compared to that of
regulatory monitoring programmes.

4.3  Incorporation of New Information and Reassessment

It must again be emphasized, as throughout, that the Environmental Capacity concept is
extremely factor-dependent and subject te continual change and revision. It is rare that a
development proceeds and continues exactly as initially planned. The user demand may change,
resulting in either expanded or reduced production or even in the need for a new process. Process
technology is continuously developing and chemical plant life is usually not longer than ten to twenty
years. Monitoring programimes should therefore be planned on an appropriate time scale. Other
developments may take place in the general vicinity of that which was first cansidered and
populations of people and animals may change substantially, Social habits and values may also
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change, e.g. a marine organism which was previously not exploited may find a new use either as a
food or for some other purpose (e.g. fertilizer) Furthermore, scientific knowledge and under-
standing is generally expanding and improving and may, with time, justify reassessment.

All these changes may require a reassessment of the impact. Reassessment may lead either
to a tightening or a relaxation of the contrcl measures considered necessary. In some cases it may
even reveal a new, more sensitive target than that which was originally perceived or identified. In
such a case a complete reappraisal of the situation will be necessary.

5. GUIDELINES FOR THE SCIENTIFIC ASSESSMENT
OF THE IMPACT OF POLLUTANTS ON THE MARINE ENVIRONMENT

These quidelines are intended to assist scientists who have been given the task of determining
the potential impact of discharges inta the marine environment from a particular industrial
development or other human activity. Other specialists will also be assigned parallel tasks in grder
to assist the decision-maker. Interaction between them will assist in the decision as to whether a
development or activity should proceed and under what conditions. The input of the scientist will be
directed toward the development of measures to restrict impacts within acceptable limits (Section 3).
Saome quidance is also provided on the presentation of results and for undertaking monitoring studies
{Sections 3.5, 4.1 and 4.2},

A specific procedure for investigation cannot be made concrete until or unless the discharge
and design characteristics are identified. However, in all cases, a sequential procedure, similar to

that outlined below, can be followed.

5.1 Nature of Project/Problem

(1) Specify the nature of the proposed development activity, discharge, etc. This should
include the type of engineering activity, or process, its size and the expected character-
istics (in quantity and quality terms) of the discharge.

() Resource requirements likely to lead to inputs to or other forms of impact on the
environment should be listed, , e.g. energy, water, routes of import and export of raw
materials and products, ports and jetties.

(3) Interacting activities - other industry, urban growth and development, exploited cam-
mercial resources, etc. - should be categorized and potential conflicts identified.

(43 The timescale of proposed developments should be charted, tagether with expected
changes in interacting activities.

(5] At this stage, existing regulatory constraints should also be identified and neqotiation
with authorities initiated, so that design modifications can be incorporated early in the
proceedings.

{6} Alternative options available and comparative impacts should be considered.

5.2 Collection of Information Phase

Before embarking on the indiscriminate collection of data on the existing environment, the
likely impact and relevant goals should be identified (Section 3.1). These should reflect acceptable
levels of contamination and of risk, assigned by a wider group than the scientists alone. They should
also serve the needs of any models which might be used (Section 3.2). Uncertainties may be
addressed either by an explicit evaluation of the risk involved in exceeding acceptable levels or
through the adoption of conservative assumptions and safety factors (Section 3.4). An indicative list
of the parameters which might have to be measured is given below. The particular circumstances
will determine what is appropriate. Some data would normally be readily available, other data may
need to be collected perhaps over a substantial timescale. Wherever applicable, seasonality should
be taken inta account. If an urgent response is calied for, recourse can be made to accounts of similar
problems elsewhere {(see, for instance, WHO/UNEP, 1982 and WHG, 1982).

It will first be necessary to identify the potential environmental hazards. Acecordingly,
information should be collected on environmental behaviour and fate of raw materials, products, by-
products and other associated releases such as:
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- organic materials subject to rapid degradation,

- nutrients,

- persistent organic raterials (including halogenated arganics),
- radionuclides,

- metals and other inorganic materials,

- particulate materials,

- pathogenic micro-organisms or nuisance organisms,

- energy (heated effluents or radiation),

- petroleum hydrocarbans and petrochemicals.

The literature should be reviewed for pertinent toxicity data. If data are nat available, it will
be necessary to initiate preliminary toxicity bioassay tests on target organisms and/or calculate dose,
e.g. to man (Section 3.2).

it will be necessary to identify sites for pre- and post-development sampling, inciuding sites
aoutside the expected area of impact, and initiate investigation of for example:

(1} Climatology: wind direction and speed, gust strength; rainfall distribution, periods of
precipitation longer than 24 hours; storm events.

(2) Terrestrial geolagy: land typesfuses, topography, vegetation cover, erosion, accretion;
volcanicity, seismicity; special features.

{(3) Marine geology: bathymetry; sediment types and other characteristics; stability,
seismicity; littoral drift (transport), erosion, accretion; special features.

(4) Marine and coastal hydrography and physico-chemical characteristics: tidal regime,
currents, wave patterns, circulation; temperature, salinity, density, dissolved oxygen,
alkalinity, pH; nutrients, particulate organic matter, other suspended solids.

(5) Biclogy: rare and endangered species; species diversity and habitats; pepulation
structure and trophic interrelationships; biomass, productivity, biochemical constituents
and essential processes.

{6) Human values and uses: fishing; aguaculture, transport and communications; sand or
grave! extraction, other mineral extraction in the coastal zone from the sea bed;
desalination for water supply, salt and other other mineral extraction from the water;
waste discharges, existing and potential, domestic and industrial; archaeological, histo-
rical, aesthetic values; recreation, tourism; reserves and other special designations;
human health.

5.3 [PPatential Impact Assessment Phase

From a knowledge of the nature of the contaminants and the quantities to be discharged,
existing background levels, as well as biota and human uses at risk and bearing in mind existing water
quality criteria or standards, the extent of impact on the receiving environment can be assessed. This
will involve some, or all, of the following steps.

5.3.1 Definition of boundary conditions

Determine environmenta}l boundaries: based on environmental characteristics, hydrodynamics,
existing uses; properties of contaminants, biogeochemical processes, kinetic parameters.

5.5.2  Identification of targets
Consider protection of possible targets at risk: hueman population, habitat, food, livelihoad,
well-being, quality of life; plankton, intertidal species, shellfish, benthos, pelagic or demersal fish,
marine birds, marine mammals, marine reptiles; egg, larval and juvenile stages; rare, endangered
species or critical habitats, and the functioning of the natural environment.

5.3.3 Pathways by which the pollutant may reach the target at risk

The following steps should be taken:
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{1) Identify possible pathways through which contaminants may endanger ecosystems, human
health and resources deemed to be at risk: persistent or ephemeral contaminants; food
chains, bioconcentration, biornagnification (Section 3.2.1).

{2) Consider the ways in which the impact ar activity of the pollutant may be madified
during transfer through water, sediment or biota. This will involve determination of
rate of transfer, partition coefficients, rates of removal, degradability of contaminant,
mean-life or mean residence time (Sectiens 3.2.3, 3.2.4, 3.2.5 and 3.2.6).

(3} Where practicable, use the TPA type of approach to identify the most probable route by
which the pollutants involved affect the targets (Section 3.3}, [t may be necessary to
follow several pathways to several targets in order to establish which is the most
sensitive to the impact of the development or activity. This may invelve some arbitrary
assumptions or the use of the probabilistic approach (Section 3.4).

5.3.4  Selection or derivaticon of standards

Where appropriate effluent standards or water quality criteria or other specific standards exist
these may be used directly., Where none exist these may be derived from data from similar cases
elsewhere or generated by simple toxicity testing under appropriate canditions (Section 3.2.1).

5.3.5 Calcuiation of Environmental Capacity

Environmental Capacity will have to be assessed on the basis of the environmental standard
selected, boundary conditions, remaval processes, etc. (Section 3.2.6). This will involve construction
of some form of model which might range from a simple conceptual model based on mean residence
time for example, to more complex ones requiring numerical or probabilistic approaches. Iterative
assessment of the procedure may be advisable to refine some of the assumptions that may have been
made in a first approximation.

5.3.6 Determination of acceptable discharge rates

Based on the derived Environmental Capacity, an allowable input rate or gquantity can be
defined. Depending upon the deqgree of certainty with which the calculation was made, scientific
prudence would normally lead to recernmending that only a fraction of the input rate initially
calculated should be discharged.

5.3.7 Design and treatment options

Assess avallable on-site options with respect to technology, effluent and waste treatment, to
establish whether they are capable of meeting the defined input rates or quantities.

5.3.8  Overall impact assessment

After identifying the potential targets, it may be useful, as a preliminary step towards
defining those which represent the key resources or critical targets to be protected, to summarize in
a matrix those resources and environmental parameters which may be affected by the proposed
developrment and/or the contaminants which may be released. Ta this end the prebable effects can be
assigned qualitative scores to describe positive (+), indifferent (o), negative (-} and double negative
(--). In this way the environmental impact assessment matrix can serve as a primary basis to
encompass many aspects invelved and provides material to link scientific, social and economic facets
of the case.

5.4 Decision Phase/Presentation of Results

On the basis of the foregoing activities it will be possible for the scientist to offer advice to
the regulatory agencies andfor developers as to the constraints necessary to protect the marine
environment. The data and advice must be communicated in a clear and simple form to the various
parties involved in the decision-making process (Section 3.5).

