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PREFACE

GESAMP, the Joint Group of Experts on the Scientific Aspects of Marine Pollution, was
established in 1969 and is today co-sponsored by the International Maritime Organization (IMO),
Food and Agriculture Organization of the United Nations (FAO), United MNations Educational,
Scientific and Cultural Organization (UNESCO), World Meteorological Organization (W40), World
Health Organizaton (WHO),International Atomic Energy Agency (IAEA), United Nations and United
Nations Environment Programme (UNEP). According to its present terms of reference, the functions
of GESAMP are:

~  to provide advice relating to the scientific aspects of marine pol]utionl/; and

_  to prepare periodic reviews of the state of the marine environment as regards marine pollution
and to identify problem areas requiring special attention.

Since its beginning GESAMP involved a large number of experts as members of GESAMP or GESAMP
Working Groups and produced, at the request of the sponsoring organizations, numerous reportSZ/

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, Italy, from 29 October to 9 November 1984 in Bangkok, Thailand, and from
23 to 27 September 1985 in Rome, Italy.

The following members participated in the preparation of the Report: Yves Adam, J. Michael
Bewers, Davide Calamari, Lisandro Chuecas, Antonio Cruzado, Wolfgang Erast, Edgardo D. Gomez,
Gwyneth D. Howells, Manuwadi Hungspreugs, Taku Kohanagi, Uri Marinov, Jean-Marie Martin, Edward P.
Myers, Heiner Naeve (Technical Secretary), Twesukdi Piyakarnchana, Teerayut Poopetch, John E.
Portmann (Rapporteur), Velimir Pravdic (Chairman), Alan Preston, Marco Antonio Retamal, Lothar
Riekert, Chaliah Satkunananthan, Anne E. Smith, Francisco Szekely (UNEP RS/PAC), Philip Tortell,
Herb L. 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 World Health Organization (WHO), the International Maritime
Organization (IM0), the International Atomic Energy Agency (IAEA) and the United MNations
Environment Programme (UNEP). The activities of the Working Group were organized by FAO, acting as
the “lead agency".

1/ GESAMP defined marine pollution as "introduction by man, directly or indirectly, of substances
or energy into the marine environment (including estuaries) resulting in such deleterious
effects as harm to living resources, hazards to human health, hindrance to marine activities
including fishing, impairment of quality for use of sea-water, and reduction of amenities.”

2/ V. Pravdic: GESAMP, The First Dozen Years. UNEP, 1981.
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EXECUTIVE SUMMARY

The aim of this Report is to provide guidelines 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 or
rate of an activity, such as the discharge of contaminants, without unacceptable impact. The
Environmental Capacity can be apportioned for various uses.

The Report proposes 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 modelling, guidelines for its systematic application, monitoring
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 introduction 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 before the plans are actually implemented. The procedure is often now known as
environmental impact assessment (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 GESAMP.

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

The methodology of assessment of Environmental Capacity as proposed in the Report, involves
critical pathway analysis for both conservative and non-conservative contaminants, establishment of
environmental and water quality objectives, criteria and standards. Faced with the inevitability of
several sources of uncertainty 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 movements. To have done so would simply
have duplicated material 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 opinon on any project. The
Report does, however, provide guidelines on how to utilize information to assess the overall impact of
the activity on the marine environment. Guidance is provided on those procedures wich are most
likely to ensure that the activity can be contained within the capacity of the marine environment to
receive 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 contaminant-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, more 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, both as a safeguard 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 based
on uniform emission standards, maximum allowable concentrations in effluents, 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. INTRODUCTION

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 socio-economic 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
assessment 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 on that environment and human
well-being dependent on it. '

Recognizing the importance of social, economic and political considerations in the ultimate
policy decisions, 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 sacial 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 dacument
describes the application of praobabilistic 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) To make a 'deterministic' assessment of permissible effluent 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 prbbabilistic assessment of the Environmental Capacity for the contami-
. nant, based on the techniques described in Section 3.4. This permits an explicit
weighing of risks associated 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 costs 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 pracess 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,
economic 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 society can be placed on land, in the atmaosphere 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, ather disposal options cannot
be ignored.



The disposal of wastes in the marine environment, even thase produced by the best available
technologies and after extensive treatment, may have an Impact on the marine ecosystem and
resources, human health, amenities and ather legitimate uses of the marine 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 harmonization with other aspects of environmental management.

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

2. PREMISSES, CONCEPTS 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 environment consequently has a finite capacity to accommodate wastes;
(3)  such capacity can be quantified.
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 objectives 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 pollution would be
deemed as acceptable from the scientific point of view.

The concentration (level) of a substance (or waste) at which deleterious effects on one of the
various components of the ecosystem or uses of the marine environment occur may be defined
through toxicological, epidemiolagical or other studies.

In some cases, that concentration (level) 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 to which the environment is able to
accommodate waste without unacceptable effects. One such term is Environmental Capacity. As
commonly used, and- certainly as used throughout this report, Environmental Capacity is-a property
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 evaparation, 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 into account processes which may lead to reaccumulation of the contaminant in
question and the possibility that the substance may be transformed into a more toxic compound (e.g.
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 environment to assimilate a waste or activity must recognize 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
implied by the restrictions of the scientifically-defined Environmental Capacity is judged to be too
high, e.g. a factory cannot be built, with consequent massive unemployment, the social decision



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

2.3 Recovery of Polluted Ecosystems

Although pollution 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 alterec
state. In cases where serious pollution has occurred, identification of the cause and the resulting
remedial action, which only rarely has necessitated total cessation of the input, has resulted ir
recavery of the affected environment.

It 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 remedies if an accident
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 METi-iODOLOGY 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
environment and associated social and economic penalties.

The methodology 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
loop. The scheme recognizes scientific and socio-economic 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 involvement in influencing socio-economic feasibility decisions.

. In the planning loop, socio-econaomic goals trigger an activity. Scientific assessment is needed
in the identification of available present and future resources. The process also requires initial
consideration of alternative options.

In the next stage the essence of the assessment process is to translate the defined
environmental quality objectives (EQQO) 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 most
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 monitoring and adaptation loop. Monitoring
provides a test of whether the Environmental Capacity is (i) balanced, thus allowing the project to
become 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, allowed inputs may be increased,
but anly with caution and relying on long time series monitoring data.



3.1.1 Removal/reduction of contaminant levels by effluent treatment

From a purely technical standpoint it is possible 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 required. ‘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 removal of the substance in question, reqardless of costs. If economic factors are taken
into consideration the level 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 mast 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 question 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 all seek to reduce the potential impact of
contaminants on the marine environment by reducing the input of wastes. Because such limits are
based purely on praticable 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 monitor, and they do not
require detailed investigation of environmental variables, which inevitably vary from site to site.

