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INTRODUCTION: THE EVOLUTION OF CLEANER PRODUCTION

Baas (1991) describes the evolution of the concept of cleaner production in
terms of the theories of T.S.Kuhn. He notes that pollution problems are still
largely being treated within a paradigm of production that was developed
when adverse environmental effects were not yet recognised. The growing
awareness of environmental problems, however, demands new practices and
a new paradigm. This can be seen as a parallel of the situation in the
natural sciences where new paradigms emerge after a period of
contradictions and eventually a period of crisis. A revolutionary
breakthrough leads to a new paradigm and a new period of "normal”
science. Hence, Baas (1991) believes that cleaner production represents a new
paradigm of environmental management.

The analogy used by Baas (1991) is intriguing and is one which invites
further scrutiny. Close examination, using primarily European examples,
makes it clear that at best we are at an advanced stage of contradiction, at
worst in a period of crisis. It is easily demonstrated that there are
widespread failures of the regulatory systems based upon a permissive
approach. In turn these are attributable to the comprehensive failure of the
concept of assimilative capacity to translate to a viable legislative
framework. It is convenient to examine this in relation to where the
legislators, enforcers and scientists currently stand in the process of
evolving pollution control and this can be explored by examining regulatory
systems currently in use.

LEGISLATION

The first legislation passed to prevent water pollution in the UK, the Gas
Works Clauses Act of 1847, prohibited discharge of coal gas liquors into
surface waters. Successive legislation led to the modern provisions of the
Control of Pollution Act (1974). Much of this was not brought into force by
regulation until the mid-1980s and was superseded by the Water Act (1989).
In the most recent legislative change, portions of the Water Act (1989) have
been moved and incorporated into the Environmental Protection Act (1990)
as part of a UK Government commitment towards integrated pollution
control.

This most recent legislation has assumed the control framework developed

over the preceding century, creating the National Rivers Authority (NRA)
to be responsible for consenting, monitoring and enforcement of industrial

and other discharge standards. These obligations were integrated with those

of maintenance and improvement of general riverine and estuarine quality

through the achievement of environmental quality objectives (EQOs).
While the environmental quality standards (EQSs) which underpin the
objectives are to be accorded statutory status only as of 1993 (ENDS 1991;
NRA 1991a), the broad principles (Gunn 1984) have been informally
established for some years. The regulatory instruments defined by the
legislation are the consents or permits to discharge materials to the aquatic

environment and the aim of the system is to control environmental quality

in the local environment over a comparatively wide field.

The system of EQOs/EQSs evolved from early UK pollution control
initiatives to reduce biological oxygen demand (BOD) imposed upon
receiving waters by industrial and sewage discharges (see: Isaac 1957;



Pentelow 1952). Coupled to a concept of "assimilative capacity”, this
strategy resulted in spectacular improvements in biological quality of the
River Thames over three decades (Wood 1982) albeit at the expense of
emplacing a permanent, highly interventive management system (Ellis
1989). The strategy, with its basic underlying assumption that natural
ecosystems can assimilate a certain loading of otherwise harmful material
without loss of structural or functional integrity, has been adopted in the
formulation of international environmental policy regulating chemical
discharges as well as BOD. (see: eg GESAMP 1986). Indeed, the same
principles are embodied in the recent Australian initiatives to regulate pulp
and paper production, published as the "Environmental Guidelines for New
Bleached Eucalypt Kraft Mills" (see: Gifford and McFarlane 1991).

Another regulatory approach, also based upon assimilative capacity, adopted

in Europe involves the use of fixed emission limits (FELs). This is
exemplified by the Belgian system where industrial discharges are regulated

according to manufacturing type or sector. Overall, progress has been
somewhat impeded by the by the existence of three distinct administrative

regions but national sectoral conditions are now used in the formulation of

regional discharge permits. The system is based around a general discharge
regulation based upon seven parameters, supplemented with additional
parameters for each sector of industry (Smout & Heyman (1987). The
Belgian system thus consists of a discharge quality framework but with no

commitment to control of local environmental quality. The FEL approach
has been widely criticised for this and undoubtedly leads to wholly
inappropriate discharge strategies. Considerable debate has been generated

around the relative merits of the fixed emission limit and environmental

quality objective approaches. In the EC context, an argument frequently
articulated is that EQOs adopted by the UK competitively advantage
industry due to the much higher assimilative capacity of UK waters.

