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I ntroduction: Why a new approach to “Water Safety” ?
Oliver Schmoll and Ingrid Chorus

Federal Environmental Agency, Germany

Since pioneers such as John Snow and Robert Koch first established water as major route of
disease transmission in the late 19™ century, many countries have attained a high level of
drinking-water safety. Nonetheless, these continue to struggle with some disease agents found
in water, due to new pathogens evolving or being discovered, new chemicals being developed
and found in water, and due to the development of our scientific understanding of both with
respect to their health impact and their persistence in the water environment. Also, even the
most developed countries are increasingly recognising their problems with surveillance and
safety of small supplies. Furthermore, institutional and economical conditions for drinking-
water provision are currently changing rapidly: ownership of water supplies is being re-
organised between the public and private sector while at the same time many countries are
reducing expenditures for public health surveillance. Concern is growing about an increasing
lack of staff adequately qualified for conducting comprehensive supply system inspections,
the crucial role of which was already advocated by the early public health and hygiene
experts. Securing and improving our approaches to drinking-water safety thus is a continued
challenge even for affluent countries with strong economies.

As pointed out by the World Health Organisation, although humans took the first leaps on the
moon in 1969, the death rate of children due to easily preventable waterborne disease still
amounts to 6000 per day in the year 2003, and one billion people do not have access to safe
water. Mankind still needs to take a big leap to reduce this disease burden. While it does not
even take high-tech “rocket science” to ensure the human right to safe water, it does require
fundamental improvements in the way we approach drinking-water management.

Not only does drinking-water safety vary widely throughout the world — so do legislative and
regulatory approaches to achieving and securing it. Some countries have detailed and
centrally harmonized legislation in place since decades (e.g. the European Union and the
USA). Many have passed legislation, often closely following the WHO Guidelines for
Drinking-water Quality, but face substantial institutional and financial restrictions for
enforcing it. These tend to have one approach in common: a strong focus on standards for
finished drinking-water, and on compliance monitoring. Other countries historically had no
nationally harmonized drinking-water regulatory framework and only recently began
exploring possible approaches, using this opportunity for a focus on managing processes to
ensure safety (e.g. Australia). Switzerland has recently fundamentally shifted its approach to
regulating drinking-water safety towards such a system, using a tool widely and successfully
applied in the food industry, i.e. “HACCP” (Hazard Analysis and Critical Control Points). A
growing number of water utilities is also introducing formally structured quality management
tools (e.g. the ISO 9000 series).

Worldwide, the drinking-water sector is increasingly aware of the limitations of end-product
testing for ensuring safety. One limitation is the delayed availability of results in relation to
the timing of interventions needed to maintain the safety of a supply: typically, by the time
the results of microbiological and chemical analyses are available, water has already reached



the consumer and interventions cannot prevent consumption. A further limitation is the steady
increase of the number of potentially occurring pathogens and chemicals that need to be
monitored, while at the same institutional and economic resources are limited. Ensuring the
safety of a supply therefore requires monitoring not only of the finished drinking-water, but
particularly of parameters which indicate whether the key control measures a given supply
chain are working, i.e. process monitoring.

In recognition of these limitations as well as of the new developments in some countries, the
revision of the WHO Guidelines for Drinking-water Quality (GDWQ) is proposing a more
effective approach to safeguarding drinking-water in order to help focus available financial
and institutional resources on the risks most relevant to public health in the specific setting.
While the GDWQ have emphasised the multi-barrier principle, including the protection of
sources, since their first edition in 1958, the current revision is developing the focus on
processes of drinking-water provision a step further by introducing a management framework
for safe water, i.e. “Water Safety Plans”. These are a systematic approach to understanding
the specific hazards relevant in a given water supply and to effective management of the
processes most suitable for their control in the given system. The Water Safety Plan approach
shifts attention from compliance monitoring in finished drinking-water towards establishing
and managing safe processes.

In order to promote the understanding of currently available approaches to hazard assessment
and risk management in drinking-water and in particular WHO’s Water Safety Plan, an
international conference was held Berlin from 28 — 30 April 2003. This conference was a
forum for discussion of these concepts, of experiences with their implementation, and of this
approach in relation to other quality management systems currently explored for securing
drinking-water safety. It focused on introducing the concepts of HACCP and Water Safety
Plans, the experience currently available from a range of countries with such approaches, their
applicability to small systems and in developing countries, how they compare to other
management frameworks used for drinking-water supply, how they work for chemicals in
drinking-water and for distribution systems, and on their implications for regulation and
surveillance.

The conference was organized by Federal Environmental Agency in collaboration with the
World Health Organisation (WHO), the Federal Ministry of Health and Social Security, the
German Technical and Scientific Association for Gas and Water (DVGW), and the
International Water Association (IWA). Invited speakers presented an introduction into the
Water Safety Plan approach and its background, the reasons for introducing it as a tool to
improve drinking-water safety, as well as into specific aspects of recent experience with its
implementation from the point of view of both water suppliers and public surveillance.
Delegates discussed these concepts in more detail during afternoon workshop groups, the
outcomes of which were compiled and reported back to the meeting. A concluding discussion
of the conference collated open questions, further needs for information as well as suggestions
for a way forward in further development and implementation of this new approach.

Conference discussions expressed a pronounced need for information on the Water Safety
Plan approach — particularly on what it actually means and how it is performing in practice. A
booklet of extended abstracts of the presentations was identified as one element towards
meeting this demand. We are very grateful to the speakers for having provided these



contributions in retrospect to the conference. This proved not feasible only for three
contributions, for these, the presentations slides are printed in Annex A of this booklet.

The extended abstracts are arranged by sessions, in the order in which they were presented at
the conference. These are followed by a report on the workshops as well as of the concluding
discussion (Annex B), which are important because they highlighted open questions and
information needs, and also outlined a way forward.

In the name of the Federal Environmental Agency, we sincerely thank all speakers for their
contributions at the conference and in this volume, as well as all participants who contributed
to the discussions. The latter were invaluable for an assessment of the current situation and of
new approaches taken, as well as for identification of further needs for information and
guidance. Particularly, we thank the sponsors for this event, who enabled invitation of the
wide range of experts as well as some delegates from low-income countries: the German
Federal Ministry of Health and Social Security, the German Technical and Scientific
Association for Gas and Water (DVGW), the World Health Organisation (WHO), the
International Water Association (IWA), and the United Nations Children’s Fund (UNICEF).

Special thanks are also due to the Swiss Gas and Water Industry Association (SGWA) for
mailing a booklet of their full papers and their guidance booklet “Recommendations for a
simple quality assurance system for water supplies”, translated into English on the occasion
of this conference.

We also wish to gratefully acknowledge the smooth conference management organised by
Michael Frobel and Johannes Wingler.






Drinking Water Quality —What and How?
Michael Rouse

Independent consultant and President 1WA, United Kingdom

The paper takes a broad view of the requirements for water safety and quality, what
regulatory and management ‘tools’ there are to meet the requirements, and how HACCP
might fit into the regulatory framework. The presentation, made at the Workshop, had the
objective of stimulating discussion on whether the elements of HACCP are more than just
normal good operational practice, and did not pretend to be a definitive statement on
drinking water safety.

Therequirements
The drinking water quality requirements can be considered under the following headings

1. Protecting against the immediate threats to health, from pathogens or toxic
concentrations of chemicals

Protecting against the short-term exposure effects of chemicals
Protecting against the lifetime consumption of low levels of contaminants

Achieving an aesthetically acceptable water at the tap

A

Protecting against contamination of water from plumbing fittings and from water
‘appliances’

Considering each of these in turn, the absolute priority must be protection against
pathogens, including rapid reaction procedures which need to be in place if the ‘barriers’
appear to have failed to prevent contaminated water being delivered to consumers. The
traditional approach has been to rely on disinfectants and to test for indicator organisms to
check that the disinfectant is working effectively. The difficulty here is the time taken to
collect and analyse samples, such that often water containing the indicators has gone into
supply, and it is not known whether or not pathogens are present in the water. An advice to
boil water may be issued, but it is likely that ‘it is closing the stable door after the horse has
bolted’. Quicker methods of carrying out the microbiological analysis have been developed
to offer a better chance of getting a result in time to take effective action.

Another rapid reaction planning requirement is in response to chemical spills affecting
water resource intakes, to protect against the threat of highly toxic contaminants, or against
harmless chemicals which nevertheless would cause consumers to lose confidence in the
quality of tap water due to appearance, taste or smell. Generally, the concern is with river
systems especially if the source is one of direct abstraction or there is limited bankside
storage. Good river monitoring is required to give early warning of spills.

The next priority is to protect against chemicals which, although present in non-toxic
concentrations, can result in short-term exposure effects. Examples of this are nitrate and
methaemoglobinaemia (blue baby) and lead and the impact on the intellectual development
of children. Obviously the effect of the former would be noticeable whereas with the latter,



although proven, the effect is unlikely to be noticed in individual children. Another short-
term exposure risk is skin effects from chemicals such as arsenic.

Regulating for the above is different from the general requirement in relation to chemicals,
that of low level lifetime exposure. The most challenging requirement here is to protect
against potential carcinogens where it may not be possible to establish no-effect thresholds.

An increasingly important requirement is to supply tap water which is pleasant to drink.
This requirement can be in conflict with the critical requirement for safe water, due to the
need to use disinfectants both in treatment and in distribution.

The requirements do not finish at the tap. Plumbing components and materials must be
specified to avoid contamination from leaching. Also, it is now being recognised that
regulatory attention needs to be given to the chemicals and materials used in water
appliances such as kettles and filters.

Thetools

In considering how these requirements might best be met there is a need to consider the
range of tools and approaches available. The tools can be listed as follows

e Source risk assessment

e Specified treatment

e Indicator monitoring

e Numerical standards at the tap

e Treatment standards

e HACCP

e Quality Systems such as ISO 9002

e Or any combination of the above

e ‘Beyond the tap’ standards or controls

Consider now which tools are appropriate against each of the requirements. For protection
against pathogens, numerical standards are not of much value because, as mentioned
earlier, the sampling and analysis process is too slow. Risk assessment is essential to
identify what pathogens are likely to be present so that appropriate barriers can be put in
place. The barriers will include protection of the catchments, storage ahead of treatment,
and treatment itself, generally disinfection, often preceded by particle removal, and organic
removal to minimise the formation of disinfectant byproducts. Good management of the
treatment processes is vital, with the need for close attention to key control points, such as
disinfection controllers and alarms. Quality systems are an aid to continuous and consistent
process operation. Monitoring needs to be by indicators, such as turbidity, which give early
warning that ‘breakthrough’ has occurred. Rapid reaction procedures need to be in place,
and to be rehearsed so that action to prevent unsafe water being consumed can be taken.

Protecting against a spill of chemicals is largely related to river water sources. Risk
assessment is essential to assess the vulnerability of an intake, and to establish the need for
river water quality monitoring and alarm systems, so that, if necessary, an intake can be



shut-off. Indicator checks on both raw and treated water, for example using smell (the nose
being a very sensitive instrument), are required to allow rapid reaction measures to be
taken. Where activated carbon barriers are not in place as part of a continuous treatment
requirement, say of removing pesticides, the facility of applying powdered activated
carbon should be available for dealing with emergencies. Numerical standards are not
feasible, as there are too many possible substances to monitor although, if chemicals do get
into supply, it is necessary to know what they are and their concentrations to determine
whether or not there is a risk to health from short-term exposure.

Dealing with low levels of chemical pollutants requires a different approach. There is no
immediate risk to health, but it is necessary to know that consumers are being given a
defined level of protection from a lifetime of exposure. Health risks have to be assessed
and numerical standards established. Appropriate treatment needs to be in place to meet the
standards, and monitoring carried out at a frequency dependent on the estimated variability
in the source water. The analysis data is important to demonstrate that the standards are
being met, and important for future health-based studies.

Consumers’ confidence in tap water is related to how they perceive its quality, and their
indicators are appearance, taste and smell. Achieving a pleasant drinking water is
important in its own right, but it also reinforces the perception that it is safe to drink. As
mentioned earlier, acceptable taste and smell can be in conflict with disinfection, and
safety considerations must be paramount. However, much can be done to achieve both safe
and good tasting water, by removing, in treatment, organics which react with disinfectants
to affect taste, controlling biofilm formation in distribution systems and by controlling
chlorine levels around distribution systems. The most common impact on appearance of
water is corroded cast iron pipes, for which the solution is relining or replacement, but
much can be done to prevent rusty water by careful operation of distribution systems. So
the tools to be used for good aesthetic water are consistent effective treatment and good
operational management.

Other considerations

Achieving the required drinking water quality in practice requires more than just standards
or processes. Without some third party scrutiny of output measures, and the associated
transparency in the reporting of water quality results, and without an external agency to
require action when standards are not being met, there is no guarantee that the necessary
investment will be made. Also, organisations perform better when their results are reported
in comparisons with others. There is a strong argument for a drinking water regulator,
whether the operation is private or public.

Approaches to be taken to achieve a good and safe water supply are dependent upon the
affordability of expertise and laboratories, which in turn is dependent upon the size of the
utility operation and the ability of consumers to pay for the service.

Scale of operation and professional capability

Taking first larger operations in developed countries, where expertise and good analytical
services are available, it is to be expected that the full range of tools will be used. There is
likely to be risk assessment of sources and appropriate source water monitoring.



Management systems are likely to be in place to achieve consistent good operation of
multi-barrier treatment plant and distribution systems ‘all of the time’. Turbidity
monitoring of treated water, with telemetered alarms, will allow rapid reaction to unusual
results. Sampling and analysis will provide the necessary back-up, and give the ongoing
reassurance that safe water is being supplied. Numerical standards will be in place for
chemicals, with sampling and analysis, ideally with audited results. The results will be
fully reported and comparisons will be made between comparable utilities.

With small operations, there are no economies of scale to be able to afford multi-barrier
approaches or extensive monitoring. It is necessary to rely on easy to operate and maintain
systems, with only occasional sampling and analysis to identify changes. Quality systems
are likely to be limited to training of operators. Other than for the larger cities, the situation
is similar in the developing world with limited professional resources available. Here, there
is a need to identify the priorities to reduce the impact on health and apply affordable
processes which can be produced locally. Training of operators is a priority and the key
monitoring requirement is basic checks that the treatment is working.

Therole of HACCP

The identification of hazards, and key control measures to deal with them, is something
which is applied as part of normal good water supply practice. What is not applied
generally is the discipline of the formal HACCP procedure. The question is to what extent
can HACCP be applied as a regulatory measure, could and should it replace current
approaches, or is it something which could and should be integrated with other regulatory
measures. Clearly, we know that traditional numerical standard regulatory approaches are
ineffective in monitoring for the presence of pathogens, and that water safety is dependent
upon a combination of effective treatment and continuous indicator measurements such as
turbidity. However, as shown in this paper, a range of tools are applied to meet the various
requirements. Numerical standards have an important place for chemicals, and monitoring
and analysis are needed to check that they are being met, to give consumer confidence and
for future health studies. In my view HACCP adds value in providing a structured
approach to risk assessment, and in focusing management and operatives’ attention on the
key control measures, but that care needs to be taken to avoid the risk that ‘winning the
badge’ will become more important than supplying safe water. The great value of HACCP
today, based on its wide use in the food industry, is that it is stimulating a wide review of
how we regulate to supply safe drinking water. The disciplined approach can only add to
the provision of safe drinking water. The incorporation of HACCP at the heart of WHO
Water Safety Plans is a significant step forward. I anticipate that it will become an integral
part of regulation but will not stand alone as a regulatory tool.

Water for health

With all the emphasis on delivering safe water, too little attention is given to the benefits to
health. The importance of full hydration to general health is being recognised. Generally in
the developed world we have the benefit of good safe water. We should take some time to
promote water supplies in a positive light.



Conclusions

Although protection from pathogens is the highest priority, there are the other requirements
- protecting against chemical spills, protection against short-term exposure of chemicals,
protecting against a lifetime of exposure to low levels of chemicals and providing water
which is pleasant to drink.

Meeting all these requirements involves the use of various regulatory tools, but the
approaches are limited by affordability and the availability of professional resources. Third
party scrutiny, by an independent regulator, provides the incentive for high performance,
transparency and achievement of standards, and gives reassurance to consumers.

HACKCEP is a valuable tool. Its incorporation in WHO’s Water Safety Plans provides the
opportunity of a review of regulatory approaches.
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Isthere a Need for a Better Drinking-water Quality Management?

Martin Exner and Thomas Kistemann

Ingtitute of Hygiene and Public Health, University of Bonn, Germany

Introduction

The basis of drinking water quality management was developed in the 19" century. Based on
the criteria established at that time, drinking water quality in Germany has been developed to
its present high standard. Thus, classical water-borne epidemic diseases such as cholera,
typhoid fever, paratyphoid fever, shigella dysentery which threatened public health at that
time were brought under nearly complete control, and particularly the high mortality rate for
water-borne diarrhoeal illnesses in infants as a result of water-borne diarrhoel illnesses could
be reduced drastically.

Quality management must, however, be checked regularly and adapted to changing current
conditions for the following reasons:

e new findings about water-borne risks have emerged;
e new legal requirements and decrees are to be fulfilled; and

e risk characteristics of the population have changed due to demographic factors and
medical conditions.

New findings particularly relating to health risks which can come from water are:
e newly occurring or identified pathogens;
e new chemical substances; and
e the increasingly recognised limitations of the indicator system.

New legal requirements are, e.g. the amended EU Drinking Water Directive and the German
Drinking Water Ordinance, which is based on the former. This legislation has replaced the
term “drinking water” with “water for human use”.

Similar to food hygiene, the total quality management (TQM) approach focuses on processes
from the catchment area to the tap of the consumer rather than on the achievement of a certain
water quality. Risk points are to be identified and are to be controlled by suitable mechanisms.
Furthermore, the consumer will have an extended right of information: as consumers have no
direct influence on the quality of drinking-water delivered to their tap, they must be able to
rely on the hygienically perfect quality of the water made available to them.

In a population with a high level of medical treatment, susceptibility and thus risk changes
through factors such as the increase in the share of older people, the increase in populations at
a higher relative risk (i.e. immunocompromised) as well as changing individual consumption
patterns.

The following explanations only refer to the conditions in the developed countries and do not
deal with the partly clearly different problems in developing countries.
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Historical aspects

As regards the drinking water-borne risks and their control at the beginning of the 19" century
only empirical experiences were available. Through epidemiological investigations by John
ow, connections between contaminated well water and cholera outbreaks in London could
be demonstrated. After the introduction of the central water supply in Munich Pettenkofer was
able to show that there was a considerable decrease in the cholera and typhoid fever mortality
or morbidity. The exact bacteriological diagnostic of typhoid fever was only established some
decades later. 120 years ago Robert Koch published his reports about the detection methods of
micro-organisms in water, soil and air, as a result of which quantitative bacteriological
ascertainment of the bacterial concentration in the water became possible, and with this the
efficiency of treatment could be verified. In 1884 Koch discovered the pathogen causing
cholera in Calcutta which he was able to identify in a water tank used for the supply of water
to persons which had fallen ill of this disease.

The hygienic microbiological quality tests of drinking water which were now possible were
an important precondition to establish quality parameters. In 1892 there was a heavy cholera
epidemic in Hamburg which was the trigger for the introduction of consistent legal rules for
the catchment and treatment as well as distribution of water in Germany. By means of this it
was possible to eliminate cholera, typhoid fever and paratyphoid fever as water-borne
diseases almost completely. The knowledge and risk assessment, however, only related to a
few water-borne diseases and risks, which Gartner summarised in his monograph “Hygiene
of Water” in 1915. At that time, cholera, typhoid fever, paratyphoid fever, shigellosis,
leptospirosis, gastrointestinal infections and anthrax were among the most relevant water-
borne infections. Intoxication caused by mercury, arsenic, barium, tin, zinc, copper, lead, and
organic compounds were among the chemical risks. In the following years quality verification
and the corresponding quality indicators aimed for the control of these infections, e.g. the
level of the colony counts per millilitre, the occurrence or the absence of E. coli and
coliforms, enterococcus and clostridia. With these basic quality assurance strategies it was
possible to bring the very widespread water-borne diseases under control.

New findings on water-borne health riskswith particular consider ation of pathogens

Since the beginning of the 20™ century a multitude of potentially water-borne pathogens could
be identified. They are partly characterised by a very low infective dose. Some water-borne
pathogens have an increased to a very high resistance against disinfectants such as chlorine.
Moreover, these pathogens cannot be detected at all or they can only be detected insecurely
with the classical indicators E. coli, Coliforms and Enterococci. In addition, water-borne
pathogens of non-faecal origin have been detected which as pathogens are part of the natural
aquatic microflora. Examples are Legionella and Pseudomonas which mainly multiply in
biofilms in the water distribution network and particularly in plumbing systems. At the end of
the 70s and the beginning of the 80s it became clear by means of the raster scan electron
microscopy that facultative pathogenic micro-organisms as Pseudomonas aeruginosa and
legionella can partly multiply in biofilms of water-leading systems in extremely high
concentrations.

Some pathogens like EHEC, Campylobacter, Cryptosporidia and Giardia which have recently
been discovered to be relevant have a very low infective dose. An important difference
between chemical pollution and presence of pathogens is the fact that in most cases the former
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becomes health-relevant in drinking-water only through prolonged exposure, whereas the

latter can cause water-borne epidemics even if present only very shortly. In contrast to the
majority of chemical-physical noxes long-lasting pollution is not necessary to cause water-

borne epidemics.

Besides the classical route of transmission through water ingestion, we now understand the

importance of including other routes of infection such as inhalation or skin contact of
pathogens in the risk assessment. Depending on their route of transmission water-borne
pathogens must nowadays be subdivided into those that are transmitted via ingestion and
those that are transmitted via inhalation or contact. An overview of transmission pathways is

given in Figure 1.
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Figure 1. Transmission pathways for waterborne pathogens.

It is only a few years ago that new typing methods (as for example RAPD or PFGE)

demonstrated that transmission of Pseudomonas aeruginosa to risk persons via contact (e.g.
by cleaning) causes up to 40% of the pseudomonas infections occurring in intensive wards
and up to 30% of Pseudomonas aeruginosa infections in normal wards. It has been assumed

that 1400 death cases in the USA result from waterborne Pseudomonas aer uginosa

pneumonia. (Anaissie et al., 2002).

Therecent development of premisesand requirements

In the WHO Guidelines, the European Drinking Water Directive as well as in national
legislation on drinking water quality new premises and requirements are formulated. The

following count among the most important:

e the principle of assessing and managing systems from the catchment area to the

consumer;

e plumbing system and water tap are part of the water supply system,;
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e pathogens and chemical-physical hazards are not allowed to be in the water in
concentrations which can harm health;

e the point where the quality criteria must be fulfilled is the consumer’s water tap;

e water for human use should be safe also for domestic purposes including personal
hygiene; and

e if limits for a given parameter are exceeded, a hazard analysis (risk analysis) must be
carried out immediately.

The basic principle from “catchment area to the consumer” is a holistic approach. It means
that risk points can be present from the catchment area throughout the water supply chain, in
water treatment, in water distribution, in plumbing systems and at the water tap. They must be
identified and brought under control. Up to now the corresponding risk analysis concentrated
on treatment and analysis of treated water. The raw water and the water quality in the
distribution network or at the final point of consumption were not a focus in this risk
assessment. Drinking water control in public utilities is increasingly demonstrating
contamination which originates either from the water distribution network or from the
plumbing systems.

As aresult of the explicit inclusion of plumbing systems and household installations up to the
consumer’s tap new problems have become manifest: the capability of micro-organisms
growing and multiplying in biofilms to induce the release of hazardous substances such as
copper and lead from plumbing systems.

A need for quantitative analyses of pathogens — i.e. their concentrations — as well as setting
quantitative targets for their occurrence arises from two considerations: (i) recognition of the
fact that a complete elimination of pathogens in the water is not realistic and (ii) that it is only
a question of the volumes tested to possibly demonstrate their presence. Also, some pathogens
such as cryptosporidia can already lead to water-borne outbreaks in concentrations which
cannot be reliably detected or can only be analysed with considerable effort with the present
analytical methods. Against this background the World Health Organization suggests to
analyse their potential occurrence in raw water and from this to derive criteria for the
treatment requirements to achieve removal down to safe levels. Such an analysis must also
take the peak concentrations, for example after heavy rainfall, into account.

Water does not only have to be hygienically harmless for drinking water purposes (taken in
per ingestion), but also for other purposes of use such as washing, showering, cleaning, food
preparation. That means that certain quality criteria must also be observed for showering or
personal hygiene.

In case of results exceeding limit values a hazard analysis (risk analysis) must be carried out
immediately in order to ascertain whether or not the value exceeded constitutes a risk for the
consumers. In doing so additional tests must be carried out for the specification of the risk.

These developments have considerable consequences for management and surveillance, and
lead to a clear extension of the quality criteria in place until recently.
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Demographic characteristicsand increasein risk populations

In the developed countries the share of older people in the population increases. Persons
above the age of 65 are regarded to be more vulnerable to infections, as due to their often
existing multi-morbidity consequences of infectious diseases are more serious than in younger
persons. Furthermore, there was an increase in further risk groups such as
immunocompromised patients, patients with cancer, patients with invasive catheter systems.
Due to attempts to reduce costs in health care the number of patients in home nursing has
risen. The prevalence of risk persons in different European countries is depicted in Table 1.
According to this it can be assumed that the ratio of risk persons (i.e. with an increased risk of
infection) to the normal population is 1:6.

Table 1. Prevalence of ,,at risk“ persons in the domestic setting (note: a hyphen means that no
data are available).

LIk Germany Halland
Total population G0 million 22 million 16 million
- over 65 year old 9 million 13 million 2 million
living with cancer —significant 1 million - 160,000
proportion in the community, and
undergoing chemotherapy
* ungerd yeamo 600,000  |800,000 100,000
- discharged from  hospital 200,000 ] 60,000
within previous 2 weeks
- hospital outpatients at home i 1,270,000 ]
AIDS cases 15.000 91
Total "at risk” persons =1in 6 =1in56 =1in6.3

These risk characteristics must also be taken into account in case of an assessment of the risk
by drinking water.

Examplesfor water management problems

Most of the drinking water-borne outbreaks and events reported in the last few decades can be
put down to an insufficient consideration of risk points which — knowing new risk potentials -
could have been controlled in advance by systematic water safety policies. For a long time
Germany was regarded as a country where water management problems and water-borne
infections have not occurred. In the following, three characteristic examples are shown which
have led to preventable problematic situations in Germany.

Case 1: Insufficient safeguarding of the water catchment

After a strong rainfall there was an occurrence of E. coli and coliforms in a well with a depth
of 50 m. Disinfection could not be carried out. For this reason it was recommended to boil the
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water before use. The site inspection revealed that in the direct catchment at a distance of only
20 metres there was intensive pasturing with young animals and that there were two cattle
watering tanks with heavy faecal soiling. According to the Water Safety Plan and the HACCP
concept livestock and cattle watering tanks in the direct catchment area of a drinking water
well would have been identified as risk points and should have been eliminated. This was
done after that incident. Only after a worst-case situation — caused by heavy rainfall —
unfavourable bacteriological results have been detected which under normal conditions would
not have become noticeable.

Case 2: Water-borne Giardiasis

Water-borne giardiasis or cryptosporidiosis had not been reported from Germany. In 1999 an
increased giardiasis gastroenteritis rate was detected among patients by a general practitioner
who informed the health authorities. Besides carrying out an epidemiological investigation,
water quality was also tested, and this detected low concentrations of Giardia. These were
caused by a well situated on a pasture directly besides the course of a creek. The creek carried
sewage. In case of strong rainfall the well water was influenced. The epidemiological
clarification showed that the risk of giardiasis infection of the supplied population was 7 times
higher compared to the control population (Kistemann et al., 2003). This case could also have
been prevented by a systematic water management and an identification of risk points.