The decision to go ahead with the proposed development/discharge will be made with
reference to the specified constraints. If the expected discharges cannct meet the concentrations or
quantities defined, alternative systems for siting, technical design, operational procedures or
alternative clean-up procedures will need to be considered. The final decision will however take
account of factors other than consideration of marine environmental interests alone. A final decision
will rarely be clear-cut and easy.
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5.5 Monitaring, Validation and Reassessment Phase

When the proposed activity has begun, or when commissioning trials are underway, the extent
of impact on the receiving environment should be assessed by relating the resuits of baseline studies
and the permitted quantities to what actually occurs (Sections 4 and 5.2), i.e. the situation should be
monitored to ensure predictions were either conservative or correct. This will involve some, or all,
af the following steps:

(1} Establish the concentration of identified pollutant(s) in the discharge and, if variable, the
frequency distribution with time.

{2) Sampling should be initiated to ascertain effects on biotic and abiotic ecosystem
companents.

(3) Sample identified targets within the expected expaosure plume and at locations expected
to be outside the influence of the plume. Observations of significant changes in
population {numbers), biomass and variety of species present may be enough to establish
whether the discharge is causing changes outside the expected natural level of
variations.

If significant changes are observed, then it will be necessary

(1) To confirm that the cause of the changes is the expected agent, or some other
characteristic of the discharge alane or in conjunction with the identified effects. This
may be done by further reference to toxicological studies, by tield or laboratory bicassay
of the target species in progressive dilutions of the discharge, and by parallel observ-
ations of no change in similar communities in areas outside the influence of the plume.
The latter requirement is often difficult to achieve because of natural variability of
populations, because of uncharted excursions of the plume in question, or of other
discharges in the same receiving water,

(2) To establish whether such changes are likely to affect the survival, vitality, reproductive
capacity or distribution of a species over a wider area. This will entail obtaining some
estimate of the local population size, and of its potential for recovery of a lost or
damaged fraction or receolonization of a damaged area.

(3) To sample food items where the target is man and food chain contamination is indicated,
to establish the extent of contamination and to monitor compliance with agreed criteria
for pratection of the target.

I[f the observed effects prove to be unacceptable, methods for abatement will need to be
considered. These may include limiting the period of discharge (e.g. to avoid spawning periodsy,
limiting the volume of discharge, reducing pollutant concentrations (e.g. by pretreatment or by
changed operations), or by changed outfall design ar location. In extreme cases Lhe activity may
need to cease altogether at that site, if its consequences are considered unacceptable and cannot be
abaled.

Even though a discharge may be designed and operated to have no unacceptable effect on the
environment or on specific targets, it will be necessary to ensure continued compliance with the
defined conditions. This can, in many cases, be restricted to a programme involving measurement of
only a few critical parameters. Changes in 'acceptability', e.g. in legislative restrictions or in public
perception, must also be taken into account {(Section 4.3).

It may be necessary to reassess the allowed discharge limits if monitering reveals any of the
following:

(1) Changes in operational procedures or levels of activity (and effects of changes assessed
and monitored), as well as other, independent, changes influencing the same receiving
waters. :

{2} Changes in biological or abiotic status of the receiving water.

(3) Changes in the status of the defined target{s).
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In any event, the position should be reassessed in the light of new scientific data, new
treatment technolagies, refinements in earlier assumptions, confirmation/refutation of initial impact
assessment and revision in requlatory procedures.

Contingency plans should be formulated; likely malfunctions and other emergencies should be
identified and plans developed to minimize impacts.

6. PRACTICAL APPLICATION OF GUIDELINES -

This report has dealt thus far with the concepts and principles involved in Environmental
Capacity, a strategy used to ensure that unacceptable effects do naot arise when wastes are disposed
of to the marine environment. Section 5 provides Guidelines for the Scientific Assessment of the
Impact of Pollutants on the Marine Environment in the form of a list of topics which may need
consideration and steps which might have to be taken. Throughout that section, reference is made
back to earlier sections where mare detail of procedures is given.

Every step or tapic daes not have to be examined in equal depth in every case. In certain
situations it may be quite acceptable to omit several complete steps; indeed it may be necessary to
do so on grounds of lack of information and/or lack of time to acquire it. Examples using case studies
to illustrate this principle are given in this section. !

The preliminary phase is described in section 5.1 and 2.2, In the course of this the proposal is
considered and the planning options are detailed, and data are gathered for use in the assessment of
the probable impacts of the development. At this stage it is possible to decide which steps can be
omitted or considered in less detail. These decisions are sometimes described as scoping. It is
impossibie to generalize on how particular problems should be dealt with. What can be done is to
illustrate how the concepts and principles of Environmental Capacity can be employed to ensure that
unacceptable effects do not arise. In order to be able to use this approach, data must be obtained
relevant to the particular situation. Uniess a certain minimum data set is available, no assessment
can be made, but clearly the mare data there. are the better wili be the assessment. Without high
precision over-protection will result and it will not be possible to achieve a properly aptimized
decision.

All but one of the case studies given here relate to real situations. It will be noted that ail
follow a site-specific Environmental Capacity approach rather than the administratively simple, but
more arbitrary, uniform emission standard (UES) approach. Its value as a starting point is
acknowledged but, as soon as a reasonable system of pollution prevention or control has been
established, the desirability of site-specific measures will become apparent. This is now the position
throughout the developed world and is aiready practicoble in developing countries.

Not all the examples are given in the same depth of detail; all do, however, illustrate the
concepts and principles previously described. The first example describes in a theoretical way how
the capacity of a receiving water can be calculated for a degradable material. This is followed by the
first of the real examples which spells out in considerable detail how the practical difficulties in
applying the Section 5 guidelines were translated into numerical terms. Each of the remaining
examples is given in less detail but illustrates a particular type of problem. It will be seen fram
these that highly sophisticated procedures do not always have to be used in order to achieve vseful
and reliable answers. Whilst there are many other examples recorded in the literature those cited
here were selected because they relate to different types of substances, different sources of input,

different environments and different potential effects. They alsc illustrate the point that
Enviranmental Capacity can be assessed with different levels of precision and accuracy depending on
the extent of information available. Other routes of waste disposal, e.g. discharge to the

atmosphere, will also have an eventual impact on the marine environment. Indeed, whatever
procedure for handling wastes is chosen, including long-term containment on land, in the final
analysis entry into the sea must be assumed to accur at some paint in time.

It must be emphasized that the examples are provided anly as illustrations of the applicability
of the approach. Because the approach adopted is site-specific, readers must not attempt ta apply
the same procedures in an identical way to similar effluents. To do so would be ta invite problems
and would ignore a basic principle viz. that each case should be considered in relation to the
receiving environment concerned and the interests which it is desired to protect.

There are many publications which provide values and other information which might be useful
in particular situations. A few of these are indicated below with brief details of their contents.
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The WHO Manual en Rapid Assessment of Sources of Air, Water and Land Pollution (WHO,
1982) contains numerous tables of data which can be used if the developer is uncertain what effluents
might arise or what they may contain. For example, figures are given for the average anticipated
volume, weight and composition of waste produced per unit production capacity, or per inhabitant,
for a number of major industries and cities in various parts of the world. These data can be used for
preliminary assessment, but caution has to be applied with respect to specific conditions in the area.

Stmilar information has-been compiled in a manual entitled Waste Discharge into the Marine
Envirenment, Principles and Guidelines for the Mediterranean Action Plan (WHO/UNEP, 1982), it
contains useful information on the characteristics and composition of wastes associated with
particular production processes and on the availability of waste treatment technology. It also
includes a section on the potential effects of wastes, and lists the principal infoermation on
topological, geological and hydrographic characteristics necessary to describe the discharge site and
the receiving marine environment. Finally, a number of examples of potential impairment of marine
ecosystems and examples of waste management are provided, including the most common engineering
options available. '

The application of compartmental models to describe the distribution and fate of chemicals in
the environment or in 3 particular system is a technique which is now widely used. Far example, in
the framework of the Toxic Substances Control Act in the tJ.S.A. and the Directjve on Dangerous
Substances in the EEC countries, a number of simple techniques have been proposed for modeliing the
fate of chemicals in the environment. These models have been dernonstrated useful and have been
validated in a number of well-documented cases. In particular, Neely (1980) describes several cases
in which such mathematical models have been used as an aid in decision making. The theory which
led to these simple models is described for example by Baughman and Lassiter (1978) and the report
af the National Research Counci! of Canada (NRCC, 1981),

&.1 A Theoretical Madel Applicable to Degradable Substances

The initial conceptual model of various possible interactions of an organic chermical in an
aquatic ecosystem is shown in Figure 9.

Any preliminary calculation of the Environmental Capacity needs an identification of the
major processes and reactions to which a molecule can be subjected, in order to evaluate its
environmental fate. A simple case can be illustrated by admitting that one or the ather of the
dissipating mechanisins is the most relevant while the rates of reactions of all the other processes
approach zero or are irrelevant. If this situation can be envisaged, the model becomes

chemical in the water >  output

A 4

input

h 4

relevant elimination
processes

Most of the physico-chemical processes such as hydrolysis, photodegradation, etc., and also
biolegical transformations such as biodegradation, can be _aidequately described by a first arder, or
pseudo-first order, reaction, with a rate constant in units t™~., The disappearance rate expression is
in the differential form

dle]

ac ~ ~KIP]

where P is the pollutant cancentration, and in the integrated form

(p1, = (p]_ - &

where PD is the initial pallutant concentration and Pt is the pollutant concentration at time t.
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Figure 9. Conceptual model of possible interactions of an organic chemical in an aquatic

ecosystemn (from Neely, 1980). Reproduced with kind permission of Marcel Dekker
inc., New York. (€ 1980

By looking =at the biological properties of the product P, one can define an acceptable
concentration.  Alternatively, where water quality criteria have been estabtished for the use in
question, these may be used directly. Then by reference to the literalure or by experiments, one can
quantify the K-constant and calculate the input concentration that can be allowed in order to match
the established standard at the steady state. Volume of the water body impacted and tota!l quantity
of the discharge must be included in the calculation at a later stage, considering the impacted
environment as a single-box model.