It must be recognized that these approaches to environmental protection may require costly
technology to be used, because they do not take account of the extent to which the environment can
assimilate wastes. Consequently, although effluent treatment (whether BAT or BPMA) may reduce
pollutant levels in effluents, pollution may not be avoided. Thus, for example, the discharge from an
extremely large plant ‘may cause pollution, 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 quite
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 ta ensure that pollution does not
occur and takes Environmental Capacity into account, involves the adoption 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 aquatic and human life, the more stringent of
the two usually being applied. The use of water quality criteria within an overall environmental
quality objective framewaork 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 accommodate uncertainties, e.g. that other species may be mare 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 aquatic environment would be expected under normal
conditions to protect aquatic 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 human heaith is not at risk thraugh use of the water
for drinking purposes, for swimming or other recreational purposes, or through utilization 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 involving seafood consumption, they will be those who habituaily eat large amounts of sea
food. Values are usually set on the basis of the habits of an average member of the most 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 irrigation and that
pratection 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 purpases

- abstraction of water for induslxtrial purpaoses

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

- an environment which is aesthetically pleasing

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

- an enviranment which supports an exceptionally rich, productive, diverse or rare population
of aquatic life.

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

The main advantage of the water quality objectives approach is that standards can be set
according to the particular uses of the environment. It 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 ta use and characteristics of the area into
which each discharge is to be made. Discharge limits may be mare relaxed than would be required
under the best practical technology type approaches. However, discharge limits would normally be
set to ensure that the water quality 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 nat followed
for the earlier plants. Also, for political reasons, the same water quality criteria could be adopted
for all water bodies of a country, 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 national 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.
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- .envimnment,al fate
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2] (Charactaristica of the conteminant

The rmiost stgnificant charecteristic of the contamingst iy ks tosicnlcylead propertice. The
acicntific bazis for waloer |_|r_;|]_l;|,|l.||.'|.|| vametral |'::1_|_q||:'|t|1'm:‘: |z the definition of wat=r qunlity sy remseala.
Depending o the intended wse of the watcr, humen oiillestion smb oygoatic life erc the most
dcmandi.rjq uacs., NU1uugh il UJ(.'-]T"F:IJ,!,‘.!: l'lljl.'led i the fnilnwing pactions refec Ba Froslaeatore
cxperience, the sonwe aprosches heve been usad for coaslal end marine walors, tor cxampla by S04
in Lhe United Stales ol America (LS. EPA, 1280) and by the Eurapean Comncunibiss.

Tha criteria are definesd by teviewlny] aveilable scientific information end ecitically defining a
Hradt. Ant ra he excocded.  This procedure can e applied wly e ocoughly sbodied, swesli-kruwen
substancas but, at least in [resh wakers, 163 usefulness has been clearly demoratreted.  According to
FiF AL (1944), orikeria for fredhwarer fish should satizfy tha foflowing necds:

“Weter qualily orileria €or freshwatar fish should ideally poecmil all stuges in the life oyclos ta
be succesfully completed and, in eddition, should el prodos: ceolitiong e o civer whizh
would either tainl the Tlesh of Wuz Tist or 1zse ERen to Avald & stretch of rives watear whare
thay wauld olherwise ke present, or glve rise to sccumutstion of delotorious substances in fizh
Lo sucde 8 degres U, ey are pakentially haemful when consumad.  Indirect tactors like those
affeizting fizh-food arganizme must also be considered, shoubd thess prove to be Lapostant’-

Each tazizant iz ysneally reviawed on the beslis of its chomlstry o watar, subjethal offecks on
figh, type of towic oelion, Tactors whieh bfluence [ethal levels, and then field ohzarvatione in palloted
waters, dala reyurding toxlclty on algee and invortebralos.  Jomialive geedily criterizs lor agualic
life nre subsequently publisicd. In Lhes coses where validation bas been possible, the resality were
canslilent.,

Wi data are scarne, several ather spproachoes ave Boelplul, cepoding on Wie Lype of
infor mation availavle. | or esample, b the EL5A. the maximum eceeptebls toxicent cancentration
IMATC) {Mounl aed ShupFuzig 1367} in evperimneataily detarmimed as that concentrasion which slows
far the fyll Jif: cycle of terget organisme, usually fish, to Be cumpleled successfully ffrom enn bc
aggl.  Annther way to ldentify a non—dangerag conenl rotim is the e eteeceed effect ievel (NOELD
approach which is used where 2 few eangistent data are eveilable, incloding some long-itorm
anposgres, but where full toxicity information iz lacking. 0 smne ciosenslances, a numbice ol aeeade
taxicity tastz bawe been completed at various levels of biologicel orgenizetion.  These pravide b
tasis for evaivalion of ecnrasimalngicnl characterictice of e substanoe in guoslion by mcans of an
inbegented sotiag syetem QR5) {(Weber, 1Y Calamari ot al., 178U, 198% Sehinidl- Blv:-k et al., 19820
This method invalves the awmmedion ol cigicisal aad Linmistent tadiralninag® Meones" '.W' wh ch thie
substance can be ranked seonyg Othes with knowa praperties. [n the case of necessicy, therelore,
thils methed allows tentabive water quality critoria bo be dorivesd lrom Uae fow Jala evaitalsdoe, wn the
basiz af analogy.

A, e aprrarh when dats 8ra scarce, and thece is uncectainty, @5 the oge of an applicalicie
factor mF} {I_l:;'!,rql. _'I_E‘TS‘J. Thig may = uznk Lo bronfurne shoart -Feeren 10050 dada oo ofmonic toxicihy
datr svailahle for a Hmited aumbor ol spoecies ity a corenteation which should pratect cither also
ather specics ur =il development stagae of those apecies it i3 deaired Lo proleci. Whilst the uze af an
apglicalion fattir may  appear  arbitrary, the concopl is bussd o experience gained (oo
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toxicological studies of a wide variety of substance, verified by field experience, and s thus soundly
empirically 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 multiplied by
the application factor. Application factors should be used with care and the appropriate value is
best judged by experienced toxicologists. Values less than 0.01 may be advisable in certain
circumstances.