Case 3: Hydrant contamination

In a routine examination a systemic contamination with E. coli at different places of the water
distribution network of a water supply system was detected. It was recommended to boil the
water before use, and a chlorination of the water supply system was carried out. However, a
causal source could initially not be determined. By means of systematic investigation it was
ascertained that in connection with the installation of a new hydrant into the distribution
system the following stretches were contaminated with E. coli. E. coli could be detected by
testing higher volumes of water samples taken from the hydrant which were compared by
means of PFGE with the strains found in the network. The hydrant could be identified as a
source of contamination by corresponding PFGE samples. Biofilms could be established in
the hydrant. The exact cause of the contamination of the hydrant could not be ascertained. It
is, however, not excluded that the hydrant was rinsed with contaminated water for testing
purposes during production.

This case study points to the fact that interventions in the water distribution network have to
be taken into consideration as potential points of risk in a water management system and that
they can entail long-lasting contamination of the water supply system.

Consequencesfor a holistic approach to water hygiene

The consideration of the new knowledge about new pathogens and new harmful substances
leads to a concept of a holistic water hygiene management (Table 2).
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Table 2. The holistic water hygiene concept.
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The aim of a holistic water hygiene means health protection by guaranteeing water in
sufficient quantity and hygienic quality particularly taking water-borne pathogens into
account. Prevention measures include guaranteeing quality, structure and processes as well as
verifying and validating these quality criteria.

Besides the systematic surveillance of water-borne diseases an efficient incident and outbreak
management system is of great importance. In case of limit value exceedances as well as
outbreaks of water-borne diseases its aim is to control these as efficiently as possible.
Therefore, a changed quality assurance thinking and a changed quality management
philosophy is necessary.

It is not sufficient to fulfil water quality criteria in treated drinking water. In food hygiene the
single points of risk must be checked from farm to fork. Analogous, drinking water supply
systems must be considered from the catchment area up to the tap of the consumer in the
framework of a modern water management system.

Possible points of risk and hazard potentials must be defined taking the current scientific
findings into account. It must be determined by which measures possible risk situations can
be brought under control. The demands on the treatment are dependant on the raw water
quality at worst-case conditions. For this reason a considerably higher importance must be
attached to the raw water quality in future.

The whole system must be validated from a comprehensive point of view and the quality
management system must be verified as regards its efficiency.

An incident and outbreak management must be planned proactively. Independent hygienic
medical advice is indispensable.
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The former drinking water quality management must be adapted to the current health
requirements. For this reason, initiatives for the improvement of drinking water quality
management by the World Health Organization and the endeavours for their evaluation in
Germany are to be supported emphatically.
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HACCP: A Quality Management System Proven Successful in the Food
Industry

Liippo Ellerbroek

Bundesinstitut fur Risikobewertung, Germany

The Hazard Analysis Critical Control Point system (HACCP) as applied to food is considered
to be a safety management system using the approach of controlling critical points in food
handling to prevent food safety problems. It is a system which can be used to assure food
safety at all levels of food handling and is an important element in the overall management of
food quality and safety, more commonly referred to as Good Manufacturing Practices (GMP).
The HACCP concept was developed in the late 1960s as a quality assurance system to
enhance food safety. The basic principles underlying the concept were not new, but the
introduction of HACCP signalled a shift in emphasis from resource-intensive end-product
inspection and testing to preventive control of hazards at all stages of food production. The
application of the HACCP system has been evolving and expanding to form a basis for
official food control and for establishing food safety standards for the international food trade
as well. HACCP is considered to be one of the most effective and efficient ways to enhance
food safety.

Many interpretations of the HACCP concept were presented in the past. In general, HACCP
aims at excluding influences that result in foodborne diseases in humans from the production,
handling, treatment, transportation and storage of foods. For this reason, food establishments
conduct in-house controls. As part of such in-house control systems, the HACCP concept
serves to ward off health hazards through their systematic identification, evaluation,
continuous recording and control.

An internationally valid explanation of the HACCP concept has been laid down by the
FAO/WHO Codex Alimentarius Commission in an annex to its General Principles of Food
Hygiene. According to this, the HACCP concept is a system for the identification, evaluation
and control of significant health hazards from food. Thus, specific health hazards for the
consumer (these may be hazards of chemical, physical and microbiological nature) should be
identified (hazard identification) and the probability and significance of their occurrence
assessed. Based on such analysis, the necessary preventive measures are to be defined which
serve the purpose of preventing, eliminating or at least reducing hazards to an acceptable
level. A system of this type can be applied in all establishments with established and
permanently repeating operational processes. The HACCP-concept may be integrated into a
quality management system according to the DIN EN ISO 9000 series (Untermann et al.,
1996; Untermann and Dura, 1996).

The framework of the HACCP concept consists of 7 principles. These are essential for a
correct application of the concept. HACCP is often misunderstood due to wrong translation
and interpretation of the terms, e.g. “hazard” in the sense of risk (rather than a potential
danger which results in a risk only in some settings), “control” in the sense of random
checking (rather than in the sense of steering a process) and “CCP” in the sense of an item on
a checklist for which compliance is tested against hygienic requirements (rather than a specific
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point in the process which needs to be kept within operational limits). The term “CCP” as an
abbreviation of the term “Critical Control Point” should not be translated into other languages
since it has become an internationally recognized term similar to “HACCP”.

A great deal of national and international activity related to the utilization of HACCP-based
systems in food safety assurance is already implemented or still under way. HACCP is
increasingly being promoted throughout the world and, in some countries, food control
agencies demand from the food industry, including food importers and exporters, to use
HACCP based systems to assure food safety. In an environment of economic restraints,
governments are under constant pressure to limit expenditures, and to look for more efficient
and effective mechanisms to carry out their food control mandate. HACCP is being looked at
as one of these mechanisms.

To successfully implement HACCP in the food production chain, producers and authorities
responsible for food safety must first be aware of a need for a quality management system, and
specifically of the advantages of using HACCP as such a system. Developing a HACCP plan
for a given establishment requires a fair amount of commitment at every level, and this cannot
be expected until the need for implementing HACCP is acknowledged. As a HACCP plan is
part of the in-house control and quality management system, , the operator of such a food
establishment will be responsible for its development and implementation. However, the
development of a HACCP plan is required by law for food establishments in some countries,
though in others HACCP-plans have been developed on a voluntary basis.

HACCP and general provisions of hygiene

There is a relationship between the HACCP concept and general measures of hygiene.
However, it should be noted that the HACCP concept does not constitute a tool for the
implementation of general measures of hygiene. It is rather based on an existing hygiene
concept which comprises the hygienic requirements for working areas and technical
equipment as well as for staff hygiene, cleansing and disinfection, pest control etc., most of
which are required by law. The general prerequisites also include measures to separate
operational steps and production lines (to prevent cross-contamination) and to control
temperature and humidity in working and storage areas. Without this basis, no HACCP plan
could work.

In many fields of food production, treatment and processing, it is virtually impossible to
develop a complete HACCP plan because of the size or structure of an establishment or its
wide range of products. This applies above all to the principles of documentation and
verification (see below). Therefore, for example the European Community with its Council
Directive 93/43/EEC has prescribed a flexible system for the development of structured and
specific measures of health protection which does not require the implementation of a full
HACCP plan but rather requires both in-house control based on individual principles of
HACCP and general provisions on the hygiene of foodstufts.
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Application of HACCP

For the practical application of the HACCP concept according to Codex Alimentarius, certain
rules have to be followed which are laid down in 7 main principles. The HACCP principles
constitute the basis for the establishment of an HACCP plan.

e Principle 1: Perform a hazard analysis.

e Principle 2: Determine the Critical Control Points (CCPs).
e Principle 3: Establish one or several critical limit(s).

e Principle 4: Establish a CCP monitoring system.

e Principle 5: Establish corrective action to be taken if monitoring indicates that a
specific CCP is no longer under control.

e Principle 6: Establish procedures of verification to confirm a successful working of the
HACCP system.

e Principle 7: Introduce a documentation system taking into account all processes and
records in accordance with the principles and their application.

In order to prevent misunderstanding it should be noted that a full HACCP-plan is always
developed along all of the 7 principles. Hazard analysis should be done in a systematic
manner, to prevent hazards from being overlooked. The information needed for hazard
analysis comprises the agents that could be present in the food under study, the severity of
their effects, and the likelihood of their occurrence, also the levels that could cause adverse
health effects, and the conditions that could lead to unacceptable levels.

HACCP can and should be applied at all stages of food production and processing, i.e. from
the primary producer to the final consumer to enhance food safety, enable a better use of
resources and more timely response to problems. Within this framework, HACCP can aid
official inspection and promote international trade by increasing confidence in food safety.

Practical implementation of the HACCP concept

The application of the HACCP concept encompasses a set of tasks requiring expertise in the
fields of epidemiology, veterinary medicine, food chemistry, toxicology and food
microbiology as well as quality management. If necessary, establishments need to rely on
qualified and acknowledged external scientific expertise.

A detailed description of the approach has been given in the Codex document mentioned
above. In a summarizing view, the seven principles listed above can be assigned to three steps
that should be passed:

1. Hazard identification and evaluation (Principle 1).

2. Determination of the Critical Control Points and of measures for their control
(Principles 2, 3, 4 and 5).

3. Verification and documentation of the system (Principles 6 and 7).

After a detailed description of the food and its typical production/manufacturing procedure
(flow chart), hazards will be identified and evaluated. This stage comprises the identification
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of all hazards possibly associated with each single production step and the assessment of both
probability of hazard occurrence and of its significance for the consumer’s health. All
potential hazards should be analysed individually. A detailed specification is necessary since
methods used to monitor and control the problems may differ accordingly. Thus, it is not
recommended to use general terms such as “pathogenic organisms” but pathogenic organisms
possibly involved such as Salmonella or Campylobacter spp.. The same considerations apply
to chemical contaminants as well as to “foreign matter” (i.e. glass, plastic material, metal etc.).

On the basis of an analysis of the entire process it has to be decided, if necessary with the help
of a decision tree, whether the criteria for a CCP are met. A CCP must have all of the
following four characteristics:

e [t must specifically address the hazard identified initially.

e The measures to be carried out for control should eliminate, prevent or reduce the
health hazard to an acceptable level as defined in the hazard analysis.

e Continuous checking whether a specific hazard has been eliminated (e.g. by means of
a technological method) must be ensured by means of a suitable monitoring system
using critical limits. With almost no exception, microbiological analyses are unsuitable
as monitoring methods since their results are not available early enough to initiate in
time corrective action in cases of deviations from normal values.

e At the same time, suitable and feasible corrective action must be available to be
carried out if insufficient control of the CCP is reported by the monitoring system, i.e.
if the defined critical limits have been exceeded. Corrective action may range from
correcting a processing step to discarding an entire batch.

For a CCP, documentation is imperative. The functionality of a HACCP plan should be
verified by means of laboratory analyses, inquiries or other measures (step “verification’). Of
course, these must also be documented. If one of these characteristics is missing, the point in
question is not a CCP.

Many questions have been raised concerning the application of the HACCP concept to control
spoilage or product quality. The logical approach used for the establishment of a HACCP plan
may also be applied to a targeted development of specific measures to prevent spoilage or to
ensure product quality. In such cases, however, the term “CCP” should not be used. It will be
left to the operator of the establishment involved to introduce other terms or names in the
context of the in-house control system, e.g. “‘control point for measures of hygiene” or
“control point for other measures of quality assurance”. This is necessary to avoid the actual
aims of the HACCP concept, i.e. the prevention of specific health hazards, to become masked
and diluted. For such points, surveillance and corrective action as well as verification and
traceability by means of documentation may be established by analogy to the CCP. If the
concept is applied uncritically extensively, establishments may soon come up against the
limits of their organizational possibilities, mainly concerning documentation. Eventually, this
could severely compromise effective in-house control.

If a complete HACCP plan exists, the surveillance authority will mainly concentrate on the
correct establishment of the CCPs for the control of possible health hazards, in addition to the
general inspection of hygienic conditions. Its main focus will be on the documentation and
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verification of the system. If the HACCP concept is incorporated into a quality management
system according to DIN EN ISO 9000, it is recommended that the operator of the
establishment should keep separate, or mark accordingly, the parts relevant to official control
in such a way as to ensure a consistent presentation and to avoid a time-consuming search in
the documents during an inspection.

When reviewing an establishment’s in-house control, which is structured according to specific
principles of the HACCP concept under the Council Directive on the hygiene of foodstuffs,
the food control authority will at first pay attention to a correct discrimination between the
general measures of hygiene and the measures for specific hygienic control (on the basis of the
HACCEP plan). This will reveal whether the in-house measurements taken according to
HACCEP principles were analysed in compliance with the Directive and the establishment has
taken these requirements as a guidance. Hence, it is the main subject of concern to check
whether a structured hygienic concept has been applied. Concerning the implementation of
measures, the records kept should provide for improved transparency and credibility for the
food control authority.
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Water Safety Plans— Using Risk Management to Deliver Safe Water

Melita Stevens

Melbourne Water, Australia

The management of risks and provision of safe drinking water is a core issue for water
suppliers. Over the last two decades there has been a shift in the way that risk is perceived and
managed in drinking water supplies. There has been an increasing focus on preventive risk
management that accounts for a holistic approach from source to consumer and a move away
from over reliance on engineered barriers and end point testing.

The use of preventive risk management guidance, such as Hazard Analysis and Critical
Control Point (HACCP) is now included in the 3" Edition of the World Health Organization
Guidelines for Drinking-water Quality (GDWQ) and the Australian Drinking Water
Guidelines. The WHO GDWQ give guidance on the use of Water Safety Plans (WSPs), based
on the principles of HACCP. The use of WSPs is recommended by WHO for the management
of drinking water safety.

HACCEP is a preventive risk management tool that was developed in the 1960s by NASA and
the Pillsbury food company in the USA to reduce the likelihood of food borne illness in
astronauts. End-point testing had generally been relied upon for product safety assurance in
the food industry. HACCP systems result in a focus on risk prevention and management
through process control, which reduces the reliance on end-point testing. HACCP was
adopted by the Codex Alimentarius Commission in the 1990s and is the risk management
method of choice in many countries.

In 1994, Havelaar published an article in the journal Food Safety, which proposed that
HACCP be used to manage risks in drinking water supply. This led to the development and
implementation of HACCP certified drinking water supplies in Australia and the inclusion of
HACCEP principles in the Australian Drinking Water Guidelines. A number of individuals in
Australia that participated in the adoption of HACCP were invited to assist WHO with
developing HACCP guidance for the WHO GDWQ.

HACCP comprises 12 steps that include 5 preliminary steps and 7 principles. These 12 steps
represent the basics of risk management and are used to support the development of a Water
Safety Plan. The 12 steps of HACCP are shown in Figure 1.

In Plain English, HACCP asks three questions:
1. What is the hazard?
2. How is the hazard fixed?

3. How is it known that the hazard is fixed?
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Assemble a team

Describe the product

Document intended use of product .
Initial steps

Construct a process flow diagram in the HACCP process

Validate process flow diagram

Identify hazards and ieventative measures i?l """

Identify CCPs

Establish critical limits The seven principles

of HACCP

Identify monitoring procedures
Establish corrective action procedures
Establish record keeping and responsibility

Validate/verify HACCP plan

Figure 1. Steps and principles of HACCP.

The basics of risk management that are implicit in the HACCP process are as follows and
described in the following paragraphs:

e Know your system

e Know what threatens it

e Know how to remove or reduce risks

e Control measures in place

e Monitor the control measures more than the water quality

e Verify the water quality at the end

Know vour system

This includes information gained from sanitary survey and details of source water, treatment
processes, storage and distribution. Information is also required on what the water is to be
used for and which populations are going to use it.

Threats to the system

This includes knowledge of what hazards are present in a drinking water system. Threats such
as pathogens from sewage and agriculture and chemicals from industry can impact drinking
water quality. Understanding of events such as floods and fires is also used to assess risks in
supplies. Risks that are identified need to be ranked and prioritised and significant risks
identified.
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What can remove or reduce risk?

One of the basics of risk management is an understanding of what measures can be out in
place to reduce or eliminate risk. In some cases risks can be avoided by not allowing
contamination to enter a drinking water system, for example through the protection of
catchment areas or well protection zones. In other cases risks can be removed by treatment,
such as conventional filtration, disinfection with chlorine or through UV inactivation. It is
important to remember in drinking water systems that risk to consumer is minimised through
incremental risk reduction by the use of multiple barriers. The more barriers to contamination
in a supply, the more confidence can be gained for water safety.

Control measures in place

Control measures are activities that are designed to reduce or eliminate risk. Not all control
measures are engineered barriers and many activities that are carried out in water systems are
control measures such as standard operating procedures and water supply agreements.

Monitor the control measures more than the water quality

There are a number of reasons for monitoring in drinking water systems. The first is to
support the risk assessment process and determine the threats to the system. This may involve
research project results on pathogen monitoring or chemical analysis. Once risks have been
identified barriers (control measures) in the system are monitored to ensure that the control
measures are working effectively. This approach to monitoring ensures that effort is spent at
points in the system where hazards are being controlled and not at the end of the system
where it is too late to manage risk.

Verification of water quality (surveillance)

In a risk management approach such as HACCP the focus on water quality as it is delivered to
consumers is reduced as control is effected earlier in the system. The role of end-point testing
is to verify that the management plan is working and the results used as a long-term data-base.
Risk cannot be managed by measuring and reacting to water quality once it has reached the
consumer.

Water Safety Plans

The 3™ Edition of the WHO Guidelines for Drinking-water Quality contains guidance on risk
management that incorporates HACCP and good manufacturing practice. The GDWQ states
that the role of the supplier in ensuring the safety of water has three key components which
are guided by health-based targets and overseen through public health surveillance:

Health based targets

Health based targets are water quality targets based on public health protection and disease
prevention. They are a benchmark for water supplies and local circumstances need to be taken
into account when setting the targets. The targets were developed by WHO using quantitative
microbial risk assessment
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System assessment (WSP component 1)

“System Assessment to determine wher e the water supply chain (up to the point of
consumption) as a whole can deliver water of a quality that meets identified targets. This also
includes the assessment of design criteria for new systems” (from WHO GDWQ).

The system assessment is a “reality check” before undertaking a Water Safety Plan. It
determines the system capability to meet the health based targets.

Effective management — control measures (WSP component 2)

“Monitoring of the control measures in the supply chain which are of particular importance
in securing water safety” (from WHO GDWQ).

This component involves the first steps of HACCP and ensures an understanding of the
capabilities and limits of barriers. This component involves operational monitoring.

Management plans (WSP component 3)

“Management plans documenting the system assessment and monitoring; and describing
actions to be taken during normal operation and incident conditions, including upgrade and
improvement and documentation and communication” (from WHO GDWQ).

This component includes the development of a HACCP plan and supporting programmes.
The management plan should include information like standard operating procedures,
employee training and risk communication.

Public health surveillance

Public health surveillance is systematic independent surveillance that verifies that the
elements of the Water Safety Plan are operating properly. The surveillance includes audit of
the Water Safety Plan to show that the Plan is being adhered to. It also includes validation of
control measures to determine if the Water Safety Plan is appropriate and that correct
operational monitoring is being undertaken. The final component of surveillance is
verification, which is end-product testing to show that the system as a whole is working
properly.

The development and adoption of Water Safety Plans for large and small water supplies in
developing and developed countries will result in a more systematic and rigorous approach to
the management of drinking water safety. Through the implementation of plans with reference
to a clearly defined health-based target, the risk to consumers of contaminated drinking water
should be lessened.
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HACCP at Melbourne Water — I mplementation from Catchment to Tap

Kevin Hellier

Melbourne Water, Australia

The presentation, as described below, outlines the way in which Melbourne Water has
developed HACCEP for its water supply system. It summarises the approaches taken to risk
assessment and identification of Critical Control Points and some of the benefits received
from introducing the HACCP system.

Melbourne Water began preparing HACCP in 1999, at a time when HACCP was not known
to have been applied to any water supply in the world. By June 2000 the system was
established and certified by independent audits.

Introduction to the Melbourne Water supply system

Melbourne is a city of 3.5 million people situated in the south east of Australia. The city has a
temperate climate. Melbourne Water is a Government owned Corporation that owns and
operates the bulk water, sewerage and drainage systems. Drinking water is supplied to three
Retail Water Companies who own and operate the reticulation systems. At the same time that
Melbourne Water was preparing its HACCP plan, the retail companies were also preparing
their own HACCP plans.

Because of Melbourne’s dry summers and suburban lifestyle with large gardens, there is a
relatively high consumption of water and therefore large reservoirs. (The total storage
capacity is over 3 times the annual consumption.)

Multiple barriers

For many years the Australian water industry has had a strong emphasis on the principle of
multiple barriers for the protection of water quality.

All of Melbourne’s water comes from surface water. About 75% of Melbourne’s water is
supplied from indigenous forest catchments, protected from public access and development.
The protected catchments and large water storages have produced water for Melbourne that is
naturally clear, with a low level of pollutants and is aesthetically pleasing. As a result, the
water from these protected catchments is not filtered and disinfection was only introduced in
the 1970s.

Water sourced from multi-use catchments is filtered. All water supplied is disinfected, usually
with chlorine, and the distribution system is a closed system of pipelines, tanks or covered
storages.

The principle of multiple barriers is still strongly supported today. The addition of HACCP
has improved the risk assessment and quality systems that are also necessary to ensure that
the barriers are effective.
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Important differences between food and water processes

When investigating HACCP Melbourne Water spoke to consultants in the food industry,
attended short courses and looked at examples of HACCP plans for food manufacturing.

HACCP is well established within the food industry but there are some important differences
in the water industry which need to be considered. The most obvious are:

1. The diverse range of possible water-borne hazards, particularly from multi-use
catchments;

2. The continuous nature of supply between raw water sources and consumption;
3. The large, complex distribution networks; and
4. Treatment facilities that are often monitored and operated remotely via telemetry.

The diverse range of water-borne hazards can be assessed individually or in some cases
groups of micro-organisms, or chemicals can be assessed. For instance, groups of bacterial
pathogens transmitted by birds such as Campylobacter and Salmonella spp. might be assessed
together. As too might bacteria that are known to regrow in distribution systems. The
protozoan hazards may be more specific in their prevalence in the catchment and unique in
their resistance to disinfection, therefore warranting individual analysis. It is essential that the
HACCP team includes representatives with the appropriate microbiological and chemical
expertise to make these assessments.

The supply of water on a continuous basis from raw water (untreated) to tap results in a
problematic management of any non-conforming product (i.e. water deemed “unsafe”). The
water is not precisely traced within the distribution system, although water quality models
coupled with advanced flow monitoring systems are advancing rapidly. Therefore, much of
the management of water that has been improperly treated or potentially contaminated relies
on operational experience and cannot be described prescriptively for every circumstance. If
water quality monitoring of treated water provides evidence of contamination the information,
in some cases, is received too late for corrective action prior to significant amounts being
consumed. This makes the need for preventive measures and corrective actions early in the
process even more important for water supply systems.

Usually food manufacturing plants are completely contained in one factory location and it is
relatively easy to validate the process flow. Site specific hazards and HACCP plans can be
developed. However, for water systems multi-site HACCP plans are needed (particularly for
large urban systems) and it is necessary to simplify the process description to an extent that
does not compromise the identification of hazards. This is particularly so of the distribution
system where generic process flow diagrams are inevitable. It is difficult to trace water as it
flows through distribution systems, which makes it difficult to prescribe site-specific
corrective actions.

Describing the critical control points (CCPs) may also benefit from some generic
representation if there are many similar CCPs throughout the system. For example, at a
disinfection CCP the critical limits, monitoring, corrective actions and verification systems
might apply the same operational systems for many other disinfection plants controlled by the
organisation. The systems and procedures for any remote operations via telemetry (many of
which are automated) are crucial elements of the CCPs, but complex in nature and often not
widely understood within an organisation.
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Developing Melbourne Water’sHACCP plan

The HACCP plan must assess risks to public health from the water source to the point to
supply and specify the operational controls necessary to ensure safe water.

Therefore input is required from scientists, public health experts, engineers, operators and
managers. A team-based approach worked well for Melbourne Water which brought people
with these disciplines together in workshops. The plan was prepared by splitting the system
into four supply areas.

The Retail Companies were also involved in the Melbourne Water workshops and helped
review the plan. The Health Department also commented on the plan. State Government
legislation is being introduced that will soon make it mandatory for water companies in the
state of Victoria to submit risk management plans as well as audit requirements.

The risk assessment is the key to the whole process - identifying risks, assessing their
significance and the controls in the system that manage those risks in a systematic fashion —
starting from the catchment and working down. This provides an improved understanding of
the system and quickly highlights the gaps. The right people are essential.

Risk assessment

Melbourne Water’s risk assessment was a semi-qualitative one and a simplified example is
given below.

Flow diagrams of the system were drawn up. At each step in the process, the potential hazards
to water quality were identified, as well as the controls to prevent the hazard entering the
water — starting from the top end, the catchments (see Box below).

Microbiological Controlsin Risk Controlsin Residual
hazardsfrom =mme catchment — — water supply — risk
catchments system
Bacteria, E.g. security “High” Reservoir detention Must be acceptable
viruses and of protected (likelihood and Filtration (CCP) prior to consumption
protozoa catchments consequence) Disinfection (CCP)

E.g. Monitoring
storm events to
control abstraction

If the risk to water at any step in the process was considered significant then there MUST be
controls in the system at that step or further downstream to reduce the hazard to an acceptable
level before it reaches consumers.

A Critical Control Point is one which requires constant operational monitoring and control
because if it fails the system cannot control the hazard thereafter. Therefore, there must also
be specific corrective actions identified for when these points fail.
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Identifying the Critical Control Points

Possibly the most problematic of the HACCP planning steps is determining the Critical
Control Points (CCPs).

Invariably it appears that those establishing a HACCP plan for the first time identify a large
number of CCPs (i.e. over 10). When developing the Melbourne Water plan there were
initially 26 CCPs identified but it was soon realised that many of the controls at first
designated as CCPs didn’t practically work and did not have to be CCPs, in cases where:

1. The risks were adequately managed with standard procedural measures or “good
manufacturing practice” which prevent or reduce the hazards entering the water (e.g.
catchment management procedures, reservoir security inspections, managing
sediments and stagnant zones during operation of the distribution system), or

2. Adequate downstream controls exist.

The result of this re-evaluation was that the CCPs for the Melbourne Water system are at the
treatment plants. That is for Melbourne Water, at filtration, disinfection and pH correction.

System improvements

Melbourne Water’s systems and procedures were already reasonably well established and
documented prior to introducing HACCP. There was no need to introduce new infrastructure
(e.g. treatment), but rather, a number of procedural improvements. The HACCP document
ended up being like a road map of all the systems that control drinking water quality, and
because of the regular auditing introduced (internal and by external certification) it became a
driving force for improving systems.

The process of preparing a HACCP plan resulted in a number of improvements. The ongoing
auditing and reporting of the HACCP system continues to identify improvements. Examples
include:

e The development of about 15 new operational procedures;

e Evaluation of the capacity of catchdrains around reservoirs (and subsequent
improvement works);

e Adjustment of treatment plant alarm settings;
e Documentation of corrective action (and contingency) plans; and
e Training of operators on response levels to alarms at critical sites.

One significant gap in understanding of risk that came to light was the need for a sanitary
survey of one of Melbourne’s unprotected catchments. Although there are reservoir and
treatment controls downstream of the catchment, Melbourne Water has begun a more detailed
survey of the catchment in order to better understand the hazards and to better influence
development in the catchment.

Performance reporting

Melbourne Water’s HACCP system is integrated in an overall quality system to the
international standard ISO 9001.
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The two systems have proved to be compatible and result in meaningful audit, reporting and
management review of the HACCP system.

Long term trending of performance indicators at critical control points provides a useful tool
for providing assurance of water quality, in addition to the reporting of water quality
monitoring, which samples only a small proportion of the water delivered at the end-point.