Another simple example, where only dilution intervenes, is the progressive dirminution in time
of bacterial numbers as a result of dispersion. The eguation for the description of the phenamenon
is the same as before

NE=N_ - e Y
8]

where N is the number of bacteria. A further development of this equation led to a practical
application concerning the design of a disposal system.

Empirical and experimental formulae are available and have been validated by their practical
application. They take into account the most important parameters of dispersion of micrabiological
contaminants such as volume discharged, pipeline depth and sea current velocity. These formulae
were developed by Pomeroy (1959) and Aubert and Desirotte (1968), after studying the Californian
coast and the Mediterranean area respectively.

Examples of application of these equations are referred to, together with many other
examples, in the previously-cited manual 'Waste Discharge into the Marine Environment’
(WHO/UNEP, 1982).
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6.2 Example Invalving Multiple Coastal Area Development

6.2.1 Nature of project

The town of Futura and the Island of Hope (Figure 10) in the Bay of Futura were chosen as an
area for the develapment of industry. The Project called for the establishment of an cil port, a
refinery, a petrochemical complex, a power plant, and expansion of general cargo port facilities. The
town had 150 00{) inhabitants with manufacturing industries, shipyards, an iron-are port and cokery
already operating in the Bay of Iron.  The town of Futura has good access to the inland reqgion
{railroad, highways) and has traditionally been an arrival point for the taurists visiting the nearby
resort of of Newtawn. Also, fisheries, mostly small scale and recreational, have been traditional in
the Bay of Futura. Major commercial resaurces were shrimps {Nephrops norvegicus} and mussels
{(Mytilus galloprovincialis).

6.2.2 Collection of information
The size of the plants and technology proposed are outlined below (for locations see Figure i[)).

0il refinery, power plant: Proposed location: industrial zanes; capacity: 8 Mt/year
maximum; 300 MWe capacity; construction period: 5 years and 3 years respectively.

(il port; petrochemical complex: Propesed: Islands of Hope, Bay of Hope. Connection inland
via crude oil and product pipelines; water supply from inland via water pipeline. Size: 20 Mt/year of
crude oil; petrochernicals: 200 ktfyear of chlorinated monomer (vinyl chloride monamer, VCM).
Transhipment of liquified VCM to plants overseas.

Technological options: Standard technologies of refining adaptable to crude oit of different
origins, including hydradesulfurization of high sulphur grades. Conceptual approach of waste
treatment: decentralized units; secondary treatment standard, tertiary based only on the require-
ments of the assessment process.

Resource requirements: Sites with access capability from land and sea; raw materials supply,
such as crude oil, refinery products, chlorine, sulphuric acid, limestone and other chemicals; adequate
supply of fresh water (industrial and potable)}, and sea water for cooling and scrubbing; canstruction
materials (cement, steell.

Patential pollutants: The following were identified:

- petroleum hydrocarbons, largely non-volatile;

- chlorinated hydrocarbons;

~ phenols;

- heavy metals: Cd, Pb, Cu, Zn, Hg (dissclved), iran oxide (as carrier, particulate});
- heated discharge, chlorination;

- sewage and associated pathogenic bacteria.

Interaction of contaminants with the environment and compenents of the environment was recognized
as a possibility but there were no major indications of synergistic or antagonistic effects of the major
contaminants.

Half-lives of contaminants: The values for the specific conditions in the temperate climate
zone of the Bay of Futura, taking account only of chemical and bacteriological degradation, were
estimated to be 100 days for petroleurn hydrocarbons and 1 000 days for chlorinated hydrocarbons and
phenals. The mean residence times for the metals were estimated to range from 60 days for lead and
particulate iron oxides ta 6 000 days for mercury.

Standards adopted: In the present example, these relate mostly to water quality objectives,
Category | was applied to the Newtown resort area, the Island of Cicadas, and for the south shore of
the Island of Hope. Category Il was te be achieved at any point within > km of a point source of
contaminants, i.e. raughly along the broken line in Figure 10 from Point Pleasant to Monastery Cove.
The follewing values, based on international criteria, were used:
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Water Quality Standards (mg/1}

Contaminant Category 1 Category II
Crude oil 0.05 1
Suspended matter 10 20
Low molecular weight
chlorinated hydrocarbons
e.g. dichlorahexane 0.02 0.2

trichloroethylene 0.5 10

tetrachloropentane 0.005 2
Phenol 0.001 0.3
l.ead G.05 0.1
Mercury 0.001 - 0.00C1
Zinc 0.2 1.0
Copper 0.01 0.1

The standards were defined both an health consideratians and on politically-maotivated decisions.
Warnings were issued against such concepts as 'sacrificed zones', because their influence on adjacent
areas was difficult to assess.

Of the varicus potential pollutants, the low molecular weight chlorinated hydrocarbons from
the VCM plant were considered to present a major hazard. The impact of the development was
therefore assessed on this basis.

6.2.3 Paotential impact assessment
6.2.3.1 Identification of targets

Of the various possible targets, human health was considered as the main priority. Other
targets were commercial fisheries and the tourist attractions of the area (bathing waters, etc.).

6.2.3.2 Environmental variables

Figure 10 indicates critical zones and the extent of the highly impacted area. For the
determination of Environmental Capacity, hydrographic studies were needed.

Measurements of currents were made on four occasions covering the main seasons:  the
summer (dry) season, the onset of rains in the fall, the winter temperature minimum and the season in
spring, when there is maximum influx of water from the interior. Tidal movements are slight (0.6 m
max). The major characteristics of the bay were as follows:

maximum depth 60 m
average depth 52 ]
area 450 km

The upper 15 m of the water cciugnn are well mixeg and the total volume of this layer is 6.8 kmj. The
total volume of the bay is 32 km~, of which 7 km” are poorly mixed pockets in the NW part of the
bay, and 1B km~ are the bottom layer below the average thermaocling, 15 to 60 m depth. Mean
current velocity in the Straits of Iron is 1.5 knots.  The predominant net movement of water is into
the Bay of Futura through the Straits ef Shrimp and out thraugh the Bay of Hope. These movements
are found in the three wet seasons but are reversed in the summer. There are also minor diurnal
oscillations, a small tidal influence and occastonal strong south winds. A simple model indicated an
average residence time of waters in the Bay of Futura of 35 days. Considering the uncertainties
involved, a conservative value of 50 days was used.

Special attention was paid to an inventory of benthic species. In the first year of the study, a
total of 240 plant and 230 animal species were found. Algae were found to cover 80% of the bottom.
A ratio of Rhodophyta/Phaeophyta of 2.9 was observed and considered a useful index for future
monitoring.

As sediments were recognized as an important sink for pollutants, sedimentation rates were
measured using sediment traps at chosen locations, particularly 2 km off the estuary of the Futura
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River, in front of the proposed.site of the petrochemical complex, and in the middle of the Bay of
Futura. The average size of suspended particles, their comgposition, ion exchange and adsorption
properties, and adsorption capacity for oil, heavy metals and chiorinated hydrocarbons were
measured. Estimates of distribution were made for the part of the Bay, N and NE of the lines
connecting Monastery Cove, in the NW part of the Bay, to the foint Pleasant in the SE (see Figure
10), an area of 220 km“. An average deposition rate of 15 g/m*” day was estimated, i.e. a total daily
deposit of 3 300 tonnes.

. {\ TOWN OF FUTURA
/i i pUTURA RIVER
///Pnrf 'l \\“ ‘l‘!b _
Shipyards ‘“ﬂ industrial zone
), %BAY OF IRON /. &

51
Refinery i

\_ BAY OF d ffﬂﬂ”“
: ~FUTURA

4
Oes

Monastery cove

Be Y

Bay bridge

ISLAND OF
HOFE

SHRIMP ISLAND

10 km

Figure 10. Map showing locations of the Bay of Futura development project

Assuming that all sediments remain within the Bay of Futura, an average deposition rate to
the whole area was calculated as less than 3 mm/year. Accordingly, it was not considered necessary

to examine erosion or sediment trapspart. For low malecular weight chlorinated hydrocarbons the
sediments' adsorbing capacity is 107 g/g.

6.2.3.3 Pathways to targets

Two principal pathways by which the contaminant {(e.g. VCM) may reach the targets at risk
were recognized: (i) the direct contact of man with bathing waters, accidental imbibition and skin
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contact, and (ii) food chain transfer. Petroleum hydrocarbons are accumulated by biota and
absorbed by sediments (average concentration factor, biomass concentrationf/water concentration =
10). To allow for pessible further concentration in the food chain, e.g. by shrimp, an additional
factor of 10 was assumed. Consumption of shrimp by the most exposed group of population (critical
group) was estimated to be 2 kg/month.  Although this approach included crude approximatians, the
actual conditions in the area validated the assumptions.

6.2.3.4 Caiculation of Environmental Capacity

A single box model was used to represent the environment affected. A single point source, and
a background concentration of the contaminant in the water, which may or may not include
contribution of other non-point sources such as atmospheric fallout and terrestrial run-off, was
assumed in calculating the mass balance.

