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PREFACE

Environmental management is often referred to as an art rather than as a
science. The past twenty years has seen considerable progress toward re-
vising this image. Numerous examples can be cited which show that proper
ptanning can significantly reduce the impact of human activities upon
the environment (Economopoulos, JAPCA 37:8, 1987). The difficulties in
formulating sound envirconmental management programmes  are especially
pronounced in developing couniries, and there is a need for practical
tools that are suitable for widespread implementation and that permit
the standardization of the critical initial stages of the planning pro-
cess, This book attempts to address these requirements.

Some years ago, WHO published a book entitled Rapid Assessment of
Saurces of Air, Water and Land Pollution (WHO, offset publication No.
62, 1982), which focused primarily on the source inventory aspects of
the management process. Translated into several languages, it has been
widely distributed and the procedure described has been the subject of
numerous training courses. The Rapid Assessment procedure has been found
particularly wuseful 1in developing countries in the design of
environmental control strategies and policies using relatively modest
resources. ' .

More recently, WHO updated and expanded the Rapid Assessment techniques
by publishing a book entitled "Management and Control of the Environ-
ment” (WHO/PEP/89.1). This book strengthened the inventory portions,
provided comprehensive lists of control options for each kind of air or
water pollution source, and introduced some easy to use air and water
quality models. This book, as well as its predecessor, has been found

valuable in developing countries, and two of its reprints have already
been exhausted.
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In 1991, WHO initiated the Global Environmental Technology Network
(GETNET), which had as its prime objective the strengthening, at the
Tocal level, of education and training materials on environmental
poliution control technologies. This book, which succeeds a previous
publication entitled "Management and Control of the Environment®, is
linked to the GETNET activities and will hopefully be widely used by
developing countries to assess their environmental conditions and Tead
to making the environmental management process more of a science than an
art.

The rapid assessment procedure is most useful in making an initial ap-
praisal of the sources and levels of emissions from an area that has
1ittle or no previous poliution Toad data. It is also useful in select-
ing priority areas to conduct more extensive monitoring surveys; for
conducting case studies as part of public health programmes directed at
pollution control; and for formulating pollution control policies and
regulations for national environmental health activities.

Part One of this book updates the rapid pollution assessment factors and
introduces air, water and solid waste inventory and control models. It
describes how to initiate a study, including how to organize study
teams, how to define study areas, and how to cellect, cross-check, orga-
nize and process field data so as to generate air, water and solid waste
inventories, and, how to produce relevant reports to present to decision
or policy makers. The necessary models and data for conducting air,
water and solid waste inventories, for defining alternative control
measures, and for assessing the pollution load reduction effectiveness
of the Tatter are provided in Chapters 3 to 5. Study organization and
implementation aspects are discussed in Chapter 6.

Part Two of the book deals with environmental management problems and
describes how to assess the current quality of air and water and how to
identify land pollution problems; it also describes how to formulate
alternative control strategies, how to evaluate their effectiveness and
how to define high priority action programmes. The systems analysis
approach, which sets the stage in the remainder of this book for the
development of rational pollution abatement strategies, is presented in
Chapter 7. Management approaches for urban and rural air pollution
problems and selected air quality models are presented in Chapter 8, and
for water pollution problems and selected water quality models in
Chapter 9. Management approaches for municipal solid wastes and
hazardous substances are discussed in Chapter 10,

While the focus of this new book is on the revision of the rapid assess-
ment process, the model application techniques for air, water and solid
wastes are greatly expanded. There is considerable discussion of various
management approaches to consider once an environmental assessment of
the area has been completed. The listing of all possible control and
prevention strategies would, obviously, constitute an extremely
ambitious, if not impossible task. Accordingly, the management
approaches described in Chapters 8 to 10 are to be regarded as
suggestions for the development of an environmental contrel strategy for
an area. Many of these techniques to reduce pollution have proven to be
very powerful and should be given serious consideration in problem
analysis and strategy synthesis. The user of this book should make use
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of the expanded tools and data for conducting or updating their emission
inventories and then give serious consideration to the approaches
suggested herein. WHO, through the GETNET and its many experts from all
fields of environmental technology in over 65 countries, can provide
assistance to developing countries in interpreting the results of the
rapid assessment and in the selection of management approaches.