Melbourne Water has reduced the number of failures at its disinfection plants in recent years
due to upgraded infrastructure as well as improved operator training. In addition, the HACCP
system ensures that every failure of such a critical facility is responded to with the appropriate
corrective action (it could range from simple spot dosing to providing alternative supplies and
public notification, depending on the event).

Conclusion

Melbourne Water’s implementation of HACCP is an example of how water suppliers can
successfully adopt HACCP. HACCP can enhance the Multiple Barrier Approach through its
systematic analysis of hazards and the points of control.

HACCP, as a process control oriented management system, can help water suppliers to
coordinate the functions of their various water quality systems to provide assurance of safe
water.

However, water suppliers should not overlook the fact that the best management systems in
the world do not obviate the need for well trained people, committed to ensuring public health
and able to respond to unexpected situations.
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HACCP, Catchments and Environmental Management

Daniel Deere

Sydney Catchment Authority, Australia

This abstract highlights the issues relating to the application of HACCP in catchments both in
the narrower sense, to public health risk management, and, more broadly, to environmental
risk management. In this abstract, the HACCP principles are considered one at a time with
their application to catchments described. Then, the integration of HACCP risk management
with environmental management is considered.

HACCP principles as applied to catchments

Assemble team

The core disciplines that need to be represented in any catchment HACCP team are
hydrologists and hydrogeologists, to provide an understanding of water and pollution flows,
and planners and regulators, to understand the control measures that can be applied to
pollution control.

Beyond that, additional disciplines will be required for more complex catchments. For
example, this may include field inspectors, agricultural scientists, environmental engineers,
geographical information system support, social scientists, microbiologists, chemists,
toxicologist and epidemiologists.

Describe product and intended use

In almost all cases catchments yield water for subsequent treatment, although not always.
Therefore, there are several possibilities for defining the product and intended use for the
catchment HACCP sub-plan of a water supply HACCP plan. These are:

e Consumption without treatment;
e Consumption after point-of-use treatment by the consumer; and
e Consumption after treatment by utility.

Consumption is highlighted to ensure that human receptors are considered the risk assessment
end-point whilst the influence of treatment is explicitly considered to promote the
consideration or risks within that context.

Construct and verify flow diagram

In constructing flow diagrams for catchments their spatial extent means that in general there
are several levels of detail required and more than one flow diagram. Examples are given in
Table 1.

Many conceptual level flow diagrams for catchments are available in books, journals and

websites. These are useful references and can avoid the need to produce such diagrams from
first principles. However, there are advantages in producing diagrams from first principles in
terms of learning opportunities for HACCP teams. In the latter case the new diagrams can be

35



cross-checked against published examples to reduce the risk of process steps being
overlooked.

Table 1. Three levels of detail for flow diagrams for developing HACCP plans for

catchments.
Level What isit? Form used Who doesit?

Process Conceptual process Flow diagram Water supply or catchment
summary |overview management organisation
Spatially | Spatial inventory of Map or Geographical Water supply or catchment

explicit explicitly identified Information System management organisation

sources and controls
Site-specific |Detailed process Flow diagram or Polluters or their regulators
conceptualisations of engineering process and
specific pollution sources |instrumentation diagram
and controls

There will not be generic spatially explicit flow diagrams/maps available — these need to be
generated for each catchment and sub-catchment. Explicitly inventorying the hazards and
controls that exist is an important first step in risk management.

Hazard analysis

At this point the importance of considering downstream controls becomes evident. In
assessing risk there is a need to consider both the raw risk, i.e. of water supply contamination
if downstream controls are absent, and the residual risk, i.e. the risk assuming downstream
controls are effective. Both are important to provide for a balanced assessment. If residual risk
is considered alone, too much reliance is placed on downstream control measures, such as
water treatment, and there will be inadequate attention to the additional control measures in
the catchment. On the other hand, if raw risk is considered alone and downstream treatment
control measures are not considered, there may be undue attention given to some hazards
arising in the catchment, that are well controlled by downstream treatment, at the expense of
other hazards that present a greater overall risk. A simple illustration is given in Table 2.

Table 2. Raw and residual risk assessment as part of hazard analysis in applying HACCP in

catchments.
Hazard Likelihood Severity Risk
Raw Residual* Raw Residual*
Salmonella 5 1 5 25 5
Cryptosporidium 3 3 3 9 9

* Residual risk is the risk after downstream treatment - in this simplified, illustrative example, there is assumed
to be a reliable chlorine disinfection system which would inactivate Salmonella vegetative cells but not
Cryptosporidium oocysts.

Critical Control Points

Catchments are generally spatially extensive with many potential sources of hazards, and
many potential control measures. This can cause some difficulty in efficiently identifying the
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critical control points (CCP) at the planning level. One solution is to consider a literal
interpretation of the Codex (1997) definition of critical control points. Codex describes a CCP
as:

“A step at which control can be applied and is essential to prevent or eliminate a
food safety hazard or reduce it to an acceptable level.”

The word ““step” is the key here because a CCP is a step as identified on a process flow
diagram. Therefore, the CCPs in a catchment HACCP plan are likely to be conceptually
identified on the conceptual flow diagram. Once identified, the control measures that exist at
CCPs can be identified, first conceptually and then the specific controls that exist in the
catchment.

Critical limits

In catchments, the processes taking place in the natural part of the system, which forms the
bulk of most water catchments, are highly variable, uncertain and poorly controlled. This
makes the setting of scientifically based point-value critical limits difficult. Therefore, in
catchment HACCP plans it is more likely that the critical limits will be informed by scientific
understanding rather than directly determined in that way. Further, they are likely to represent
best estimates informed by subjective human judgement, based on expertise and experience,
as much as on objective scientific analysis and principles. Finally, it is likely that political and
historical factors will lead to modification of the critical limits dispassionately identified by
the HACCP team, even their elimination from the plan, before it is enacted.

Monitoring

Once again, the spatially extensive nature of catchments impacts on the type of monitoring
that is feasible. In general, HACCP planning tends to lead to automated in-situ, on-line, real-
time monitoring. However, there are probably no examples where such techniques provide the
bulk of a catchment monitoring program, although their use is increasing and they do have an
important role. Instead, monitoring in catchments would be largely observational, long-term
and relatively infrequent. For example, inspection of fencing may only occur annually, be
manual and involve only observation. Surveys of community attitudes, beliefs and behaviours
are also important in catchment management and may only occur every five years and is
somewhat subjective. Nonetheless, the same concepts apply to monitoring in catchments as at
any other water supply stage, that is, the monitoring should focus on the critical limits
associated with the control measures that are applied at critical control points. The monitoring
should be of a nature, and frequent enough, to detect and trigger a response to deviations in
good time to prevent unsafe water being supplied.

Corrective actions

The concept of corrective actions applies in catchments as to any other part of a water supply
system. A key consideration, however, is that many of the control measures and monitoring
activities are likely to be related to pollution sources that are not controlled by the water
supplier or catchment management organisation. For example, if a sewage treatment system is
malfunctioning, or a stock animal exclusion fence has been breached, it is likely to be a matter
for the sewage treatment plant owner, or the landowner, respectively, to resolve. Therefore,
downstream corrective actions may need to be considered in addition to actions at source. In
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many cases it may be impractical to apply a corrective action at source - the only available
corrective actions to a pollution event may involve enhancing the operation of downstream
controls.

Relationship between HACCP for public health protection and environmental
management systems for environmental protection

The HACCP principles and steps are given descriptors, “jargon”, that are not always familiar
to environmental management professionals or, worse, that may mean different things to
them. Further, there are many environmental risk assessment and management frameworks.
This can cause communication difficulties in applying HACCP within catchments. However,
in reality the differences are almost entirely semantic. A simple illustration is given in Table 3
to show how some examples of HACCP principles and steps match some examples of
environmental risk assessment and management steps. Preparing such a table is a useful step
in applying HACCP where the multidiscipline team includes professionals with
environmental management but not HACCP experience.

Table 3. Comparison of a HACCP approach with examples of environmental risk assessment
principles.

Some HACCP principles and steps

Examples of similar environmental risk
assessment steps

Assemble team

Assemble team

Describe product and intended use

Define risk endpoints

Construct and verify flow diagram

Construct conceptual model

Hazard analysis

Inventory of pressures

Critical control points

Describe responses

Critical limits

Target setting

Monitoring

Measurement of response

Verification

Measurement of state

Despite the similarities between HACCP and environmental risk management paradigms,
there are some differences. In practice this can lead to matters being considered important for
public health, thus a core consideration of the HACCP plan, that are not relevant to
environmental health, and vice versa. Some examples of conflicting paradigms are given in
Table 4. The result of these different paradigms can be conflicts in priorities in catchment
management between water supply and environmental risk endpoints. The specific conflicts
will vary according to the nature of the catchment. For example, a catchment and reservoir
system is generally able to ameliorate labile pollutants, such as pathogens, where these are
derived from dry-weather flows and major storm events become the highest-risk causal event.
However, the dry-weather pollution in that same catchment might represent the major
environmental impact. In contrast, there are some risk endpoints in health and environment
that, in terms of risk management responses, are related and do not present conflicts, such as
eutrophication (environment) and cyanobacteria (health).
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Table 4. Examples of risk assessment and management paradigms and their differences when

health and environmental endpoints are considered.

Paradigm Environment Health
Timing Chronic Acute
Reporting Continuous Categorical

Monitoring Populations and systems Individuals and groups
Hazards Cumulative Specific
Endpoint The broad natural system Humans

Options to resolve these conflicts can be threefold:

e Just one or other endpoint can be considered in isolation and priorities set on that

basis;

e One or other endpoint can be considered first, then the risk management plan can be

reviewed from the perspective of the other endpoint; or

e A fully integrated water resources management plan can be developed that considers
health and environmental endpoints.

A recent example of an integrated water cycle management plan that applies HACCP
principles within the broader context of total catchment management is available in the public
domain and has been developed by the NSW State Government in Australia. For further
details and information this can be sourced from “Schneider, P., Davison, A.D., Langdon, A.,
Freeman, G., Essery, C., Beatty, R. and Toop, P. (2003) Integrated Water Cycle Planning for
NSW Towns. Water Science & Technology 477-8, 87-94”.
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Lyonnaise des Eaux: Application of HACCP Principlesin Drinking Water
Sylvie Metge, Eric Brodard and Michel Conan

Lyonnaise des Eaux, France

Theregulatory context

The Drinking Water Directive 98/83 adopted by the European Council on 3 November 1998
sets the European policy for drinking water.

Compared to the previous directive of 1980, the new directive emphasises water safety by :

e Stipulating in its first article that: “The objective of the Directive shall be to protect
human health from the adver se effects of any contamination of water intended for
human consumption by ensuring that it is wholesome and clean.”

e Stipulating in Article 4 that: ”Water shall be free from any substances constituting a
potential danger to human health.”

e Moving sampling points from distribution network to the consumer’s tap (Article 6)

e Differentiating microbiological and chemical parameters, which can be considered as
health parameters set for water safety, from indicator parameters that should be used
only for monitoring purposes (Article 5).

The European Directive was adopted by French law in December 2001 (French decree 2001-
1220).

Like the directive, the French decree also enhances water safety. Moreover it sets a new
framework based on risk assessment and risk management strategies allowing the
optimisation of the monitoring programs.

As a matter of fact the new decree stipulates that part of the surveillance done by water
suppliers can be integrated to the regulatory monitoring on the condition that risks have been
analysed, critical control points and control measures identified.

Though the word HACCP does not clearly appear in the text of the decree, French health
authorities are now explicitly supporting this approach. A working group is currently
preparing a guidance document for health officers explaining what HACCP is and how it can
be applied in the field of drinking water.

The SPDE approach

At the same time, French private water suppliers, associated in the SPDE (Syndicat
professionnel des entreprises de services d'eau et d'assainissement), have taken into account
client concerns on quality and particularly their wishes to be part of proactive risk
management actions. This has lead SPDE to have a co-ordinated approach to experiment with
the application of HACCP principles to the drinking water production and distribution
process.
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The HACCP method was implemented on 8 pilot sites from the smallest and simplest to more
complex systems. At the end of the year 2000, an industry guide to “HACCP implementation
in drinking water” was written based on the trials..

Since 2001, the SPDE is sharing its experiences with the health authorities’ working group.

Lyonnaise desEaux’sHACCP trials

One of the pilot sites selected by Lyonnaise des Eaux to experiment with HACCP
implementation was the Morsang sur Seine water treatment plant which is a large multi-
barrier treatment plant, situated 30 km to the south of Paris.

The 7 key principles of the HACCP method have been applied to Morsang sur Seine water
treatment plant.

Identifying hazards

Hazards have been identified from source to tap being as exhaustive as possible.

At source there is possible microbiological, chemical and even radioactive contamination of
the Seine river since there are a lot of factories and even a nuclear power plant upstream of
the water intake.

During treatment over- or underfeeding of chemicals can occur as well as saturation of
activated carbon leading to potential desorption of retained compounds, and by-products can
be formed during oxidation.

Identified hazards during storage are break-ins and contamination during cleaning operations.

Throughout the distribution network there is a risk of microbiological revival or a possible
contamination from an interconnection, a broken pipe or a backflow from domestic or
industrial network.

Prioritising hazards

Hazards have been prioritised using matrixes crossing the severity and the likelihood for each
identified risk.

Risks have been classified according to their seriousness from 1 to 3, 1 being the least serious.

Likelihood has been classified in the same way from 1 for a probability of once in ten years to
3 for a risk occurring once every quarter. An additional level O for events with an occurrence
inferior to once every 100 years has been set.

The priority rate is the result of the likelihood of the event multiplied by the seriousness of the
consequence.

Identifying control measures

At source, an observation centre, situated upstream from water intake, triggers off an alarm if
a high level of contamination is detected. In that case water can be drawn from the Essonne
river, which is a tributary to the Seine, into the treatment plant activating an emergency
interconnection. There is also the possibility to stop the plant in case of emergency and of
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course database records of previous measurements can help us to be aware of any unusual
fluctuation of a parameter.

During treatment and storage, there are a lot of on-line sensors with remote monitoring to a
control room working 24 hours a day, 7 days a week, and all the operations are described in
the procedures of our Quality Management System.

The control measures on the distribution network are the procedures for maintenance and
repair, the sampling and monitoring program, and maps we draw with the results of these
analyses.

Determining Critical Control Points

At that stage of our experimentation, only hazards with a priority rate superior to 3 have been
considered.

Going through the decision tree of the method, the following Critical Control Points on
Morsang sur Seine treatment plant have been determined:

e Aluminium contamination due to coagulant overfeeding;
e Microbiological contamination due to chlorine underfeeding; and

e Microbiological contamination due to chlorination dysfunction.

Setting critical limits

Critical limits have been set according to Lyonnaise des Eaux internal standards, operating
procedures and performance targets of the Quality Management System.

For aluminium, a critical limit of 0,1 mg/l of residual aluminium has been set to be met after
the first filtration stage.

For chlorine, the critical limit has been set at a value of 0,15 mg/I to be met at the production
outlet. Chlorine concentration at the production outlet should not be inferior to this limit.

Establishing monitoring

A wide range of parameters are monitored with on-line sensors upstream and on site to detect
any unusual concentration that could lead to aluminium contamination or chlorine
underfeeding.

A sampling and laboratory analyses program has been established for these parameters at
different stages of the process.

Establishing corrective actions, verification procedures, documentation and record keeping

The final three steps are already described in the Quality Management System which is ISO
certified.
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Conclusion

This first trials have demonstrated the applicability of HACCP in the drinking water treatment
field. It has shown that HACCP is a very accurate system to guarantee water safety in addition
to the quality management system approach of the ISO 9000 series.

Moreover, in the French regulatory context, HACCP implementation should help water
suppliers meet the requirements of Article 18 of the French decree thus allowing an
optimisation of monitoring programs. The French Health authorities explicitly endorse this
approach and are preparing a guidance document for health officers explaining what HACCP
is and how it can be applied in the field of drinking water. The SPDE is sharing its
experiences of HACCP implementation with the health authorities .

Lyonnaise des Eaux is now implementing HACCP principles to a large number of its water
treatment plants of different sizes to assess practical aspects of its application and its cost-
effectiveness.

44



Vivendi Water: Application of HACCP Principlesin Drinking Water

Laurence de Beir, Jean-Claude Joret, Marie-Caroline Miiller and Hortense de Mascureau

Vivendi Water, France

I ntroduction

In order to ensure quality and safety of drinking water, European legislation (98/83/EC
Drinking Water Directive) is still based on compliance monitoring of distributed water
(parametric values and minimum frequencies for water monitoring).

However the mechanisms based on compliance monitoring for controlling the safety and the
quality of the drinking water have shown their limitations. Indeed, an increase in documented
waterborne infectious intestinal illness is recorded in industrialised countries. Several acute
gastro-intestinal disease outbreaks were recently recorded in France. They were related to
either accidental degradation of the resource used for producing drinking water (Séte), failure
in the water disinfection process (Gourdon, Fécamp), post contamination of the water supply
network after breaks or repairs of mains (Strasbourg, Le Havre), or backflow recontamination
of the drinking water supply system by wastewater (Dracy le Fort).

Additionally compliance monitoring deals with a reactive management. Hence, a more
preventive approach to insure sanitary quality of water is needed. A new comprehensive
management system including risk assessment and risk management approaches is a new
trend endorsed by World Health Organisation. Such management systems have to be
implemented from catchment to consumer’s tap.

HACCP (Hazard Analysis Critical Control Points) is part of this new approach. HACCP is a
systematic method for identification, evaluation and control of food safety hazards. This risk
assessment method is already known and used in the food industry (defined by the Codex
Alimentarius 97/13A and recommended by the 93/43 Hygiene Directive). It is also tightly
connected to the Quality Management System (ISO 9001 certification, laboratories
accreditation). HACCP provides a structure in order to list and to rank risks in a rigorous and
systematic way and to implement control measures to assure consumer health.

Moreover, this new approach has been introduced in French legislation, in Decree 2001-1220
(French transcription of the EC Directive). Indeed Article 18 indicates that in order to ensure
water quality, the operator must continuously examine assets (plants, networks, etc.), monitor
where risk have been identified, keep and record all relevant information. While at least 50 %
of water quality surveillance is performed by health authorities, additional water quality
monitoring done by operator can be taken into account if risk analysis identifying critical
control point has been done, control is realised and operating instructions are followed, and
analyses are performed by skilled laboratories (laboratories with accreditation and
certification).

Therefore French water suppliers have implemented the method on different water
distribution systems.
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HACCP implementation in Vivendi Water — Generale des Eaux

Vivendi Water has now more than 2 years experience in developing and establishing water
safety management plans using HACCP in France.

e March 2000 — June 2001 (pilot phase): HACCP was first implemented in a multi-
barrier treatment plant in Annet sur Marne (near Paris) producing 100,000 m3/day
from the Marne River and delivering 700,000 inhabitants. The method was evaluated
by AFAQ (the main French certification body) in June 2001. AFAQ had by then
validated the system conformity to the HACCP Codex rules.

e End 2002: HACCP has been conducted on 25 different water production-distribution
systems. Such systems include groundwater and/or surface water (rivers, reservoirs)
resources, different size water systems, most of them from catchment to consumer,
representing different treatment lines (disinfected-only and multi-barrier treatment
plants and/or water supply networks). Most of the systems have been evaluated by
AFAQ. This represents today 2.8 millions inhabitants. The implementation is expected
to reach about 7 millions at the end of 2003.

HACCP implementation in the water domain

HACCEP is a systematic method for identification, evaluation and control of food safety
hazards. It is implemented according to 12 steps (5 preliminary tasks and 7 principles),
described by Codex Alimentarius 97/13A.

The 5 preliminary tasks are:
e Task 1: Assemble HACCP team
e Task 2: Describe product
e Task 3: Identify intended use
e Task 4: Construct flow diagram
e Task 5: On-site confirmation of flow diagram

The analysis is conducted locally by a multidisciplinary team (production manager, supply
manager, and quality manager — referring to quality management system and/or water
quality). This team can be assisted by specialists at the regional level, with competencies in
drinking water treatment technologies, analyses, quality management, consumer services.

The final product (tap water - elaborated from raw water, chemical reagents, etc.) and its use
(e.g. consumption for drinking, food, sanitary use, industry) are precisely identified. The
complete process is described and checked on site: resource, treatment plant, storage, public
and private network.

The 7 HACCP principles are:
e Principle 1: Hazard analysis and control measures determination
e Principle 2: Determine Critical Control Points (CCP)
e Principle 3: Establish critical limits for each CCP

e Principle 4: Establish a monitoring system for each CCP
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e Principle 5: Establish corrective actions
e Principle 6: Establish verification procedures

e Principle 7: Establish documentation and record keeping

Application of the 7 principlesto the distribution networ k

The water supply process has several specificities compared to the food industry. First, the
production and distribution process is continuous. Moreover, the network itself is wide and
open, and the knowledge about it is usually incomplete (e.g. network constitution, pipe
materials, events on the network, hydraulic regimes). Consequently, different tools are
developed in order to have a better knowledge about the network (e.g. monitoring information
tools (GIS), hydraulic models, water quality testing). The presence of different operators on
the network (suppliers, subcontractors, firemen, road maintenance, specific customers as
potential polluters, and individual consumers) may be another difficulty.

An example of implementation of the 7 principles for the water distribution network is
developed below.

Hazard analysis

First, hazards have to be analysed and control measures have to be identified (Principle 1).
Hazards are parameters (microbiological or physical-chemical) which may be present at the
consumer’s tap because they are introduced into the water distribution system, and which may
have an impact on the consumer’s health. Examples of potential hazards introduced to the
water distribution network are:

e Microbial hazards: free living amoeba; environmental bacterial strains (e.g. coliforms,
Citrobacter, Enterobacter, Klebsiella, Mycobacterium) may colonise biofilms in cold
waters; legionella in hot domestic plumbing systems; all enteric pathogens (protozoa:
Giardia, Cryptosporidium; viruses; bacteria) in case of post-contamination (e.g. back-
siphonage, cross-connections).

e Chemical hazards: nitrates, pesticides (inefficiency of treatment); THM (treatment by-
products); metals (e.g. lead), PAH (from pipe materials); other chemical hazards (from
solders/jointing compounds, chemicals used in cleaning and disinfection).

The causes of introduction of these hazards on the network are:

e Accidental, uncontrolled events: pipe bursts and leaks; cross-connections and
proximity to sewers; infiltration and ingress of contamination from cross-connections
and backflow; vandalism, sabotage, and natural disasters.

e Operational practices: inadequate repair and maintenance; inadequate maintenance of
disinfectant residual; failure of alarms and monitoring equipment; inadequate
disinfection after construction and repairs; biofilm, sloughing, re-suspension and
regrowth; build-up of sediments and slimes; corrosion of pipes and reservoirs.

e Network structure and third party activities: age and nature of pipes materials; flow
variability and inadequate pressures; short circuiting and stagnation zones; illegal
connections.
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Control measures identification

As a next step, the team will prioritise the risks and identify the control measures to be
implemented (e.g. in pollution prevention, treatment).

The method allows the team to identify Critical Control Points (CCP) with the decision tree
(Principle 2). CCPs are steps where a supervision needs to be done and is essential to prevent
or reduce the hazard’s presence to an acceptable level. Each CCP is subjected to supervision:
critical limits, monitoring system, and corrective actions have to be defined. (Principles 3, 4,
5).

Two examples of CCPs for microbiological parameters on the network are given below:

e On service reservoirs, bacteriological contamination may be due to vandalism or
sabotage (hazard cause). Control measures which may be developed in order to
prevent this contamination are: installation of fences, locked doors, screened windows.
The critical limits which can be set are alarms given by the warning system or after
inspection (e.g. at gates, doors, screens). Monitoring is mainly based on warning
systems against intrusion, periodic inspections, traceability of keys for access.
Corrective actions can be specific actions according to QMS documented procedures
such as contact with authorities, advice for limited water uses, distribution of bottled
water, an additional monitoring programme.

e On main pipes, bacteriological contamination may be due to back-siphonage. The
following control measures may be developed: check valve disconnectors, list of
consumers who may cause specific risks. The critical limits are compliance with
parametric or indicator values (e.g. bacteria, turbidity), odour, or taste. Monitoring is
mainly based on check monitoring and consumer complaints. Corrective actions deal
with specific actions defined in QMS documented procedures (e.g. emergency
situations, flushing operations, check valves installation).

The HACCP system is integrated to the quality management system (Principle 7) and is then
checked regularly (Principle 6).

Results and assessment of HACCP

Pilot sites on which HACCP has been implemented have enabled a validation of HACCP as a
suitable quality management system to ensure sanitary safety of supplied water.

Hazard knowledge

With this method, Vivendi Water anticipates problems of sanitary safety. Indeed, hazards are
identified at three levels:

e Hazards that have been identified at a national level have to be analysed at a local
level. For this purpose a check-list is constituted. Therefore, a HACCP plan at least
needs to cover the parameters of French regulations.

e Atalocal level, the HACCP team analyses the risks due to every hazard identified
through hazard analysis.

e Moreover, Vivendi Water has a specific entity called “Expert Committee” which is in
charge of identifying new parameters with potential health impacts, proposing
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appropriate actions, and defining needs for research and development. This assures
that every hazard is taken into account, and it goes beyond the Codex Alimentarius
requirements.

Risk analysis and control

From the identified hazards, the analysis allows to check the adequacy of the production plant
and —the distribution system in relation to the target of supplying safe water. A risk ranking
allows to give priority to control measures within the supply chain from the source to the
consumer.

Water quality monitoring

The water supplier monitors supplied water quality by monitoring programs that are
specifically designed to control the risks which have been identified and ranked.. They are
adapted to the local situation (conditions of the resource, at the treatment plant, and in the
distribution network). They assure the sanitary monitoring of water, control of critical points
in respect with the economical constraints defined by the main shareholders.

Where this rigorous and systematic method for the determination of monitoring programs is
implemented, the sanitary authorities can — in part — rely on the results and reduce their own,
independent surveillance. (Article 18, D 2001-1220): best monitoring for best sanitary
control.

Communication

Control of some critical points is sometimes beyond the scope of Vivendi Water
responsibilities. Water catchments have to be protected in order to avoid the introduction of
substances with health impacts, and private networks have to be maintained in order to avoid
a degradation of water quality. HACCP places consumer health at the top of its priorities. It
leads the different shareholders to communicate on water quality.

Quality management system

The implementation of HACCP in the different water treatment plants in Vivendi Water is a
lot easier thanks to the existence of the quality management system. HACCP is integrated into
it. Almost all the documents referred in the HACCP system had been already created through
the ISO 9001 system. HACCP gives a sanitary vision of the system and allows some
revisions.

Conclusions

The implementation of HACCP in water distribution system is part of the integrated approach
of Vivendi Water concerning the water quality management which consists of the following
elements: recording of data, traceability, reporting of data, risk management and monitoring
based on risk assessment, quality control/quality assurance for results of analyses, water
quality evaluation, information on water quality and heath risks.

HACCP becomes naturally integrated into the quality management system. This systematic
and rigorous method drives the continuous improvement of sanitary safety of water
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distributed to the consumer. It gives a framework to the monitoring of the emerging
parameters and allows to anticipate sanitary crises. It provides a ranking of risks and gives a
global vision of water quality. It allows an optimisation of monitoring plans related to risks. It
provides a discussion frame with sanitary authorities.