A further factor may also be needed to take account of different patterns of response so as to
provide additional 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 but 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, could be regarded as a more sensitive system requiring
a lower application factor. In the absence of evidence to the contrary, curve (E) should 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 accur. 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 mast of the available data relate to freshwater
organisms and very few to marine organisms, as a first approximation 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 EIFAC Working Party concluded that
for the common pollutants, 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 EIFAC Working Party acknowledges that for mixtures of certain arganic compounds
which have a well defined common quantitative structure-related activity (QSAR), the combined
toxic action is additive at all concentrations. 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.q.
EPA in the U.S.A.) ask for 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 more than two-fold in
order to take joint action into account. '

In the case of accumulative substances, control of the concentration 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 organisms
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-octanol/water (Neely et al., 1974).
This has alsa been shown to apply to marine organisms (Ernst, 1980). In some instances, where
biodegradation occurs, the BCF derived from physico-chemical properties may be toc 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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The response to increasing concentration of a contaminant may be represented by curve
(D) or curve (E). The latter would be that for a more sensitive target
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3.2.2 Clasafication of pnllutmfs

“ewveral suthors have attempred tn clemily pollutankts by 8 wariety of symiemas [zee, for
instlce, Paye, 1965 Morel and Schiff, 196% LS, ERA, 1904).  Meathodolugics could procesd alung
nne of bwa pathways or pessibly simultanemrsly: (8] 8 whole effluent appreach, and {li} & chemica) -
apecific approach. The sinblFameous spplicetion of both eppeoaches migtil be needed wheea (o) iz
appropriate fac the lmput and {b} iy arwre wppropriste fod cectain contaminants contaioed in Hhe
digchurge. The cheice of the wnst oppropriste pathway can ba rade by identifying the clagses of
CONtetnAnts in bl alisohargo.

Wastewater rontamuints can be divided into four clagess necurding to Mage (§931);

Clazs 1 - nutrients and ssilural organic materials in tha form of suspended eoltds, arnoka and
offesr valyral oxygen-demanding ematerials.  These sudecriate naturally cycle tirgugh eco-
ayatems in lerge guontities. Heat dizchonges would Fall into this calegory.

Clas: I - pathoqans:  bacteria and yiruses,

Class IT ~ heavy metuls apch as lead ainf calmium in grester concentratione: 1mn Bpeear in
natutad systerns.

Class [V - toule chernicals whichy by allecling the genetic code [ganobaxic) may Cause
carcinogenic, mutegenic and bersboyenic {SMT) effects snd dissases. kany aynthetlc orgznics:
and radioactive rmalesials Fall into this glags,

I genaral, tha enwironmnntal uncertainty increassz from Class Lo Class IV This iz due o &
groaker knowledge tegarding the earliv: «|sesres and relatively less knowladge regurding Class Ty,

Fage's classification inclides o ronge of comstifucnt clezses, covermg the spectrom from
{traditional] constituants which lave heen part of the evolutionacy expuricnce to the aon-tragitional
which have not, Thesc alz:a reflact different poroeptians of envlronmaontal hazards.  1he former have
beer: sccommpdated by marine systoms throughout history, Lot are nnw being =dded in emounts
sacceding the rate at which they can be socormemodated inosame sltuations.  The fatber are relatively
new and rmay nat have blogeocthemnical eystens that can accommodste Biem without sdverso s ffectsa.

Mare! and 5chiff {1383} proposed & general framewark for izicderslanding €he anvironmeantal
pathways of organic compounds that should prove wseful in sszezaing  envicenmental threal in
classifying them primarily on reactivity or persistance tinme, wlWough the classlfleation 0 - eashly
degradalic, 1l - moderataly resistant and [N — very cesislont to deqradet(on) does not par &r Jmply
rizk. If persistence is couplad with tuxbeily or biosecumolation, the risk will genecally increase from
Close 1 tg Claszs 1L

It 15 porheps worth noting that lor treditiensl coutaminerta thers iz a good dater hase.
Concequantly, the wiber epralily standsrds have been doveloped and frosled on the hasls of ExpATIENCS
and have been demancbrated to be edequate.  For othor coatasinants a calculathes ef the
Lrviroremental Capavidy and an evaluarlon of risk within the context of Derision Anelyzia (Section
%4) wauld be approprlate,

5ED Frawleanmentzl distribotion

¥orowladge of otk B environmental and discharge chernctberistics iz necess ary in tracing the
possible distribulion of 5 conbapinoat from saunce bto ecosysten.  Some wslooRle |nformation
regard |y tle beheviour of @ chemloal roleased into e envicsnment can be obtained threnghy study of
blogeochemical proceazes.  Howeser, o vases where onby limited snvieomoenlal data are availabile,
the physicn-chernlesl properties of the substuwe, inciuding partition coefficients Tar the aquillbrlom
distefbustion batween phames, oo valusble in predicting itz probBable belavioor.  In particutar, thoze
environwnental components in which the substanoe g likely to accumulate aod Whiose expoeure
pathways which will |wabebly be the most lmpartant can b identifad.

Cver the lest few years, it has become possibie bo sstsblizh e dograa of affinity aof chamicels
b tie fsndamental envirenmental conpertments fwater, alr, aoli, bioted on the bLasia of far physico-
chemical proparties: S - waber solubility; H - fdency canstanly Kip} - enil absocption coetficients
Kipw) - n-ontanolfwater partition eoefficient.  The valucs for these pararmters can hoth be
meaaured experhnentally or celculated by mmena of progierty-property corralstion equations (Kenega
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and Goring, 1980). On the basis of these simple approaches, more complex 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 maodels based
on the same principles 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 gradients
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 aof physical
processes will be found in subsection 3.2.5.

3.2.4 Environmental 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 removed from the marine
environment 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.

Other substances, particularly some of the synthetically-produced organic chemicals méy not
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
environmental fate; however, some information is available. For further details, reference may be
made to Haque (1980), Ernst (1984) and Hutzinger (1986, 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, 1979,
1981) and in the application of laboratory 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
apprapriate control measures are not applied (Figure 4).

Biological processes in various components of an ecosystem may hinder or enhance the
mobility of contaminants, thus influencing the size of the impacted area. Metabolism in organisms
plays a minor role in the transformation of environmental contaminants. In the water column,
primary production or bacteriological oxidation-reduction may enhance the removal or degradation of
contaminants. Likewise, 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 and/or
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 determination 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 well as their time and space variability makes the definition of boundaries difficult.
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(Forom Ernst, 1980; reproduced by kind permission of the Biologische Anstalt Helgoland.
©1980)

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 most amenable to definition of boundaries of the impacted ecosystem. In its simplest
. form, it can be modelled as a lake.