On a regional basis, the same principles have also been applied but there has
been a growing awareness of the difficulties in controlling all components
of discharges. This has led to the formulation of lists. Recently, a list of 36
such chemicals was published with the intention that it form the framework
for pollution reduction in the North Sea (MINDEC 1990). This and priority
pollutant lists such as the US EPA list, the EEC "black and "grey" lists and
the UK "redlist” contain those substances for which difficulties are evident
in defining "safe” limits and for which an unqualified assimilative capacity
approach is inadequate. The list is designed to facilitate their regulation.
(Byrne 1988; DoE 1988).

In the case of the North Sea list, the 36 listed chemicals are projected to be
reduced by between 50 and 70% over a defined time frame. This may be
seen as an EQO Based approach, albeit one which extends over a much
wider area than the single rivers and estuaries covered by the UK system.
An uneasy compromise between the FEL and EQO approach is nowhere
more evident than in the series of EC Directives on water quality (CEC
1987). Here, the regulations are written in terms of both approaches
although the UK is, conspicuously, the only country in Europe using the
EQO approach.

The historical legislative trend is clear. It is consistently one of pollution
control rather than one of pollution prevention. There is a preoccupation
with "end-of pipe" controls as regulatory instruments underpinned by the
concept of assimilative capacity. The framework is regarded as mature in
historical terms and as highly evolved but capable of further evolution. It is



also undeniably complex. More detailed examination reveals a number of
serious flaws which reduce the effectiveness of the legislative instruments.
These act to impede adequate enforcement and represent a first stratum of
the contradictions predicted from the analogy of Baas (1991).

ENFORCEMENT
a) Local limitations

A primary limitation on enforcement of the UK system is exerted at the
local level and arises from the fact that UK law does not act
retrospectively. Accordingly, many discharges which had existed prior to the
enactment of the COPA 1974 regulations were not covered by its provisions.
Indeed, many direct discharges had escaped the provisions of legislation
enacted in the 1950’s and 1960’s. These were known as "exempt discharges”
prior to 1984 when they were then deemed to have consents for their
existing discharges. They then became known as "deemed discharges" and a
period of five years was set during which they were to be subjected to a
process of positive determination and control and given a formal consent to
discharge. Some of these discharges are only now being brought under
formal control.

Unsurprisingly, the NRA inherited a system that was somewhat chaotic and
lacking in realistic control. Current numbers of active consents are
estimated at 139,00 in the UK of which about 12,000 are regularly sampled.
In addition there are common excedences of consent limits by discharges
which were sampled regularly. This led to the regulatory authorities
operating an informal "understanding” from the mid 1980’s onwards. This
entailed no recourse to prosecution if dischargers complied limits on a 95
percentile basis. The "understanding” appears to have been a direct result
of the opening of the public register of monitoring data in 1985 (ENDS
1990). The cumulative effect of these failings may be gauged from the
specific example of the UK River Tees (INSERT 1). The Environmental
quality objectives set are extremely low, while there is inadequate
regulation of the industrial effluents. In turn these are more complex than
is acknowledged by the terms of the consents. Overall, within the current
pollution control framework, it is worth noting that UK rivers have
declined in quality over a period of ten years as evidenced by the results of
the 1985 and 1990 river quality surveys (DoE 1986; NRA 1991b).

Similarly, the Belgian fixed emission limit system has not proven to be
robust. Sectoral conditions were originally intended to act as maxima, but
the legislation holds provision for higher limits to granted, for example, on
economic grounds. A crucial problem is that only the sectoral limits are
published while the permits themselves are confidential. There is thus no
way to evaluate the translation of national law to the regional level. Such
data as are available indicate there may be widespread problems (INSERT
Z)e

Based on 20 permits from the Antwerp Harbour area, it is found that very

few reflect the exact conditions of the relevant sector. Discharges are often

permitted in excess of the sectoral limits which are clearly intended as

maxima (OSPARCOM 1984) while a large number of permits have
determinands extra to those laid down. The end result is that Belgium has a

higher proportion of poor quality waterways than any other country in

Europe (see: IHE 1986).



was being developed as an instrument of environmental protection. Some of
the limitations of the approach were becoming clear. Indeed, Cairns (1989)
points out that the validity of the concept of assimilative capacity will
probably never be established but that lack of validation appears to be
acting as a barrier to the development of adequate methodologies in the
field of ecotoxicology.