The different players of the water area are involved in this approach: national or regional
authorities (in resource management, water quality monitoring), local authorities (owner of
the public installations), water suppliers (management of public production-distribution
installations), users (owners of private installations and final consumers). Future legislation
seem to take more and more these kind of approaches into account in order to ensure water
quality and sanitary safety.
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Adoption of HACCP Principlesfor Water Safety with Particular Reference
to Cryptosporidium

Alan Godfree

United Utilities Water, United Kingdom

I ntroduction

United Utilities supplies in the region of 2000 M1 of drinking water a day to nearly 7 Million
people in the north west of England. Surface water sources account for 90 % of the water
supplied by its 150 water treatment works. - Historically the incidence of cryptosporidiosis in
the region is twice the average for England and Wales as a whole (21 and 10.5/100,000
respectively). In both 1999 and 2000 there were outbreaks of cryptosporidiosis which, on
epidemiological investigation, were found to be statistically associated with the consumption
of unheated tap water from an unfiltered surface water source.

The paper describes the steps taken to reduce the risks of waterborne cryptosporidiosis until
new treatment plants are commissioned in 2004. In the absence of treatment effective at remo-
ving cryptosporidium oocysts, reliance was placed on measures to protect source water qua-
lity, both on catchment and during bulk transfer along 100 km of aqueduct prone to ingress of
surface water. The risk management process adopted was based on HACCP principles.

Hazard analysis

Thirlmere reservoir is located in the English Lake District near Keswick. The reservoir was
formed by the construction of a dam which was completed in 1894. Water flows by gravity
southward for 100 km through a series of parallel tunnels to supply Manchester and
surrounding areas. Sections of the aqueduct were tunnelled through rock, whilst others are
pressurised pipelines. The remaining sections were constructed using a process known as “cut
and cover”. This entailed excavating a rectangular channel over which was placed rock slabs
and a covering of soil. In order to equalise internal and external pressure, the latter caused by
groundwater, pressure relief valves were installed in the floor of these sections. The valves
permit water to flow in or out of the aqueduct, the direction of flow being into the aqueduct
when the water table is high.

Treatment at source (Dunmail Raise water treatment works) consists of microstraining (pore
size 90 um), disinfection and pH correction. The maximum daily output is 225 MI. At points
along the passage of the aqueduct water is abstracted, rechlorinated and used to supply
surrounding areas. The aqueduct terminates at Lostock (Nr Bolton) where the water enters the
Manchester ring main (Figure 1).

The catchment area of the reservoir covers 41 km? and ranges from 190 — 950 m above sea
level (asl). Land use within the catchment consists of forestry and livestock production,
almost exclusively sheep. Stocking densities are low because of the generally unproductive
nature of the land, much of it being above 500 m (asl). The area is also populated by Red Deer
(Cervus elaphus) and Roe Deer (Capreolus capreolus). For much of its length the Thirlmere
Aqueduct (TA) passes through land used for agriculture, including livestock production and
arable farming that may employ landspreading of animal manures or slurries.
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A hazard analysis was carried out to identify the risks associated with the Thirlmere supply.
This scope was not restricted to the catchment and treatment process but incorporated also the
100 km of treated water aqueduct. Long term water quality monitoring data showed consis-
tently low levels of faecal indicator bacteria. Weekly reservoir sampling for cryptosporidium
and giardia commenced in 1994. These were 101 grab samples. In January 2000, continuous
large volume sampling at Dunmail Raise WTW commenced using the methods specified in
the UK Cryptosporidium Regulations (http:/www.dwi.gov.uk/regs/crypto/legalindex.htm).
Levels of cryptosporidium are generally low but do show intermittent larger numbers of
oocysts, often immediately following intense rainfall (Figure 4).

The hazard analysis exercise indicated clearly that cryptosporidium was the principal hazard
associated with the supply, contamination potentially affecting the reservoir and/or the treated
water aqueduct.

Control measures

In the absence of a treatment barrier effective at removing cryptosporidium oocysts, control
measures were identified that would have the effect of eliminating or minimising the entry of
oocysts into both the reservoir and the treated water aqueduct.

Reservoir

The reservoir receives flows from a large number of feeder streams. Many of these contribute
only a small proportion of the total inflow to the reservoir. Two streams, Mill Gill and Wyth
Burn between them contribute over 40 % of the flow. A hydrodynamic model of the reservoir
was constructed using computational fluid dynamics (CFD). The model outputs demonstrated
that, under certain conditions, water entering from Mill Gill would not mix effectively with
the body of the reservoir and could produce a surface flow reaching the abstraction point
within one hour. The reservoir is fitted with two “bubble mixers” (perforated pipes across the
bed of the reservoir through which air is pumped to produce a curtain of bubbles which assist
mixing). Originally installed as a means of preventing stratification, the mixers were operated
earlier in the year during the spring period when the risk of cryptosporidium contamination
was at its greatest. Running the CFD model with the mixers operating showed that the inflow
from Mill Gill was incorporated into the mass of the reservoir, thereby diluting the levels of
oocysts in the incoming water.

Feeder streams

The two principal feeder streams (Mill Gill and Wyth Burn) flow across land in the bottom of
the valley. Over time much of this land has been improved and is used during the spring to
hold sheep during the short lambing period. Inevitably the animals housed on this land
congregated along the sides of the streams for access to drinking water but also because it
afforded some shelter during inclement weather. The presence of large numbers of animals in
close proximity to the streams increased the likelihood of cryptosporidium oocysts entering
the water and being carried into the reservoir. The control measure instigated was to fence off
the streams and provide alternative supplies of drinking water for livestock. Animals tend to
congregate close to water and by locating drinking troughs well away from the streams,
creating a buffer strip between the stream and the areas most likely to be contaminated with
animal faeces.
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Catchment

United Utilities is fortunate in owning much of the land that forms the catchment of Thirlmere
reservoir. This enables to company to restrict, by means of tenancy agreements, agricultural
activity. By working with tenant farmers it is possible to sustain agriculture whilst minimising
any adverse effects on water quality. In 2000, the company arranged at its own expense to
move some 1000 pregnant ewes off the catchment to alternative grazing land until such time
as lambing was completed and the young animals were capable of inhabiting the higher land
well away from the valley floor.

Treated water aqueduct

The treated water aqueduct is prone to ingress from surface water or shallow groundwater. In
order to minimise the risk of ingress by water containing cryptosporidium several measures
were instigated. Firstly, the aqueduct was run at full flow during the high risk spring period.
When running full the internal water pressure reduces the potential for ingress and also serves
to dilute what ingress does occur. Secondly, the line of the aqueduct was treated as a raw
water catchment for those sections passing through agricultural land. Farmers were contacted
requesting their assistance in reducing contamination for example by not applying animal
manures within the route of the aqueduct. The line of the aqueduct is regularly inspected for
evidence of contamination or practices that could give rise to contamination.

Monitoring
Monitoring the effectiveness of the control measures was instigated. This included:

e Examination of Mill Gill and Wyth Burn for cryptosporidium oocysts (Figures 2 and
3);

e Continuous monitoring for cryptosporidium at Dunmail Raise WTW and two points
along the length of the treated water aqueduct (Hoghton and Lostock) (Figures 4 and

5);
e Regular visual inspection of the Thirlmere catchment and the line of the aqueduct;

e Rainfall, including weather radar to provide advance warning of intense events; and
Reservoir levels (large increases in water levels may be associated with increasing
numbers of oocysts entering the reservoir).

Action limits for cryptosporidium in aqueduct samples were set at 10 %, 40 % and 100 % of
“UK Treatment Standard” (< 1 oocyst per 10 litres). Contingency plans were established to
define responses to results in excess of the action limits, including immediate catchment/
aqueduct inspection, additional water monitoring and discussion with local health agencies.
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Figure 2. Cryptosporidium in Wyth Burn (10 I grab samples).

Cryptosporidium in Mill Gill 2000-03
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Figure 3. Cryptosporidium in Mill Gill (10 1 grab samples).
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Oocysts per 10 litres
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Figure 4. Results of continuous monitoring for cryptosporidium at Dunmail WTW (broken
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Figure 5. Results of continuous monitoring for cryptosporidium at Lostock WTW (broken
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Effectiveness of control measures

The effectiveness of control measures may be assessed from a number of criteria. Firstly,
there have been no outbreaks of waterborne cryptosporidiosis detected in the areas served by
the Thirlmere supply since 2000. An indirect measure may be obtained from the incidence of
cryptosporidiosis within the region (Figure 6). Great caution must be exercised when using
this measure to assess the effectiveness of the controls. Firstly, the data on human
cryptosporidiosis are not restricted to the area supplied by this source of drinking water.
Secondly, in non-outbreak conditions the source of infection cannot be determined for the
majority of cases, a proportion of which are associated with foreign travel. Finally, there is no
evidence that in non-outbreak conditions that any of the cases of sporadic cryptosporidiosis
are associated with drinking water. Indeed a recent study in north west England and north
Wales failed to demonstrate any association between the source of drinking water and the
incidence of cryptosporidiosis (in press). However, it is apparent that the incidence of
cryptosporidiosis in the north west of England declined in 2001, a trend that has continued
(Figure 6). The reasons for this are unclear. Over the same period there has been a decline in
cases nationally (England and Wales). What is clear however, is the absence of a “Spring
peak” which was a observed consistently in the years up to and including 2000.
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Figure 6. Cumulative number of cases of human cryptosporidiosis in NW England 2000 —
2003 (source CDSC NW).
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Future control measures

Since 2001, the company has been working to implement a major capital scheme that will
introduce additional measures to reduce further the risk of cryptosporidiosis. This entails the
construction of a new water treatment works at Lostock capable of treating 160 Ml/day by a
process incorporating coagulation and filtration (direct filtration). Water abstracted from the
aqueduct further north will be piped to an expanded existing treatment works where it will be
treated by conventional coagulation, clarification and filtration. The areas supplied by the
smaller offtakes, primarily to the northern end of the Thirlmere aqueduct, will be supplied
from alternative sources. These schemes are due to be completed in Spring 2004 at which
point the aqueduct effectively becomes a raw water pipeline.
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Safeguarding the Drinking Water Quality: Using the Example of the
Industriellen Werke Basle

Richard Wilser and Hans Trachsel

Industrielle Werke Basel, Switzerland

Introduction

The Industrielle Werke Basel (IWB) supplies the city of Basle and the surrounding
municipalities with electricity, district heating, gas and water. As the producer and supplier of
drinking water for more than 200,000 people, the IWB is one of the most important foodstuff
companies of North-west Switzerland. In former times, water, as the most important element
for the support of life, was also the largest carrier of sickness and epidemic diseases. Even
today, water-caused infection diseases are not to be underestimated (Meylan and Jordi, 2001;
Maurer and Stiirchler, 2000). Continuous monitoring of the water quality and all installations
is therefore a prerequisite for a safe water supply. A comprehensive management system
should thereby serve to reduce the existing risk of a serious failure to a minimum and to
guarantee the foodstuff quality at all times.

Initial situation

In recent years, the IWB has experienced a continuous change in the framework conditions of
the water supply. New, increased requirements from both internal and external bodies have
led to a continuous further development of the quality policy within the company. The
original quality control served primarily to check the product specifications and to measure
deviations in the product quality, in order to be able to initiate measures to correct the fault
where necessary. With the demand for a comprehensive and customer-oriented quality policy,
new quality assurance and management systems have arisen. A possible rewriting of the term
“quality” could thereby read: The best quality is that that supplies the customers with high
quality drinking water with the lowest costs and environmental impact.

New legal requirements (Tremp, 2000)

Up to the renewal of the 1992 foodstuff law (LMG, 1992), the cantonal laboratories played a
dominating role in the quality assurance of water supply companies in Switzerland. The
predominant part of the quality assurance tasks, which today belong to the area of
responsibility of the drinking water producers, was carried out by the foodstuff/drinking water
inspectorates. In fact, therefore, the responsibility for the drinking water quality lay with the
cantonal chemists and not with the responsible managers in the water supply company.

This situation, which often led to conflicts, has been largely clarified with the coming into
force of the new foodstuff law, which expressly prescribes self-checking. The stipulations that
are valid today (foodstuff ordinance (LMV, 1995), hygiene ordinance (HyV, 1995), impurity
and ingredient ordinance (FIV, 1995)) require from the drinking water producers a systematic
quality assurance according to a defined and clear concept. In addition, the liability in cases of
damage has been regulated for producers and suppliers with the introduction of the product
liability 1993 (PrHG, 1993).
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Increased quality requirements

It is not only the new legal requirements that have caused a re-alignment of the quality
concepts. The consumers of drinking water and the consumer organisations also increasingly
expect further quality improvements in drinking water. Examples of the corresponding quality
demands are:

e The drinking water should be fresh and have a neutral taste. A taste of chlorine is
regarded as irritating. The water should also be of such a good quality that
disinfectants only have to be used in small concentrations, or not at all.

e In general, customers would like drinking water that is left as natural as possible, and
that contains no additives.

e The appearance of rust water or water that leaves easily deposits of lime are regarded
as unpleasant.

Customer orientation

Despite the existing monopoly, a re-alignment and continuous development are demanded
from the water supply companies. In many discussions, queries and contacts with customers,
it is noted again and again that there is only a little knowledge regarding the relationships in
the water supply and regarding the water quality. The confidence in the quality of the most
important foodstuff - drinking water - does not arise on its own, however. The precondition
for this is a quality policy that is lived, and in which customer satisfaction and openness in
consultation form the basis when dealing with the consumers of drinking water. Complaints
and questions regarding the water quality should be accepted, be assessed, and be answered in
an understandable way. The provision of brochures and quality data is also very helpful in
this. Here also, the quality management plays a role, in that the expected customer
relationships are described and are measurably put into practice.

Thewater supply of Basle City (IWB, 2001)

The water supply of the canton of Basle City relies on IWB’s own groundwater plant in the
Lange Erlen and the Hard groundwater plant of Hardwasser AG, in which the canton of Basle
City holds a 50 % shareholding. The population in a area of 40 km? is supplied with the drin-
king water from these two plants (Figure 1). The most important characteristics are listed in
Box 1.

Box 1. 2002 characteristics of the IWB water supply.

Water supply: 26 Mio. m3 per year
Purchases (from Hardwasser AG): 11.5 Mio. m3

Per capita consumption (incl. small businesses): 225 litres per day
Delivery to neighbouring municipalities: 2.75 Mio. m3
Length of pipe network: 465 km

Number of reservoirs: 13

Pressure levels (2 high areas): 5

Water price (incl. VAT.) Fr. 1.30 per m3
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The groundwater enrichment plant Lange Erlen (Figure 2) stretches from the edge of the city
of Basle in a north-easterly direction along the river "Wiese" up to the national frontier at
Lorrach. With a withdrawal of 30,000 — 70,000 m® per day, Lange Erlen covers around 60 %
of the drinking water consumption of the city of Basle. In order to make the large withdrawals
possible, the natural groundwater is artificially enriched by means of pre-filtered Rhine water
in forest areas (Riietschi et al., 2001).

Balanced groundwater levels are achieved when the infiltrated raw water volume corresponds
approximately to the pumped groundwater volume.
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Figure 1. Survey of water supply of the IWB.
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Figure 2. Flow diagram of the ground water plant “Lange Erlen”.
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Systemsfor safeguarding the drinking water quality

The old foodstuff law basically limited the self-checking of the water supply companies to
analytical investigations. With the latest revision of the hygiene ordinance of 1995, a system
according to the HACCP concept is now expressly demanded in Article 11 (Kantonales
Laboratorium St. Gallen, 1995). The implementation of the requirements for a corresponding
quality standard and the consistent application of "good manufacturing practice” (Box 2) have
been completed for the water supply of the IWB over 3 phases in the last few years:

e Development of a risk analysis and fixing of plans for measures (1996-1997).

e Development and introduction of a quality management systems (EN 45001 and EN
45004) in the department quality assurance water/laboratory (1998—1999).

e Introduction of a process-oriented management system according to ISO 9001-2000
(2002).

Box 2. Terms regarding "quality assurance".

Self-checking (Foodstuff Law 1992)

"Whosoever manufactures, treats, supplies, imports or exports foodstuffs, food
additives and articles of daily use shall as part of his or her normal duties ensure that
the goods comply with the legal requirements. He or she shall analyse them, or have
them analysed, in accordance with good manufacturing practice."

Good manufacturing practice (GM P)

One does not only judge by the laboratory tests. A prerequisite for a good
manufacturing practice is a comprehensive, critical control on all stages of the water
treatment, distribution grid and the service pipes as well as a regular assessment of
the situation and improvement of the processes.

Limit value
Legal requirement: If a limit value is exceeded, the drinking water is judged as
unsuitable for use.

Tolerance value
Legal requirement: If a tolerance value is exceeded, the drinking water is judged as
contaminated or in the value decreased.

Target value
Requirement of IWB water laboratory: If a target value is exceeded, there is a
deviation to experience of drinking water checks. Measures must be met.

With these developments, the IWB now has the required instruments at its disposal in the
product area Water, in order to completely fulfil the new, increased requirements. The
consistent implementation and application of these systems also led to a higher level of
technical competence among the employees. The accreditation and the certification were
achieved almost as a side effect. The individual elements will be explained in more detail in
the following.

The risk analysis (Pierson and Corlett, 1993)

The possible hazards and weak points of the water supply with effects on the water quality
were surveyed in 1996 in an internal workgroup. The production, quality assurance, networks
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and installation control departments were involved. The existing and potential hazards from
the catchment of the raw water through the processing, transport and storage of the drinking
water up to and including the delivery to the consumers were jointly registered, noted and
evaluated.

The consideration of the weak points according to HACCP (Box 3) thereby took place
according to the following criteria:

e the influence on the quality at the drinking water resources;

e the production volumes;

e the processing procedures;

e the condition of the means of production; and

e the distribution system (drinking water network and reservoirs).

e the available plans for measures for faults and emergency situations

Box 3. Terms regarding "risk analysis".

Hazard
Every biological, chemical or physical characteristic that could bring about an
unacceptable health risk for the consumer.

Risk
The assessment of the possible occurrence of a danger or hazard.

HACCP System = Hazard Analysis and Critical Control Points

Recognised international standard for a comprehensive type of quality control. The
basis for this control system is a risk analysis of all production and distribution
installations.

CCP = Critical Control Point
A critical control point is defined as every point or every process in the entire water
supply system at which loss of control could cause an unacceptable health risk.

The potential faults or hazards with a higher rate of probability and an unacceptable effect on
the drinking water quality were listed in a hazard catalogue (Figure 3).

In places, where the risk of a health-endangering quality impairment of the drinking water
was particularly large, the necessary measures and critical control points (CCPs) were
defined. Influences with a higher risk are, for example: damage with an effect on the raw
water catchment, leaking waste water lines in the groundwater protected zone, germ-filled or
contaminated supply lines, flooding situations in the catchment area of the groundwater wells,
etc.

The results of the risk analysis served to redefine the control points in the testing and
inspection programmes of the laboratory and to introduce the required control measures. The
overview diagram (Figure 4) shows the control points of the water supply. In a further step,
particularly critical operating plants were immediately renovated, or were put out of operation
in the sense of weak point elimination.
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Hazard analysis: Influence on the guality of the drinking water - from catchment to consumer

The probabhilty of occurring of a fault and the possible effects on the drinking water quality must be evaluated:

1=low / acceptable Guality targets can't be met for a short time. Tolerance values and limit values are kept to.

2 =middle Tolerance values for drinking water are exceeded. A health risk for the consumer does not exist however,
J=Ilarge /unacceptahle The contaminated water can lead to a health endangenment of the consumers {imit values are exceeded)

1. - 3. Production of drinking water

Pas. | Hazarddaulf Profabfiy of Effect on hinking | Measures io efrminale or redice e fiazard
OCCUg £ waler qualify
Fequency of faulf
1 2 3 1 2 3
1 Raw water catchment and
treatment

1.1 Pellution of raw water
{Rhine and Wiese)

1.1.1 | Pollution of Rhine water X X Alarm plan
due to oil accident awitch off the pumping station
1.1.2 | Pollution of Rhine water X X Switch off the pumping station
due to chermical accident
1.1.3 | Pollution of Wiese water X X Switch off of local ground water well

Figure 3. Extract from the hazard catalogue.
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Figure 4. Diagram of water supply plants including critical control points.



OMS introduction in the water quality assurance department

The responsibility for the definition and co-ordination of the quality assurance measures in the
procurement, processing, distribution and storage of drinking water in the supply area of the
IWB is incumbent on the water quality assurance department (IWB Water Laboratory). With
the 1999 accreditation by the Swiss Accreditation Service, the Quality Assurance Water
department received the “accredited” label for both the testing laboratory and for the
inspection body according to EN 45004.

The precondition for the attainment of the accreditation was not only the description of all
processes and procedures. An additional requirement was to bring the personnel to a higher
specialist level through internal and external further training. The scope of action and the
responsibility of the employees could thereby be significantly expanded.

The accredited inspection body. With the additional accreditation of the water laboratory as
an inspection body, the following goals were pursued:

e quality controls and operational controls by technically competent, independent
employees (inspectors);

e exactly defined inspection and sample-taking programmes;
e traceability through unambiguous and secured recordings; and
e continuous evaluation and interpretation of the quality and operational data.

As the basis for the inspection activity within the involved areas of the water supply, the risk
analysis described above is used. The inspection body of the IWB differentiates between three
kinds of inspection, which arise from their triggers:

e routine inspection for the constant monitoring of CCPs;
e inspection following extensive maintenance / cleaning work; and
e inspection following a fault or an impairment of the quality.

In the routine inspections, the critical control points of objects are monitored according to a
pre-defined inspection programme (Figure 5). The results of the taking of samples and the
quality controls will be included in the inspection.

tion/taking of ples Mon Tue Wen Thu Fri Mon Tue Wen Thu Fri Mon Tue Wen Thu Fri Mon Tue Wen Thu Fri

delivery points and
sp“ngwalerﬂl"m L] L] L] L] L] L] L] L] L] L] L] L] L] L] L]

inflow of ground and spring water|
and activated carbon plant

captures of ground water e e/e

public fountains .

reservoirs o

springs .

distribution grid oo .o

trace analysis (GC/GC-MS) ® & & & ® & & ® ® @ | " 8 8 e @ & 8 s ° @
checking/maintenance of s s .

process measuring device:

on-line of grid and spring LN TREE T " o o @ " s ° @ s * ® @
water treatment

Inspection on the spot . . . .

Figure 5. Extract of programme for inspections and taking samples.
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The inspections following extensive maintenance and cleaning work are used to detect and
avoid at an early stage any undesirable effects on the efficiency of the processing or any
impairment of the water quality following modifications to the installations. Examples of
inspection triggers:

e renewal and commissioning of water supply lines;

e cleaning of reservoirs;

e re-commissioning of installations after long interruptions of their operation; and
e renovation work on dosing systems (disinfection, deacidification, etc.).

Following an operational fault with effects on the water quality, or if target, tolerance and
limit values are found to have been exceeded, an inspection will be immediately carried out
and the necessary measures will be immediately initiated. The repetition of inspections (=
post-check) on the basis of serious findings from the inspection also falls into this category of
inspections.

Introduction of a management system according to ISO 9001:2000

The certification of various departments of the IWB is a development that has been underway
for several years and has not yet been completed. The following goals were in the foreground
at the introduction of a management system:

e optimisation and control of the work processes;

e alignment to the needs of the customers;

e increase of the technical competence and efficiency;

e handbook to secure the know-how and as a management instrument;
e attainment of the ISO certificate; and

e reinforcement of the positive image as a public company that is aware of its
responsibilities.

Process-oriented management system. The requirements on the drinking water supply
company (DVGW, 1999) such as quality, security of supply, efficiency, documentation, etc.
place high demands on the involved employees and installations. The control and
optimisation of the work processes forms an important precondition for the fulfilment of this
requirement.

Process-orientation means that a process owner is nominated for an overall process or a sub-
process, who is then responsible for the complete process cycle, regardless of who is involved
in the process or carries out the activities. He is responsible for the fulfilment of the defined
requirements and introduces corrective measures in case of deviations. The consistent process
orientation and the analysis of the process requirements help to disentangle processes and to
clearly define interfaces.

66



Drawing up the processes. The processes that exist in the water supply had to be recorded and
be presented in a clear manner. Initial considerations regarding relationships and interfaces
were recorded. On the basis of the process structure, the determination of the individual
processes and sub-processes took place (Figure 6). For the description of the processes, a
special method was applied. The basic idea of the method is that you first define the
requirements for every process, and then determine how the process result should be checked
or measured in a second step. Only then does the description of the implementation take
place. Improvements are introduced at a later stage using a planned-actual comparison. Figure
7 shows the process cycle pattern used.

Process groups | Processes Subprocesses Forms
Management — company associated

— corporate identity - flow diagrams
— principles / policies —forms
—management system —tables
—document administration - listings
Resources —personnel

—training

— know-how management
— safety at work
—investments

Customer relations | — marketing

—sales

- contract processing

— customer service and
maintenance

— customer property

— planning / development

— procurement — ordering

—incoming goods

— production — production of d.w.

- disposition of d.w.

— fault management

— maintenance

— repair

— service

— traceability

—testing

— disposition of

nonconformity

— handling, stocking,
delivery

— measurement of
performance

—testing equipment

- audits

— data analysis

- continuos improvement
=IT
— accounting

Figure 6. Process structure in the IWB management system.
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Figure 7. Process cycle pattern.

Continuous improvement process (CIP). In a work process (e.g., as the result of new business
and departmental goals, suggestions for improvements, customer complaints, etc.), the CIP
permits deviations to be detected and the necessary corrections to be initiated through suitable
measures. A continuous improvement of the business and production processes is initialised
and safeguarded with the CIP, but also with the periodic management reviews and audits.
Figure 8 visualises the continuous improvement process in the annual cycle.
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Figur e 8. Continuous improvement process.
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Focal pointsfor a secure operation. Without a competent operational management, an
effective and integrated maintenance and optimally trained employees, a water supply cannot
be operated in a reliable and future-oriented manner.

The required high quality standard can only be assured if the production plants, the process
controls, the measurement devices, the buildings and the equipment are continually adapted to
the state-of-the-art — and the management systems are lived by all employees. The risk
analysis presented above with the description of the status of all installations and safety
precautions must be periodically revised, supplemented and updated.

Practical application of HACCP (case example)

An example out of the risk analysis within the water supply of IWB will concretise this
procedure with the use of HACCP.

The river "Wiese" flows by the groundwater use area "Lange Erlen". At normal water flow
rate (approx. 10 m*/s) the wells are not influenced by the river regarding quality. The ground
water wells are protected under normal conditions by sufficient large separated areas and
affluent zones (protected zones S1, S2, S3).

Only at water flow rates above approx. 25 m3/s the banks of the river "Wiese" are
overflooded (Figure 9), and an intensified infiltration of the river water can lead to an
impairment of the water quality. The situation could be described more accurately after
hydrogeological investigations and event-related water analyses in the affluent zones to the
"Wiese" groundwater wells (Figure 10). As a result appropriate monitoring measures could be
specified.

Figure 9. The river Wiese overflowing the banks.

The water quality in the groundwater well No. 12 is represented in the diagram in Figure 11.
The higher the flow-rate of the "Wiese", the higher is also the germinating tendency in the
groundwater well 12. Besides the water quality of the "Wiese" plays a substantial role for the
germinating of the wells. The time and the extent of the germinating depend thus also on the
hygienic-microbiological load of the river water.
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Figure 11. Faecal bacteria in groundwater well No. 12 at high water.

Evaluation of the risk

With flood situations a contamination of the groundwater from the well No. 12 is possible. E.
coli and Enterococcus serve as indicator bacteria. They indicate that also pathogens such as
salmonella, typhoid fever, cryptosporidia, etc. can occur in this water. This water represents
thus a danger for the health of the consumers, since only a small amount of chlorine dioxide is
added as disinfectant. It results thus a microbiological risk.

Monitoring measures

The groundwater well No. 12 is defined as CCP. According to the existing risk suitable
monitoring measures must be specified. In addition to the periodic sample investigations the
following continuous measurements were furnished:

e water level (first monitoring value); and

e continuous particle counting in the well (second monitoring value).
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In the range up to the first alarm value one does not have to count on an impairment. Only
above it and with particle numbers over 30 counts/mL (1-20um) the probability of a
germinating of the well rises clearly.