(2) A semi-enclosed type (e.g. 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 long-shore 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 hydrodynamic 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 cycles. Intermittent releases 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 ecosystem (mean residual current velocity, temperature, density and salinity, biological
activity) are subject ta diurnal, seasonal and annual fluctuatlons.

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
annual outflow.

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 seasanal 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
required.

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

- geochemical processes such as precipitation, dissalution, 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 organic contaminants.

3.2.6 On the calculation of Environmental Capacity

The Environmental Capacity of an ecosystem can be calculated using the information listed
above. 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
progressively 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/s or kgfs). It is important to distinguish these two different quantities.

Simple mass balance madels such as those using the mean residence time concept may provide
a good insight, although mare complex models may have to be applied if a greater degree of accuracy
is required. Numerical andf/or 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 would 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 a 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 seasonal distribution of these. compounds reflects lake circulation and
is compatible with the assumption from laboratory studies that mass transfer to atmosphere is the
principal elimination process. A mass balance has been established and an average residence time
found fPr the chemicals. By applying a single box, steady-state model, a mass transfer coefficient
has been obtained. However, the madel used was somewhat conservative because the value obtained
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was smaller by more than an order of magnitude than those found typically in the laboratory, and for
the aopen ocean.

Using this approach as an initial step and allowing for and considering possible limitations,
similar calculations can be made for other, nan-conservative, molecules.

More complex models based on the same principles are 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, battom 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. Equations 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
distribution in the sea. When applied to Northern Adriatic coastal waters, the calculated chlorophyll
concentrations show good agreement with experimental data. Then, different possibilities of
reduction of phosphorus loading 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 under 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 conducted 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
quantity or rate of discharge of a particular radicisaotope which can be discharged to a particular
environment (Slansky, 1971; IAEA, 1978).

For a radienuclide, it can usually be assumed that man is likely to be the critical target. Steps
are then taken to establish expasure 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
account of existing demographic situations, including those human habits leading to exposure. For
such calculations dose limits have been established by the International Commission on Radiological
Protection (ICRP). Discharge limits corresponding to those dose limits can be determined on the
basis of models. However, in radiological protection there is alsa a requirement that doses are as
low as reasonably 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 technological improvements and by chaice
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 U.K. in regulating the discharge of mercury to its
coastal waters (Preston and Portmann, 1981).

The application of the CPA type of approach to pollutant classes other than radionuclides may
call for some madification of these procedures. A single target (e.g. 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 condition
is, indeed, likely to be the reality at sites of coastal development where there are usually discharges
from energy generation, sewage 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
unidirectional sequence of steps is shown. Various feedback loops can be superimposed to allow for
regulatory contral, the results of environmental surveillance of monitoring undertaken to assure the
validity of prediction, or revision of standards in the light of new information. Other targets to be
protected are sensitive and commercially important species, rare and endangered species or
communities. It should also be assured that important biological processes such as photosynthesis
(primary production) or 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 soive all the identified difficulties or to fill 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 project nonetheless is to
proceed, ather methods (e.g. BPMA, Section 3.1.1) may still be applied.

_ The approach 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, littoral 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-radioactive 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 demand costly and/or ineffective controis or alternatives, even where risk is low. In 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 Environmental 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 traditional
approach but it has been applied to radioactive discharges and is beginning to be applied to other
environmental situations. For this reason, it is briefly outlined here.

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

The decision rule in the case of application of probabilistic 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 resulting 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 division is not necessarily one of confrontation, but rather one 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
system. With these established, the process enters the deterministic phase (first box in Figure 8). The
first step is a socio-economic value madel, often based on techniques such as the cost/benefit
analysis (CBA), or, in cases where only madifications or expansion of an existing production unit is
considered, the techniques of cost/effectiveness analysis (CEA). The socio-economic value model is
then combined with the results of preliminary environmental 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
some effort at review and refinement before completion, for the socio-economic value models are
most complete and most useful when they incorporate valuations of likely physical effects identified
in the scientific environmental studies.

The preliminary decision involves 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 to assess the dose/response 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, one 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
possible values. Such an approach is necessarily based on information gathering and similarity
analysis. It can be based on interviews (Spetzler and Stae! 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 technological
options, one enters the decision model of site selection. In addition, if the sensitivity analysis has
indicated 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. Thisis
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 quality 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 technology which is indicated as necessary to avoid excessive risk is too
expensive or unavailable, then the policy maker must reconsider the socio-economic goals and
alternative marine uses. If this does not 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 to 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. If the
sacial 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 development, 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 of 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
surrounds the location of the true value induces subjective opinions which effectively create a density
function for the true value'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.

3.5 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 terminology, 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 fram 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, remate 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 overall context. Summaries of
information and data, evaluation of risks, identification of hazards and assessment of impact, can all
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
methad used, the aim is to provide a cumulative, comprehensive picture without the need for a
decision-maker to refer to different sources ar sets of data.

4. VERIFICATION OF THE ASSESSMENT MADE
AND ENVIRONMENTAL QUALITY 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 model
used. Thus, monitoring 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 or some
other target. Three monitoring requirements will need to be fulfilled:

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

- measurement of the rate of input to the enviranment,

- 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 introductions of the cantaminant in question have
already taken place either naturally or from man's activities. It may occasionally be possible 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
biological 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 organisms will
usually be expressed as a concentration in water but it will be more practicable to measure the
pesticide in the tissue of the organism concerned or in its food.  Such monitoring requires the
definition of secondary standards. Once the prirﬁary standard and expaosure 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
monitoring will also be necessary in order to 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
aobserve the discharge limits.

The pursuit of environmental 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 temporal 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 to 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 programmes should therefore be planned on an appropriate time scale. Other
developments may take place in the general vicinity of that which was first considered 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 control measures considered necessary. In some cases it may
even reveal a new, mare 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 guidelines are intended to assist scientists wha have been given the task of determining
the potential impact of discharges into the marine environment from a particular industrial
development or other human activity. Other specialists will also be assigned parallel tasks in order
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).
Some guidance 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, ete. 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.

(2) 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 com-
mercial resources, etc. - should be categorized and potential conflicts identified.

(4) The timescale of proposed developments should be charted, together with expected
changes in interacting activities.

(5) At this stage, existing regulatory constraints should also be identified and negotiation
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 into account. If an urgent response is called for, recourse can be made to accounts of similar
problems elsewhere (see, for instance, WHO/UNEP, 1982 and WHO, 1982).