Cairns (1989) notes that methods have changed little in 45 years. Single
species toxicity test results remain a primary tool of decision makers despite
the serious problems inherent in the extrapolation of results to the
prediction of effects in natural systems (Cairns 1984; 1986). Simply,
ecotoxicological methods are not sophisticated enough to reliably identify
undesirable changes resulting from environmental discharges of chemicals, a
point emphasised by Johnston & Stringer (1989) and Johnston & MacGarvin
(1989). These aspects of the overall problem are described comprehensively
by Johnston et al. (1991) for the Mersey and Tees estuaries in the UK.

On a theoretical basis, Jackson (1991) has pinpointed the major drawbacks
of the concept of assimilative capacity. The concept itself borrows some
heuristic justification from the idea of environmental carrying capacity of
ecological systems. When equated with a "dilute and disperse" philosophy
however, the concept falls into conflict with the acknowledged, but poorly
understood, complexity of natural systems. In addition, there is no way to
distinguish between a finite, exhaustible buffering capacity in the wider
environment from a sustainable capacity based on regenerative capabilities.

The most serious practical drawback, however arises from the need of an
assimilative capacity based system to prove the "null hypothesis".
Assimilative capacity relies on being able to prove the absence of causally
related harm. As Jackson (1991) notes, the validity of the statement "There
exist no harmful effects" cannot be established universally from resource
limited observation. Added to this are the difficulties engendered by the
complexity of ecosystems and organismal responses (See: Johnston &
MacGarvin 1989). Inevitable simplifications are introduced by the choice of
critical pollutant pathways for analysis. The weakness of the approach

becomes clear. In practice what has tended to happen is that the
assimilative capacity approach assumes the validity of the null hypothesis in

the absence of proof to the contrary. This in turn elevates the burden of
proof to play a critical role in the operation of the concept and this has
resulted in delayed action in response to many problems of environmental
protection.

Obviously, these failings strike at the heart of the scientific method, and
considerable effort has been directed at defending assimilative capacity as a
workable concept. Nonetheless, the concept may be seen to be central to a
second stratum of contradiction with critical implications for environmental
policy.

2) The Precautionary Approach

The widespread failure of legislative and regulatory instruments in
effective environmental protection may be attributed therefore to a failure
of the underlying concept of assimilative capacity. A growing appreciation
of the difficulties of adequate ecotoxicological evaluation has led, in turn,
to a more precautionary environmental philosophy being embraced in a
growing number of scientific and political fora. The precautionary
approach grew out of the German "Vorsorgenprinzip" introduced at the



b)Scientific Instruments

The wholesale application of local legislative strategy to the regional level is

illustrated by the current initiatives for a 50-70% reduction of selected
chemicals to the North Sea. Again, the underlying philosophy is permissive
based upon notional assimilative capacity. The regulatory instrument is the

list of 36 chemicals agreed by the North Sea states (MINDEC 1990). It is at
this stage that the scientific basis for pollution control strategies becomes
subject to acute and obvious uncertainties. Priority Pollutant lists are
attractive to decision makers because they provide a relatively simple
regulatory instrument. There are, however, important limitations to this
approach.

Firstly, the compilation process is heavily reliant on results from single
species toxicity tests and uses estimates of environmental half-life and
bioaccumulative potential rather than empirical values (DoE 1988; Johnston

and MacGarvin 1989). Secondly, as noted by Johnston & Stringer (1989) the
scientific demonstration of direct causal effect in the wider environment is

often difficult and inevitably retrospective. Consequently, the
identification of an ecotoxicological problem generally takes place long

after damage has been caused and remediation has become impossible. Lists
can also become unwieldy with respect to the research and monitoring
effort required to fully evaluate chemical fate and effects in aquatic

environments. Indeed, the UK "redlist" is partially justified in terms of
improved utility, insofar as it considers only 26 substances rather than the

129 materials of the EEC "blacklist" to which it is compared (DoE 1988).
Nonetheless, all lists are restricted and do not consider the many hundreds
of substances known to be entering the aquatic environment and the
hydrocycle (Waggot 1981) (INSERT 1).

The priority pollutant list thus largely reflects retrospective rather than

prospective wisdom concerning the relatively few considered chemicals.
Further, as a result of the wider field being "managed”, wide confidence
limits attach to estimates of contaminant inputs from UK and other
estuaries (Grogan 1984; DoE 1987; Johnston et al. 1987). This has broad
implications for control and verification procedures. Agg & Zabel (1990)
note that while little is known about levels of red list substances in surface

waters, knowledge of loadings is crucial to the success of a reduction
strategy based on listing procedures. They indicate the difficulties with

analysis procedures, a problem explored in some detail by Johnston &
Stringer (1991) and identified as a critical problem.