Measures and responsibilities

The necessary measures and responsibilities are fixed in appropriate work instructions and
checklists:

e Alarms and messages are generated automatically by the process control system. The
well is monitored by the dispatcher.

e In case of a fault (e.g. exceeding a limit value):

immediate shut-down of the well
additional inspections and laboratory analyses

e  With particle numbers > 50 counts/mL the well is taken out of operation as a
precaution.

e The independent inspection body decides on the re-start-up of the well.

The completeness and traceability of the recordings as well as the data analysis are fixed with
the existing quality management systems. Accordingly they are regularly examined on the
occasion of internal and external audits. Beyond these own controls surveillance by the
foodstuff authorities takes place periodically.

Conclusion

The step-by-step development and introduction of the described systems (risk analysis,
accreditation of inspection body and test laboratory, QM system according to ISO 9001) has
allowed the IWB to fulfil considerably better the requirements on a water supply company
mentioned at the beginning. On the basis of the risk analysis and the systematic operational
controls, the foodstuff safety has improved in particular. It can be seen from the internal
audits that the guidelines and contents of the management systems are being lived by the
employees. Furthermore, the regular evaluations of the process results (review, Q-data)
confirm that the continuous improvement process can be applied profitably.

Thanks to accreditation and certification, IWB has recently succeeded in gaining several
municipal water supplies and various customers from very different branches for regular
water investigations, inspections and maintenance services.
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Hazard Analysisand Critical Control Pointsat the Zurich Water Supply
Ueli Bosshart, Hans-Peter Kaiser and Rolf Stettler

Wasserversorgung Zirich, Swnitzerland

I ntroduction

One of the most important tasks of any water supply company is safeguarding the quality of
drinking water. In order to be able to achieve the quality goals on the basis of legal
requirements, the water supply companies already carry out comprehensive quality checks
today. As a rule, this involves periodic checks of samples, which are supplemented by various
on-line measurements. Investigations of the water quality can increase safety, but they cannot
provide a guarantee for the consumers, as, in most cases, the water has already been drunk
before all the results of the analysis are available. Preventative measures have therefore
become very important. A process-technical control of possible risks and the monitoring of
critical points offers a solution for preventing the occurrence of quality defects. A procedure
of this kind for the determination of hazards and for their avoidance is presented by the
HACCP method (Hazard Analysis and Critical Control Points). In principle, it involves the
control of the processes and not the control of the products (ICMSF, 1988). The basis of this
method is the determination of potential risks. The significance of this method can be seen
from the fact that it was declared to be the binding directive for foodstuff production in the
USA in November 1989 by the National Advisory Committee on Microbiological Criteria of
Foods (Pierson and Corlett, 1993).

The HACCP method is a systematic method of guaranteeing the quality of foodstuffs. It
consists of seven general principles regarding microbiological quality in the manufacture of
foodstuff products. Fortunately, the method has now also found acceptance in the drinking
water branch. This is manifested in the resolution of the WHO to supplement product controls
with a hazard analysis of the production process. This principle, which approximates very
closely to the HACCP fundamentals should be taken into account in the “Water Safety Plan”
and be embodied in the third edition of the “Guidelines for Drinking Water Quality”, which
should appear in the year 2003. This decision should not fail to have an influence on national
legislation. In Australia, the HACCP approach was already embodied in the “Drinking Water
Framework” in May 2001 (Deere and Davison, 1998). In Switzerland also, Art. 276 of the
foodstuff ordinance (LMV) requires that installations, equipment and procedures may only be
used if the treated drinking water always corresponds to the requirements of Article 275 of the
LMV (1995). This initial position persuaded the Swiss Gas and Water Industry Association
(SGWA) to revise the “Directives for the monitoring of the drinking water supplies with
regard to hygiene” and the “Recommendations for a simple quality assurance system for
water supplies” (SGWA, 1997; 2003).

The Swiss Hygiene Ordinance (HyV) makes in its Article 11 the LMV more precise; it
explicitly demands the use of the HACCP method without, however, actually using this term
(HyV, 1995). It requires that “anyone who produces, handles, stores, transports or delivers
foodstuff [...] must ensure that the latter will not be impaired by micro-organisms.” This
should take place according to the following principles:
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e identification and evaluation of the possible health risks of products that could arise
during the production of the food. The following must be taken into account:
production materials, storage and sale, as well as the foreseen use of the end product
(hazard analysis);

e determination of points, work processes or procedural steps in the production process
at which a health risk can be reduced or be eliminated (Critical Control Points, CCPs);

e determination of standard values and tolerance ranges (CCP conditions) that are to be
maintained and that are binding in the CCP monitoring;

e the setting up of a monitoring system with which the compliance with the pre-defined
CCP conditions can be checked;

e the determination of measures to be taken if a deviation from the CCP conditions is
determined by the monitoring;

e the determination of procedures for the verification of the functionality of the control
system,;

e documentation of the above-mentioned measures

In addition to the foodstuff requirements, those of the product liability law must also be
observed, according to which the producer is liable for the damage if a faulty product leads to
the death or injury of a person (Bundesgesetz iiber die Produktehaftpflicht, 1993). Illnesses as
a result of water deliveries that do not comply with the regulations of the foodstuff ordinance
are thereby considered to be injuries, whereby the water supply company can be held liable.
The risk of a product liability of this kind can be kept low with the correct application of the
HACCEP principles.

For the Zurich Water Supply (WVZ), the attainment of a high quality standard is a component
of the company policy. All legal quality requirements must be able to be maintained. The
consumer should receive hygienically flawless drinking water with a constant composition
(hardness, etc.), which is clearly below the legally prescribed tolerance and limit values at all
times. Only in this way, it was possible to do without addition of a network protection agent
in spite of a proportion of 70 % surface water.

The following presentation will indicate how the Zurich Water Supply has implemented the
HACCEP principles and how these have been integrated into their management system.

Expressions and standards

It is well known that a large number of laws, standards, directives and concepts exist. This
flood of ordinances does not often contribute to the simplification of our daily lives. The
HACCP method is fast included in this viewpoint. In the same way as for the ISO 9000 certi-
fication standards or Total Quality Management, the purpose is often not recognised, and is
merely regarded as additional outlay (Bosshart and Maier, 1997). That often has to do with
the fact that even the expressions are not clearly clarified. In the following, an attempt will
therefore be made to briefly explain the various expressions used in this report and their
meaning:
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e HACCP is a method. It is focussed on safeguarding of the product quality. The goal of
the method is to be able to control the production of the foodstuff by means of a
hazard analysis and the determination of critical control points (CCP) in such a way
that the quality can be guaranteed, documented and traced.

e Validation means that it must be scientifically proven that drinking water is being
produced — within the limits of practical possibility and at all times — that corresponds
to the legal requirements, from the raw water, through every stage of processing,
distribution and storage and up to the consumers.

e The ISO 9001:2000 is a process-oriented international standard that can be used in all
companies and industries. “It determines the requirements on a quality management
systemif an organisation has to prove its ability for the continuous provision of the
products|...] and then endeavours to increase customer satisfaction through the
effective application of the system[...]”(SNV, 2000).

Validation and HACCP at the Zurich Water Supply

The basis for quality assurance is the exact knowledge of a production process, so that a
perfect product can be produced with certainty and in accordance with the specifications. Not
only are the individual processes important, but, in the long run, the actions of the entire
company must be seen as a series of interconnected processes. The validation as carried out at
the WVZ, covers all raw materials (raw water, additives), installations and equipment (air-
relief valves, flaps, reservoirs, etc.) and treatment or process stages (ozonation, filtration etc.).
In the case of chemical processing stages (chlorination, ozonation, flocculation, etc.) the
formation of by-products and waste products must be included in the hazard analyses. For the
assessment of processing procedures, goal fixing and hazard analyses must be carried out for
all stages that are necessary for the achievement of the overall goal.

The “quality monitoring” process instruction in the management system of the WVZ des-
cribes the procedure for the validation, which integrates the hazard analysis. In order that the
quality assurance measures can be recognised and be checked at all times, a representation in
the form of flow diagrams is practical. The assessment at the water works can be systematised
if a sub-division of the drinking water catchment and distribution (Figure 1) takes place — into

the four steps “raw water”, “processing”, “storage, distribution” and “domestic installation”,
insofar as the responsibility of the water supply company only ends at the tap.

The validation of the drinking water production in the flow diagram from raw water to
drinking water (Figure 1) has been divided into four sub-aspects at the Zurich Water Supply,

e 1Y bR 1Y

namely “man”, “materials”, “machines” (installations) and “methods” (procedures):

e Risks often not only lie in faulty methods and/or procedures. Also the personnel must
possess the corresponding know-how and capabilities for the tasks that are entrusted to
them. Continuous training and further education are essential for this. The
guaranteeing of these requirements is carried out at WVZ through the “personnel
process” of the management system.

e Under “materials” there are protected zones, raw water, additives and auxiliary
materials. The assessment of the raw water quality and the protected zones is a
significant component of the validation. Limit values for impurities are defined for
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additives and auxiliary materials, which must be complied with by suppliers. Details
are regulated in the procurement process and in the product specifications at WVZ.
Companies are checked by random sampling. All incoming goods are subjected to a
receiving inspection according to their specification.

e Machines, installations and materials that come into direct contact with the water must
not affect the water quality negatively (Verordnung iiber Gebrauchsgegenstéinde,
1995; Verordnung iiber Materialien und Gegenstdande aus Kunststoff, 1995). The
KTW directives (KTW, 1977) and the DVGW directive W270 (DVGW, 1990) can be
applied for the assessment of materials. Processing plants must be designed in such a
way that the safeguarding of the water quality is guaranteed, and buildings and
reservoirs are constructed so that no pollution can enter the water from outside.

e The method includes the procedure for the catchment, production and distribution of
the drinking water.

> additifs —»

——> mmariata_—+| Processing

sjeuajen

additifs

Figure 1. Flow diagram from raw water to drinking water at WVZ and aspects of validation
of the production process.

An important component of every validation is the clear definition of the requirements on the
product. The drinking water quality must satisfy the Hygiene Ordinance and the Impurity and
Content Ordinance (Verordnung iiber die Fremd- und Inhaltsstoffe in Lebensmitteln, 1995) at
all times. Depending on the quality of the raw water, a treatment has to perform more or less
in order to fulfil the requirements. For the validation, each processing plant with raw water
and the transport and distribution network with storage has been assessed together. The large
data record of water quality data measured in the laboratory and online made it possible to
define target areas for the critical control points (CCP) and to determine warning and alarm
values. Exceeding of any warning values will cause the personnel to move to a higher level of
watchfulness. Alarm values indicate that a plant or a process is outside its defined
characteristics. If alarm values are exceeded, the quality of the drinking water can no longer
be guaranteed and the defined measures must be applied.
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Assessment of the protected zones and the raw water

Protected zones. The goal of exclusion of protected zones is the long-term, qualitative and
quantitative preservation of the drinking water. Protected zone exclusions and the pre-defined
measures within the protected zone regulation have a preventative and preservative function.
In order to guarantee qualitatively flawless ground water or spring water, and in addition to
the measurements, great attention must be paid to the visual inspection of compliance with the
protected zone regulations.

These regulations represent a list of restrictions. The individual survey reports (Figure 2) for
the protected zone areas of the individual springs are based on the protected zone regulations
and the hazard analysis. A work instruction regulates the inspection tours and the
implementation of the prescribed measures. Important or sensitive protected zones at critical
control points are periodically measured or continuously monitored.

5.6 Valleys A, B, C + allowed known | Deficiencies and
Situation Deficiency |Details = o
yes |no Z1 |22 |2a |2b|Z3 | yes no |
| General survey in the protectedzone | | | || [Westsvaterinstalietions: ; '
syncline, sink, course of a brook, open ditch lines for domestic and industrial | - | % | - | - | + x
y waste water, tight construction
animal holes a : o L
TR TS ' allowed with official permission
windfallen trees 4 3
. - - S— soaking pits for all wastewaters | - | - | - | - | - | X
Specific insp in the pr zone | Obj like meteoric, domestic,
Known conflicts: yes |no | if yes, what? industrial, cooling, etc.
Valley A2: 3 occupied animal holes in Z1 Storage of hazardous liquids
ValleyB: __field track through 22 | stocks with small volumes, trans- | - | - | = [ - | + x
Valley C:  duck pond in Z2b shipment stations, etc.
Sewer pipe in Z3, built 2001 Storage of solids, dumps
First testing of tightness on 14.5.02 garbage, sewage sludge, S BN S R B A
Further inspections according to water-soluble matter
environmental authorities as of 11.7.01 Mining/Backfilling
Valley-A+ B:storm ¢ “| othar in 21+ 72 Forest has recovered gravel pits, sand pits, clay pits S I N A x
(inspection 3.6.02) “ packfill with inert matter needs
Valley A farming in-Z2a No more agriculture in 22 an official approval |
(inspection 4.9.01) Agricultural land use |
Waliey B cattle leadlot in Z2b New cattle feedlot in Z2 cultivation of grass AR AR AR x
(inspection 4.9.01) pasture, fruit-culture and farming | - | + |+ | + | + x
" farming undesirable

Figure 2. Form for inspection tours of the protected zone in valley A, B, C.

Surface water. For the chemical and biological assessment of lake-water, the raw water data
measured by WVZ have been checked for its extreme values. For the characterisation of the
hazard potential in case of incidents (worst cases), the chemical risk land register of the
Canton of Zurich (Verordnung iliber den Schutz vor Storféllen, 1991) provides valuable
information. Scenarios for the effects of pollutants allow limit values to be defined, and weak
points to be pointed out.

Assessment of the processing plants

In a first step, the quality-relevant process stages have been determined on the basis of the
overall goals and of the quality status of the raw waters under consideration of the worst
cases. Following the “Surface Water Treatment Rule” of the US EPA (1989), a deactivation
and/or removal of 99.99 % for the pathogenic bacteria and viruses, of 99.9 % for giardia and
of 99 % for cryptosporidia was defined as the overall goal for surface water. The sub-goals for
the individual processing stages could be derived from this (Figure 3).

In validation reports of the individual processing plants, the process stages have been assessed
and evaluated on the basis of internal reports, scientific publications and in-house quality and
production data. Any weak points determined were immediately corrected or were recorded in
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a priority list. The critical control points were determined. Wherever possible, monitoring
takes place using online measurement devices. For further critical and non-critical control
points, the periodicity and the parameters to be measured have been defined in the analysis
plans. The warning and alarm values, together with the measures to be taken if the alarm
values are exceeded, have been documented in work instructions. The long-term quality
planning has been derived from the assessment of the measured data (Figure 4).

hazard analysis raw water

raw water

load
=+ -~ colour, odour, taste,
goal of the processing E.coli and cryptosporidia
sub-goals risks based on scenarios
drinking water has to of the individual pathogenic microorganisms
meet at any time the processing stages | Ol (benzene, toluene, xylene);
following requirements _ cyanide efc.
LMV; HyV; el tolerance ranges
figures drawn identifying and and measures
from experience assessing of
must not contain any mat- i determi itical control
ter hazardous to health weak points e

points,determine and docu-
ment control and main-
tenance intervals

Figure 3. Determination of the goals for the processing and hazard analysis.
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Figure 4. Flow diagram of the lake-water plant Lengg including additives and auxiliary
materials.

Validation of the lake-water plant Lengg. Using the example of the lake-water plant Lengg,
we will show how a physical, chemical and micro-biological validation can be carried out.
The validation answers the questions that arise from the objective for the processing the raw
water to drinking water:
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e  Which process conditions fulfil the microbiological requirements on the drinking
water and/or the objectives of the process stages?

e Will chemicals that are present in the lake-water be broken down in such a way that
the tolerance and limit values for drinking water will be maintained at all times?

e Will chemicals that could find their way into the lake-water as a result of accidents be
broken down to such an extent that the tolerance and limit values for drinking water
will be maintained at all times?

e Will the natural organic contents of the water be oxidised in such a way that they can
be optimally broken down in the subsequent biological stages (activated carbon filter,
slow sand filter)?

In Figure 5, it will be shown on the basis of the two protozoa Cryptosporidium parvum and
Giardia lamblia, of the polio virus and of the chemicals benzene, xylene and atrazine how the
de-activation or the decomposition was assessed during the processing. A clear inactivation of
the micro organisms and the oxidation of the benzene, xylene and atrazine through the
ozonation are noticeable. Further investigations (Kaiser et al., 2000) have shown that the de-
activation level in the pre-ozonation of the lake-water plant Lengg for Cryptosporidium
parvum reaches approx. 0.5 log-units, for Giardia lamblia 4 log-units and for Enteroviruses 6
log-units. During the filtration of cryptosporidia and giardia, the de-activation level seen
conservatively was one log-unit in the fast filtration, and 2 log-units in the slow sand
filtration. Information regarding the filtration of the polio virus and the above-mentioned
chemicals is not known, and is therefore not taken into account. The activated carbon is used
in the processing stages of WVZ as carrier material for microorganisms and has been used for
much longer than ten years. Atrazine and benzene will therefore only be insignificantly
adsorbed at existing concentrations. Exact knowledge regarding the breakthrough behaviour
of the pre-loaded activated carbon is not available. It is known that on shock loading an
adsorption occurs followed by a subsequent delayed desorption. These processes were
observed with own measurements, but were not quantified.

raw after fast after inter- activated slow sand
water pre-ozonation filtrate mediate ozonation  carbon filtrate filtrate
b " i -
\ =~ — Cryptosporidia
N e — = ——
5 b ~ -
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Figure 5. Inactivation of selected microorganisms and viruses and chemicals in the lake-water
plant Lengg.
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The assessment of the processing stages shows that the microbiological objective is clearly
exceeded. Atrazine is broken down to approx 50 %, and the tolerance value at a concentration
of 200 ng/l can still be maintained. The concentration in Lake Zurich is currently approx. 10
ng/l. Benzene and p-xylene are broken down by approx. 70 % to 90 % during the ozonation.
The activated carbon can serve as a further short-term safety barrier in case of increasing
concentrations.

From this data, and taking the biological characteristics into account, an optimal ozone dosage
for normal operation could be derived. The efficiency of the ozonation could be estimated
with model investigations for the whole processed water volume (Kaiser €t al., 2000). In order
to guarantee the desired efficiency at all times, the ozone exposition, that means the product
of the ozone concentration multiplied by the time (ct-value), is kept constant. Depending on
the water quality or the ozone consumption, the ozone dosage is adapted, which is guaranteed
through the continuous measurement of the residual ozone content with control of the ozone
dosage. The residual ozone measurement is defined as a critical control point. It guarantees
that tested and assessed components will be sufficiently oxidised as long as the component
concentrations and the produced water and ozone quantities remain within the predefined
ranges. If the residual ozone content falls below the alarm value, the efficiency of the
ozonation will no longer be guaranteed, and immediate measures will be initiated.

Operation of the processing plants. In the Zurich Water Supply, the defined measures will be
implemented following violations of the alarm values. The warning and alarm values for the
online measurements are integrated into the operational control system. If the alarm values are
exceeded, this will be indicated both visually and acoustically. Figure 6 shows the
representation in the operational control system. The measures that are to be initiated are also
stored in the control system and can be called up immediately. All warning and alarm values
from laboratory measurements will be logged in the laboratory information system. An
automatic output of the warning and alarm value violations takes place daily.
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Figure 6. Example of alarm and warning values and of measures to be taken in the lake-water
plant Lengg.

Validation of the pipe network and the storage

The pipe network delivers drinking water to the consumers with sufficient constant pressure,
and, thanks to the reservoirs, this can be maintained over a specific period regardless of the
drinking water production. The following goals are primarily achieved through the
microbiological hygienic quality checks in the distribution network:
e general evaluation of the quality in the distribution network on the basis of the
microbiological characteristics;

e carly recognition of quality changes;
e Dbases for release decisions; and

e the precautionary assessment of operationally-necessary interventions or incidents in
the distribution network and in the reservoirs (cleaning, maintenance, repairs).

The hazard analysis indicates that the following possibilities exist for the impairment of the
quality of the drinking water during transport, in main and distribution pipelines and in the
reservoirs (Figure 7):

e the absorption of problematic chemical substances, nutrients or other organic
substances from the pipe materials (possibly also leading to an impairment of the taste
of the water);

e the transformation of chemically harmless water contents into problematic or toxic
compounds as a result of the addition of disinfecting agents;
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e increase in germs in an existing substrate, sufficient residence time and favourable
growth conditions;

e oxygen consumption;

e pick-up of nutrients by biofilms (quality improvement) or germ or material discharge
from biofilms (quality reduction);

e entry of germs, nutrients or chemically problematic matter through leakages in the
line, pipe ruptures or as a result of work on the line at construction sites; and

e deliberate anthropogenous contamination of the water.

The determined hazards were subjected to an assessment with regard to the probability of
their occurrence and the consequence of an event. In doing this, internal reports and scientific
publications were included and the largely microbiological data of the distribution network
and the reservoir samples taken over more than 15 years were evaluated. The weak points
found were partly corrected immediately, or were listed in a priority list for correction.

Transformation of
oot absorption of proble- chemically harmless
eliberats inroduction matic chemical matter into problematic
of germs or substances from compounds or _Intc_:rease
: : the pipe materials in germs on existing
problematic chemicals or wall materials substrate
(reservoirs)
Yo
L ® ®
® e
germ-free an germinated or
chemically un- chemically
polluted drinking ;N polluted drinking
water. / water
pick-up of nutrients by \‘
biofilm (quality improvement) .
or germs or nutrient discharge water discharge and entry of germs,
from biofilm (quality reduction). nutrients and problematic chemicals
In reservoirs also sedimentation. DY line leakages or pipe bursts. With
reservoirs pollutant entry through
the ventilation or contamination
during reservoir cleaning.

Figure 7. Hazard analysis in the pipe network and storage system at WVZ.

Operation of the pipe network. For the quality control, the feed-in points of the drinking water
into the transport network and an exact monitoring of the treatment processes are the most
important control points. The assessment also revealed that the critical control points in the
network would have to be increasingly defined according to hazard potentials, for example, in
the case of reservoirs (high impact). The distribution network as a whole was assessed as
being less critical, and the number of CCPs could be reduced. Special microbiological
questions (the influence of biofilms, the influence of changes in flow-rate, residence time of
the drinking water in the network, start-up of lines, etc.) will have to be investigated in more
depth. The corresponding projects for this have been planned. The goal of these investigations
is to improve the detection of causes and the understanding of microbiological mechanisms.
In the future, locations that show increased risks over limited periods (e.g. during construction
work, special operational conditions, standing water in final branches, etc.) will be

82



increasingly checked. Alarm values for microbiological analyses have been defined in work
instructions for the feed-in points, reservoir outlets into the distribution network and in the
distribution network.

Linking of the HACCP into the management system of WVZ

In contrast to many other water supply companies, the responsibility for the quality
monitoring is separated from production in the WVZ. The quality monitoring (Figure 8) is
responsible for the implementation of the statutory stipulations of the foodstuff law, for the
investigation of the drinking water, for the quality planning, for the service and maintenance
of the continuous quality control devices, for the taking of samples and for the tests in the
laboratory. The quality department must make available the instruments for the
implementation of the quality stipulations to the production department. In particular, quality
criteria and measures must be consistently defined. The production department is responsible
for the production of the required amount of drinking water with the stipulated quality.
Quality-induced decisions regarding the production are taken jointly.

"~ customers e

| management |

3 finance
A 4 y

_)’ custt;mer relations |—
| Y $ s

|procurement| | logistics | ‘quality monitoring|

Figure 8. The process network of Zurich Water Supply according to ISO 9001:2000.

Process-oriented management system of WVZ

In order that quality goals can be reached and the quality-supporting methods established, a
smooth interaction of all company processes is required. With the certification according to
the ISO standard 9001:2000, the Zurich Water Supply has a system that includes all processes
and procedures and is described in nine business processes (Figure 8). The laboratory is
integrated into the “quality monitoring” business process, and is accredited to ISO 17025. The
responsibility for the processes is transferred to the highest company level. As a result, the
support of the management is guaranteed.

The process owner of the quality monitoring is responsible for the correct implementation of
the HACCP principles. The “quality monitoring” process describes the procedure of the
validation and, additionally, all further tasks of the quality monitoring (sample taking, online
and laboratory analysis, technology development, etc.).

As aresult of the process-oriented management system, weak points determined in the
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validation and variables affecting the drinking water quality can be assigned to the responsible
processes. This ensures that the quality-affecting measures can be implemented efficiently.
Interfaces arose mainly between the “quality monitoring” process and the “production” and
“pipe network” business processes. Further interfaces with the “personnel”, “procurement”
and “management” process instructions were determined during auditing.

Evaluation
The step-by-step procedure of WVZ:
1. The introduction of a management system and the accreditation of the laboratory.

2. The implementation of the validation and the HACCP principles thereafter has proved
itself.

First, all the somewhat complex interfaces and responsibilities in the management system
were clarified. In this way, existing work instructions could be referred to for the handling of
documents, for the safety aspects, for the personnel training and development and for the
auditing. The process-oriented management system thereby significantly facilitated the
implementation of the HACCP principles.

The procedure described indicates an efficient way for large water supply companies. The
separation of quality monitoring and production into different processes permits a simple
implementation of the validation and the HACCP principles in the «quality monitoring»
process, and clear interfaces to the other processes. The consistent implementation of the
HACCP principles allowed WVZ to eliminate many weak points within a short time. The
security for an impeccable quality of the drinking water could be increased with the validation
and the HACCP method.
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Introduction

This extended abstract presents the findings of a programme to improve risk assessment and
management in utility piped water supplies in Uganda through the establishment of Water
Safety Plans (WSPs). The paper outlines the stages followed in developing WSPs and in
particular with reference to the WSP developed for the Kampala water supply.

Uganda is a small country in East Africa with a population of roughly 22 million people.
Kampala is the capital and largest city of Uganda, with a population of approximately 1.2
million. It is experiencing rapid in-migration and urban poverty is a significant problem in
many parts of the city. Uganda is a poor country, although the 1990s has seen increasing and
sustained economic growth. The water sector suffered significantly during the upheavals of
the 1970s and 1980s, but during the 1990s has developed rapidly. In larger urban areas
including Kampala, piped supplies are provided by the utility National Water and Sewerage
Corporation (NWSC) and in smaller town by Town Councils. In many towns, including
Kampala, there are also a large number of alternative water supplies, such as protected springs
and boreholes with handpumps.

In the Global Assessment of Water Supply and Sanitation 2000 Report, it was estimated that
50% of the total Uganda population and 72% of the urban population had access to an
improved water supply within 1 kilometre of their home (WHO and UNICEF, 2000). The
number of people in urban areas with access to piped water is lower than this figure. Howard
and Luyma (1999) estimated that in 1999, only 20% of the population of Kampala had access
to at least a single tap at the house, although at a Parish level, this varied between 2.5% to
100% of households. This figure has risen and currently it is estimated that nearer 40% of
households have at least a single tap.

The remaining population relies on a range of public taps and protected point sources for their
domestic water needs. Howard et al. (2002) showed that multiple source use is common
among the population without their own tap, but estimated that just under 70% of the
population using communal sources used piped water for part of their needs.

The Kampala water supply

The Kampala water supply is operated under a management contract. NWSC are responsible
for the production of water at the treatment works, for overall asset management and
monitoring of water quality. Operation of the distribution system is by Ondeo Services
Uganda Limited (OSUL). Using estimates by Howard et al.(2002), the Kampala water supply
serves about one million people through household connections and public taps.

NWSC have been operating a water quality monitoring system for many years and additional
monitoring of the piped water was undertaken by environmental health staff from the City
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Council during a pilot surveillance project between 1997 and 2000. It is not known to what
extent this continues to date, although some testing is known to occur. Although the supply is
generally well run, the results of water quality testing show occasional contamination and also
sanitary inspection in the past has revealed operational weaknesses.