Work on this book started before its predecessor, "Management and
Control of the Environment", was published, mainly in the form of
research addressing the Tack of suitable models, for the purposes of the
present methodology. The content was discussed at a consultation held in
Geneva in June 1991, The first draft was reviewed during a meeting held
in Athens in July 1992. Mr. G. Ozolins, Manager, and Mr. D. L. Lalkins,
Scientist, both from Prevention of Environmental Pollution, Environ-
mental Health Division, WHO Geneva, provided the necessary impetus for
the writing of this book and their support and advice throughout the
preparation period is gratefully acknowledged.

Thanks are also due to Mr. G. Ozolins, Dr. D. Mage, and Mr. D. Calkins,
from the Prevention of Environmental Pollution, Envivonmental Hea]th Di-
vision, WHO Geneva, for reviewing the source inventory and the section
on air poilution management and for drafting most of the preface; to Dr.
R. Helmer, from the Environmental Health Division, WHO Geneva, for re-
viewing the water pollution management; to Mr. P. Economopoulos, from
the Association of Communities and Municipalities of Attika Region, for
his valuable contribution to, and review of, the section on solid wastes
management; and, to Mr. E. Giroult, from the Environmental Health Divi-
sion, WHO Geneva, for reviewing the section on solid wastes management .
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1. Introduction

Environmental pollution affects the air we breathe, the water we drink
and the food we consume., It also affects the production of food, the
general quality of our surroundings and may pose a risk to our health
and well-being. Control of environmental pollution is necessary in
atmost all communities and countries to protect the health of the popu-
Tation. The important question to be answered in each situation, is
which pollutants should be controlled, in what way, and to what extent.

This book recommends the systems analysis approach and the
simplification of analysis procedures in environmental management, both
of which can be particularly effective in the analysis of existing
problems and in the synthesis of control strategies:

The systems analysis approach, which is introduced in Chapter 7 of Part
[T, is systematically followed in Sections 8.1, 9.1, and 10.1
dealing with the management of the air, water and land pollution
problems. The essence of this approach Tlies in the analysis of
existing problems and the didentification of the most critical
ones, in the setting of definite pollution control objectives and
in the development of effective strategies to meet those
objectives. The above requires the capability to conduct source
inventories, to assess the impact of the released Toads intoc the
receivers, to define major control alternatives and to analyze
their environmental, economic, and implementation consequences.

The systems analysis approach offers the important practical ad-
vantages of high cost-effectiveness and fast implementation, and
its results can be impressive indeed. It creates however, particu-
larly demanding analysis requirements, which have to be simplified
and addressed through special tools and procedures, if it is to be
practical and widely used.

The simplification of analysis procedures down to practical, and yet
meaningful levels, while maintaining at the same time a highly in-
tegrated environmental management approach in relation to air, wa-
ter and land poliution, has been the major challenge in the
writing of this book.

The environmental management reguirements were addressed through
the following procedure: complex problems were decoupled into a
series of much simpler ones; inventory and control models, as well
as ambient quality models, capable of providing solutions in an
effective and practical manner, were carefully selected and/or
developed; the most important control measures were classified in
categories and existing relevant data and information about their
cost/effectiveness and implementation aspects were documented;
and, finally, a coherent approach for the collection of the
required information from the study area, the analysis and
evaluation of the existing problems and the synthesis of truly
effective management strategies was formulated, field-tested, and
described.
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The selection of analysis tools defines to a large extent, on the
one hand the magnitude of resources required (manpower, skills,
study duration, etc.), and on the other hand the reliability of
the management results. The need thus arises for the screening of
available models for the purpose of carefully balancing issues
such as the accuracy and the reliability of predictions against
the importance and relevance of results, ease-of-use and data
requirements, or inter-model-compatibility. As ready, off-the-
shelf, models meeting the above requirements did not always exist,
some models had to be adapted and expanded (e.g. the ECE CORINAIR
model for traffic fuel consumption and air emission calculations),
while several new models had to be developed (e.g. the air, water
and solid wastes inventory and control models presented in
Sections 3.2.2, 4.2.2 and 5.2.2, as well as all air quality models
presented in Section 8.2),