The petrochemical plant was designed to praduce VCM at a rated capacity of 200 000 t/year or
600 t/day with waste products comprising 3% of low rnolecular weight chlorinated hydrocarbons, of
which tetrachloropentane was taken to be representative. The standards for this substance are lower
than those for similar compounds expected in the discharge and therefore are the most restrictive.
Thus the adopted WQS allows for a maximum concentration of 5 pa/l.  Analysis of sea water
indicated a background concentration of 0.6 ng/l. The single box model is then defined as follows:

Contaminant input
- 3
. Surface waters: 6.8 km
water in . water out

(8.6 ng/1) (5 pg/l)

A 4

Residence time: 50 days

v

Sink: sediments

As a basis af these calculations, a throughput of surface waters of 6.8 km3f50 days (0.136 km3/day}
was used.

The calculations showed that the maximum allowable concentration (end paint) of 5 g/l would
be reached by a discharge of 680 kg/day, of which 80 kg/day enters from uncontrolled source; thus,
for the discharge the maxirmum available Environmental Capacity was 600 kg/day.

Degradation by chemical or biochemical processes was considered to be negligible. However,
sedimentation will remove a portion of material. On a basis of a throughput of 3 000 t/day
suspended matter and an adsorption capacity of 1077 pg/g, 30 kg/day of the material would be
removed. Thus the total Environmental Capacity can be raised to 630 kg/day. It was assurned that
one contaminant was representative of all others of the same class.

It was known at that time that small amounts of more persistent high molecular weight
chlorinated hydrocarbons might also be produced, and that stricter standards apply for these
substances. Calculations showed that, if the tetrachloropentane limit was observed, since only small
amounts of these substances would be released, the standards for them would not be exceeded.

6.2.4 Decision taken

A policy decision was made that the VCM plant should utilize only one third of the available
Environmental Capacity; thus the discharge to marine waters must be limited to 210 kg/day. On the
conservative assumption that no volatilization would occur, the actual aliowable discharge was
confirmed at 210 kg/day. If the maximum allowable concentration in the effluent is 0.5 mg/l, i.e.
100 times thegallowablg ccgmerxtration in the receivingj water, then the effivent throughput would be
216/500 x 1077 = 4 x 107 m”/day, or approximately 5 m”/sec.

At the stated capacity and efficiency of VCM synthesis, 18 t/day of waste chlorinated
hydracarbons will arise, and since this cannot be discharged directly, it was decided that this should
be disposed of by incineration. Since no more than 210 kg/day can be discharged into the marine
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environment, an incineration efficiency of 99% was called for to ensure that the effluent from the
flue gas scrubbers should not exceed the defined allowable input of low molecular weight chlorinated
hydrocarbons.

These calculations and assumptions exemplify the stringent requirements which can result
from the application of the concept of Enviranmental Capacity.

6.2.5. Monitoring and validation

The VYCM plant was commissioned enly recently. A programme of monitoring has been
initiated. At the planning stage the combined effects of other poilutants, notably sewage discharged
from the town of Futura, were neglected. If the results of monitoring reveal the necessity, ane
option, which is already planned, is to introduce improved sewage treatment. A second option is to
require more efficient remaoval of chlorinated hydrocarbons from the waste products. A further
option might be to limit the production of VCM or even to relocate the plant.

6.3 Example Involving a Detergent Additive

6.3.1 Nature af problem

This case considers a proposal to use an alternative material XYZ to replace phosphates in
detergent powders. A total quantity of 9 000 t/year was projected nationally for inclusion in washing
machine powders.

6.3.2 (Collection of information

The predicted environmental concentration of XYZ was calculated for a major river basin.
According to statistical data, it was known that in the regicn considered, cansumption of detergents
was 31.4 Bergent of national consumption, viz 28839 t X¥Z/year. The flow Dfath% river at the mouth
is 1.54 16°m” /day {(mean) with minimum 0.45 10°m” fday and maximum 4,92 10°m~/day. Half of the
population was served by treatment plants, achieving 90 percent efficiency at best, 50 percent in
worst conditions. XYZ is biodegradable in natural conditions, with first-order kinetics, dependent on
temperature and concentration. A conservative representative value of K = 0.3/day was chasen.

The three issues of concern were:

- mobilization of heavy metals from sediments, at concentrations greater than 200 pg/l;

- damage to aquatic life: a concentration of 200 pg/l was taken from literature as the water
quality criterion;

- suitability for drinking water consumption, a concentration no higher thar 5 pg/l.

Fnvironmental concentrations of surfactants {(LAS) associated with X¥Z in washing machine
powders, at a 10 to 1 ratio, were known for the region studied. Biodegradation constants for the two
molecules are similar.

6.3.3 Patential impact assessment

By dividing the annual load by river flow, a thearetical concentration of XYZ at the river
mouth was calculated:

Mean flow Min. flaw Max.flow % biodegradation
50 172 16 o]
Predicted concentration 25 86 8 50
{ka/b 5 17 2 90

The calculation of biodegradation assumes steady state conditions.

A mare complex calculation can include the data on treatment plants and their efficiency.
About 50 percent of XYZ used is discharged via treatment plants, viz 1 415 tonnes/year. For 90
percent efficiency of treatment, 1 556 tonnes/year are discharged to the river, while for 50 percent
efficiency 2 122 tonnes are discharged. Repeating the above caleulation for each case:
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Mean flow Min. flow Max. flow
28
Concentration (ng/l) 93 K
40 129 12

This assumes no biodegradation; if bicdegradation in the river was aiso included, using the constant K
= D.3/day, and the equation: .

-Kt

Ct = Coe
revised values in ug/l in case of mean flow became 6 and 9 (after five days) or 21 and 30 (after one
day) for treatment efficiencies of %0 percent and 50 perceni respectively.

Similar calculations could be made for any ather section of the river, incorporating
apprapriate values for load, flow and velocity af current.

Results show that predicted concentrations would vary along the length of the river, including
some 'hot spots' where predicted concentrations would be well in excess of 5 ug/l.

These calculations were compared with existing data far surfactants (LAS), for which the ioad
is ten times greater and biodegradation rate is similar. Measured concentrations of LAS in the river,
if divided by 10, matched XYZ concentrations predicted by the model, thus validating the approach
taken.

6.3.4  Decision taken

With regard to mobilization of heavy metals and protection of aguatic life, the predicted
concentrations never exceeded the level of 0.2 mg/l identified as required to meet the water quality
standards quoted above. In contrast, a predicted concentration of XYZ in excess of 5 ug/l wauid
oceur in some sections of the river, breaching the level required for drinking water supply. As the
river was used as a source of drinking water supply, the proposed quantity of XYZ could not be
accepted without exceeding the Envirenmental Capacity, unless the use of river water was changed.

This example for a river could equally be applied to calculating the input of a substance from a
river to the sea, and, for example, to estuarine or fjord conditians.

6.4 Example Invelving Sewage Disposal

6.4.1 Nature of problem

Sewage is perhaps the most common of all pollutants discharged to the marine environment. It
is also one of the most complex because it contains many constituents, and has several potential
adverse effects. In the example chosen the sewage had already been discharged to sea for many
years but from a number of separate outfalls; each discharged untreated effluent at around low water
mark or above. These discharges were causing severe microbial contamination of the beach and
bathing waters as well as visual contamination of the beach by sewage derived solids. The objective
was to improve this unsatisfactory situation but without transferring the problem elsewhere. Among
the options considered was an onshore sewage treatment plant with one or more treatment stages, in
combination with a sea outfall.

6.4.2 Coltection of information

The sewage was mainly of domestic origin with only a smail proportion of industrial effluent
included in it (a typical analysis of such a sewage is given in Table 1),

Investigations, using current meters, floats and dye releases, showed that in order to avoid
microbial contamination of beaches under all but storm conditions (when the need to protect bathers
would not arise) the terminal section of a long sea outfall would have to be at or adjacent to an area
of rocky escarpments known to be the site of a productive lobster and crab fishery. This area was
also of importance for fin-fish caught by long-lining.
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Table I

Analysis of the sewage effluent

Suspended Solids 150 mg/l
BOD 240 mg/l
Ammania 5 my/l
Cadmium 0.01 mg/1
Mercury 0.001 mg/]
Copper 0.06 mg/i
Lead 0.05 mg/i
Zine 0.40 mg/1
Chromium 0.10 mg/l
Dry Weather Flow 300 i/sec

6.4.3  Potential impact assessment

The primary purpose of the long sea outfall was to avoid visible pollution of the beach by
offensive debris and ta eliminate the risk of illness arising through bathing in sewage contaminated
waters. There were, however, other possibie hazards to be considered, for example:

- other exposure routes to man of microbial contaminants, e.g., by consurmption of fish and
shellfish which might be externally or internally contaminated by the sewage discharge
affshore

- contamination of the fish or shellfish by metals or other substances present in the sewage
- direct or indirect toxicity of the effluent to marine arganisms, exploitable or otherwise

- interference with fishing activities

- damage to fish ar shellfish habitats.