In recognition of the importance of water safety, NWSC in collaboration with WEDC and
Makerere University have been investigating means of improving risk assessment and
management within their supply. The development of WSPs was initiated in 2001, with
funding from the knowledge and research programme of the Department for International
Development (UK). The aim of the project is to develop and test approaches to developing
WSPs and to evaluate the feasibility of using assessments of vulnerability of the supply to
contamination as a means of directing activities into priority areas.

Organisational issues and establishing the team

The first stage in the development of the Water Safety Plan was a presentation to Managing
Director and senior management of NWSC and representatives of OSUL. This presentation
was designed to present a coherent case for the development of risk management approaches
to water safety. The presentation drew heavily on the development of the materials on WSPs
within the WHO Guidelines and emphasised the benefits of proactive quality assurance over
quality control. In addition, the value of WSPs in promoting good asset management was also
highlighted as a key selling point to the senior managers. This presentation and subsequent
discussion proved essential in obtaining management buy-in to the process. Without such
high-level support, developing the subsequent activities would have been more problematic
given existing staff commitments.

Once agreement had been reached with the senior management, a rapid organisational review
identified key internal stakeholders within NWSC who needed to be involved in the
development of the WSP. This allowed a multi-disciplinary team to be established to guide
the system assessment, Water Safety Plan development and field verification exercise. The
members of the team represented the water quality control department (WQCD), operations
department, production engineers and planning engineers. In addition, representatives from
Makerere University (MAK) were also included to provide additional guidance and support.
The head of the water quality control department was nominated as the overall risk manager.
An activity-responsibility matrix was developed to guide the activities, an extract of which is
shown in Table 1 below.
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Table 1. Activity/responsibility matrix (where R = responsibility; [ = involved; A = aware).

Activity/Responsibility Name NWSC

Responsible WQCD| HQ | OSUL | MAK | WEDC
1. System assessment
Identification and printing of | Senior Engineer I A R I A
maps
Field work Engineers I A I R A
Reporting and data analysis Engineers I A I R I
Transport arrangements Principal Analyst R A A A I
Management of logistics Principal Analyst R A A A I
Co-ordination Principal Analyst R A I I 1
2. Water quality assessment
Laboratory analysis Principal Analyst R A A I I
Sampling Principal Analyst R A A I I
Transport Principal Analyst R A A A A
Co-ordination Principal Analyst R A I I I
Report and data analysis Principal Analyst/ R A I I I

Quality Control

Manager
Logistics Principal Analyst R A A I I
Training for water quality Consultant I A A I R
analysis
Water quality assessment Consultant I A I I R
preparation

System description and analysis

The first stage was to develop a full system description and analysis on which to base the
WSP. There was a significant amount of information available on the Kampala water supply,
including details on pipe materials, age and size. The first stage of the exercise was to
describe the water treatment system and to produce a detailed map of the water supply with
supply zones demarcated. This detailed description is illustrated in Figure 1 below.

Following the desk-based exercise, a field assessment was undertaken to provide some field
‘truthing’ of the system. In particular this exercise was designed to assess the status and
condition of major infrastructure as a means of understanding whether the system was likely
to be able to deliver safe drinking water. Furthermore, the field exercise provided the team
with an opportunity to asses what hazard events could occur within the distribution system, to
consider how these could be controlled and to pilot some simple monitoring tools for data
collection. This exercise proved to be invaluable to terms of developing a fuller understanding
of the water supply and what threats it was exposed to.

&9



Source Water taken from Lake Victoria which is prone to high algal loading. Recent observations have
noted potential breakthrough of blue green algae

L

2 coarse screened Intakes located 30m off shore (Gaba 1 and Gaba 2). These serve 2 6-7m deep raw .
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Figure 1. System description and analysis: Kampala.

Risk ranking, developing the WSP and verification

A list of potential hazard events was developed for the Kampala supply based on the
information obtained from the system description and analysis, the field assessment and a
review of recorded incidents within the literature. A risk ranking exercise was undertaken for
the identified hazard events based on qualitative estimates of the likelihood of an event
occurring and the severity of the impact. The system described by Deere et al. (2001) was
used to define risks and is shown in Table 2 below.

Table 2. Risk ranking (after Deere et al., 2001).

Likelihood Definition

Almost certain Once a day

Likely Once per week

Moderate Once per month

Unlikely Once per year

Rare Once every 5 years

I mpact Definition

Catastrophic Potentially lethal to large population
Major Potentially lethal to small population
Moderate Potentially harmful to large population
Minor Potentially harmful to small population
Insignificant No impact or not detectable
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A draft Water Safety Plan was developed, which identified priority points (service reservoirs
and major valves) where control was particularly required. This WSP provided a detailed
management plan for the entire system, with simple process monitoring tools and identified
means of verification for the whole supply.

The WSP was verified through an intensive water quality assessment of the system that
tracked water from the source, through the treatment works and into the distribution system.
As the principal hazard events identified were microbial in nature, the assessment focused on
testing of parameters relevant to pathogen control. Three indicator organisms were used in
this assessment. E. coli and faecal streptococci were analysed throughout the system and were
designed to provide an indication of the risk posed by bacterial pathogens. Clostridium
perfringens was analysed in source water and through the treatment works as a surrogate for
protozoa removal performance. The verification exercise indicated that the WSP was well
formulated and that although the supply functioned reasonably well, problems remained in a
number of areas, notably distribution management. After the verification exercise, the WSP
was finalised.

A second exercise is currently underway to provide further information regarding the risk
posed by the Kampala supply. This is effectively a form of validation and is using two
pathogens (E. coli O157 and Salmonella) to assess removal within the treatment works. In
addition, analysis of coliphage is also being undertaken as a surrogate for viral movement.
This data and data from the previous assessment of Clostridia perfringens will be used in a
quantitative risk assessment to define the likely health burden derived from the water supply.

Prioritising areasfor control

In order to enhance the ability of the utility to implement effective water safety management,
a methodology for defining priority areas within the distribution system using AutoCAD. A
matrix has been developed to take into account hazardous environments (areas where there is
an increased risk of hazard presence), vulnerability of the pipe (a set of characteristics of the
system materials and design) and variable vulnerability (as described by sanitary inspection).
This is combined to allow important points of similar nature within the system to be ranked in
terms of the likelihood of a hazard event occurring. The maps developed are dynamic and can
be regularly updated in relation to changing conditions brought about by investment or
deterioration within the system. In the future water quality models are being developed to
further enhance these risk management tools.

The approach to risk management has also incorporated measures of socio-economic status as
a measure of the susceptibility of the population to water-related disease. This is based on the
well-established links between poverty and health. The use of socio-economic variables
enhances the ability of the utility to identify priority areas and to determine appropriate
interventions, including collaboration with communities in improving management in the
tertiary infrastructure.

Conclusions

The project in Uganda shows that water safety plans can be developed and implemented in
developing countries. A WSP for a second town has been drafted and is undergoing the first
verification exercise. In addition to the development of understanding of the system and how
risks may occur, it is important to understand varying susceptibility of communities to
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disease. Furthermore, as well as scientific and technical inputs, resolving internal and external
institutional issues is crucial in the overall success of water safety management.
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Thailand’s“ Safe Tap Water Certification Program”
Theechat Boonyakarnkul* and Philip Kingston**

* Department of Health, Ministry of Public Health, Thailand; ** Environmental Protection Agency, Queensland,
Australia

The importance of a good water supply, and an effective sanitation system has been
recognised in Thailand since King Rama V first foresaw the link with the prevention of
disease in the early 19th century. Since then the country has achieved good progress in the
provision of safe drinking water for its people.

Early methods of excreta disposal were not successful in preventing and controlling disease,
and often resulted in contamination of water supplies, but the situation began to improve in
the early twentieth century when a water works operated for the first time in Bangkok, and
rules were issued prohibiting defecation directly into rivers and canals.

Improvements have continued, and water supply and sanitation has featured prominently in
National Plans since the first in 1960. The government also assigned the period 1981 to 1990
as the “Decade of Water Supply and Sanitation in Thailand” in line with the World Health
Organization declaration. This decade provided the impetus for remarkable growth in access
to piped water supplies with coverage levels rising from a low of just over 10 percent in the
early Seventies to nearly universal coverage by the late Nineties.

Despite these levels of coverage, there are still many water quality problems, particularly
microbiological, and increasingly chemical, due to the contamination of both ground and
surface water sources. This deterioration, particularly in the quality of rural water has been
compounded by the lack of any co-ordinated protection of water sources, and from poor water
supply management and maintenance that has resulted in the quality of piped water in some
areas being below accepted standards.

To address this situation a program to certify the safety of drinking water has been
implemented. This program, by ensuring that tap water quality meets the required standards,
and by certifying that the water is safe to drink, will increase public confidence in their piped
drinking water. This confidence and the adoption of tap water as the normal drinking water
supply will contribute greatly to a general improvement in the health of all Thai people. It will
also reduce their reliance on expensive bottled drinking water bringing added economic and
environmental benefits. As an example, 1000 litres of treated piped water can be supplied for
the same price as 1 litre of bottled drinking water.

To achieve this, health authorities and water suppliers have joined hands in a drive to make
safe tap water available to all, and in 1998 the Thai Ministry of Health entered into a
memorandum of understanding with the Provincial Water Authority (PWA) to launch the
“Safe Tap Water Certification Program”.

The process began with the assessment of the risk factors, and degree of contamination of the
water sources by examination of the entire process from source to the consumer conducted
using hazard analysis principles and the identification of critical control points (the HACCP
approach). Preliminary work in this process has already been carried out during the field trials
of the WHO protocol “Assessing Priorities for Risk Management” which allows for the
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prioritisation of the chemicals of greatest health significance, and considering how these
might be controlled or eliminated.

Under the program, water supply agencies are encouraged to use appropriate technologies to
improve their performance levels to reach the requirements for safe water certification and to
put into place a regime of water quality monitoring to ensure that the supply consistently
meets standards.

Effective management, and encouragement of local investment in community water supply
systems ensure that water treatment is standardised. Indeed, the whole process requires the
active involvement of the community in protection, conservation, rehabilitation and
maintenance of their water sources and supply systems.

Both the water supply and health agencies encourage the consumption of piped drinking water
by ensuring there is an adequate and continuous supply of good quality water that is
affordable by the local community.

Rigorous water quality monitoring is used to both enable certification of safe water systems
and in ongoing surveillance of the supply. Public relations campaigns are used after the
supply system has been certified as being safe; to inform the public of the health benefits, and
to help develop positive attitudes towards drinking tap water.

Water supply agencies are responsible for selecting and surveying suitable supplies for
inclusion in the program and for the certified distribution system. They are required to
perform sufficient surveillance of the supplied water quality to ensure that it meets standards
at all times. These agencies are also required to make sure that facilities meet all the required
standards regarding management processes, infrastructure, maintenance, that are necessary to
sustain satisfactory water quality. Together with health agencies they inform the community
on water quality issues and encourage community participation in the program.

The Department of Health is responsible for ensuring that the water supply systems deliver
safe tap water continuously. It reports regularly on water quality surveillance, and in
collaboration with the supply agencies, surveys and reports on community attitudes to piped
drinking water. It conducts surveys on tap water usage, recommends follow-up actions, and
gives awards to outstanding water supply systems. The Department is responsible for the
certification of safe tap water, and the organization of certification ceremonies involving
community participation.

Both water supply and health agencies provide ongoing education and promotion of the health
benefits of safe and reliable drinking water, and its proper protection, handling and use. To
encourage the adoption of piped water as the primary source of drinking water, behavioural
change programs are necessary. These programs inform the community and encourage them
to become actively involved in the protection of their water supplies, and to participate in all
functions of the process, including planning, design, implementation, and evaluation to raise
confidence in the drinking of tap water.

Since its inception, the program has expanded and now incorporates over four hundred rural,
and eighteen urban water supply systems. This represents over a quarter of a million rural, and
1.25 million urban dwellers who are now consuming low cost certified tap water.

To quantify success, studies are planned to document the health impacts of the program. In
particular, one of the initiatives related to the program, and in parallel with this year's World
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Health Day theme of “Healthy Environments for Children”, is to study the effects of water,
sanitation, and hygiene on the health of Thai school children. The information derived from
these studies will be used for policy development. Future work plans include ongoing
promotional activities, and the encouragement of water supply agencies to continually
improve their management practices, to ensure that quality consistently meets safe water
criteria. It is also intended that the program will expand to cover more areas, particularly those
where adverse health effects from water-borne diseases are evident.

The beneficial outcomes of the project are that by achieving a greater understanding of the
drinking water situation, water quality will meets standards over the longer term. With the
greater reliability of piped water systems, public confidence will increase, and drinking water
directly from the tap will become the norm. This will have the economic benefit of reduced
impacts from water borne disease a reduced reliance on expensive bottled water, with the
associated reduction in plastic waste from bottles.

What is clear is that consumers participating in the program are already enjoying safe
drinking water, conveniently on tap, at a far lower cost compared to bottled water.
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HACCP —Hazard Analysisand Critical Control Pointsin Modern
M anagement Systems of Water Suppliers

Walter Girsberger

Swiss Gas and Water Industry Association, Switzerland

What isa modern management system for water supply companies?

A survey carried out by the SGWA (Swiss Gas and Water Industry Association) among water
supply companies in Switzerland indicated that, even today, leading managers nominate
product quality as the most important criterion, although accompanied by additional
economic, ecological and social criteria. The comprehensive control of the drinking water
quality still stands at the centre of the daily routine of water supply companies.

According to Figure 1, however, almost every-one within a water supply company has a
different understanding of quality and also a different reference basis. In general, the idea of
quality has developed very strongly in the last few decades. For a long time, the focus was
largely concentrated on the product itself, mostly monitored by more or less frequent checks
of the end product. From the viewpoint of the water supply company, this means, for
example, the physical, chemical and bacteriological analysis of the drinking water from the
distribution network.

Who Understanding Basis
Chemist — components within allowed limits foodstuff law
Works manager — no pollution efficient + problemless
— sufficient quantities and pressure operation
— no supply interruptions
Director — satisfied customers + authorities mission
— no complaints
— excellent employees
— sufficient budget
Politician — low water price public interest
— sustainable use of resources
— targeted performance
Quality manager | — fulfilment of requirements company targets
— implementation of improvements

Figure 1. Different definitions of quality in water supplies.

Even in the past, however, this was not enough for the water supply companies, and they also
considered the production of the water and the corresponding installations — in other words,
the complete technical area (Figure 2). The branch federations have contributed to the
corresponding requirements with a very specific and, in some points, a very detailed set of
technical rules and have described the so-called good manufacturing practice. The goal of this
set of rules is the preventative control of the generally known hazards to quality that exist in
specific parts of the installation of a water supply. This set of industrial rules could equally
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well be described as a technical and operational quality assurance system with validity from
the inflow area of the raw water to the point of delivery to the customers.

integral
management

e quality of the
enterprise in its
surrounding

quality- ” Q -g??;‘;;::lg)grl& e comprehensive
checking quality ment evaluation

controlin ¢ inclusion of *focussed on
production  all business Improvements
o final checks | ¢ .,ssed on Processes

« focussed technology © focussed on
on products custumers

product
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Figure 2. Development of the quality understanding.

The expression "quality management”, which has been used in public for more than ten years
as virtually a synonym for the ISO-9000 quality standard, appears even more modern and
comprehensive. At this level, the entire water supply company is considered, and all the
business processes. In this way, the product quality is only one of several criteria, as can be
seen in Figure 1. Characterised by the ISO-9001 standard on which the certification is based,
the activities in the company are represented as processes and are managed with
corresponding process variables. From the viewpoint of HACCP and from the viewpoint of
the industry, one should be warned against a too rigid application of the standard. There is the
danger that processes of little relevance for quality are processed with an outlay that is (too)
high. Here, the use of a risk management, for example, HACCP, makes a meaningful
limitation to the most important points possible. From the viewpoint of the industry, the
danger of limitation to the operative processes of the water supply company is even worse,
whereby external influences and critical conditions in the environment of the water supply
could be easily overseen. A branch-adapted risk management (in the form of HACCP or of
the branch quality management BQM) is clearly of advantage here. For water supply
companies, the importance of “conditions* can hardly be overemphasised (Figure 3). Obvious
examples are the bacterial aftergrowth in drinking water that has been standing for a long time
before seasonally-occupied holiday homes, or the entry of pollution through unprotected
reservoir ventilation, or even any illegal dumping or animal cadavers in protected zones or
immersed water feeds with the possibility of sucking back in industrial galvanisation plants.

In recent years, the development of the basic quality theory has gone even further, in that the
attempt is made to obtain a complete consideration of the entire company in its social
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environment. The characteristic of this level is that, in integral management systems of this
kind, many other criteria, such as economy, safety at work, environment, relationships with
public and so on, will be handled as being of equal importance as the quality of products and
services. These criteria should cover the demands of all internal and external lobbies.

Quality assurance
in water supplies

= mastery of conditions, events
and processes

Figure 3. Main aspects of QA in water supplies.

Because different standards and benchmarks come up against each other here, there is the
danger of clash of beliefs between the management systems, similar to that shown in Figure 4.
At this level, where it is the own wish of the company for improvements, and no longer legal
or local authority specifications that are decisive, certification according to a standard
becomes optional. It is of much greater importance to extract the relevant benefits from the
different management systems and to make use of them in a single, but genuinely integral
management system. To do this, one only needs to correctly apply the well-meaning forces
and to limit the outlay using an integrated HACCP, as shown in Figure 5.

SA - 8000 EMAS

I1SO - 14001 OHSS

Figure 4. Clash of management systems.

Figure 5. HACCP-based integral risk management.
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At this highest level of management systems, the prior application or integration of a genuine
risk management is of decisive importance for the integral benefits of this integral
management system. Unfortunately, we do not yet know of any water supply company that
has already reached this total quality management level.

From the point of view of a modern risk management, it may, however, be stated with
satisfaction that a standard risk management in the sense of the HACCP is already available
for the water supply companies with the branch-specific quality assurance on the second level
of Figure 2. For the most important risks, the corresponding preventative measures are
already described as regulations or recommendations in the technical rules of the branch
associations — at least in Switzerland, Germany and in several neighbouring countries. Or, to
put it another way: Many critical points have already been mastered with the application of
the branch-specific rules of technology.

Where and how doesHACCP apply in the water supply company?

In many small water supply companies, the periodic analysis of the distributed drinking water
was and is the most important control point. Even when certain other maintenance and control
measures are practised in addition, it would be unthinkable to exclude physical, chemical and
bacteriological analyses. In Switzerland, they are required to various extents by all foodstuff
authorities and by the directives of the SGWA.

The quality assurance philosophy of the Swiss water industry, however, goes well beyond the
assessment of the product water itself. In addition, the water plants (from the inflow area,
through the catchment, treatment, storage and distribution, and up to the delivery of the
water), the processes used in the construction and operation (from the sealing procedures up
to the periodic hydrant flushing), the personnel (from know-how up to responsibility) and the
organisation of the water supply company (from structure up to process organisation) are used
as a multi-level system for safeguarding the product quality. In order to make this concept
better understood by the users and by the responsible authorities, the SGWA has represented
this graphically as “the big Q for water supply” (Figure 6). This is a five-shell Q, which indi-
cates the most important control areas, and which helps to control present and potential ha-
zards as a quasi “multi-barrier-system”. The control areas are as follows: Product/Installation/
Process/Personnel/Organisation, which result in the English abbreviation PIPPO.

In all these control areas weak points or direct and indirect hazards to the water quality could
be present. These can possibly result in critical points within the meaning of a modern
HACCP. As a result, "HACCP thinking" acquires the same company-wide significance as the
"risk management" expression that is more commonly known in the company world.

The area of application of a comprehensive product quality HACCP thereby goes far beyond
the technical area of a water supply company (compare here the WQS, BQM and TSM
systems of the branch federations SGWA and DVGW). Or to express it more concisely:
Although the quality of the drinking water is produced in the technical division, it is only
safeguarded over the complete organisation.
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Figure 6. The big Q for water supply.

How do you adapt the HACCP to the different water supply companies?

The experience of the SGWA in the bandwidth from very small supplies for less than 100
people without any treatment up to complex sea-water plants with seven treatment stages for

1 million inhabitants clearly shows that a single quality assurance system is not suitable for all
complexities and sizes. Only a few of the basic requirements on a quality assurance system
for water supply companies are common (Figure 7).

A suitable QA-system for water supplies has ...:

— o take into account the peculiarities of the branch
— to be based on existing rules of technology

— to orientate on the hazard analysis

— to adapt to the complexity of the water supply

— to be simple and understandable

— to bring use in the every day life

Figure 7. Requirement profile to water-QA-system.

Seven years ago, in order to cover the wide range of requirements of the different water sup-
ply companies, the SGWA drew up a branch-specific management concept for supply compa-
nies. The goal was a self-compatible system of different complex management systems based
on the laws and technical rules, which would be open for expansions in the direction of ISO
standards and Total-Quality-Management (Figure 8). In doing this, the integration of the
HACCP concept was an obvious factor, because, as early as 1995, Swiss legislation had pla-
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ced the precondition of a suitable quality assurance system in the Hygiene Ordinance and had
explicitly required the “self-control” and “HACCP method”. While most water supply compa-
nies did not know what to do at first, the branch federation (SGWA) and the respective super-
visory authorities (the cantonal chemists) started to develop practical systems that, above all,
would also be usable by the more then one thousand small water supply companies in
Switzerland.

G expeNditure Needed m—

integral management
height of
requirements \/ .- L
water branch- BQM Total
quality specific + Quality
assurance management 1SO 9000 Management
=WQs =BQM = BISO =Tam

Figure 8. Main aspects of QA in water supplies.

Two fundamental realisations for the management concept of the SGWA arose from the pilot
phase of the first applications, and were confirmed in the subsequent wider application:

e Small or simple water supply companies need a QA system that is similar to a recipe
book, which, on the one hand, supports the hazard identification with check lists and
keeps the assessment of hazards very simple, while guaranteeing, by means of
additional aids in the shape of forms, that the detected hazards and critical points will
also be mastered with suitable measures on the other.

As a result of this realisation, the SGWA drew up “Instructions for a simple
quality assurance system for water supplies”, the so-called WQS system.
Several hundred examples were sold in the first year alone.

e For the more complex or larger water supply companies, the QA system has to be
more open with regard to the identification of hazards, and — as part of an integral
management system for the water supply company — must also allow criteria other
then the product quality.

From this, the “Guidelines for a branch-specific quality management for
supply companies according to SGWA/SEV* arose, the so-called BQM
system, which is also applicable to gas and electricity supply (Girsberger,
1999; 2001).
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How do branch management systems directly implement the HACCP principle?

General experience with modern management systems and the specific assessment of the
HACCP method indicate that a clear and well guiding system already makes the half of the
success possible. But only one half, because the other half of the success can only be achieved
with the corresponding technical know-how. This perception is a clear limitation of universal
management systems (such as the ISO-9000) or universal methods (such as the HACCP).
Only after a branch adaptation has been carried out these systems are understandable for the
users in the branch and sufficient for a comprehensive hazard assessment.

The advantage of branch management systems now lies in the fact that they already contain
the branch adaptation in their fundamentals and aids, and do not have to be expressed or
interpreted in universal terms or procedures. Furthermore, the branch management systems of
the branch federations (WQS and BQM of the SGWA or TSM of the DVGW) have the
additional advantage that they will be checked by genuine experts from the branch in a system
and specialist audit.

In the simple WQS quality assurance system of the SGWA, the above-mentioned branch
adaptation, the methodical procedure according to HACCP and the assessment by branch
specialists can be clearly seen (Figure 9).

Step |Content Help tools or "forms"

Describe the water supply organisation |"Organisation of the WS"

1 as well as the duties and technical and "Job description”
E‘ expertise of the employees SGWA directive W11
—
£ . .
g Update or draw up the survey of the "Basic data"
E 2 | complete water supply
Look for possible hazards, evaluate "Hazards list"
3 them and list the critical points "Evaluation of hazards"
£ SGWA directives W1 to W10
2 Carry-out one-off measures for the "Elimination of hazards"
% 4 elimination or reduction of hazards "Planned measures"
Q
=
2 Update or draw up the maintenance "Maintenance instructions"
oy 5 |instructions
%
Draw up instructions for the checking "Control point instructions"
6 | of critical points
Follow instructions in daily work and Example report
qE; 7 record and assess the results
2
w
s Draw up an annual evaluation "Water supply" self-check
5 regarding water, installations,
E 8 processes and organisation, and
propose and implement improvements
LS Have the fulfilment of the self-check- SGWA audit
k= = 9 system confirmed by specialist third SGWA certificate
SE party assessment

Figure 9. Nine working steps of WQS.
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The nine working steps of the WQS are arranged in the following four stages:

e Inventory of current status, in which the quality-relevant elements of the organisation
(responsibilities), the personnel (know-how), the installations (plans) and the
processes (procedures) will be registered.

e Setting up the system, in which the HACCP method is implemented with hazard
identification, hazard assessment and hazard control (elimination, maintenance,
checks).

e System practice, in which compliance with the maintenance and control point
instructions is ensured and the adaptation of the QA system to the changed conditions
and processes will be implemented.

e Confirmation, in which the correct registration, assessment and control of the hazards
is certified with third-party specialist assessment.

In the WQS system, the control of the critical points takes on its central significance, based on
branch experience and the existing technical rules. In addition to the fundamental idea of the
HACCP, which places the emphasis on the critical control points, the WQS system also takes
once-only elimination and periodic maintenance into account as preventative measures for the
control of critical points (Figure 10).

Mastery
of critical points by:

a) one-off elimination
b) periodic maintenance
c) current control

Figure 10. Different ways of mastering critical points.

Since the first issue of the “Instructions for a simple quality assurance system for water
supplies”, the SGWA has supported and assessed many projects of this kind. In doing this,
three factors for success quickly became very clear for the WQS system:

a) The instructions must provide clear guidelines for the normal well master or water
manager and the corresponding tools/aids must be available as ready-for-use.

Therefore, the WQS instructions provide for each working step a task, an
illustrated example and an implementation form in the appendix that can be
copied. A trivial, but nevertheless instructive example of a maintenance
instruction can be seen in Figure 11.

b) The probability of implementation of the WQS system can be increased with the
provision of flanking services.

Regionally, the SGWA has carried out several one-day instruction courses for
well masters and their (often political) superiors. The resonance from the
participants was very good.

c) The basing of the WQS system on the accepted technical rules is warmly welcomed
by the system implementers and the regional supervision authorities.
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- The branch regulations give to the system users — in addition to guidelines for
the operation of the water installations — also help in their construction and
maintenance. And, from the viewpoint of HACCP for water supply companies,
many potential critical points for the water quality can thereby even be

avoided.
Sample form 5
Maintenance Instruction No. 1.4.10
Critical point: BACKWATER IN THE BROOK "WILDENSTEIN"

Maintenance area:
THE WHOLE BACKWATER GATE
INSTALLATION IN THE BROOK
WILDENSTEIN

(Which area is to be maintained?)

Time:
a) EVERY MONTH
b) AFTER EVERY HEAVY RAINFALL

(When and how often?)

Work instruction:

(What is to be done?) 1. JUDGEMENT

* |S THE BACKWATER GATE FREE OF
1. Judgement of situation FLOATING MATTER AND SEDIMENT
2. Execution of work TRANSPORTED?

* |S THE BACKWATER GATE
DAMAGED?

= DOES THE BACKWATER GATE
WORK WITHOUT LARGE
RESISTANCE?

2. EXECUTION OF WORK

= CLEAN THE WHOLE OUTLET
INSTALLATION

= GREASE THE FLAP IF NECESSARY
= OPEN AND SHUT THE FLAP TWICE

Confirmation of realisation
(Who did it when?)

| Created on: ......ccooevevnens By e

Figure 11. Example of a maintenance instruction.