There are also potential problems with conducting a statistically reliable
sampling programme. Agg & Zabel (1990) consider that with an
economically affordable sampling frequency of 12 samples per annum at a
site it would not be possible to show with reasonable certainty that a
significant reduction in the input of a particular chemical has been
achieved. This in itself undermines the whole approach of a programme of
environmental control based upon reductions in the input of specified listed
chemicals.

1) Assimilative capacity
The local and regional difficulties can be seen as constituting a wholesale
failure of the regulatory instruments. This in turn must raise questions

concerning how robust the underlying philosophy of permission actually is.
In fact this is not a new debate. At the same time as assimilative capacity
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First International Conference on the Protection of the North Sea in 1984.
At the second Conference in 1987, the final Ministerial Declaration
(MINDEC 1987) agreed to:

".. accept the principle of safeguarding the marine ecosystem of the North Sea by reducing polluting
emissions of substances that are persistent, toxic and liable to bioaccumulate at source by the use of best
available technology and other appropriate measures. This applies especially when there is reason to
assume that certain damage or harmful effects on the living resources of the sea are likely to be caused
by such substances, even when there is no scientific evidence to prove a causal link between emission and
effects (the principle of precautionary action)." Paragraph VII

and also:

" Accepting that, in order to protect the North Sea from possibly damaging effects of the most dangerous
substances, a precautionary approach is necessary which may require action to control inputs of such
substances even before a causal link has been established by absolutely clear scientific evidence."

Paragraph XVIL.I

The principle was subsequently adopted by a number of other international fora,
and was embraced by the UNEP Governing Council in 1989 at the 15th Session
of the UNEP Governing Council, Decision 15/27.

Essentially, the precautionary principle acts to reverse the burden of proof required
by an assimilative capacity approach. The practical aspects of this are outlined by
Stairs & Johnston (1991):

"The essence of a policy based upon precautionary action is simply an acknowledgement that, if further
environmental degradation is to be minimised and reversed, precaution and prevention must be the
overriding principles of policy. Application must ensure significant reduction and elimination of
contaminants, especially persistent toxic substances, even where there is inadequate or inconclusive
evidence to prove a causal link between emission and effects.

Simply, the burden of proof should not be laid upon protectors of the environment to demonstrate
conclusive harm but rather in the prospective polluter to demonstrate no likelihood of harm."

Johnston & Simmonds (1990) noted that:

"....compared to present scientific methodologies for the evaluation of toxic effects in aquatic systems,
one incorporating the precautionary principle has considerable rigour. Simply, it protects against
initiating discharges of potentially harmful substances in the absence of adequate information. Current
practices can only be effective as part of a process of damage limitation."

These ideas are developed in a further discussion (Johnston &
Simmonds 1991):

"In the wake of this reversal of the burden of proof in
environmental studies, it follows that scientific inquiry will
need to answer very different questions in the future. In turn
this  will require far reaching changes in the way we fund and

prioritise our science."

This latter point has generated a spirited debate, with questions being directed at
the scientific plausibility of the precautionary principle. For example, Gray
(1990) considers that the precautionary principle should be applied within the
existing statistical and monitoring frameworks, essentially a no-change option.
Lawrence & Taylor (1990), seek to relegate the principle to the realms of the
purely political in order to construct a case for notional commercial benefit to



play a role. As the basis for an environmental protection strategy, they consider
the principle to be scientifically unsound. Nonetheless the precautionary
principle continues to be embraced by international fora. The most recent
example is the adoption of the approach by the Contracting Parties to the
London Dumping Convention who agreed by consensus the following language
within a resolution on environmental protection: (LDC.44 [14]).

...that the quantity, diversity and complexity of chemical compounds entering the environment make it
difficult to determine the overall threat to the environment,..... that existing pollution control
approaches, under the London Dumping Convention, have been strengthened by shifting the emphasis
from a system of controlled dumping based on assumptions of the assimilative capacity of the oceans to
approaches based on precaution and prevention....."