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

- nutrients,

- persistent arganic materials (including halogenated organics),
- radionuclides,

- metals and other inorganic materials,

- particulate materials,

- pathogenic micro-organisms or nuisance organisms,

- energy (heated effluents or radiation),

- petroleum hydracarbons and petrochemicals.

The literature should be reviewed for pertinent toxicity data. If data are not 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, including sites
outside 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 geology: 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) Biology: rare and endangered species; species diversity and habitats; population
structure and trophic interrelationships; biomass, productivity, biochemical constituents
and essential processes.

(6) Human values and uses: fishing; aquaculture, transport and communications; sand or
gravel 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 Potential 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 environmental boundaries: based on environmental characteristics, hydrodynamics,
existing uses; properties of contaminants, biogeochemical processes, kinetic parameters.

5.3.2 ldentification of targets
Consider protection of possible targets at risk: human population, habitat, food, livelihood,
well-being, quality of life; plankton, intertidal species, shellfish, benthos, pelagic or demersal fish,
marine birds, marine mammals, marine reptiles; eqg, 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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5.5 Monitoring, 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 results 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,
of 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
components.

(3) Sample identified targets within the expected exposure 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 significan't 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 alone or in conjunction with the identified effects. This
may be done by further reference to toxicological studies, by field or laboratory bioassay
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) Toa 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 recoloniZation 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 ta monitor compliance with agreed criteria
for protection of the target.

If 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 periods),
limiting the volume of discharge, reducing pollutant concentrations (e.g. by pretreatment or by
changed operations), or by changed autfall design or location. In extreme cases the activity may
need to cease altogether at that site, if its consequences are considered unacceptable and cannot be
abated.

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 monitoring 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 technologies, refinements in earlier assumptions, confirmation/refutation of initial impact
assessment and revision in requlatory procedures.

Contingency plans should be farmulated; 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 not arise when wastes are disposed
of to the marine environment. Section 5 provides Guidelines for the Scientific Assessment of the
Impact of Poliutants 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 more detail of pracedures is given. ’

Every step or topic does 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 5.2. 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
impaossible 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. Unless a certain minimum data set is available, no assessment
can be made, but clearly the more data there are the better will be the assessment. Without high
precision over-protection will result and it will not be possible to achieve a properly optimized
decision.

All but one of the case studies given here relate to real situations. It will be noted that all
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 already practicable 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 from
these that highly sophisticated procedures do not always have to be used in order to achieve useful
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 also illustrate the point that
Environmental 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 occur at some point in time.

It must be emphasized that the examples are provided only as illustrations of the applicability
of the approach. Because the approach adopted is site-specific, readers must not attempt to apply
the same procedures in an identical way to similar effluents, To do so would be to 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 on 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 compaosition 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.

Similar information has been compiled in a manual entitled Waste Discharge into the Marine
Environment, 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 information 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 a particular system is a technique which is now widely used. For example, in
the framework of the Toxic Substances Control Act in the U.S.A. and the Directive on Dangerous
Substances in the EEC countries, a number of simple techniques have been proposed for modelling the
fate of chemicals in the environment. These models have been demonstrated 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
of the National Research Council of Canada (NRCC, 1981).

6.1 A Theoretical Model Applicable to Degradable Substances

The initial conceptual model of various possible interactions of an organic chemical 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 other of the
dissipating mechanisms 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

v

chemical in the water | ———————> output

input

N

relevant elimination
processes

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

afe] _
o - Xiel

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

(e, = (Rl - e

where F’0 is the initial pollutant 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

ecosystem (from Neely, 1980). Reproduced with kind permission of Marcel Dekker
Inc., New York. (©) 1980

By looking at the biclogical properties of the product P, one can define an acceptable
concentration.  Alternatively, where water quality criteria have been established for the use in
question, these may be used directly. Then by reference to the literature 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 total 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 diminution in time
of bacterial numbers as a result of dispersion. The equation for the description of the phenomenon
is the same as before

Nt =N_- e..Kt,
aQ

where N is the number of bacteria. A further develapment 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 impartant parameters of dispersion of microbiclogical
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 Involving Multiple Coastal Area Development

6.2.1 Nature of project

The town of Futura and the Istand of Hope (Figure 10) in the Bay of Futura were chosen as an
area for the development of industry. The Project called for the establishment of an oil port, a
refinery, a petrochemical complex, a power plant, and expansion of general cargo port facilities. The
town had 150 000 inhabitants with manufacturing industries, shipyards, an iron-ore port and cokery
already operating in the Bay of Iron. The town of Futura has good access to the inland region
(railroad, highways) and has traditionally been an arrival point for the tourists visiting the nearby
resort of of Newtown. Also, fisheries, mostly small scale and recreational, have been traditional in
the Bay of Futura. Major commercial resources were shrimps {Nephrops norvegicus) and mussels
(Mytilus galloprovincialis).

6.2.2 Collection of infarmation
The size of the plants and technology proposed are outlined below (for locations see Figure 10).

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

Qil port; petrochemical complex: Proposed: 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; petrochemicals: 200 kt/year of chlorinated monomer (vinyl chloride monomer, VCM).
Transhipment of liquified VCM to plants overseas.

Technological options:  Standard technologies of refining adaptable to crude oil of different
origins, including hydrodesulfurization 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; construction
materials (cement, steel).

Potential poliutants: The following were identified:

- petroleum hydrocarbons, largely non-volatile;

- chlorinated hydrocarbons;

- phenals;

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

- sewage and associated pathogenic bacteria.

Interaction of contaminants with the environment and components 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 petroleum hydrocarbons and 1 000 days for chlorinated hydrocarbons and
phenols. The mean residence times for the metals were estimated to range from 60 days for lead and
particulate iron oxides to 6 000 days for mercury.

Standards adopted: In the preserit 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 to be achieved at any point within 5 km of a point source of
contaminants, i.e. roughly along the broken line in Figure 10 from Point Pleasant to Monastery Cove.
The following values, based on international criteria, were used:
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. Water Quality Standards (mg/1)
Contaminant Cateqory I Category It
Crude oit 0.05 1
Suspended matter 10 20
Low molecular weight
chlarinated hydrocarbons
e.g. dichlorohexane 0.02 0.2
trichloroethylene 0.5 10
tetrachloropentane 0.005 2
Phenol 0.001 0.3
Lead 0.05 : 0.1
Mercury 0.001 0.001
' Zinc - 0.2 . 1.0
Copper 0.01 0.1

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

Of the various 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  Potential 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 9
area 450 km

The upper 15 m of the water colugnn are well mixeg and the total volume of this layer is 6.8 kmj. The
total volume of ghe bay is 32 km”, of which 7 km~ are poorly mixed pockets in the NW part of the
bay, and 18 km~” are the bottom layer below the average thermocline, 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 of Shrimp and out through the Bay of Hope. These mavements
are found in the three wet seasons but are reversed in the summer. There are also minor diurnal
oscillations, a small tidal influence and occasional 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 pstrochemical complex, and in the middle of the Bay- of
Futura. The average size of suspended particles, their composition, ion exchange and adsorption
properties, and adsorption capacity for oil, heavy metals and chlorinated hydrocarbons were
measured. Estimates of distribution were made for the part of the Bay, N and NE of the lines
connecting Monastery gove, in the NW part of the Bay, to the Point 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
depaosit of 3 300 tonnes.