For most developing nations, where environmental problems are often
critical and available resources scarce, environmental management
approaches based on the best available control technology tend to be too
expensive, while those relying on the imposition of selective controls
through local inspectorate decisions and public opinion feedback, tend
to be unworkable (lack of .inspector skills and other infrastructure
requirements, TJong response times, etc, see Section 7.2.) The al-
ternative systems analysis approach for environmental management,
followed in this book, is believed to be better suited for developing
nations as it offers a practical procedure for formulating cost-
effective strategies, targeted at selected critical problems, as well as
detailed action programmes, which facilitate strategy implementation. It
is thus hoped that the described procedure can contribute to better
health and environmental quality protection, to conservation of valuable
resources, and to unobstructed development in a rational and sustainable
manner. :

Designed as a work-book, this publication contains all the information
required to analyze the current situation and to develop adequate
management approaches, and additional information, such as conversion
factors that facilitate the task. However, the measures derjved through
the recommended procedure, especially the complex and expensive ones,
should not be vregarded as final or as suitable for direct
implementation, but rather as promising, high potential candidates which
require further examination through more detailed feasibility studies.

Making assessments of environmental pollution and devising control
strategies should not be viewed as a one-off effort, but rather as an
on-going process. After an inventory of pollution loads has been made in
a given area or country, it will need to be kept up-to-date and its
accuracy improved. Similarly, control strategies will need to be
reviewed as to their effectiveness and cost, while the efficiency of
implemented measures will need to be monitored and compared with
predictions, so as to provide guidance for the future. Assignment of
these follow-up responsibilities to a specific government department 1is
necessary, but the involvement of other government experts who would
provide data and support to the total effort should be encouraged and
stimulated. Examples of the Tatter are environmental and public health
specialists, meteorologists and hydrologists, regional and country wide
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planning specialists, statisticians with knowledge of industrial and
other economic activities, etc. This network of experts could, in a
spirit of fruitful cooperation, develop into a highly competent planning
body with far reaching impact.

The environmental management techniques described in this book can be
used at different levels: municipal or local, provincial or state, and
national. At the Tocal and regional level, the management results can be
used for addressing the pollution problems in an effective way. At the
national level, management plans from various regions can be combined
and used in the formulation of a national environmental management
policy, which offers notable advantages such as:

# Rationalization of allocated government funds for protection of the
environment through clear national priorities;

Improved implementation through appropriate distribution of relevant
responsibilities among the central and local authorities. As a gen-
eral rule, the implementation of relatively simple measures affect-
ing numerous small local sources can best be handled by local au-
thorities, while that of complex measures affecting larger areas, by
central government services. An example of a measure suitable for
implementation by local authorities is the Inspection and
Maintenance of central heating furnaces, and of measures suijtable
for implementation by central government are the changes in the fuel
type or quality, or the setting of vehicle emission standards.
Competent central government control and coordination is highly
desirable in relation to the formulation, implementation and follow-
up of national environmental plans;

Valuable input can be offered in the formulation of other government
plans and policies, in fields such as Tand planning, or the rational
balancing of  industrial and economic development  against
environmental quality.
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7.1 Introduction

The particular system, upon which Tocal and regional authorities base
their air, water and land pollution control programmes, s affected by
many factors, such as nature of the pollution problems, the natural
adherence to techniques used in the past, the enforcement and inspection
infrasiructure, the Tegal environment, the sensitivity of the people,
the priority of environmental issues in political thinking, and, Jlast
but not Teast, the availability of resources for protection of the
environment.