Microbial contamination of fish or shellfish by sewage is only important if they are eaten raw
or lightly cooked: i practice in the area affected only bivalve molluses come into this categary. No
such shellfish are exploited from the area; crabs and lobsters are present but they are well cooked
before consumption, so that neither internal nor external microbial contamination would be a
prablem. Experience with sewage discharges in other areas also indicated that, taking account of the
residual current, dispersion, etc., there was no danger of any of the exploited species being killed
either by the diluted effluent or by reduced dissolved oxygen concentrations. In fact the oxygen
concentration was not expected to fall below 95 percent compared to the desired minimum of 60
percent. [t was considered that this would be true even if raw sewage were discharged, provided an
adequate diffuser was fitted to give good initial dilution. Similarly there was considered to be no
possibility of the fish or shellfish becoming unsuitable for human consumption as a cansequence of
their accumulating substances such as heavy metals. All the predicted environmental concentrations
arising from the quantity of sewage to be discharged were weil within the environmental quality
criteria, and therefore within the Environmental Capacity, e.g. copper 0.06 pgfl, zinc 0.4 ugfl
compared to environmental quality criteria of 5 pg/l and 40 pg/l respectively.

The main concerns remaining, therefore, were interference with fishing activity and/or the
fish and shellfish habitat. Experience with lang sea outfalls elsewhere suggests that even bottom-
trawling can be practised aver long sea outfall diffusers if they are suitably designed to deflect the
trawls over them. In the area affected, bottom-trawling is impractical because the sea-bed consists
of a series of rocky escarpments. No interference with fong-iining was envisaged. The escarpments
do however provide an ideal habitat for crabs or lobster and there was concern about the possible
silting-up of holes and crevices in which these valued species live. Accordingly 2 more detailed
examination of the possible fate of sewage particulates was conducted. The available current meter
records indicated that the denser particles such as grit might settle close to the outfall diffuser
section and nat be resuspended, leading to accumuiation in the longer term. They also indicated that
some settiement of lighter arganic particulates derived from sewage might occur in exceptionally
quiescent conditions, but that these would be resuspended and dispersed repeatedty by storm or strong
swell conditions which are common in the area. These materials would eventually decempose
completely and leave no trace in the receiving environment.
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6.4.4  Decision taken

An examinatien of the options showed that a short outfall with full tertiary treatment of the
effluent would pot be sufficient to meet the desired bathing beach water quality critera, unless some
form of disinfection were adopted in addition to reduce the number of bacteria present. The risks to
operators and nearby residents of the only proven system of disinfection (chlorination), and doubts
about the nature and effect on the receiving environment of chlorinated organics which might be
formed, were such that disinfection was considered an unacceptable option. The alternative was the
construction of a lang sea gutfall, )

FPartly because of the costs involved in constructing a long sea outfall, the regulatory authority
questioned the need for full treatment, especially as this would give rise to additional expenditure for
the disposal of sludge either to sea or to a land-fill. As the adjacent area was heavily built-up, land
disposal presented major problems. Attention was therefore focussed on the acceptability of
discharging to sea a partially treated sewage effluent {i.e. one given only primary settlement and
screening) via a long outfall.

It was therefore decided that the sewage should be given prirnary settlement to remave grit
and be passed through fine screens to break up suspended particles. The grit and larger sewage
particles were to be disposed of an land and the screened sewage was to be discharged to sea without
further treatment; this formed the best practicable means available (BPMA).

6.4.5 Monitoring and validation

The scheme is now cperational and monitoring is being undertaken ta confirm the prediction
that the discharge would have no detectable effect on the suspended solids content of the water, on
dissalved oxygen concentrations, on lobster or crab habitat and no significant effect on levels of
metals and other bioaccumulatable substances in fish, crabs, labsters or whelks. Thus far the results
confirm the predictions that there was sufficient Environmental Capacity to accommodate this
effluent discharge. If adverse effects are detected in the future a number of remedial measures are
provided for, e.g., further removal of sewage solids by use of additional settlement tanks and
treatment to remove particular pollutants, or removal of particular substances (e.g., metals) at
source or by further treatment at the settlement plant (e.q., nutrients),

The method of control adopted in this case was a combination of environmental quality
standards, based on an analysis of the most sensitive target to be protected and conducted by a form

of critical pathway analysis.

6.5 Example Involving Several Sources of Mercury

6.5.1 Nature of problem

Since the Minamata Bay incident, when many people were poisoned by mercury in fish and
shellfish which had been contaminated by an industrial discharge containing mercury, mercury has
been considered to be a substance the discharge of which should be rigorously contrelled. In 1971 a
survey of the mercury content of fish caught at varicus locations in a European country revealed a
number of areas in which the fish tissue concentrations were well above those found elsewhere. These
investigations identified two sources of the mercury: a treated sewage effluent discharged to the
outer reaches of the nearby estuary, and the sewage sludge from that works which was taken by ship
and dumped in the affected area. The main source of mercury was a factory, the effluent from which
was accepted into the public sewer. Prompt measures were taken to reduce this input of mercury,
but at the same time the maximum quantity which could safely be discharged had tc be calculated.

6.5.2 Collection of information

A detailed literature search established that the concentrations of mercury which were at that
time found in the waters of the affected area {total maximum 50 ng/l} were well below those which
could cause harm to marine organisms, even with long-term exposure to the contaminated waters.
Thus, although fish in particular accumulated unusual levels of mercury in their muscle tissue, they
were not themselves at risk. However, a typical mix of fish likely to be consumed by the local
population cantained mercury levels of about 0.45 mg/kg of mercury in their edible tissue.

The main sources of mercury te the affected area {sewage effluents and dumped sludges)
accounted for 24.8 kg/day out of a total estimated input of 25.4 kg/day (Table II). This gave rise to a
mean concentration in fish of 0.45 mg/kg.
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6.5.3  Potential impact assessment

FAO/WHO has recommended that the provisionsal tolerable weekly intake (PTWI) of mercury
should not exceed 0.3 mg; a consumption of between 650 and 700 g of fish per week could lead to this
jimit being exceeded. Thus, although fish were not themselves at risk, there was a potential hazard
to those pecple who ate mare than the normal amount of fish (average for the country less than 120 g
week),

Table I

Inputs of mercury to the affected area {(kg/day)

1571 1978 19748 1980 1982 1983
Sewage cffluents G.8 i.7 1.7 1.7 1.7 1.7
fRiver and main tributaries 0.35 0.35 0.35 0.35 0.35 0.35
Other waler courses 0.20 0.20 0.2 0.20 Q.20 0.20
Dumping {mainly sewage 18.0 16 ig 7.1 2.5 1.1
sludge)
Total 25.4 5.9 6.1 9.4 4.8 3.4

Examination of the basis of the FAQ/WHQ PTWI figure indicated that it was based on the
detectability of first symptoms of mercury poisoning in the most sensitive individuals being
associated with a blood mercury concentration of 20 pg/100 ml which in turn was associated with a
weekly intake of as little as 1.4 mg methyl mercury. Dietary studies suggested that a typical daily
consumption rate of 300 g would be the norm for extreme fish eaters in the country in question.
Making the conservative assumption that all the mercury in fish is present in the methyl form, the
maximum tolerable concentration in the fish consumed would be about 1 mg/kg of, if the PTWI] were
not to be exceeded, about 0.1 mg/kg. Two duplicate diet studies carried out with extreme fish
consumers suggested that their mercury uptake rate was lower than that assumed by FAQ/WHO and
that if a limit of 0.3 mg/kg was set for fish the mercury concentration in the blood of consumers
would not exceed about 2.6 pg/i00 ml. On the basis of these studies it appeared that there would be
an adequate margin of safety for extreme consumers even though they might exceed the PTWI. This
defines the capacity of the system in this example.

From the results of the monitoring programme it was obvious that there was a link between
the rate of mercury input and the concentration of mercury found in the fish from the affected area.
However, the relationship was far from well understood and obviously highly complex, potentially
involving uptake from both water and food with a variety of food pathways for different fish species.
Mo attempl was made ta model this; instead a very simple relationship was assumed, viz that there Is
a background concentration for mercury in fish flesh {thought at that time to be about 0.2 mg/kg) and
therefere the excess above that must be due to the unusual inputs. It was estimated on a simple pro-
rata basis that in order not to exceed 0.3 mg/kg in fish the maximum quantity of mercury which could
be allowed to enter the area without exceeding the defined Environmental Capacity would be about
1C kg/day.

6.5.4  Decision taken

Control of discharges containing mercury to the area was to be limited to not more than
10 kg/day. This target was easily reached as a result of the measures taken at the industrial site to
prevent mercury release, and inputs have heen progressively further reduced to a present level of
about 3.5 kg/day.

The Environmental Capacity was established after identification of the most sensitive target
following critical path analysis, Effluent treatment was required, and it was established that BPMA
would more than achieve the necessary reduction.

6.5.5 Monitering and validation

Muonitoring was undertaken which allowed the validity of the crude model used to be tested. In
fact, the data in Table IIl indicate that the model was conservative, no doubt due to the over-
simplistic assumptions made.
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Table III

Concentrations of mercury in fish (mg/kg)

1971 1976 1978 1980 1982 1983
Predicted - 0.26 0.26 0.29 0.24 0.23
Observed 0.45 0.30 0.18 ‘0.16 D.11 0.12

Maonitoring is still being undertaken both of the input rates and of the content of mercury in
fish flesh but the frequency is being reduced. Further studies are also being undertaken to establish
whether the findings of the first two dupiicate diet studies were correct. However, it is apparent
from the results of the monitoring that the concentrations of mercury in fish are now approaching
background levels.