N (| TOWN OF FUTURA

V4 { 4‘ \“\\ 1N FUTURA RIVER
/sm;,rfr 3 “"!!‘

dustrial zone é”
. N
Monastery cov AN % BAY OF IRON /.&
Refinery Q) A

N BAY OF ‘- ,ffgﬂlﬁ“
55 \EPTURA

S

Bay bridge

ISLAND OF
_HOPE

SHRIMP ISLAND

10 km
B

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 trggsport. For low molecular weight chlorinated hydrocarbons the
sediments' adsorbing capacity is 107 g/q.

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 concentration/water concentration =
10). To allow for possible further concentration in the food chain, e.g. by shrimp, an additional
factor of 10 was assumed. Consumption of shrimp by the most expased group of population (critical
group) was estimated to be 2 kg/month.  Although this approach included crude approximations, the
actual conditions in the area validated the assumptions.

6.2.3.4 Calculation of Environmental Capacity

A single box madel 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 produce VCM at a rated capacity of 200 000 t/year or
600 t/day with waste praducts comprising 3% of low molecular weight chiorinated 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 pg/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

. Surface waters: 6.8 km}
water in

(0.6 ng/1)

s water out
(5 pug/l)

v

Residence time: 50 days

J

Sink: sediments

As a basis of these calculations, a throughput of surface waters of 6.8 km}/50 days (0.136 km3/day)
was used.

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

Degradation by chemical or biochemical processes was considered to be negligible. Hawever,
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 10~ ng/g, 30 kg/day of the material would be
removed. Thus the total Environmental Capacity can be raised to 630 kg/day. It was assumed 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 hydrocarbans might alsa be produced, and that stricter standards apply for these
substances. Calculations showed that, if the tetrachloropentane limit was obseryed, 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 ocecur, the actual allowable 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 ca)ncentration in the receivingjwater, then the effluent throughput would be
210/500 x 1077 = 4 x 10° m~/day, or approximately 5 m”/sec.

At the stated capacity and efficiency of VCM synthesis, 18 t/day of waste chlorinated
hydrocarbons 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 Environmental Capacity.

6.2.5. Monitoring and validation

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

6.3 Example Involving a Detergent Additive

6.3.1 Nature of 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 region considered, consumption of detergents
was 31.4 gergent of national consumption, viz 28839 t XYZ/year. The flow ofd:h%river at the mouth
is 1.54 10°m~ /day (mean) with minimum 0.45 10°m”/day 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 chosen.

The three issues of concern were:

- mobilization of heavy metals from sediments, at concentrations greater than 200 y1g/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 than 5 pg/i.

Environmental concentrations of surfactants (LAS) associated with XYZ 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 Potential impact assessment

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

Mean flow Min. flow Max.flow % biodegradation
50 _ 172 16 0
Predicted concentration 25 86 8 50
(ug/) 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 uze is discharged via treatment plants, viz 1 415 tonnes/year. For 90
percent efficiency of treatment, 1 556 tonnes/year are discharggd to the river, while for 50 percent
efficiency 2 122 tonnes are discharged. Repeating the abave calgulation for each case:
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Mean flow Min. flow Max. flow
95
Concentration (pg/1) 28
40 129 12

This assumes no biodegradation; if biodegradation in the river was also included, using the constant K
= 0.3/day, and the equation:
c =c et
o
revised values in pg/l in case of mean flow became 6 and 9 (after five days) or 21 and 30 (after one
day) for treatment efficiencies of 90 percent and 50 percent respectively.

Similar calculations could be made for any other section of the river, incorporating
appropriate values for load, flow and velocity of 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 for surfactants (LAS), for which the load
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 madel, thus validating the approach
taken.

6.3.4 Decision taken

With regard to mobilization of heavy metals and protection of aquatic 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 pg/l would
occur 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 Environmental 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 conditions.

6.4 Example Involving Sewage Disposal

6.4.1 Nature of problem

Sewage is perhaps the most common of all poliutants 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 chasen 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 Collection of information

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

Investigations, using current meters, floats and dye releases, showed that in order to avoid
micrebial contamination of beaches under all but storm conditions (when the need to pratect 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/1
80D 240 mg/l
Ammonia S mg/!
Cadmium 0.01 mg/l
Mercury 0.001 mgq/l
Copper 0.06 mg/1
Lead 0.05 mg/i
Zinc 0.40 mg/1
Chromium 0.10 mg/1
Dry Weather Flow 300 1/sec

6.4.3 Potential impact assessment

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

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

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

- interference with fishing activities

- damage to fish or shellfish habitats.

Microbial contamination of fish or shellfish by sewage is only important if they are eaten raw
or lightly cooked: in practice in the area affected only bivalve molluscs come into this category. 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
problem. 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. It 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 consequence of
their accumulating substances such as heavy metals. All the predicted environmental concentrations
arising from the quantity of sewage to be discharged were well within the environmental, quality
criteria, and therefore within the Environmental Capacity, e.g. copper 0.06 pgfl, zinc 0.4 ug/l
compared to environmental quality criteria of 5 ug/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 long sea outfalls elsewhere suggests that even bottom-
trawling can be practised over 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 long-lining 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 a 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 not be resuspended, leading to accumulation in the longer term. They also indicated that
some settlement of lighter organic particulates derived from sewage might occur in exceptionally
quiescent conditions, but that these would be resuspended and dispersed repeatedly by storm or strong
swell conditions which are common in the area. These materials would eventually decompose
completely and leave no trace in the receiving environment. : - -
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6.4.4 Decision taken

An examination of the options showed that a short outfall with full tertiary treatment of the
effluent would not 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 long sea outfall. .