The scientific debate continues but the intricacies of the argument and the
potential for a third stratum of contradiction are effectively cut through by the
LDC consensus and the decision reached by the 2nd Special Session of the
UNEP Governing Council No: SS.IL.4B in 1990. This further endorsed the
concept of the precautionary principle and identified Clean Production as a
means of implementing a precautionary approach to environmental protection.
Precaution, underpinned by techniques of clean production and technology is
considered by some authorities as axiomatic to future environmental protection
(see: Baas et al. 1990) and this has been further elaborated by the UNEP
Governing Council in 1991 in decision 16/30B which calls for:

"...cleaner production methods, including raw material selection, product substitution and clean
production technologies and processes as a means of implementing a precautionary approach..."

....Governments and International and intergovernmental organizations to develop national and regional
strategies based on a) Cleaner production programmes, including environmental audits to be carried out
at all stages of production....and identifying appropriate cleaner production substitutes; b) accelerated
work on reducing the use and emission of hazardous substances that are toxic persistent and
bioaccumulative with the ultimate aim of phasing out those uses which cannot be adequately controlled,
and by 1992, agree regional timetables for such phasing out."

Hence, the philosophy of assimilative capacity has been largely superseded, at
least in principle, by one based on precaution and prevention. One paradigm of
environmental protection has been replaced by another. Clean production in turn
is in the process of being established as a new paradigm of industrial production.
The scale of these philosophical changes and paradigm shifts is considerable, and
this becomes clear when a definition of clean production is considered.

CLEANER PRODUCTION

Cleaner production is a concept which, as a key feature, promotes the switching
of emphasis away from waste disposal to waste avoidance. This excludes measures
that simply divert or dilute polluting waste streams. A toxic-use audit at the
manufacturing stage identifies waste streams which may be eliminated directly by
technical solutions but also indirectly by process or raw material substitutions. A
wide approach is implied embracing the whole manufacture/ use/disposal cycle
(Baas et al. 1990). It removes limitations upon what can be achieved by use of
the economically driven "end of pipe" solutions, exemplified by the "best
available technology” (BAT) approach. It implies the design of durable, reusable,
products which are easily dismantled for reconditioning or for the recovery of
raw material for reintroduction to the manufacturing process. Given necessary
regulatory and educative changes, such a philosophy promises to provide a
workable framework through which far reaching changes in industry may be
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For production processes cleaner production includes conserving raw materials
and energy, eliminating toxic raw materials, and reducing the quantity and
toxicity of all emissions and wastes before they leave a process.

For products the strategy focuses on reducing impacts along the entire life cycle
of the product from raw material extraction to the ultimate disposal of the
product.

Cleaner production is achieved by applying know-how, by improving technology,
and/or by changing attitudes.

2: HOW IS CLEANER PRODUCTION DIFFERENT?

Much of the current thinking about environmental impacts focuses on what to do
with wastes and emissions after they have been generated. The goal of cleaner
production is to avoid generating waste in the first place.

3: WHY IS CLEANER PRODUCTION IMPORTANT?

In the long run cleaner production is the most effective way to operate processes
and to develop and produce products. The costs of wastes and emissions in
addition to negative environmental and health impacts, can be avoided by
applying the cleaner production concept from the beginning (See: INSERT 3).

IMPLICATIONS OF CLEANER PRODUCTION

A major obstacle to widespread application and use of cleaner production is the
lack of defined policy on the part of national governments and international
regulatory bodies. Even though they may espouse the principle of precaution,
application of it is still within an assimilative capacity framework. Until they
state clearly that the priority must be given to avoiding the creation of waste,
industry will not fundamentally rethink the way it operates. It is clear that
failure to consider these methods will competitively disadvantage companies and
not only those currently using resources in a profligate way. Cleaner production
is not a threat to those companies who anticipate, and act upon likely changes
already at an advanced stage on the political agenda.

All can play a part in breaking down resistance to the needed changes. The
educated consumer can choose between products that are harmful and those that
are not. Engineers can widen their scope and consider clean production
techniques when designing new plant. Governments can change economic and
regulatory structures to remove the fiscal impediments to clean production. What
is needed also is an acknowledgement that a primary goal of cleaner production
should be zero discharge of polluting substances.