Any particular system can be considered effective if it works within the
Tocal context and manages to satisfy the environmental sensitivities of
the people by bringing into proper balance the needs for development on
one haﬂd and the allocation of resources for environmental protection on
the other.

The choice of management system to be used by a developing country has a
number of far reaching implications for cost-effectiveness and enforce-
ability of the resultant control strategies among other things. It is
thus fitting to discuss in the following sections some of the systems
used by developed countries, and to outline an approach which appears to
best serve the needs of developed countries and which is followed in
this book.

7.2 Existing Environmental Management Approaches

Most developed countries, having faced acute pollution problems much
earlier than the rest of the world, some of them since the dawn of the
industrial revolution, have had ample time for developing effective
pollution control approaches.

The control approaches used by the developed countries vary, often sig-
nificantly, from country to country as they are affected by the multi-
tude of factors mentioned in Section 7.1. Despite these differences,
they have two fundamental mechanisms in common:

1. Public Pressure Feedback for Environmental Action

Environmental problems are bound at some stage to cause public con-
cern and increased pressures for improved controls. In response to
such pressures the pollution inspectorates tighten the measures
until the situation is brought back to normal.

This mechanism is apparently cost-effective, as measures are taken
only up to the degree required. However, the response is slow, as it
takes time for results to appear, and the entire mechanism is better
suited to address pollution problems of Tocal rather than global
significance. For example, urban pollution is 1likely to be a far
more sensitive issue than transboundary or global air pollution for
urban residents.




Systems Analysis in Environmental Management 7-3

As far as developing countries are concerned, implementation of
similar approaches is difficult since a key prerequisite for their
success 1is the existence of a highly competent inspectorate
infrastructure, as well as safeguards for the unbiased and smooth
operation of the entire system.

2. The Best Practical Control Technology Principle

Strategies based on this principle clearly entail the highest costs,
as the best practical control technologies are always implemented,
even when this 1is not directly justified by the Tlocal pollution
problems. They provide however the possibility of swift action, as
relevant control programmes are drafted by central planners and
become automatically effective over an entire region or country.
Moreover, transboundary and global pollution problems are best
served by these environmentally responsible practices.

Approaches of this type, where highly competent central planners de-
fine the action programmes, are among the easiest to implement, and
as such they are suitable, in this respect, for developing
countries. The high cost however, of the resultant environmental
programmes may not represent the best allocation of the often
limited resources in the developing world.

7.3 Environmental Management Through A Systems Approach

A modern environmental management approach, suitable for widespread use,
should be able to produce pollution control strategies, which are cost-
effective for the purpose intended, as well as enforceable through the
existing government infrastructure. As discussed below, both of these
requirements can be satisfied by the formulation of detailed action
programmes by competent groups of central planners through systems
analysis.

The term detailed action programme is used in this book with the un-
derstanding that it comprises specific technical or institutional mea-
sures, rather than legislative stipulations and effluent or emission
standards. An example of such specific measures would be the addition of
multicyclones to the kiln of a Time manufacturing plant, or the addition
of a secondary treatment facility for the effluents from a fruit
cannery, or the lowering of the sulfur content of the residue fuel oil
to a particular level. Such specific measures stand a good chance of
being implemented if properly channelled through existing government
services (Economopoulos, 1987).

The entire approach presented in this book is in line with the above
prerequisites. Indeed, the appointed study team is entrusted to identify
the major pollution problems over an entire study area and to develop a
detailed control programme (see Chapter 6). Moreover, this is to be
achieved through a systems analysis scheme, Figure 7.3-1, which is
outlined below and described in more detail in Chapters 8 to 10.
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SYSTEMS ANALYSIS

OBJECTIVES ’
Y

HEM OF :FFEG“VEHESS
i"""* | mjfa k”ggg;mms

ANALYSIS
Altamatives
% Sonsitivity Analysiy

!