Because of the success with the WQS system, and also due to ongoing pressure of authorities
on comprehensive implementation of quality assurance at simple water supply companies, the
SGWA has decided to revise the instructions. The improved “Recommendations for a simple
quality assurance system for water supplies* were published in March 2003— as it were, as a
Swiss contribution to the Year of Drinking Water. Significant improvements have been
carried out in the hazard lists and in the explanatory examples. In cooperation with the
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cantonal chemists (the regional supervisory authorities), a standard checklist has been added
for the self-check step.

The supervision authorities welcome the WQS system because it is simple, and nevertheless,
in the sense of the ,,big Q for water supply*, contains —in addition to the water itself — also the
quality assurance elements of installation, process, personnel and organisation (Figure 6).

Where can HACCP thinking lead?

For complex water supply companies with multi-stage chemical treatment plant (and
normally with specialists with higher levels of education) the more sophisticated branch
quality management system BQM is the right solution (Girsberger, 1999; 2001). The BQM
uses the same procedures as the WQS, but makes the HACCP stage more intensive in that the
hazard identification is designed to be freer and wider and the hazard assessment takes place
as a quantified risk assessment. In principle, generally valid hazards are handled by the branch
regulations; beyond that the BQM guarantees that the locally additional hazards will also be
registered. Both the branch regulations and the company-specific BQM must be continually
developed further with regard to new hazards, requirements and knowledge.

The BQM level pushes itself forward if HACCP should be implemented in a single
management system for water supply and for other utilities (such as gas, electricity, signals)
or for other criteria (such as reliability against failure, safety at work, environmental
protection, economy, etc.). HACCP will then become the basic idea of a genuinely integral
management system that should control all hazards for the entire company.
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Principles of the German Drinking Water Sector
Hans Mehlhorn and Matthias Weil3

Zweckverband Bodenseewasserver sorgung, Germany

Theimportance of high-quality drinking water and of ensuring supply security

The development of the German water supply was characterised by the fight against the
transmission of diseases. This refers not only to the drinking water quality, but to a great
degree also to the availability of adequate water for everyone, in other words to supply
security. And this fight was not won in a matter of years, it ultimately took over half a century
until people in Germany could feel safe against epidemics resulting from a poor drinking
water supply.

This experience has resulted in a code of values within the German water supply sector that
are as follows:

e Drinking water is the most important substance for sustaining life. Therefore, drinking
water is essential for the public supply of daily needs;

e Water is a common good;
e The supply of water must be seen in the overall context of the hydrological cycle; and
e All aspects of supplying drinking water are accordingly committed to sustainability.

Using a code of values of this kind, we have successfully supplied water in Germany for
many decades.

The draft WHO Guidelines rightly point out that it is not sufficient to merely monitor the
quality of drinking water supplied and to take corrective action only if the water does not
meet the required standards. Rather, securing safe drinking water must incorporate all areas of
water supply, from resource management, water acquisition, water treatment and water
distribution right up to domestic installations. This is completely in harmony with the
principles of German water supply.

Moreover, the principles of German water supply set even greater emphasis on preventive
measures.

Drinking water quality - a continuous process of optimisation

The German drinking water sector has defined the basic requirements according to which the
orientation for drinking water quality is the characteristics of groundwater of ideal quality
obtained from a sufficient depth by passing through sufficient layers of filtration, which is
taken from the natural hydrological cycle and is not in any way contaminated.

These requirements are a voluntary commitment by the water supply sector. Thus they go
much further than the statutory requirements for drinking water quality. In fact, this
formulation clearly illustrates the three features, which the water supply sector demands for
the quality of drinking water:
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Drinking water should be abstracted from water sources which are protected as well as
possible;

Drinking water should, as far as possible, be of natural origin; and

Drinking water contamination must be kept as low as possible, but well below the
specified limit values (principle of minimization).

The principle of minimisation has established itself for good reasons:

This basic requirement for drinking water prevents any tendencies of accumulation of
substances right up to the limit values;

In many cases, limit values are a compromise between what is required for hygienic
reasons and what is technically/economically feasible; and

It is also a question of image of (the) drinking water (sector).

Furthermore, implementation of the minimisation principle also means that the water supply
sector in Germany acts in the interests of great safety.

Securing "drinking water quality at the highest level" extends into all areas of the water
supply sector, for example:

Up to the exit point of the waterworks the drinking water quality must be guaranteed
by a multi-barrier-system.

The risk of contamination of the drinking water due to deficits in the distribution
systems (e.g. leaks) must be minimised as far as possible.

Domestic installation must be planned and operated in such a way that drinking water
taken from the tap is still of good quality. No harm to the water quality in the public
drinking water network is allowed.

Comprehensive controls within the catchment area, water acquisition, raw water,
treatment, mains network and domestic installation are necessary. These controls
should not be limited only to the drinking water quality; they must also entail the fault-
free and safe functioning of the water supply facilities.

Water supply facilities must be adequately protected against malicious or negligent
damage to the water supply.

Water supply companies have to fulfil basic requirements for the qualification of their
employees and organisation.

Multi-barrier system and comprehensive controls - the prerequisitesfor ensuring
required drinking water quality

The German water supply industry attaches great importance to the multi-barrier system. This
can be seen in the finding
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e that a safety analysis must always check the entire supply system ("from the water
resource to the water meter") in order to be able to adequately avert all of the risks to
the water; and

e that the barriers must be effective with regard to the drinking water quality, as well as
to the functional integrity and control of the facilities.

The first barrier is the catchment area of the water intake. In principle, there is societal
consensus in Germany

e that water resources protection has to cover the entire water cycle; and

e that the principle of "zero immissions" applies to groundwater reserves (well over half
of the drinking water in Germany comes from groundwater reserves).

In spite of these far-reaching targets for waterbody protection, "residual risks" to the
waterbodies can obviously not be ruled out. To minimise these residual risks as far as possible
within the catchment area of drinking water intakes, the catchment area of drinking water
acquisition facilities is additionally protected by water conservation areas, where certain
dangerous actions are prohibited and there is certain mandatory action.

Special importance is also attached to monitoring the water catchment and water conservation
area. The water supply companies are very actively involved in the state monitoring measures
and supplement them greatly.

Comprehensive technical standards on water acquisition (well construction, groundwater
monitoring, etc., by DVGW Technical Standard W 110 to W 135) ensures that, for example,
contamination during water acquisition can be ruled out with adequate reliability.

The second barrier is any water treatment that may be needed. For this purpose there is a
comprehensive range of DVGW technical standards that lays down the foundations for the
construction, operation and control of these facilities (DVGW Technical Standards W 200 to
W 296). As well as a guarantee of the safe functioning of the treatment facility, these rules
also contain the minimisation of quality changes to the drinking water resulting from the
treatment and the ongoing control of water treatment.

The risks to drinking water treatment for drinking water quality that can arise from
malfunctions, for example are identified in these Technical Standards and measures to
minimise them are laid down.

It is a generally recognised rule of technology that water treatment should, where possible,
possess several "internal barriers", so that a contaminant in water treatment would once again
have to overcome several obstacles until it could reach the drinking water.

The third barrier is - if necessary - effective and safely functioning disinfection. To minimise
the risks the DVGW Technical Standards and the Drinking Water Ordinance describe in great
detail the disinfection procedures, the measures to monitor the facilities and to ensure perfect
functioning.

Obviously, this multi-barrier system can ensure effective protection of the drinking water only
if secondary contamination of the drinking water by the facilities for water transport and
water distribution and by domestic installation is prevented. The majority of the DVGW
Technical Standards deal in great detail with all questions relating to safe mains operation.
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Water protection and sustainability - in thelong term the most efficient method of
quality assurance

The German water supply sector attaches central importance to securing a fault-free water
supply. The aim is to ensure a perfect water supply, where possible without or at least with
only natural and semi-natural treatment methods. There are a number of good reasons for this:

e Water protection is a part of the first barrier in the multi-barrier-system for ensuring
good drinking water quality just mentioned.

e Not all raw water can be treated into drinking water. There are impurities in raw water
for which no highly developed treatment technology is available yet. Furthermore, any
technical change to the water properties resulting from treatment can entail "side
effects" as well as the desired effect.

e The safety of water treatment is heavily dependent on the quality of the raw water.

e As far as possible, drinking water should remain a natural product and be recognised
as such by the consumer.

e From a cost point of view, it is also much more efficient to prevent water pollution
from occurring in the first place.

In principle, managing and protecting water bodies is an original task of the state. But for
selfish reasons alone the water suppliers are intensively involved in measures to protect and
monitor water bodies.

It is precisely this self-perception by the water supply companies as being dependent on a
natural resource that has to be protected and managed according to the principles of
sustainability, that makes it a matter of course for the water supply industry to feel highly
committed to sustainability.

Highly qualified staff - the basisfor ensuring water quality and a safe water supply

The German water supply sector attaches great importance to its staff. A high level of staff
qualification is much more important that any risk management system, no matter how
sophisticated, which bears the risk of suggesting apparent safety. By contrast, a critical
employee, who understands both the impact and the consequences of his action and the
reaction mechanisms of the operational processes, is in a position to recognise unforeseen
critical situations that are not included in a risk management system and to take appropriate
counter measures.

In Germany, the water supply industry has therefore developed a comprehensive systems of
basic and further training. For example, the DVGW conducts well over a thousand
professional training events per year with approx. 20,000 participants. They comprise the
entire spectrum of water supply and reach all areas of staff.

The German water supply industry also pays great attention to the specification of minimum
qualifications for employees, which must be in place for the water supply tasks to be
performed correctly. For example, the minimum requirements for the responsible employees
of a water supply company are laid down in detail in DVGW Technical Standard W 1000. But
the qualification of companies who work on behalf of the water supply companies are also
specified precisely. For example, there are DVGW Technical Standards that refer directly to

110



the qualification of experts (e.g. DVGW Technical Standards W 100 and W 201). And staff
qualification also plays a central role in the Technical Standards that also deal with the
qualification of sub-contracted companies (e.g. DVGW Technical Standards W 120, W 200
and GW 301).

Technical self-regulation and technical safety management - high-quality supply on a
cost-orientated basis

The high levels of safety with a concomitant high level of efficiency in the German water
supply industry is not least due to the fact that the German water supply industry has built up
over 125 years of self-regulation with a comprehensive set of technical regulations. The
government has long been aware of the value of this technical self-regulation, for example by
making repeated reference in the Drinking Water Ordinance to the generally recognised rules
of technology. The reasons for this success in technical self-regulation of water supply are
obvious:

e The technical rules are drafted jointly by specialists from water supply companies,
universities and regulatory authorities. This ensures broad consensus when they are
adopted.

e The strong practical orientation ensures that risks to drinking water quality and supply
safety in the various technical facilities are identified and measures to minimise these
risks are specified.

e Furthermore, the strong practical orientation ensures that the measures to be
implemented can be carried out appropriately, i.e. effectively at a reasonable cost.

The Technical Standards have been included to a great extent in the DVGW Technical
Standards W 1000, W 1010, W 1020 and W 1050, where special reference is made to the

measures of company organisation.

The principles of water supply in Germany - the Hazard Analysisand Critical Control
Point (HACCP) concept in practice

The HACCP concept is thus completely formed by the principles of the German water supply
industry. In particular, the principle of establishing the safeguarding of drinking water quality
not only by controlling drinking water quality, i.e. by product quality, but also and in
particular by controlling the processes is enshrined in the principles of the German water
supply industry. This will be shown below on the basis of a few points of the HACCP
concept:

e Overall understanding of the system: Even when planning water supply facilities,
which are also the basis for regulatory permits, it is necessary to gather, prepare and
summarise in suitable form all information, for example relating to the catchment area,
supply area, water quality, geological, climatic and topological conditions, water
demand and water distribution network.

e Hazard analysis and risk assessment: These points have played a central role in the
planning and operation of water supply facilities for many years. For example, this is
the case for the catchment area or for a water conservation area. The risks in this
respect and the associated consequences for actions in water conservation areas are
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described in detail in the DVGW Technical Standards W 101 to W 112. The same
applies to drinking water treatment, disinfection, operating a water supply network and
to the facilities in domestic installation, for which the risks are identified and the
safety measures laid down in the DVGW rules.

Soecifying control points; specifying standard val ues and tolerance val ues;
establishing monitoring systems: For many years the German water supply industry
has not limited itself merely to controlling the quality of the drinking water that is
piped to the customers. Much rather, the control system in the water supply companies
comprises many different control points. Carrying out these controls, the key
measuring points and strategies and specifying the CCP conditions are based on the
specifications in the Drinking Water Ordinance, the contents of the DVGW Technical
Standards and experience in every company.

Specifying measures: The subject of "Action Plans" is currently being discussed
intensively in Germany in connection with the amended Drinking Water Ordinance.
According to this, every water supplier is obliged to draw up an Action Plan in case
there is a deviation from the statutory requirements of drinking water quality.

In summary it can be said that the principles of the HACCP concept in the German Drinking
Water Ordinance have long been implemented. But we should critically examine the approach
of forcing all of these principles in a formalised Water Safety Plan. Is it not more sensible to
motivate the employees to think independently and constant critical questioning than to use
their energies and motivation for filling in forms?

112



DVGW Technical Safety Management System as a Quality M anagement
Tool for the Drinking-Water Supply in Germany

Horst Schlicht

Gelsenwasser AG, Germany

Principles and objectives of the Technical Safety Management system

With the publication of the technical directive “Requirements to be met by drinking-water
supply utilities” (DVGW-W 1000), the DVGW (German Technical and Scientific Association
for Gas and Water) laid the foundations for a technical safety management system. On the
basis of this technical directive, further technical regulations, guidelines and other information
have been evolved in recent years. These include:

e guidelines for internal inspection of the organizational and operational structure and of
the technical safety, the so-called checklist;

e guidelines for the compilation of an operations manual;
e principles and organization of the standby and fault clearing service;

e recommendations and suggestions in the event of limiting values being exceeded and
of deviations from the requirements of the German Drinking Water Ordinance; and

e provision planning for emergencies in the public drinking-water supply.
The sequence of a Technical Safety Management (TSM) system inspection is as follows:

First, a self-rating is to be performed by the water supply company on the basis of the above-
stated checklist. As a supplement to the internal inspection by the company itself, the DVGW
offers an inspection by independent experts. If the inspection has a positive outcome, a
certificate is issued, certifying that the requirements are met by the water supply company on
the basis of the above-stated technical directives and of the checklist. The arrangements found
as well as any recorded need for action to improve the arrangements are documented.

The TSM inspection has a 5-year validity period and is subject throughout this period to the
retention of the fundamental organizational structure and of the technical executive manager.

Like the WHO Water Safety Plan (WSP) and thus the HACCP concept, the TSM is designed
as a preventive concept. The aim is to ensure and record that not only the product quality
(product safety) of drinking-water as a consumable but also the reliability, the sustainability
and the economic efficiency of the water supply is guaranteed through appropriate
qualification and organization. In this context, the TSM is not confined to hazard analysis and
to the identification of critical control points in the production and distribution processes.
Through corresponding requirements to be met by all divisions of the water supply company
for the entire drinking-water supply process, it also represents a comprehensive, branch-
oriented quality assurance system. The terms “control point* and “critical control point*
should be applied not only formally to the water purification or catchment processes but to all
operations relating to the drinking-water supply, e.g. to staff training, to the repair of damaged
pipes, or to the maintenance of a water sampling faucet.

113



With this external inspection of the Technical Safety Management system, the correct
execution and observance of all relevant operations and/or processes in the drinking-water
supply in accordance with the WHO Water Safety Plans are confirmed, i.e. verified.

Requirements deriving from the Technical Safety M anagement system to be met by
drinking-water supply utilities

General

The concrete requirements deriving from the TSM to be met by water supply utilities relate
essentially to the following areas:

e Requirements relating to personnel, including the technical executive manager or
specialists;

e Organizational and operational structure;
e Stipulation of the tasks and fields of activity to be expertly performed; and

e Technical equipment.

Personnel qualifications

The personnel qualifications are of crucial importance in the context of a preventive water
safety plan. The drinking-water supply process has to be headed by the “technical executive
manager*, who is responsible for planning, construction, operation and maintenance. This
technical executive manager can be a member of the company management or can have a
lower rank. He must have the necessary expertise and the necessary specialized experience as
well as the necessary decision-making responsibility to perform the tasks assigned to him.
These include in particular the authorization and the obligation to act on his/her own
responsibility in matters of relevance to safety. This implies three decisive characteristics:

e Technical competence;
e Decision-making competence; and
e Responsibility-oriented competence.

The level of the demands made on the technical executive manager varies, depending on the
size of the water supply company and the scope of its tasks. Whereas a qualified engineer with
a scientific-technical education and training is needed at large companies and at waterworks
with advanced treatment, a skilled worker qualified in supply technology or mechanical
systems is often adequate for small plants without purification facilities and for utilities selling
only small quantities of water.

The other technical specialists, from the skilled worker to the engineer, must also have a
qualification meeting the requirements of the specialized tasks. The “technical executive
manager* has to take care that only specialists with the necessary qualification are employed
and that further education and training measures are available to ensure that those specialists
have the necessary know-how relevant to the generally recognized state of the art (DVGW
regulations, standard specifications, official regulations). This ensures that the requirements of
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drinking-water supply legislation are met and that the technical personnel are capable of
assessing and executing the tasks assigned to them and of recognizing potential risks.

In other words, it is ensured in accordance with the WHO Guidelines that, in planning, in
operations and in risk analysis, both determination of the critical control points and process
inspection and control are in the hands of purpose-trained specialists. In addition, staff
motivation is enhanced by the further education and training measures required.

The above stated requirements apply too, of course, to the personnel of subcontractors and
service providers and — if the company management is sourced out — to the personnel working
in this field. In other words, when selecting service companies, the water supply utility has to
ensure that the personnel are suitably qualified to meet the general technical rules and the
special requirements of the water supply company. Within the framework of the technical
regulations, the DVGW also undertakes the inspection and certification of service providers.
If, then, the water supply company subcontracts only to such companies, the requirements of
the WHO Guidelines are met in this field too.

Organizational and operational structure

In addition to the personnel qualification, the requirements to be met by the organizational and
work flow structures form the second mainstay in the Technical Safety Management system
for water supply utilities. A proper organizational structure is subject to explicit, clear-cut
rulings of the tasks and activities in terms of discipline and of expertise. The primary
functions have to be stated in writing, with overlapping responsibilities being ruled out.
Within the framework of the operational structure, the main work flow sequences have to be
stated and to be recognizable to all those involved. The interfaces between the individual
departments or divisions within the water supply company as well as those interfaces resulting
from calling in subcontractors have to be regulated with consistency. In this context, those
relationships not described in the organizational structure are to be outlined. In practice, this
can be done by formulating organizational instructions or work flow instructions. The
functions and responsibilities of the technical executive manager must also be clearly
recognizable from the organizational and operational structure.

One focal point of the inspection of the Technical Safety Management system is therefore an
inspection of the organizational charts and of the internal guideline or instruction system.

A consistent organizational structure ensures that

e in addition to the technical precondition for risk analysis, the personnel and
organizational responsibilities for the inspection and control of processes and work
flow sequences and for the necessary control procedures are also stated; and

e the crucial work flow sequences and/or processes involved in the water supply are
subject to ongoing efficiency controls and appropriate adaptation to the requirements.

Task definitions and spheres of activity

The requirements to be met by water supply utilities also define the spheres of activity for
which responsibility is assumed by the water supply company and which are essential to the
proper performance of planning, construction, operation and maintenance. Reference is also
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made to the procurement tasks including materials management as well as to contingency
planning and the standby service for failure logging and fault clearing. If these tasks are
properly performed too, the foundations are laid for eliminating or defusing risks from the
very outset or for taking measures to ensure that the processes and operational sequences of
the drinking-water supply are adequately organized with respect to product and supply safety.

Technical equipment

Wwater supply companies, including the smaller ones, have to maintain a minimum standard
of technical equipment. The presence of appropriate planning schedules and records are of
crucial importance, as they provide the preconditions for determination of the main
production-specific limiting values (pressure, flow, energy input, quality parameters).
Appropriately (documented) gauged or calibrated measuring instruments and equipment that
has undergone practical testing form the precondition for checking that limiting values are
observed and for controlling processes and operational sequences or correcting them if
necessary.

Ongoing optimization of the TSM

Practical application of the TSM in the utilities and review by the external inspectors provides
an ongoing process of optimization of the Technical Safety Management system and of the
technical management of the individual operational sequence and processes involved in the
drinking-water supply. Exemplary arrangements by a company are noted by the inspectors and
are recommended to other utilities that are subject to inspection for optimization of their
procedures, organization or qualification.

The 280 questions in the checklist for inspection of the organization and of the technical
safety system are also continuously updated on the basis of the experiences gained by the
water supply company. Know-how and experience undergo constant expansion in the course
of the inspections of the water supply company. In addition, there are ongoing training courses
and interchange of experience for the inspectors.

As many inspectors are involved in developing technical DVGW and DIN specifications
within the framework of the technical self-administration of the German water supply
industry, registered deficits as well as exemplary arrangements with respect both to the
drinking-water supply and to organization, qualification and technology can be taken directly
into account in the development of such specifications or can be used to set special priorities
in them.

The authorities responsible for the water supply in each of the federal states of Germany have
also recognized the advantages of the Technical Safety Management system, with respect both
to ensuring the reliability of the supply and to safeguarding the utilities concerned. The federal
states of Saxony, Bavaria and Lower Saxony have proposed to the water supply utilities in
their region that inspections should be undertaken on the basis of the TSM.

Conclusions
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The Technical Safety Management system of the German water supply industry is already
implementing the WHO Guidelines and forms the basis for the outstanding quality of the
water supply in Germany.

The HACCP concept has long been a fact of life in Germany. As a result of the TSM of the
DVGW, it has also undergone systematic hazard analysis and documentation by internal and
external specialists during the past two years.

A formalistic or rigid application of the principles of the HACCP concept to the drinking-
water supply in Germany is not necessary.

The Technical Safety Management system offers the water supply utilities an integrated,
comprehensive management system that highlights the non-technical aspects too on account
of its comprehensive approach and goes beyond the requirements of the HACCP concept.
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Towards Public Health Risk Management Plan I mplementation in New
Zealand

Chris Nokes* and Michael Taylor**

* Water Group, Environmental Science and Research, New Zealand; ** Ministry of Health, New Zealand

I ntroduction

The New Zealand Ministry of Health (the Ministry) is taking steps to shift the basis for
managing the country’s water supplies from one of product monitoring to the preventive
approach of risk management. Key to this process is the proposed introduction of new
legislation. Two major provisions of the legislation will be the requirement for water suppliers
to prepare and implement water safety plans — termed, Public Health Risk Management Plans'
(PHRMPs); and the requirement for water suppliers to take all practicable measures to comply
with the Drinking-Water Standards for New Zealand (DW3NZ).

In anticipation of the enactment of the proposed legislation, the Ministry has developed a risk
management framework and a set of “tools” to assist water suppliers in their preparation and
use of PHRMPs. Small suppliers, particularly those for who water supply is not their primary
responsibility (e.g. rural schools, Maori communities) suffer from limitations of finance and
expertise. For these suppliers, the task of preparing PHRMPs will be most difficult, yet it is
these supplies for which the operation of a water safety plan may bring the greatest benefits.
Despite small supplies serving a small fraction of the population (5%), designing a framework
and “tools” that can be readily used by small supplies has been a major consideration in the
Ministry’s strategy for implementing the new approach to water supply management.

New Zealand’sframework for Water Safety Plans

Water quality targets

The establishment of water quality targets, to define what a community considers to be a safe
water, is a necessary preliminary step in the development and implementation of water safety
plans. In New Zealand, compliance with the DWSNZ defines a safe drinking water, hence
compliance provides the water quality target for water suppliers. At present, there is no legal
requirement for water supplies to comply with the DW3NZ; the Ministry encourages water
supply improvement and compliance through the use of a number of non-regulatory measures
that ensure the public is informed about the quality of their drinking water. The proposed
legislation will give the DW3NZ a statutory mandate, and is expected to lead to improved
levels of compliance.

Introduction to PHRMPs

PHRMPs are intended to map out the way in which the water supplier is to proceed in
reducing the risk to the quality of their water, and consequently to the health of their

" These risk management plans for water supplies are termed “Public Health Risk Management Plans” to
distinguish them from other forms of risk that need to be managed such as financial, legal etc.
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consumers. To establish a course of action, needed improvements must first be identified by
comparing the measures that should be in place, with those that are in place. In most situations
resource limitations do not allow these improvements to be made immediately, consequently
they need to be prioritised, taking account of their relative importance for water quality, and
the availability of resources. The New Zealand framework acknowledges that the
implementation of preventive measures takes time, and that there should be, for water
suppliers and regulators, a yardstick against which progress towards minimising public health
risk can be assessed.

To provide a yardstick, PHRMPs are required to contain a schedule that identifies needed
improvements to a supply, names those with responsibility for making the improvements, and
sets out a timetable for making the improvements. In this way, while implementation of the
full set of preventive measures may not be immediately achievable, the water supplier is able
to show continuing progress towards reducing public health risk by the stepwise achievement
of each milestone in the schedule.

Framework development

The foremost consideration in developing the framework has been to produce a system that
would best suit the New Zealand circumstances. As a result, to create the framework we have
borrowed from other approaches, rather than strictly following any existing model. The
system from which most was obtained was the Hazard Analysis and Critical Control Point
(HACCP) framework?, but ideas were also taken from other sources.

Fundamental to the development of the New Zealand framework was the decision to focus on
events. These are defined as incidents or situations that may lead to hazards being introduced
into, or not being removed from, the water, i.e. things that may go wrong in the supply. This is
a departure from the principles of the HACCP system which starts with the identification of
possible hazards, assessment of the risk they present, and determination of the steps needed to
reduce or eliminate the hazards. The New Zealand framework initially sets aside the need to
identify hazards, and assumes that hazards in the water can be adequately controlled by the
presence, and proper operation, of four barriers:

e Prevention of contaminants entering the raw water of the supply;
e Removal of particles from the water;

e Inactivation of micro-organisms in the water; and

e Maintenance of the quality of the water during distribution.

By ensuring that these barriers are present, and minimising the likelihood of their failure (i.e.
events occurring), public health risks are reduced.

This difference in focus between the two approaches was adopted for the following reasons:

e [t is easier for small water suppliers who are unfamiliar with water quality issues, to
understand that they need to stop a particular event happening in part of their supply,
than to put in place controls for a specific hazard they know little or nothing about.

% Codex Alimentarius Commission — “Hazards Analysis and Critical Control Point (HACCP) System and
Guidelines for its application” Annex to CAC/RCP 1-1969, Rev. 3 (1997).
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The approach provides a logical path that can be easily followed by a water supplier
trying to identify what they must do to minimise risk to the quality of their water.

A focus on hazards limits the ability of a water safety plan to protect against hazards
not presently thought to present a risk to health.

The second fundamental feature of HACCP that is not used in the New Zealand framework is
the concept of critical control points (CCPs). The following are the reasons for this:

The idea of control points lends itself best to control measures that are part of the
treatment process. Other measures may be required, however, that are not associated
with physical locations at the treatment plant. We have preferred to consider all
measures that contribute to risk reduction together, and refer to them as preventive
measures.

The multiple barrier model works well in water supply protection because it provides
for mutual backup against the failure of one barrier. We have a concern that the
identification of CCPs may encourage water suppliers to focus on these alone at the
expense of other preventive measures that are also important in reducing risk.

The level at which preventive measures are identified affects the appropriateness of
identifying CCPs. At the level of detail required to make a water safety plan useful, a
number of preventive measures, which act together in parallel, are usually identified
for each event. The likelihood of the event occurring is minimised by having as many
of these preventive measures in place as possible.

The identification of CCPs in the Ministry’s generic “tools” (see below) could provide
misleading advice. The circumstances of each individual supply will influence the
relative importance of preventive measures in risk reduction.