Notwithstanding his comments concerning the Australian pulp and paper industry
Sprague (1991) also states:

"The objective of regulations for controlling industrial water pollution is to protect natural communities
of organisms. If done, that will include protection of humans as part of the general ecosystem. The ideal
and ultimate goal must be no discharge of effluent, since plants and animals in the natural communities
are adapted through millennia to conditions without human industrial input. On the other hand humans
are now part of the system and cannot live without producing some sort of waste. Hence, any regulation
of industrial discharges will always be a compromise between the ideal and whatever is possible at the
moment. Regulations should be considered as temporary resting places on the road to a goal of zero
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evenhandedly effected. An even more comprehensive approach endorsed by
Greenpeace is known as clean, rather than cleaner, production. Axiomatic to this
definition is a consideration of the societal need for a product, implemented at
the design stage. Further, other societal criteria are applied to cover the full
product life cycle from extraction of raw materials to finished item. It also
encompasses minimisation of inputs of renewable raw materials and energy.

The development of such production frameworks require that simple questions
be answered for each production process concerning (1) the waste streams
generated; (2) the quantities and hazardous components of these; (3) fugitive
losses of raw materials and (4) the efficiency of conversion of raw materials to
final products. Under the clean production definition, the design and need for a
particular product requires rationalisation as a prime consideration.

Failure to consider such criteria, for example under (1) above may result in losses
of considerable economic as well as environmental significance and there is huge
variation in wastes generated by different companies producing the same
products. Three examples from a US survey (Sarokin er al. 1985), illustrate the
potential advantages of pollution prevention alone. In one case loss surveillance at
the 1% level on a mass balance basis failed to identify a 0.06% loss, due to a
faulty valve, qf raw material used in phenol manufacture. Yet this represented
180 tonnes y * of material with a value of $100,000. In another case, records
from two fompanies using phenols as raw materials showed that one using 2500
tonnes y_ ' lost 0.08% as waste while another using 1600 tonnes y ~ lost 17%.
Finally, of two plants each using 900 kg y * of formaldehyde one lost all in the
waste stream, the other only 0.5%. There is obviously great scope in this one area
alone for wholesale reductions to be achieved always supposing that the products
of such processes conform to cleaner production criteria in the first place.

Application of these principles through a project carried out in Landskrona in
Sweden (Backman et al. 1989) has shown that environmental quality and
economic profitability are compatible. In this case a number of problem
industries worked with the University of Lund to explore the possibilities for
pollution prevention in their resepctive industrial sectors. Researchers, in contact
with equivalent industries outside Sweden, carried out audits and suggested
options, which were then evaluated in detail by the companies concerned.

Some simple solutions were found in previously troublesome areas. Mineral oils
used in metal working were substituted by vegetable based oils, halogenated
solvent degreasers by mild detergents and solvent based paints replaced by
powder based materials. Annual savings by this company were in excess of
$400,000. A requirement to reduce solvent emissions was met by substituting
solvent based inks at a printing works while another company losing 3% of its
product in the effluent found that this represented an annual loss of $340,000
(See also INSERT 3). Similar collaborative work between industry and
universities is now being carried out in Denmark and the Netherlands (Baas
1990). INSERT 4 shows a schematic of production under the old and the new
paradigms.

The concept of cleaner production is now close to formal definition and
endorsement by UNEP and is as follows:

1: WHAT IS CLEANER PRODUCTION?

Cleaner production means the continuous application of an integrated
PREVENTIVE environmental strategy to processes and products to reduce risks
to humans and the environment.



discharge."

Recognition must come that zero discharge is the only way in which to ensure
environmental protection given the inadequacies of current regulatory strategies
and ecotoxicological methodologies. This fundamental change in philosophy
needs to be encouraged by enlightened legislation and a clear target date by
which all polluting discharges to aquatic environments should end. Cleaner
production provides a means whereby this could be achieved.

The goal of zero discharge has one extremely important implication. If clean
production processes are fully developed, some substances will need to be phased
out and banned. This possibility has recently been recognised by UNEP in
decision 16/30B at the 1991, 16th session of the UNEP Governing Council. This
provides for the phase out of substances for which there can be no adequate
control. It further incorporates a consideration of clean production as part of the
environmental auditing process.

PHASE-OUTS

As noted by Johnston & Stairs (1991) and Jackson (1991), the auditing process is
a key process in establishing a clean production regime. Industry must be made
subject to clean production audits which encompass the qualitative and
quantitative identification of toxic materials in routine use together with a
programme for a phase out. The database resulting from these audits applied on
an industrial sector basis, should be fully accessible to the public.