Partly because of the costs involved in constructing a long sea outfall, the requlatory 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 buiit-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 therefare decided that the sewage should be given primary settlement to remove grit
and be passed through fine screens to break up suspended particles. The grit and larger sewage
particles were to be disposed of on 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 operational and monitoring is being undertaken to’confirm the prediction
that the discharge would have no detectable effect on the suspended solids content of the water, on
dissolved oxygen concentrations, on lobster or crab habitat and no significant effect on levels of
metals and other bioaccumulatable substances in fish, crabs, lobsters 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.g., 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
shelifish 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 controlled. In 1971 a
survey of the mercury content of fish caught at various locations in a European country revealed a
number of areas in which the fish tissue concentrations were well above thase 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 to 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 contained mercury levels of about 0.45 mg/kg of mercury in their edible tissue.

The main sources of mercury to 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 provisional 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
limit being exceeded. Thus, although fish were not themselves at risk, there was a potential hazard
to those people who ate more than the normal amaunt of fish (average for the country less than 120 g
week).

Table I

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

1971 1976 1978 1980 1982 1983
Sewage effluents 6.8 1.7 1.7 1.7 1.7 1.7
River and main tributaries 0.35 0.35 0.35 0.35 0.35 0.35
Other water courses 0.20 0.20 0.20 0.20 0.20 0.20
Dumping (mainly sewage 18.0 3.6 3.8 7.1 . L1
sludge)
Total 25.4 5.9 6.1 9.4 4.8 3.4

Examination of the basis of the FAO/WHO 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 pug/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 FAO/WHQ and
that if a limit of 0.3 mg/kg was set for fish the mercury concentration in the blood of consumers
woauld not exceed about 2.6 1g/100 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.
No attempt was made to 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
therefore the excess above that must be due to the unusual inputs. It was estimated on a simple pro-
rata bagis 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
10 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 been 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 Monitoring and validation
Monitoring was undertaken which allowed the validity of the crude model used to be tested. In

fact, the data in Table III indicate that the model was conservative, no doubt due to the over-
simplistic assumptions made. )
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Table It

Concentrations of mercury in fish (mg/kq)

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 0.11 0.12

Monitoring 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 duplicate 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 ar close to the site of use. There have also been cases of adverse effects close to the site
of 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, among them fishing
effort, predation of shrimps, unusual numbers of certain fish species, e.g. cod, and temperature
cycles. However, possible pollution sources in the area included effluents from a number of
factories, one of which manufactured an organaphosphorus pesticide, which was known to be highly
toxic to crustacea and species of shrimp in particular. It was considered very likely that the
discharge was at least a significant contributor to the decline of the shrimp fishery. Remedial
measures 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 occasions the discharge could contain up to 100 19/l of the pesticide,
together with other potentially harmful degradation products. This concentration was considerably
higher than that known to be toxic to shrimps; also, the effluent was discharged to a stretch of water
in which dilution was likely to be limited to a maximum of about 200 fold and dispersion to the
shrimping grounds fairly rapid, i.e. within 24 hours, so that degradation of the compound in question
could 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
effluents were comparatively harmless.

6.6.3 Potential impact assessment

The toxicity of the pesticide to shrimps was established to be about 0.5 1g/1 (expressed as a
96hr LC50). Investigations into 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 other 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
to 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. However,
in this particular case, information on the probable pattern of dilution and dispersion of the effluent
on discharge and on the behaviour 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. It 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/! of the pesticide compound, i.e. outside the mixing zone concentrations would not exceed
2.5% of the 96hr LLCS0.
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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
s0, some discharge of the pesticide continued because of historical contamination of holding lagoons,
etc., on the site. Landfill was golng to be extremely costly 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 pg/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 reqular toxicity testing according to an established protocol. Under this additional
requirement the effluent is diluted five times with sea water and the cumulative mortality of shrimps
exposed to this mixture must not exceed 50% in 96 hours. For assurance that the environmental
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 shaws that both these requirements are being met and the discharge is now
being made at a rate and quality which can be assimilated without causing pollution. These changes
were brought about only in the last two years and it is too early te decide whether the shrimp fishery
is benefitting as a result. However, the fishermen are reporting a marked improvement in their
catches. As they are largely unaware of the changes in effluent discharges, the declared improvement
is likely to be real.

In this example, the target was immediately apparent, because the problem involved a
commercially-important species. A probable cause was identified and the hypothesis tested; remedial
measures 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 sensitivity 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 pallution occurring and if they are persistent
enough and of sufficiently high toxicity they may have unacceptable side effects. Cne such example
has arisen fecently as a consequence of a particular form af anti-fouling paint. In 15980 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 to
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 0.01 wag/).

Surveys have shown that in an estuary, where more than 1 700 boats may be moored in the
summer months, concentrations of TBT in areas where oysters are grown may exceed 0.2 palfl, i.e.
well in excess of the 0.06 yg/l concentration at which harmful effects occur.. The rates of release of
TBT from anti-fouling paints can be controlled 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 has
already been a major switch to the slower controlled release copolymer type of paint. Tests have
been conducted with both types of paint ta establish leach rates of TBT under different temperature
regimes. The tests with the free association type showed that under summer conditions the initial
release rate was about 40 pgfcm® day, whereas after about 2 months it had declined to about one
tenth of this valugz. Under comparable conditions typical copolymer paint leach rates fall within the
range 6-11 pgfem” day.
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6.7.3 Potential impact assessment

It is possible to estimate, in & 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 conserv%tivci assumption was made that other removal processes can be neglected. Using a volume
of 50 x 10° m~ and assuming a mean 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
amaunt of TBT present in the estuary would be about 27 kg, falling to about 7 kg after 2 manths. This
would yield estuarine concentrations in the range 0.5-0.15 pg/l. Sizmilarly, if all the boats were
painted with a copolymer paint with the lowest leach rate (6 pg/cm® day) the concentration in the
water would build up to about 0.2 ug/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 pg/l), and thus the Environmental Capacity would be
exceeded. To eliminate the possibility of pollution 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.g. marinas ar lagoons or if the number of boats were increased. Leach rate
data differ according to the method of testing used, some being lower than those used here; however,
even these lower rates still yield concentrations in estuaries well abaove those which are likely to be
considered as acceptable. ’

6.7.4  Decision taken

Some national Authorities have already acted to protect their oyster fisheries by restricting
the use of these paints on pleasure craft. Another country has adopted the Environmental Capacity
approach to limit the input {to that defined as safe) and have propased 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 demaonstrates 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 te 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 Example Involving Discharge of Arsenic in Smelting Wastes

6.8.1 Nature of problem

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
be 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 Coliection of information

An assessment of the available literature on the acute toxicity and potential long-term effects
of cadmium, copper, zinc, 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 considered, 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 solids load,
which it was thought would strangly adsorb the arsenic and render it less readily available to marine
life. Simple teststconfirmed that the arsenic was rapidly removed from the aqueous phase.