6.6 Example Involving Discharge of a Pesticide

6.6.1 Nature of problem

Agriculture throughout the world now makes extensive use of various pesticides to prevent
disease and pest attacks. . Some of these compounds have been found to have an impact on non-target
species in or close to the site of use, There have also been cases of adverse effects close to the site
af manufacture. One such case arose in an area where a productive shrimp fishery had been in
decline for a number of years. It was apparent from the detailed investigations which had been
undertaken that, in the area concerned, a number of factors have been involved, armong them fishing
effort, predation of shrimps, unusual numbers of certain fish species, e.q. cod, and temperature
cycles. However, possible pollution scurces in the area included effluents from a number of
factories, one of which manufactured an organophosphorus pesticide, which was known to be highly
toxic to crustacea and species of shrimp in pacticular. It was considered very likely that the
discharqge was at least a significant contributor to the decline of the shrimp fishery. Remedial
rmeasures were agreed to be necessary as a matter of urgency.

6.6.2 Collection of information

The effluent from the pesticide plant was treated prior to discharge but this had proved to be
somewhat unreliable and on accasions the discharge could contain up to 100 pg/l of the pesticide,
together with other potentially harmful degradation products. This cancentration was considerably
higher than that known to be toxic to shrimps; also, the effluent was discharged ta a stretch of water
in which dilution was likely to be limited to a maximum of about 200 fold and dispersicn to the
shrimping grounds fairly rapid, i.e. within 24 hours, so that degradation of the compound tn question
cauld be ignored in this case.

It was essential that the toxicity of the pesticide to the most sensitive valued local species -
shrimps - should be accurately established sa that the acceptable concentration in the final effluent
could be calculated. Toxicity tests on the several different effluents discharged to the area
confirmed that the one from the pesticide manufacture was highly toxic to shrimps and that the other
effiuents were comparatively harmless.

6.6.3 Patential impact assessment

The toxicity of the pesticide to shrimps was established to be about 0.5 pg/l (expressed as a
96hr LC50), Investigations inte the possible accumulation of the compound by fish and by sediments
indicated this was unlikely and it was assumed that if the discharge limits were set so as to ensure
the protection of shrimps no ather valued species would be seriously at risk. Experience has shown
that, normally, when considering a discharge of effluent to coastal or estuarine waters, it is possible
Lo assume a dilution on discharge of about 100 fold, followed by fairly rapid dilution and dispersion to
several thousand fold even in waters with rather restricted tidal movement and exchange. Hawever,
in this particular case, information on the probable pattern of dilution and dispersion of the effluent
on discharge and on the behavicur and location of the exploited shrimp stocks indicated that it was
safe only to assume a limited dilution {about 200 fold) in the channel to which, at certain states of
the tide, the effluent would be confined. 1t was therefore concluded that, in order not to exceed the
Environmental Capacity of the area affected by the discharge, the effluent should not contain more
than 2.5 pg/l of the pesticide compound, i.e. outside the mixing zone concentrations would not exceed
2.5% af the 96hr L.C50.
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6.6.4 Decision taken

As a short«term measure, the company agreed to divert all the effluent to a land fill site. Even
so, some discharge of the pesticide continued because of historical contamination of holding lagoons,
etc., on the site. Landfill was going to be extremely caostly and, in the longer term, could threaten
ground-water supplies. A new effluent treatment plant was considered to be the only satisfactory
solution in the long term, since an effluent of the required quality could not be achieved with the
existing treatment plant. A new pilot treatment plant was built incorporating new treatment
technology. New lagoons were also built to minimize the impact of previous manufacturing
practices., These improvements proved capable of producing an effluent which consistently contained
less than 2.5 ug/l of the pesticide but there was still some uncertainty about the toxicity of the
degradation products. In order to overcome these doubts, it was agreed that the effluent should be
subjected to regular toxicity testing according to an established protocel. Under this additional
requirement the effluent is diluted five times with sea water and the cumulative mortality of shrimps
exposed Lo this mixture must not exceed 50% in 96 hours. For assurance that the enviroamental
capacity is not exceeded, the effluent has to conform to both the toxicity tests and the chemical
concentration limit for the pesticide.

6.6.5 Monitoring and validation

Experience to-date shows that both these reguirements are being met and the discharge is now
being made at a rale and guality which can be assimitated without causing pollution. These changes
were brought about only in the last two years and it is too early to decide whether the shrimp fishery
is benefitting as a result. However, the fishermen are reporting a marked impravernent in their
catches. As they are largely unaware of the changes in effluent discharges, the declared improvement
is likely to be real.

In this exampie, the target was immediately apparent, because the problem involved a
commercially-impertant species. A probable cause was identified and the hypothesis tested; remedial
rmeasures were obviously required and were initiated. Critical pathway analysis (Section 3.3) was
used to identify the exposure route to only that species, and the possibility of there being other
valued targets of higher scnsitivity was not investigated.

6.7 Example Involving an Organo-Metal

&6.7.1  Nature of problem

Some substances are used in ways which are quite deliberately dispersive in the marine
environment. This does not eliminate the possibility of pollution occurring and if they are persistent
enough and of sufficiently high toxicity they may have unacceptable side effects. One such example
has arisen recently as a consequence of a particular form of anti-fouling paint. In 1380 fisheries
scientists reported that they believed that tributyl tin {TBT) from anti-fouling paints used on pleasure
craft was causing problems of shell deformation and failures in recruitment in Crassostrea gigas
{(Pacific oyster) industry. Further investigations have since confirmed that not only were Pacific
oysters adversely affected but also a number of other species.

6.7.2 Collection of information

It has not yet been possible to establish the concentration below which harmful effects on
valued species are unlikely to occur, but as the lowest concentration which has been demonstrated tao
have an adverse effect is 0.06 pg/l (reduced rate of growth in Ostrea edulis spat); it is clear that the
safe concentration for continuous exposure is below this value {possibly around 0.0 pg/l).

Surveys have shown that in an estuary, where more than 1 760 boats may be moored in the
summer months, concentrations of TBT in areas where oysters are grown may exceed 0.2 pg/l, i.e.
well in excess of the 0.36 pg/l cancentration at which harmful effects cccur. The rates of release of
TBT from anti-fouling paints can be contralled by binding the TBT in a copolymer formulation. This
undoubtedly represents an improvement over the older style 'free association' paints which release
very substantial amounts of their TBT content in the first four weeks of immersion, and there bhas
already been a major switch to the siower controlled reiease copolymer type of paint. Tests have
been conducted with both types of paint to establish leach rates of TBT under different temperature
regimes. The tests with the freg association type showed that under summer conditions the initial
release rate was about 40 pg/em” day, whereas after about 2 months it had declined to about one
tenth of this valug. Under comparable conditions typical copolymer paint leach rates fall within the
range 6-11 pgfcm” day.
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6£.7.3  Potential impact assessment

It is possible to estimate, in a very simplistic way what the maximum leach rates into an
estuary could be by assuming either that all moored boats are painted with free-association type
paints, or that they are all painted with copolymer-based paints, without allowing for tidal flushing or
other removal processes. However, an allowance can readily be made for tidal flushing of the estuary
concerned, as it is known that the maximum rate of exchange with the open sea is about 5% per day.
A conservaétiv% assumption was made that other removal processes can be neglected. Using a yolume
of 50 x 13~ m” and assuming a maan hull length of 8 m for the 1 700 boats moored in the estuary, it
can be calculated that if all the boats were painted in free-association paint, then the maximum
amount of TBT present in the estuary would be about 27 kg, falling to about 7 kg after 2 months. This
would yield estuarine concentrations in the range 0.5-0.15 pagfl. Similarly, if all the boats were
painted with a copolymer paint with the lowest leach rate (6 pgfem” day} the concentration in the
water would build up to about 0.2 pg/l (roughly the highest level measured in the water away from
the immediate vicinity of the boats). Both concentrations are well above that which might
reasonably be considered safe {less than 0.02 pgft), and thus the Environmental Capacity wouid be
exceeded. To eljminate the possibility of pallution in the estuary, the leach rate may need to be less
than 0.2 pg/cm® day; even lower leach rates may be necessary in areas with more limited water
volumes and exchange, e.q. marinas or lagoons or if the number of boats were increased. Leach rate
data differ according ta the method of Lesting used, some being lower than those used here; however,
even these lower rates still yield concentrations in estuaries well above those which are likely to be
considered as acceplable.

6.7.4  Decision taken

Some national Authorities have already acted to protect their oyster fisheries by restricting
the use af these paints on pleasure craft.  Another country has adopted the Environmental Capacity
approach to limit the input f[to that defined as safe) and have proposed that the leach rate of paints
should not exceed 0.1 pg/em” day.

6.7.5 Monitoring and validation

Control measures were taken in one country. Since then, significant improvements have been
noted both in the quality of the oysters in spatfall recruitment, and in terms of reduced levels of TBT
in the water.

This example demonstrates the difficulty of controlling a seasonal and diffuse input of an
extremely toxic compound, for which the derivation of a safe level has been impeded by the lack of a
routinely-applicable, suitably sensitive analytical method to detect the extremely low environmental
concentrations known to be harmful, The Environmental Capacity for this pesticide, which is used
deliberately to kill marine organisms, is very small indeed, as is reflected on the tentative water
quality criteria proposed (0.01 pg/l). It is also known that TBT is toxic to humans and a full
assessment of the risks to this target and possible pathways of exposure will be hampered by lack of
toxicological data on which to base an acceptable daily intake (ADI).  Consequently, full critical
pathway analysis cannot be undertaken at this stage.

6.8 Exampie Involving Discharge of Arsenic in Smelting Wastes

6.8.1  MNature of prablem

One of the oldest forms of 'industrial' waste stems from man's use of metalliferous ores to
extract the metal concerned. One large smelting works processes non-ferrous metal ores and scrap
at a site on the bank of a large estuary. The metals recovered include cadmium, copper, zinc, nickel
and lead but in association with these, large amounts of arsenic are also recovered. Decisions had to
te taken on the concentrations and quantities of the various elements which could safely be
discharged to the estuary along with the process water.