OPTIMUM 30LUTION

{

| wetewenmanon B

1
‘—{ ASSESSMENT OF RESILTS

Figure 7.3-1 Diagram of a systems analysis approach

Definition of the strategy objectives: This is the first major task in
the systems analysis procedure as shown in Figure 7.3-1. In our
case the general objective is to safeguard human health, and the
environment in general (e.g. maintain an acceptable quality of
fresh water). In the practical context of environmental studies,
this implies conformity to specific environmental quality
standards. A list of selected WHO guidelines for the quality of
air and water is given in Appendix I. Observance of these
standards is the prime objective of most environmental management
studies.

Occasionally, other objectives may have to be set. For example, in
the case of lakes, one may define as one of the objectives of an
environmental strategy the maintenance of a Jake in an
oligotrophic state, or the prevention of the development of
eutrophic conditions. The terms Oligotrophic and Futrophic are
generic parameters rather than concentrations and they char-
acterize in this case in a more meaningful way the general situa-
tion of the entire Take ecosystem. In the case of toxic (black
listed) substances in liquid wastes, the objective may be to re-
duce their Toad releases as much as possible, rather than to try
to maintain acceptable levels in the water receivers. Other param-
eters, such as the maximum tolerated risk for an accidental major
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release, may also be set as objectives for particular studies, but
the analysis of relevant subjects is outside the scope of this
book.

Definition of the criteria of effectiveness: This is the second major
task in the systems analysis procedure. The crifteria need fto be
compatible with the objectives, so as to enable the user to know
when the objectives are fulfilled or how effective a particular
set of measures is towards meeting the objectives. Based on the
above, the criteria of effectiveness are normally the poliutant
concentrations in the ambient air or in the water receivers. The
latter explains the paramount importance of air and water quality
models in environmental management studies, as their prime task is
to translate the released pollutant Toads, obtained through the
source inventories, into pollutant concentrations.

Criteria of effectiveness may occasionally be other than concen-
trations. In the case of lakes for example, the criterion of ef-
fectiveness may be measured through the normalized phosphorus
loading (see Section 9.2.2). It should be noted that in this case
the water guality model is used to provide the objective (critical
normatized Take leading)} rather than to evaluate the criterion of
effectiveness. In the case of toxic (black listed) substances in
Tiquid wastes, the criterion of effectiveness may be the veduction
in the released loads. The latter is obtained directly through the
source inventory model, without the need for any water quality
model. Other parameters, such as the risk of an accidental major
release, may also be used as criteria of effectiveness of a
particular strategy, but these are outside the scope of this book.

Application of appropriate air and water quality models: This is the
third major task in the systems analysis procedure, allowing users
to identify the nature and severity of existing pollution problems
and to test the effectiveness of alternative control measures.
Naturally, the end output from the application of such models
should be compatible with the study objectives that have been set
and with the accepted criteria of effectiveness. This way the user
can determine under what conditions the objectives are met and to
measure the effectiveness of any particular strategy.

Two types of relevant models are provided in this book. One type
allows assessment of the released loads under current conditions
or under selected control measures {see Sections 3.2, 4.2, and
5.2), while the other employs the source inventory data to compute
the pollutant concentrations in the ambient air or in the water
receivers (see Sections 8.2 and 9.2).

In the choice of measures and in the formulation of strategy sce-
narios the existing constraints have to be considered if the re-
sults are to be practical, acceptable and enforceable. Such con-
straints may reflect difficulties in enforcing certain measures,
excessive negative impacts on local manufacturing segments,
possible unpopularity of certain measures, etc.
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Testing of control options and analysis of sensitivities: This is the

fourth major task in the systems analysis procedure and consists
of the systematic screening of all available control options and
evaluation of their relative effectiveness from the environmental,
cost and enforceability point of view. In this way, the
sensitivity of the overall system response to various alternative
decisions, as well as to various levels of strictness of selected
particular measures {e.g. the reduction of the sulfur content in
heating 0i1) can be established.