In some cases the audit will reveal that certain substances in use are not able to
be adequately controlled. A good topical example is furnished by the chlorinated
solvents, which are currently undergoing a review at the EC level in order to
determine the optimum strategy for wastes. Insert 5 shows the potential
mobilisation of chlorinated solvents through the environment. Due to the solvent
nature of these compounds they are used in applications where they are designed
to escape to the wider environment. Even when solvent recycling is employed,
eventual complete loss is inevitable. In Europe current usage is estimated at
between 667,000 and 800,000 tons per annum (CEC 1991).

The environmental effects of solvent use are varied ranging from the well
known global problem of ozone depletion by CFCs 11 and 12 to the lesser
understood involvement of chlorinated solvents in regional forest die-back
(Franke 1991). In order to simplify this perspective the case of
percholoroethylene will be considered to illustrate briefly why chlorinated
solvents cannot be a component of clean production.

PERCHLOROETHYLENE

Perchloroethylene (PERC) is a common chlorinated solvent. In the USA for
example, it is the most widely used halogenated solvent where 555 million gallons
are consumed annually. Of this 56% is used in dry cleaning and 24% in the
textile processing industries. It has come into use because of its stability an non-
flammability. 10% is used in metal degreasing operations and it is also used as an
intermediate in the production of the fluorocarbon F-113 (NDC 1988).

PER is the most common dry-cleaning solvent and wastes are generated in the
form of still residues or spent filter cartridges. In the USA it has been estimated
that up to 45 gallons of solvent containing wastes are generated each month and
most are disposed of as domestic waste. Due to its volatility, PER is a common
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air contaminant and has the ability to contaminate fatty foodstuffs. Levels of
PER between 100-1000ppb have been found in butter bought from supermarkets
near to dry-cleaning plants (Fawell & Hunt 1988; Miller & Uhler 1988).
Residents of accommodation above dry-cleaning shops have shown elevated levels
of PER exhaled on the breath, an indication of cutaneous absorption (Verberk &
Scheffers 1980).

Recent studies have drawn correlations between PER in the atmosphere and
forest decline in Europe (Frank (1991) due to degradation to trichloroacetic acid,
a powerful herbicide. In addition PER is a common groundwater contaminant
and accidental spillages which cause such contamination appear to be increasing.
This represents a serious form of pollution in that a few litres of solvent could in
theory contaminate many thousands of litres of groundwater which then becomes
unfit for potable use (Lawrence and Foster 1987).

As a result of recent studies there are growing health concerns, particularly
related to reproductive capacity (van de Gulgen & Zielhuis 1989; Lindbohm ez al.
(1990). In a 1989 study in Finland it was found that 3,000 women who had been
exposed to PER at the beginning of their pregnancy showed an increase risk for
spontaneous abortion of some 3-4 times above controls (Kyyrone et al. 1989)
this result was later corroborated by a US study (Windham 1991).

Other studies have identified neurological disorders associated with inhaling
organic solvents, including PER. These include personality changes, depression
headache and lassitude (Hartman 1988). A recent Danish study has found
evidence of brain damage in exposed workers. (see: Gade er al. 1988). In
addition there is evidence that PER is a carcinogen (CEC 1986).

There is ample evidence from these and other published studies, of deleterious
environmental and human health effects, certainly enough to justify application
of the precautionary principle. Due to the fugitive nature of solvents such as
PER, it is unrealistic to expect to be able to prevent environmental release, or
even to substantially slow it down. The Swedish Government has recognised this
and has targeted PER for phase out by 1996.

THE ROLE OF CLEAN PRODUCTION

In the case of PER the clean production paradigm underpinned by a
precautionary approach firstly identifies the need to phase out this chemical and
indded the whole group of chlorinated to which it belongs. The approach also
provides a means for disseminating information to the public to exert change at
the consumer level. The provision by the fashion industry of washable rather
than dry clean only fabrics would help the phase out. The development of
alternative cleaning methods will be required and in fact these are already
underway and involve cleaning fluids extracted from plant material coupled with
steam cleaning. Clearly the changes will be far reaching and necessary over
several sectors of industry. Against the cost of these changes would be set the
lowered risk to worker health and the environment.

CONCLUSION

Current methods of pollution control, based upon an assimilative capacity
approach are prone to extensive failure. Clean production methods provide a
means whereby pollution can be prevented. In many cases there are positive
economic benefits to adopting such methods in addition to achieving
environmental protection. Ultimately, clean production will lead to a phase out of
certain chemicals for which adequate controls are not possible. This will require

12



changes on the part of industry, consumer and government if clean production is
to assume a position as a new paradigm of industrial production.
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