6.8.2 Collection of information

An assessment of the available literature on the acute toxicity and potential long-terin effects
of cadmium, copper, zing, nickel and lead has provided water quality standards for estuarine water
which are considered adequate to prevent damage to marine life beyond the immediate mixing zone
(respectively 5, 5, 40, 30, and 25 pg/l). These implied rigid restriction on the discharge; they were
applied without further assessment.
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At the site being consideced, the estuary is large and is well flushed. The tidal effluents are
very strong and there is good mixing. The estuary normally has a very high suspended sotids load,
which it was thought would strangly adserb the arsenic and render it less readily available to marine
life. Simple tests confirmed that the arsenic was rapidly removed from the agueous phase.

6.8.3 Poterntial impact assessment

Recent assessments of the possible danger to man of arsenic suggest that even a small intake
of inorganic arsenic may be harmful and that concentrations of 1 mg/kg wet weight in fish fiesh could
be damaging. Recent samples of fish have therefore been analysed for total and inorganic arsenic
and it has been established that only rarely do concentrations of inorganic arsenic exceed 1 mg/kg
wet weight and that most of the arsenic is, as expected, in an organic form.

6.8.4 Decision taken

There are many coastal areas which are subject to inputs of arsenic from disused mijne
workings and smelter spoil heaps which have been in existence in some cases for several hundred
years. Experience at these sites suggests that discharges of arsenic to the marine environment are
not necessarily associated with damage to marine organisms or accumulation of arsenic by the
organisms indigenous to the area. It is also locally known that where marine organisms do
accumulate arsenic, most is usually in an organic form, which is relatively unavailable to man and
does not therefore present a hazard.

The company conccrned was able to meet the requirements for limiting metals in the
discharge by installing secondary recovery plant which also removed a further proportion of the
arsenic. The recovered metais were all potentially saleable but only a limited market could be found
for the recovered arsenic oxide. Three optians were therefore considered. QOne of these was to
allow discharge of the arsenic to the atmosphere but this would have caused considerable
contamination of food crops in the areas downwind from the factory and was therefore regarded as
untenable because of the danger to humans and animals. The second aption was ta store the arsenic
oxide on land within the factory boundary. As the quantity arising could amount to as much as 100
kg/day, this presented both a major logistic problem and some risk to man, and a danger of
contamination of crops through wind-blown dust from the piles of waste which would eventually arise.
The third option was to allow discharge of ail or part of the arsenic oxide to the estuary.

In view of the dangers of the twa other options for dealing with the arsenic, it was decided
that discharge to the estuary would be the preferred option and should be safe. However, in view of
the possible accumulation of arsenic by certain consumed fish species, a monitoring programme was
instituted to ensure that, should this happen, remedial measures could be implemented immediately
and the risk to man as a consumer of the fish could be avoided.

6.8.5 Monitoring and validation

The discharge has now been taking place for over fifteen years and monitering of the
concentrations of arsenic in sediments and biota has been wundertaken at intervals throughout this
period. There has been a smail increase {less than double) in the cencentration of arsenic in the
sediments nearest to the outfall but elsewhere no increase is detectable against the background
variation. Similarly, elevations in the concentration of arsenic in the suspended solids around the
outfall are clearly detectable. However, there is na evidence that the concentrations of arsenic in
fish have either increased or are in any way different from those found in fish from other areas,
suggesting that the Environmental Capacity had not been exceeded.

This example shows that in cases where the Environmental Capacity of the sea is large, it
might be regarded as the best environmental option for disposal of a waste. In this case, quite large
amounts of a substance, which under other circumstances might be highly hazardous, can be safely
disposed of because of the transformation or removal processes which occur in the marine
environment. The most sensitive target was in this case assumed ta be man, and manitoring of the
exposure route has confirmed that the predictions made on the basis of experience elsewhere have
been correct. Monitoring is continuing. It must be emphasized that the estuary concerned is large
and has a very substantial tidal flux and strong tidal currents. It also has a very high suspended solids
load. These factors are peculiar to this estuary and are undoubtedly instrumental in providing a
mechanism by which, in this particular situation, the arsenic can be absorbed without adverse effect.
It does not mean that similar discharges could be made elsewhere without adverse effects.
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6.9 Example Involving an Organochlorine Compound of Moderate Persistence

6.9.1 Nature of problem

Pentachlorophenol (PCP)} is widely used as a fungicide and slimicide, especially on timber but
also in certain paints, paper and adhesives. Laosses in the course of use should be low, and the main
source is likely to be at sites of manufacture. One such plant gives rise to an effluent which is
discharged to an estuary. Although the discharge was considered unlikely to lead to pollution, an
assessment was carried out to establish whether, under the particular circumstances of the estuary,
the discharge would be in excess of the Environmental Capacity.

6.9.2 Caoliection of information

Substantial information was available on the acute and chronic toxicity of PCP to marine
arganisms. An assessment of the physical characteristics of PCP suggested that it would be quite
volatile from water and would not be strongly adsorbed to particulates. It is known ta be degraded
by UV light and microbial action and was not therefore expected to be unduly persistent. Tesis with
bivalves and fish showed that both types of organism could metabolize PCP into less harmful
substances.

Hydrographic information was available for estimation of dilution and dispersion of the
discharqe, and a residence time for PCP in the estuary and coastal areas near the discharge could be
calculated,

6.9.3 Potential impact assessment

An examination of the available data on the acute and chronic toxicity of PCP to marine
organisms led to a proposal for a water quality criterion of 1 pg/l, which would protect all life stages
of marine organisms.

The national Authority concerned concluded that, on the basis of a 96hr LC50 value far plaice
(Pleuronectes platessa) of 60 pg/l the safe level should be set at 0.6 pg/l. This took account of the
highest known bioconcentration factor of about 400 in mussels and involved use of an application
factor of 100. This figure is in close agreement with the value suggested by the literature review.
Accordingly, provided the water quality standard was not exceeded on discharge, there should be no
adverse effects on the estuary.

it is perhaps worth noting that the maximum concentration observed Is 0.45 pg/l; this implies
that if a new discharge of similar volumc were to arise, it might be necessary Lo restrict the
concentration in the discharge wmore severely than on the existing one so as ta keep within the
currently defined limits. [t is also worth noting the PCP concentrations decrease more rapidly than
would be expected from the salinity distribution in the estuary and adjacent waters. However, no
PPCP has been detected in the sediments and the more rapid decrease can only reasonably be
explained by loss to the atmosphere and/or degradation so that other remmoval processes must be
significant. Both of these were anticipated from the data gathered during the assessment phase.

6.9.4  Decision taken

Current discharges tead to environmental concentrations ~lose to the water quality standard
considered adequate to protect fish or other organisims in the estuary, and therefore respect the
Lnvironmental Capacity. No action was required, but additional discharge, if proposed, mighi need to
be restricted in order to ensure that the water guality standard woutd not be exceeded.

6,9.5 Monitoring and validation

Subsequent measurements of the concentrations in the estuary and adjacent waters cantinue to
show that the discharge does not exceed the water quality standard at any point in the estuary and is
therefore within the Environmental Capacity of the estuary.

This example illustrates how the potential impact of a discharge of a maderately conservative
taxic chlorinated organic compound was assessed. The most sensitive targets were considered to be
aquatic organisms. [t can be shown from an assessment of the likely intake by human consurmers of
PCP in fish or shellfish that, provided aquatic organisms are protected, man will not be at risk. The
discharge was allowed within the water quality standard implied by the need to protect aguatic life.
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Monitoring has confirmed that dilution and degradation do take place as predicted, and that the
discharge is within the defined Environmental Capacity.

6.10 Example Involving Abstraction, Use and Discharge of Cooling Water

6.10.1 Nature of proposed development

In a temperate climate zone, at the estuarine site of a small nuclear station (245 MWe} it was
proposed that an additional, larger, generating station stould be constructed. A decisian had to be
taken as to what size of plant and so what volume of cooling water would be acceptable, i.e. within
the Environmental Capacity of the receiving water.

Develoapment proposals were to site an additional two or four units, to a tatal generation
capacity of 1 300 MWe or 2 600 MWe, which wougd require five or ten times the present cooling water
volume to achieve the sarmme AT, approximately 8°C abgve ambient.

6,10.2 Collection of information

The present nuclear station began operation in 1962 and continues to generate more than 20
years later, The reactog-s {2) are gas-cooled with a once-through, water cooling system extracting
approximately 90 000 m~/h from the estuary. The intake/outfall works are located 350 m off shore,
separated by a 260 m barrier wall lying parailel to the shore. Intake velocities are lower than 0.3
m/s. Intake water is screened by a vertically-mopunted band screen. The temperature at the
discharge is approximately 8°C abave ambient (2.5 to 17.5°C) at full load.

Studies of a wide-ranging nature were initiated at the site in 1956, and continued through 1962
(commissioning of the first 'A' station) and into the 1980s. Over more than 25 years much
information was obtained, increasingly quantitative, on the physical, hydrological, chemical and
biological characteristics of the estuary, and planning was able to progress rapidly on the basis of
existing information.

Boundary conditions were evident from earlier work as well as identification/location of
targets to be protected. In the earlier development of 'A' station, the target of cancern was the
local oyster industry - spat was imported from elsewhere, to be grown and harvested within the
estuary. Changing economics led to this activity becoming relatively less important. Work following
commissioning of 'A' station failed to demonstrate any adverse effects, and the outfall structure
became colonized by oysters, as at other sites.