The end product of this exercise can be a table listing the ef-
fectiveness of selected measures against the set objectives and
possibly the assignment of priorities to such measures. To facili-
tate this task, selected source inventory and environmental qual-
;tg models are provided in Chapters 3 10 5 and in Sections 8.2 and

Formulation of optimum strategies: This is the fifth major task in the

systems analysis procedure and comprises the selection of a set of
enforceable measures, through which all the set objectives are met
with the Tleast cost. As explained above, the formulation of
rigourously optimized strategies is outside the scope of this book
as it necessitates, among other things, more detailed technical
anatysis, as well as a comprehensive economic analysis for each
alternative measure.

However, despite the Tlack of such technical data, one can
formulate rational and truly effective strategies through common
sense, experience, and by observing some simple rules such as
assigning high priority to inspection and maintenance programmes
(e.g. inspection and maintenance of industrial boilers, domestic
furnaces and traffic vehicles), opting for fuel type and quality
improvements for small and medium size combustion sources, rather
than for the installation of control equipment, or isolating the
largest single sources, as well as those held directly responsible
for environmental quality violations. The above go a long way
towards defining truly effective and near optimum management
schemes. More detailed discussion on the present topic and
analysis of specific measures is provided in Chapters 8 to 10.

For the formulation of rational strategies two basic approaches
exist, and the choice of the most appropriate one depends each
time on whether suitable air or water quality models are available
for the problem under consideration:

If appropriate models are net available, the scheme
illustrated in the diagram of Figure 7.3-2 could be used. In
this, air or water quality monitoring provides information
on the initial levels of pollutien. If the allowable levels
are surpassed, control strategies comprising simple and
enforceable measures are formulated and implemented, and
their ultimate efficiency and sufficiency is judged from the
environmental improvement achieved, as measured through the
on-going air or water quality monitoring. If the set
objectives are not met, suppTemental strategies are formed

]



Systems Analysis in Environmental Managerment 7-7

and implemented and this process continues until the
situation is brought under control.

Existing Situation

¥

| _Control Approaches }— Source
Inventor

|_Implementation l

Figure 7.3-2 Feedback approach for strategy formulatian

The strategy formulation process can be assisted each time
through source inventories, which yield the pollution loads
released, identify the major sources, and provide assessment
of the impact of alternative control options on the pollu-
tion loads released. A valuable picture of the existing sit-
uation is thus produced, which can be used by experienced
planners to enhance their strategies. Sections 3.2 and 4.2
provide suitable models and data for this purpose.

In the above approach, the strategy formulation is based on
the planners’ dntuition and experience, vrather than on a
rigorous analysis procedure. Perhaps more importantly, the
strategy must be implemented before its environmental
effectiveness can be determined. The lack of strategy test-
ing capability and the need to experiment through implemen-

tation can be fairly costly and time consuming shortcomings
indeed.

A more advanced scheme for the formulation of pollution
management strategies is illustrated in Figure 7.3-3. In
this, source inventory techniques are employed to provide
input into appropriate air or water quality models, and mon-
itoring data are used for the calibration and fine-tuning of
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the Tatter. These models can be applied then to provide a
¢learer picture of the current quality of the environment
and to detect possible violations of the accepted set of
quality criteria or standards. If violations are detected,
control approaches can be drawn up and their effectiveness
in improving the situation can be conveniently tested
through the already calibrated air or water quality models.
Control approaches drawn and tested this way can be modified
as many times as necessary until a suitable one is found
that meets the set envireonmental, cost and erganizational
requirements and constraints in the most ratienal way.

i

}
Source Inventory I Monitoring/

| Calibration

Air/Water Quality Models I¢—l

Control Approaches

}

Figure 7.3-3 Feadfarward approach for strategy formulation