6.8.3 Potential 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 flesh 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 mine
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 concerned 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 metals were all potentially saleable but only a limited market could be found
for the recovered arsenic oxide. Three options were therefore considered. One 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 option was to 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 all or part of the arsenic oxide to the estuary.

In view of the dangers of the two 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 monitoring of the
concentrations of arsenic in sediments and biota has been undertaken at intervals throughout this
period. There has been a small increase {less than double) in the concentration 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 no 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 to be man, and monitoring 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 sclids
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 stimicide, especially on timber but
also in certain paints, paper and adhesives. Losses 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 Collection of information

Substantial information was available on the acute and chronic toxicity of PCP to marine
organisms. 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 to be degraded
by UV light and microbial action and was not therefore expected to be unduly persistent. Tests 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
discharge, 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 ug/l, which would protect all life stages
of marine organisms.

The national Autharity concerned concluded that, on the basis of a 96hr LC50 value for 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 volume were to arise, it might be necessary to restrict the
concentration in the discharge more severely than on the existing one so as to keep within the
currently defined limits. It 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
PCP 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 removal processes must be
significant. Both of these were anticipated from the data gathered during the assessment phase.

6.9.4 Decision taken

Current discharges lead to environmental concentrations close to the water quality standard
considered adequate to protect fish or other organisms in the estuary, and therefore respect the
Environmental Capacity. No action was required, but additional discharge, if proposed, might need to
be restricted in order to ensure that the water quality standard would nat be exceeded.

6.9.5 Monitoring and validation

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

This example illustrates how the potential impact of a discharge of a moderately conservative
toxic chlorinated organic compound was assessed. The most sensitive targets were considered to be
aquatic organisms. It can be shown from an assessment of the likely intake by human consumers of
PCP in fish or shellfish that, provided aquatic organisms are protected, man wili not be at risk. The
discharge was allowed within the water quality standard implied by the need to protect aquatic 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 should be constructed. A decision 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.

Development proposals were to site an additional two or four units, to a total generation
capacity of 1 300 MWe or 2 600 MWe, which wou{]d require five or ten times the present coocling water
volume to achieve the same AT, approximately 8 C above 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 reactoj‘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 parallel to the shore. Intake velocities are lower than 0.3
m/s. Intake water is screened by a vertically-mounted band screen. The temperature at the
discharge is approximately 8°C above 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
biolagical 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 identificationflocation of
targets to be protected. In the earlier development of 'A' station, the target of concern 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. Waork 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 radionuclides was carefully controlled so that
levels in marine organisms that might contribute to 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 development, 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 of larvae in cooling water through the station,

(c) by higher-than-ambient plume temperatures affecting eqgs and larval development
adversely.

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

6.10.3.1 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 of as trash. This catch varies with
location of plant, size and design of the system used, especially the velocity of intake flow.
Measurement at a nearby plant suggests that the intake catch might be about 5 kg/million m”. The
question was whether that intake catch would affect the stock at the site being considered.
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Randam 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 environmental 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 brief transit
through the condensers. While many phytoplankton, and some zooplankton, survive this process, it
was assumed that delicate ichthyaplankton would be killed or damaged. The risk to a local 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 1 300 MWe and 2 600 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
to avoid the intake. About 1% of larvae/day would be lost. Larval mortality from all causes was
approximately 7%/day and that due to current power station operation (0.25%/day), was insufficient
to affect the adult stock population. If an additional 1 300 MWe station were constructed, total
mortality could rise to 7.5%/day, also insufficient to affect the population. A 2600 MWe
development, however, was considered likely to have an adverse effect on the population since
mortality might rise to about 10%, and only five out of 1000 larvae might survive to post-
metamorphosis. The Environmental Capacity might thus be exceeded.

The level of larval martality 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 development or (b) by changing supply/abundance of plankton food items.
Adult fish could alsa be affected (e.g. subtle changes in physiclogy or behaviour).

Surveys of 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 smail
increase (approximately 0.5°C) above pre-operational ambient levels was detected at positions about
2 km north and south of the discharge.

Benthic communities are unaffected by the surficial plume and the littoral community is
subjected to greater natural extremes of temperature 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
physiolagy 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, prabably 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 towers, cooling lagoons or 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 nuclear station at the site.
6.10.5 Monitoring and validation
This step has not been taken since a decision is still awaited.

6.11 Example Involving Chlorine Discharge

6.11.1 Nature of problem

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

A second station is being built. It will also chlorinate its cooling water, but an electrolytic
generation plant will be used to provide chlorine for both stations. This will provide a more precise
dosing system.

The Regulatory 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 chlorine might damage phytoplankton. There was also concern
that persistent organic derivatives of chlorine could accumulate in sediments and benthic organisms
and so 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 biclogical studies published in the open
literature. The bay supports a commercial fishery, and catch statistics are available.

The first T' station is of 1 300 MWe capacity and requires cooling waters, 177 000 m3/h
abstracted alongside and discharged approximately 1 km offshore. The discharge has a maximum AT
=11°C higher than ambient and residual chlorine of 0.8 mg/! at the discharge point. A second 1 300
MWe development (II' station) is under construction, and will require a similar volume of coaling
water to meet the same AT limit.

Chlorine in sea water reacts to displace bramine and a mix of Cl/Br species, many transient,
are formed. The majority decay to Cl” and Br ', but some trihalomethanes are formed - an estimated
0.01 mg/! 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 10 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 95% 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 Potential impact assessment

Extensive site investigations as well as laboratory measurements of chlorine decay and desk
madelling was able to demonstrate that both decay and dilution of residual chlorme in the discharge
were rapid. As a result, the 'Cl-plume’ could be seen to lie within the 0 -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 0.2 mg/l limit at the discharge was thought to be attainable for 95% of the time
with controlled electrolytic dosing, although possibly restrictive to occasional operations.

6.11.4 Decision taken

It was decided that a limiting 0.2 mg/l 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 level 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 provide a further period for chlorine decay, nor
would it be passible to replace ance through cooling by spray ponds or cooling towers.

Should the leve!l permitted exceed the Environmental Capacity, a more restrictive consent for
discharge might need to be negotiated.

6.11.5 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 seem to be closer control of residual at even lower
concentrations, or seasonal limitation to protect, for example, fish spawning/hatching periods.
However, this seems unlikely.
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