As with other nuclear sites, the discharge of radionuciides was carefully cantrolled so that
levels in marine organisms that might contribute te man's diet are well within the limits considered
safe. Consequently, man is not a potential target.

6.10.3 Potential impact assessment

At the time of the proposed new deveiopment, the critical component considered was the
safety of the local herring population. This could be at risk:

(a} by impingement of adult fish at the intake screens,
{b} by entrainment aof larvae in cooling water through the station,

(e} by higher-than-ambient plume temperatures affecting eggs and larval development
adversely.

These aspects are considered in turn, assuming that chlorination of coeling water would not be a
significant factor.

6.10.5.1 Risk of herring impingement

It is inevitable that abstraction of cooling water leads to removal of fish/weed/debris
suspended in that cooling water. This material is selectively removed by screens and as fish can
rarely be returned in good condition, they are usually disposed aof as trash. This catch varies with
locaticn of plant, size and design of the system used, especially the velocity of intake flow.
Measurement at a nearby plant suggests that the intake cateh might be about 5 kg/million m”. The
question was whether that intake cateh would affect the stock at the site being considered.
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Random sampling of screen catch at the existing station failed to find significant numbers of
herring, consistent with the evidence that adult fish would be able to counter the intake velocity of
0.3 m/s. At another station (1 300 MWe) on the open coast, the intake catch of herring (0.24 t/year)
was calculated to have an unmeasurable and negligible effect on the commercial fishery where catch
is limited by consideration of sustainable yield, i.e. within the cnvironmental capacity.

On the basis of this information, screen catch was judged to be an insignificant risk to the
herring stock, provided intake velocities were not increased.

6.10,3.2 Entrainment of larval herring

Water abstracted for cooling, then screened, still contains suspended small organisms which
are subject to rapid changes of temperature, pressure and turbulence, during the Lrief transit
through the condensers. While many phytoplankton, and some zooplankton, survive this process, it
was assumed that delicate ichthyoplankton would be killed or damaged. The risk to a loeal herring
stock then depends on the numbers of larvae entrained as a fraction of the total at risk, and the
consequent calculated effect on the adult {(breeding) stock. A research programme provided data to
predict mortality attributable to current power station operation, from which it was possible to
extrapolate to the ! 300 MWe and Z 600 MWe planned generation capacity, assuming other conditions
(intake velocity, location of intake} remained as at present.

it was calculated that over a development period of 70 days, 25% of the local population of
herring larvae were vulnerable to entrainment over the whole tidal cycle, and that they had no ability
te avoid the intake. About 1% of larvae/day would be lost. farval mortality fram all causes was
approximately 7%/day and that due to current power station operaticn (0.25%/day), was insufficient
to affect the adult stock population. f an additional ! 300 MWe station were constructed, total
mortality could rise to 7.5%/day, also insufficient to affect the population. A 2 600 MWe
development, however, was considered likely to have an adverse effect on the population since
rortality might rise to about 10%, and only five out of 1000 larvae might survive to post-
smetamorphosis. The Environmental Capacity might thus be exceeded.

The level of larval mortality could be decreased with increasing distance of the intakes from
the spawning area or by restricting generation during the spring spawning period.

6.10,3.3  Effects of thermal plume

Increased ambient temperatures within the estuary could affect the larval herring by (a)
increasing the rate of develepment ar (b) by changing supply/abundance of plankton food items.
Adult fish could also be affected (e.g. subtle changes in physiolagy or behaviour).

Surveys af plume dispersal carried out after commissioning of the 'A' station demonstrated the
limited extent of the 1% and 2°C isotherms near to the surface and close to the discharge. A small
increase (approximately 0.5°C) above pre-operational ambient levels was detected at positions about
2 km north and south of the discharge.

Benthic eommunities are unaffected by the surficial plume and the littoral community is
subjected to greater natural extremes of termperature during low tides. No effect on plankton
production was observed. Fish populations were not monitored but studies over ten years elsewhere
found no evidence of changed population age structure of an inshore species, suggesting no changes in
physiology or behaviour which might be reflected in reproductive success. The spawning herring
population became established during the operating period of the A station, confirming that present
plume temperatures were not detrimental.

6.10.4 Decision taken

On the basis of this evidence, plume effects of the present station are considered to be
insignificant. The possible impact of an additional station would be limited by the need to prevent
recirculation of heated discharge water. If this was predicted, the discharge location could be
changed, probably to a site outside the estuary, where dispersion and dilution would be substantially
increased.

Options considered for a future station were: Capacity: 1 300 MWe (2 units) or 2 600 MWe (4
units); cooling water volume: five or ten times the present volume; AT: approximately 8 C above
ambient, as at present; intake/discharge locations: to be decided on the basis of engineering and
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environmental considerations; intake screens: drum screens with/without fish return to estuary;
additional cooling options: cooling tawers, cooling lagoons eor spray systems are possible but would
increase cost of development. In the event a decision has not yet been made to go ahead with
construction of a second nuciear station at the site.

6.10.5 Monitering and validation

This step has not been taken since a decision is still awaited.

6.11 Example Invelving Chlorine Discharge

6.11.1 WNature of problem

At a nuclear power station an a bay, a chlorination plant was installed to provide a means for
control of expected macrofouling by common mussels in the coaiing water conduits. Dosage is by
liquid chlorine injection at the intake on a continuous regime. The concentration in the main cooling
water system is monitored or estimated at the condenser outlets. The cooling water discharge
outfalls lie a little offshore, about 1 km.

A second statior is Deing built, It will also chiarinate its cooling water, but an electrolytic
generation plant will be used to provide chlorine far both stations. This will provide a more precise
dosing system.

The Reguiatary Authority questioned whether the effect of cooling water abstraction, use, and
discharge would damage commercial fisheries in the bay {(Section 6.10). The Regulatory Authority
also expressed concern that residual chiorine might damage phytoplankton. There was also concern
that persistent organic derivatives of chlorine could accumulate in sediments and benthic organisms
and so0 be transferred to the human diet, where a carcinogenic risk of such compounds had been
recognized.

6.11.2 Collection of information

The preparations for the first nuclear station included extensive investigation of the
hydrography of the area. In addition, the bay had been the site of a feasibility study for a water
storage scheme, and the results of hydrological, chemical and biolagical studies published in the open
literature. The bay supports a commercial fishery, and catch statistics are available.

The first 'I' station is of 1 300 MWe capacity and requires cooling waters, 177 000 mjfh,
abstracted alongside and discharged approximately 1 km offshore. The discharge has a maximum AT
- 11°% higher than ambient and residual chlorine of 0.8 mg/} at the discharge point. A second 1 300
MWP development U[I' station) is under construction, and will require a similar volume of cooling
water ta meet the same &T limit.

Chlorine in sea water reacts toﬁdisplac_e bromine and a mix of Cl/Br species, many transient,
are formed. The majority decay to C} and Br , but same trihalomethanes are formed - an estimated
0.01 mqg/] in conditions prevalent at estuarine sites.

Some published information is available on the toxicity of chlorine residuals in marine
conditions. This has led to the choice by one national Authority of 18 pg/l residual chlorine as the
criterion to protect marine fauna.

Since the concentration of residuals in coastal waters was not well documented, being at the
limit of routine detection, work was set in hand to study the fate of residual chlorine to define the
area that might be affected by 0.2 mg/l total residual oxidant for $5% of time. This assumed that a
minimum dilution of twenty-fold would be achieved, through entrainment of sea water, on initial
discharge. :

6.11.3 Paotential impact assessment

Extensive site investigations as well as laboratory measurements of chlorine decay and desk
modelling was able to dermonstrate that both decay and dilution of residual chlurme in the discharge
were rapid. As a result, the 'Cl-plume' could be seen to lie within the 7O ~-plume' defined by AT =
UAOC, since Cl decay is faster than heat dissipation. With these considerations in mind, a limit of
0.2 mg/l at the point of discharge was agreed upon as acceptable by the various parties involved. The
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area likely to be affected by concentrations of 0.2 mg/l would coincide with the AT = 0.4°C
isotherm, but this was considered a conservative estimate. This would be only a minute fraction of
the bay area, and would be irrelevant for the overall ecological balance of the area, i.e. the
Environmental Capacity would not be exceeded.

The overall 8.2 mg/l limit at the discharge was thought to be attainable for 95% of the time
with controlled electrelytic dosing, althaugh possibly restrictive to occasional operations.

6.11.4 Decision taken

It was decided that a limiting 0.2 mg/! chlorine residual concentration in the discharge should
be achieved for routine operations, and this is expected to be met by the electrolytic chlorination
plant being installed in the dispersing conditions of the bay.

Should this tevel not be met in practice, other options are restricted, yet there is an evident
need for fouling control in this very productive estuary. Alternative biocide treatment has not been
demonstrated to be as effective, or as safe, as chlorination. The site is too small and restricted to
allow construction of additional holding ponds to pravide a further pericd for chlorine decay, nor
would it be possible to replace ence through cooling by spray ponds or cooting towers.

Should the level permitted exceed the Enviranmental Capacity, a more restrictive consent for
discharge might need to be neqgotiated.

6.11.52 Monitoring and validation

The progress of these studies is dependent on construction and commissioning progress, and
awaits installation of the electrolytic chlorination plant. If damage to ecosystem components can be
demonstrated, the only possible measures would seemn to be closer control of residual at even lower
concentrations, or seasonal limitation to protect, for example, fish spawning/hatching periods.
However, this searns unlikely.
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