Implementation of the framework

In the implementation of the framework, the provision of generic risk information in the
Ministry’s set of “tools” is a primary step in making PHRMP preparation as easy as possible
for suppliers, both large and small. The “tools” have simple structures and use simple
language wherever possible. They provide information at a practical level to avoid water
suppliers having to try to produce their PHRMP from a generalised, high-level discussion of
water safety plan preparation. By providing this type of help it is hoped that costs can be
reduced (as suppliers will be able to prepare their own plans), suppliers will gain a better
understanding of the risks associated with their supply, and the new approach to water supply
management will be more readily accepted.

The first of the Ministry’s tools is a set of 39 PHRMP Guides that provide risk information for
use as the basis for preparing full PHRMPs. A modular approach has been taken to do this by
regarding water supplies as being composed of supply elements (or el ements), and providing
generic risk information about each of these components. Elements are the physical and
operational components of a water supply that act together to determine the quantity and
quality of water received by the consumer. By identifying which elements/sub-elements their
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water supply contains, a water supplier can select the appropriate Guides’ for developing the
PHRMP for their supply.

By themselves, the Guides do not instruct a water supplier in how a PHRMP should be
prepared. Step-by-step guidance in doing this is available in the Ministry’s second tool: an
overview document entitled “How to prepare and develop public health risk management
plans for drinking-water supplies”*, which also sets out how to use the Plan once it has been
prepared.

In addition to the Guides and the overview booklet, two other tools are available to water
suppliers:

e Two worked examples for small supplies: a rainwater-sourced supply using treatment
by cartridge filtration and UV disinfection, and a groundwater-fed supply treating by
chlorination only. The examples show the form simple PHRMPs may take if the
approach described in the overview booklet is followed.

e A video, which introduces small suppliers to the ideas of risk management. This was
produced to help communities where there may be difficulties in understanding a
written discussion of PHRMP preparation.

The PHRMP Guides
Each Guide has five sections:

1. Introduction: This section states which aspects of the water supply are covered by the
Guide, the events that can be associated with the particular supply element, their
possible consequences for public health, and how this element may influence, or be
influenced, by other supply elements. This last item provides an understanding of the
way risks associated with the element can be modified by other elements in the supply.

2. Risk Summary: The purpose of this section is to identify the events (linked to this
element) that would represent the greatest public health risk if they were to occur, and
the preventive measures expected to be most effective in reducing the likelihood of
their occurring.

3. Risk Information Table: This table contains the key information in each Guide. It
identifies possible events, the hazards that might enter the supply, or not be removed,
should an event occur, and provides an indication of the typical level of risk associated
with each event. For each event the following information is then provided:

possible causes of the event;

preventive measures that can be taken to reduce the likelihood of the event arising
from that particular cause;

checks that can be made to determine whether the preventive measures are
working;

3 These documents are available on the Ministry’s website: www.moh.govt.nz/water and select “publications”.
* Available as a booklet and available on the Ministry’s website: www.moh.govt.nz/water and select
“publications”.
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signs that show when preventive measures have failed and further action needs to
be taken; and

corrective actions that need to be taken if an event occurs (despite the preventive
measures in place).

4. Contingency Plans: This section provides guidance for preparing plans to deal with
events resulting in serious microbial contamination of the water, or substantial
chemical contamination that will have acute consequences.

5. PHRMP Performance Assessment: The final section lists checks, for the element in
question, that can be used to establish how well a PHRMP is working, and suggests
the frequency at which the checks should be made. Based on the checks, changes to
the Plan to address any weaknesses can be made.

The necessary checks identified in the Performance Assessment section are, where possible,
the monitoring requirements of the DW3NZ. This link to the Sandards shows that water
quality monitoring, which has been traditionally used in water supply management, is still part
of the broader and more effective approach of managing risk by risk management principles.

Preparation and use of PHRMPs

The overview document “How to prepare and develop public health risk management plans
for drinking-water supplies’ serves a number of functions by:

e Setting out which Guides are available;
e Explaining in general what they contain, and the terminology used;
e Offering direction in the use of the Guides in preparing PHRMPs; and

e Offering direction for the use of the PHRMPs once they have been prepared.

PHRMP preparation

A diagram in the overview outlines a series of steps that could be taken in preparing
PHRMPs, provides some detail as to how to carry out each step, and indicates how each step
contributes to the PHRMP. These steps are:

e 3ep 1: Produce an overview of the supply and decide which PHRMP Guides are
needed.

e 3ep 2: Identify the barriers to contamination.
e Sep 3: Use the Guides to identify events that may introduce hazards into the water.

e Sep 4: Use the Guides to identify causes, preventive measures, checks, corrective
actions.

e 3ep 5: Decide where improvements should be made in the supply to better protect
public health.

e 3Jep 6: Decide on the order in which improvements need to be made.

e 3Jep 7: Draw up a timetable for making the improvements.
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e 3Jep 8: Identify links to other quality systems.
e 3ep 9: Prepare contingency plans.
e 3ep 10: Prepare instructions for performance assessment of the plan.

e 3Jep 11: Decide on communication policy and needs.

PHRMP implementation

For a prepared PHRMP to be of value, it has to be used. The overview document therefore
outlines a series of steps to guide suppliers in the implementation of their PHRMPs.

e 3Jep 1: Refer to the Improvement Schedule and follow the timetable in the schedule
for making improvements.

e 3Jep 2: Review information gathered by monitoring and maintenance programmes.
e 3Jep 3: Refer to and use the Contingency Plans if necessary.

e 3Jep 4: Review the operation and performance of the PHRMP making changes if
necessary.

e 3Jep5: Return to Step 1.

Conclusion

Based on our experience we would suggest that while HACCP offers a good basis for the
development of a risk management framework, some flexibility in its translation to water
supplies, making modifications where it seems appropriate, will be helpful in designing a
system that best suits the needs of a particular situation. This is especially important when
aiming to assist small water supplies in their preparation of water safety plans.
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I ntegration of Quantitative Microbial Risk Assessment (QMRA) and Risk
Management in Water Safety Plans- Report of a Workshop

Gertjan Medema (in collaboration with the Microrisk team)

Kiwa Water Research, The Netherlands

Risk assessment as part of the Water Safety Plans

Providing water that is safe to drink is the primary objective of water supply and water supply
regulation. Absence of indicators of faecal pollution has been in use for over a century as a
tool to demonstrate microbial safety of drinking water. This concept has significantly
improved drinking water quality and the overall health status of EU-countries. It does have
shortcomings: outbreaks of disease have occurred even in the absence of E. coli and the
system of end-product testing is always too late; at the time contamination events are
detected, the contamination has already reached the consumers. The WHO is preparing a
revision of its Guidelines for Drinking Water Quality where the indicator-concept will be
complemented by a preventive, integral (catchment-to-consumer) framework for assessing
and managing the safety of drinking water. The elements of this framework are quantitative
microbial risk assessment (QMRA), and Water Safety Plans (WSP), based on Hazard
Analysis and Critical Control Points (HACCP) for the management of microbial risks. This
new approach is in line with developments in other areas of consumer safety. It is not
completely new, but encompasses many elements that are already in place, but it is a
systematic and science-based approach to warrant safe drinking water and efficient safety
management.

Integration of QM RA and WSP

The EU is co-funding a research project (Microrisk) on risk assessment as scientific basis for
management of the microbial safety of drinking water. The first step of this project was to use
the available documents and frameworks of risk assessment and Water Safety Plans for
drinking water safety (e.g. WHO), in order to highlight the links between quantitative
microbial risk assessment (QMRA) and HACCP in the Water Safety Plan. A document was
prepared identifying and describing both individual systems and the links between them and
what help these links provide for the risk manager, particularly at the water supply level. The
links between HACCP and QMRA are described below. Figure 1 is a graphical representation
of the links.

Link 1: Health targets

Setting of health targets: This link is already represented in the overall framework (Figure 1).
The risk assessment is used to determine the risk related to drinking water. The risk estimate
and the level of risk that is considered tolerable in relation to drinking water are translated
into health targets. The health target set for drinking water is the starting point for risk
management. The system should be designed, operated, controlled and maintained to ensure
that the health target is met at all times.
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Figure 1. The links between HACCP (Water Safety Plan) and QMRA.

Ll

Complying with health targets: At the water utility level, a QMRA can be conducted to
answer the question: "Do we meet the health target?". It is up to the water utilities to meet the
health-based targets and to demonstrate to the regulators and the public that these targets are
met. During the HACCP process the risks are approached in a qualitative manner (high,
medium, low etc.) and are therefore subject to personal interpretation. Hence, the HACCP
fails to answer the question whether the water supply system is in keeping with the health
based targets. A QMRA of a drinking water system can demonstrate that the health-based
targets are met. A QMRA would therefore be a logical first step when health risks of a water
supply system are under consideration. For a first indication of risk, general (literature) data
on pathogen occurrence, treatment efficacy and contamination risks during storage and
distribution can be used to avoid costly data collection. The outcome of this assessment will
be the basis for further development. If the outcome indicates that the drinking water is safe,
the QMRA can be further refined and a WSP can be prepared to guarantee this safety under
all conditions.

If the outcome of the assessment indicates that the drinking water could be unsafe under some
conditions, the water supply system (management) needs to be adapted. The effect of different
solutions can be investigated by using the QMRA as a scenario-study tool. Feeding the
alternatives into the QMRA will help to identify the most economical, sufficiently effective
measure to bring the risk within the health-based targets. These measures can be either
physical (covering clean water reservoirs, new treatment processes), operational (new critical
limits) or management measures (reducing human or domestic animal activities in
catchments). These measures can then be implemented in the WSP.
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Link 2: System description

To perform QMRA and HACCP at the level of a water utility (or type of water utilities), both
systems need a description of the system from source to tap, including all steps that are
significant in determining and controlling the health risk.

Link 3: Hazardous events are risk events

HACCP to guide QMRA to risk events: In the HACCP-system, hazardous situations are
identified and prioritised. These hazardous situations are significant information for risk
assessment, as they may comprise most of the health risk. Bartram et al. (2001) already
identified that QMRA should not only be directed at the nominal performance of treatment
systems, but also at the moments of poor source water quality and treatment performance.
Knowledge about hazardous situations and their probability of occurrence can be used in
QMRA as risk scenarios.

QMRA to guide HACCP to risk events: Similarly, during exposure assessment information is
collected about occurrence of pathogens in source waters, treatment efficiency and
distribution system integrity. This may yield information about peak events in source water,
moments or periods of suboptimal treatment performance and distribution integrity breaches,
and thus about hazardous events. This can be used in the Water Safety Plan in the process of
hazard identification and prioritisation.

Objective risk priorities with QMRA: In HACCP, fault trees and risk factor matrices are used
to prioritise hazards in a semi-quantitative way. The estimation of occurrence and effects is
subjective to personal knowledge and experience of the WSP-team members. Therefore
hazards that have already occurred are likely to be weighted more heavily than yet unknown
hazards. This could lead to high unnecessary investments or overseeing relevant risks. Using
QMRA to prioritise hazards will result in an objective, quantitative prioritisation of the
hazards.

Link 4: Health targets can be translated into critical limits

The risk management is focussed on the question "Do we meet the health target?". In the
HACCP approach, critical control points are identified that are crucial for the safety of the
drinking water. It is stated that failure of any of the control points could result in unsafe
drinking water. To identify failure, critical limits are set. These limits can be applied to
process operation (e.g. ozone dose, filtration rate) or to monitoring parameters (e.g. residual
ozone, filtrate turbidity). To set critical limits for these parameters, the relationship between
the barrier efficacy and the parameter for which a limit is set must be known (e.g. the relation
between Ct and decimal elimination capacity for ozone disinfection).

One also needs to determine what the required contribution of the barrier to the total safety of
the water supply needs to be. The required contribution can vary due to changes in source
water quality. As many water supply systems are set up as multiple barrier systems, the
required contribution of one barrier depends upon the efficacy of the other barriers. The
setting of critical limits is further complicated by the unwanted side effects that may occur
when some barriers are increased (e.g. disinfection by-product formation will increase with
high doses of chlorine). This means that the barriers cannot be set at a ‘highest level of
security’ all the time.
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To reach appropriate critical limits for each control point of the system, QMRA can be
applied to ensure that the resulting water quality will always comply with the health-based
targets.

Exposure assessment for QMRA provides information about the contribution of individual
steps of the multiple barrier system to the overall exposure. In other words, the exposure
assessment provides information about the relative contribution of control points to the
overall risk estimate. With the health (risk) target as reference, the required contribution of all
individual control points to produce and deliver drinking water that meets the health target
can be assessed. This can be translated into critical limits for each individual control point.

Link 5: Designing monitoring and verification

Monitoring and verification will determine the period for which a possible failure of the water
supply system may remain unnoticed. It is obvious that a longer exposure time will result in
an increased risk. However monitoring and verification will require resources and funds, and
cannot be applied limitless. QMRA can provide validation of the monitoring plan, by
determining the risk when the maximum period of (unnoticed) exposure is reached. Thus
funds and resources can be divided in such a way that maximum safety for the consumers is
reached.

Link 6: Selecting corrective actions

Corrective actions. When critical limits are exceeded, corrective actions are needed to bring
the control point back to the required level in order to prevent non-compliance with the health
target and hence an increased health risk. Different corrective actions may be undertaken.
These could be restricted to the control point that is out of bounds, but also to other control
points that may be enhanced or even already working to a relatively high efficiency. QMRA
can be used to determine to what extend exceeding the limits of the individual control point is
actually resulting in non-compliance of the system as a whole. If that is the case, QMRA can
also be used to select the most appropriate corrective actions under the given conditions, as it
looks at the system as a whole, rather than at individual control points.

Treatment design - comparing alternatives. During the design of a water treatment plant, or
when changes to a treatment plant are required, one needs to choose between different
solutions. Each (combination of) solutions needs to comply with the health based targets. A
QMRA can help identifying the most economical alternative. Thus unnecessary investments
can be avoided. The QMRA is in fact used as a design tool.

Link 7: Validation

The risk management actions in the Water Safety Plan are put into place to ensure that the
water system meets the health target set by the regulator. The validation phase in the Water
Safety Plan is to ensure the correctness of the information underlying the risk management
plan. The aim of the initial risk assessment was to determine if the drinking water meets the
health target. QMRA can be used again to re-determine the answer to the question "Do we
meet the target?" with the risk management actions that were put into place.

The main conclusions of the document were:
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e (QMRA provides a scientific, transparent, quantitative and objective basis for efficient
risk management;

e Risk assessment and risk management are two related steps in an iterative cycle;

e (QMRA can answer the question: "Is my water supply system able to meet the health
or water quality targets?"; and

e  (QMRA can help the Water Safety Plan by providing a science base for prioritising
risks, setting critical limits for performance monitoring and developing appropriate
corrective actions when a control measure exceeds its critical limits of operation.

Workshop

Within the Microrisk project, a workshop was organised. The objective of this workshop is to
explore the interactions between assessment and management of the microbiological risks to
drinking water safety. A framework document addressing the interactions QMRA and Water
Safety Plans was presented and discussed.

Different stakeholders in the risk management of drinking water (drinking water utility
manager, drinking water legislator/inspector, public health official) were invited to
participate, review the framework document and present their review comments to all
participants. The implication of the most significant topics that emerged out of these review
comments were discussed in working groups.

Workshop conclusions

The main conclusions of the workshop about the document were:

e The framework is closely related to the revision of the WHO Guidelines for Drinking
Water Quality and the recommendations of the Bonn workshop in 2001 (organised by
drinking water regulators and suppliers) on assuring drinking water quality in the 21st
century;

e (QMRA provides a framework for dealing with microbial risks in much the same way
as chemical risks are dealt with;

e  (QMRA closely matches with the Multiple Barrier Approach. The current draft
document is focussed on water treatment as primary and quantifiable barrier.
However, the barriers in the catchment, distribution system and in-house installations
are maybe less quantifiable but are still equally important;

e (QMRA requires a point of reference (what is the tolerable level of risk?). WHO has
been developing such a point of reference for infectious disease from drinking water
(0,001 DALY per person per year)1;

e The recognition that the microbial risk of drinking water is not zero, but low, requires
risk communication to explain drinking water safety to the consumer;

e (QMRA is better in assessing the level of safety than in assessing the health risk;

"DALY = disability adjusted life years, a unit to measure the burden of a disease to a population, allowing the
comparison of the health burden of different types of disease.
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e The implementation of this risk-based approach will eventually shift inspection of water
supply towards an audit process. An important issue is to determine how much
verification of the new approach is needed, before it can be (and when it is) adopted in
new (EU) drinking water regulation. Replacement of the current indicator concept is not
the goal, but rather a gradual improvement of current practice and health protection;

e  (QMRA requires quantitative data on all major aspects of the water supply system. Given
the current state-of-the-art, QMRA has to rely partly on assumptions and estimations;

e Variability in source water quality (contamination spikes) and in treatment efficacy (poor
performance of a treatment process) needs to (and can) be incorporated in QMRA; and

e Implementation of the HACCP concept in Water Safety Plans will shift the demonstration
of system performance towards operational monitoring parameters (on-line assessment of
adequate system performance).

The comments of the workshop participants will be incorporated in the framework document.
This document will be send out for peer review and form the backbone for the Microrisk
research project. At the end of the project a follow-up workshop will be organised to present
what the Microrisk project has provided and discussion on how this facilitates the
management of safe drinking water at a water supply.
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Assuring the Microbial Safety of Drinking Water
Mark W. LeChevallier

American Water, USA

This paper provides an overview of a number of research areas, and shows how advances in
pathogen detection methods and risk assessment techniques can be used to implement
effective treatment barriers within the HACCP program to assure the microbial safety of
potable water supplies.

I ntroduction

The historical approach for microbial protection has been embodied in the multiple barrier
concept (Figure 1), process control (turbidity, disinfection, etc.) and monitoring. The
information for assessing this approach has been principally based on bacterial indicators. The
assurance of the microbial safety of water in the 21* century is moving to incorporate data
obtained by the direct detection of pathogen (typically using molecular methods), targeting
pathogens that are hard to treat (viruses and protozoa), and application of microbial risk
assessment techniques that push even lower the acceptable levels of potable water risk.

Water Treatment:
the Multiple Barrier Concept

v Source Water Protection
« Surface Water
¢ Groundwater

v' Filtration

v' Disinfection
v' Distribution System

¢ Chlorine residual

¢ Pressurized networks

< Cross connection control

Figure 1. Multiple barrier concepts.

Advancesin pathogen detection

Application of sensitive molecular methods for microbial detection is changing the
assessment of potable water safety. For example, virus detection using reverse transcriptase
polymerase chain reaction (RT-PCR) enables the detection of human enteric viruses in
samples where culturable viruses cannot be recovered (Abbaszadegan et al., 1998). Although
the public health significance of a PCR result is unclear, the presence of virus RNA illustrates
that routes of fecal contamination exist in many groundwater supplies. Development and
application of cell culture-PCR methods permit the detection and tracking of infectious
Cryptosporidium oocysts in watersheds (DiGiovanni et al., 1999, LeChevallier et al., 2003a).
Similarly, molecular methods for hard to isolate organisms like Mycobacterium avium, are
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demonstrating the presence of this opportunistic pathogen in biofilms (Falkinham et al.,
2001). Recently methods have been reported for identifying toxin gene in cyanobacteria,
permitting the application of control measures even before the algal toxins reach detectable
levels. Some of the advances are not in microbiological methods. Electronic pressure
recorders have detected negative pressure transients in distribution systems (LeChevallier et
al., 2003b).

Target pathogens of concern

Despite the myriad of microbial threats that may be possible, for most systems there is a
“controlling microbe” on which treatment processes can be based. For example, in true
ground waters, viruses are the major concern because of their small size and mobility in
porous media (Abbaszadegan et al., 1997). A study using monthly sampling of 20
groundwater systems for a large array of microbial indicators demonstrated that, over time,
eventually all the wells showed some indication of fecal contamination (Figure 2). For surface
water supplies the controlling microbe is Cryptosporidium. A recent study of 82 filtered
drinking water plants showed the presence of low levels of infectious Cryptosporidium in
26% of the systems (Aboytes and LeChevallier, 2003). For distribution systems, the target
organisms are bacteria that can regrow in pipeline biofilms. A study of the occurrence of
Mycobacterium avium complex in drinking water biofilms showed significant correlations to
AOC and BDOC levels (Falkinham €t al., 2001).

12-Month Monitoring of 20 Groundwater Supplies, 2003

Well ID| Entericviruses Coliphage E. coli Total
(cell culture Method 1602 Coliforms
/RT-PCR)
CAHOHW N + R
INRI10 R + T
MOPC04 E R R +
NHHAO9 N + R
PAPH03 R, A R +
CARU04 R + R T
ILPER# R, N + T T
INKO18 R + T
INMUOL cell culture + (2) +
NJEH12 E + R N
OHTI2L N T T T
MAFMF3 R R T T
MAHMO2 | cell culture + (1) - + +
NHHALO0 R + R T
NISHKS E,N R + +
NMCL10 R,N + R R
1LPKOL E R + R +
MOPC06 R T R T
PAFR02 N + + +
PAPH02 E,R,N R + +
Total + 17 13 7 16
M issed - 6 11 4

Enterovirus, Rotavirus, Hepatitis A, Norwalk,
Adenovirus

Figure 2. Monthly monitoring of 20 groundwater systems.

Microbial risk assessment

Development of microbial risk assessment techniques provide a framework for evaluating the
effectiveness of current control measures and justification for additional treatment barriers.
Because of the large uncertainties with risk assessments, these results should not be used as
proof of disease. The USEPA has set an acceptable risk of 1/10,000 annual risk of microbial
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infection. For Cryptosporidium, this goal translates to one infectious oocyst in 290,000 liters
of filtered water, based on an average 40% recovery. For enteric viruses, the equivalent risk
goal equates to one infectious unit in 4 x10° liters of drinking water. Current monitoring data
suggests that many treatment processes do not meet these risk goals (Aboytes and
LeChevallier, 2003). Data for other microbial agents are lacking or are inappropriate, but risk
estimates continue to extrapolate beyond measured levels.

Improvement in treatment barriers

The value of the advanced monitoring and risk analyses is in the ability to assess the adequacy
of current treatment processes and the cost of future modifications. Data for ground water
supplies support the cost-benefit of disinfection of ground water. Surface water systems will
benefit from the installation of UV for treatment of Cryptosporidium and reduction of
disinfection by-products. Moreover, the design of UV systems is being informed using Failure
Analysis and microbial risk analysis (adenovirus) to determine the level of redundant
safeguards (Cotton et al., 2003). Research is also providing the basis for supporting a cost-
benefit for biological treatment for control of biofilm growth, and surge control to
consistently maintain positive distribution system pressures (LeChevallier et al., 2003a). Still
to be determined is the value of source water control and reservoir maintenance practices for
algae control. These data support the assertion that effective water quality management
through the HACCP process is dependent upon obtaining and analyzing accurate data to
implement effective treatment barriers to assure the microbial safety of potable water
supplies.
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Quality Assurance Strategies for Distribution System Protection
Katherine D. Martel

Economic and Engineering ServicesInc., USA

I ntroduction

Protection of water quality in the distribution system forms the final barrier in the multi-
barrier approach to providing safe drinking water. This distribution system barrier is known to
fail as evidenced by reported waterborne disease outbreaks linked to distribution system
practices. Several pathways exist for contaminants to enter the distribution system including
storage facilities, cross connections, water main repair sites and intrusion through points of
leakage due to pressure transients. When system operations and maintenance practices are
substandard, contaminants may enter the system through one or more of these pathways.
Quality assurance strategies focus on three main goals: (1) Minimizing intrusion potential; (2)
Maintaining water quality; and (3) Keeping the distribution system clean.

Minimizing intrusion potential

Contamination can be caused by chemical, physical or biological hazards. The main concern
is typically biological hazards, specifically waterborne pathogens. For contamination to occur,
three conditions are needed: (1) waterborne pathogens need to be present in the local
environment; (2) a pathway must be available to these pathogens, i.e. a leak, faulty seal or
other opening in a pipe or storage facility; and (3) a mechanism must be present which allows
the pathogen to travel via the pathway into the water system, i.e. a pressure transient, cross
connection, or a water main break. As an example, bird droppings containing Salmonella are
present on a finished water storage facility roof (Condition 1). The roof hatch does not have a
watertight seal (Condition 2). Rain or wind could potentially transport the bird droppings into
the tank via the roof hatch’s faulty seal (Condition 3).

Pressure transients can travel throughout a distribution system and cause significant pressure
fluctuations in some portions of the system. Many of the causes of pressure transients are a
part of regular water distribution system operations, and therefore, pressure transients may
occur frequently in certain water distribution systems. Pressure transients can result in
contamination when the pressure of water surrounding the water main exceeds the internal
pressure. Under these conditions, water external to the main may flow into the main through
leakage points, submerged air-vacuum valves, cross connections, and faulty seals or joints.

Contamination associated with transient pressure surges was investigated as part of AwwaRF
Project 436 - Pathogen Intrusion Into the Distribution System (Kirmeyer et al., 2001). Project
investigations included water quality/soil monitoring, surge modelling and pressure
monitoring. Undisturbed soil and water samples were collected immediately adjacent to
distribution system mains and analysed for various microbial parameters. Many of these
samples contained evidence of faecal pollution and enteric viruses, confirming the potential
for pathogen contamination given an available pathway and favourable pressure conditions.

Further research on pressure transients and pathogen intrusion was conducted for AwwaRF
2686 - Field Testing of Surge Modelling Predictionsto Verify Occurrence of Distribution
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System Occurrence (Friedman et al., 2003). Pilot-testing experiments indicate that significant
volumes of water can enter distribution system piping through small leaks during transient
pressure events. Pressure monitoring activities confirmed that transient negative pressures
could occur in distribution systems, as negative pressures were observed in three of the seven
distribution systems studied. The negative pressure events lasted as long as 40 to 50 seconds,
and went as low as negative 10 psi. In 12 of the 13 events where a negative pressure was
observed, the cause was a sudden shutdown, either unintentional (e.g. power outages) or
intentional (e.g. pump stoppage/startup tests), of all pumps at a treatment plant or pump
station. The results of these research efforts have shed light on several fundamental issues:

e Low and negative pressures do occur within distribution system networks (not just
within transmission piping).

e Mechanical pen and chart recorders may capture transient events, but may not respond
quickly enough to accurately measure transient magnitude. These monitors are not
capable of providing detailed information on transient duration.

e Intrusion can occur during a pressure transient when there is a pathway and an
external head.

e Intruded water is not merely re-extruded out of the pipe. A portion stays within the
pipe and is carried downstream.

Key measures to minimizing intrusion potential include the development and implementation
of training, inspection and cross connection control programs. Training programs should
emphasize sanitary practices for water main repair and installation, and operational practices
that minimize pressure surges and pathogen intrusion (i.e. pressure maintenance, proper
methods for opening/closing valves and hydrants). Inspection programs are critical to assuring
the integrity of finished water storage facilities and for supervising water main installation and
repair activities. Cross connection control programs should include regular inspection and
testing of devices, record keeping and customer education. Leak detection and repair will
reduce pathogen intrusion through this pathway. Surge mitigation measures may be needed to
minimize the occurrence of pressure surges.

Maintaining water quality

Finished water entering the distribution system is ideally non-corrosive, biochemically stable,
non-scaling and free of pathogenic organisms. Water quality conditions in the distribution
system should be characterized by analysing related water quality information from source to
tap, including water quality data, operating data, customer complaint records, inspection and
maintenance records, hydraulic model output, and as-built records. Data integration may be
used to simultaneously evaluate numerous information sources. A baseline water quality
database should be established so that if aberrant values are detected, they can quickly be
identified and addressed. Additional water quality monitoring may be needed to further
characterize a particular water quality event. The utility should establish specific water quality
goals and performance standards for accomplishing these goals. Written standard operating
procedures should be developed for routine operations and maintenance practices. Written
action plans should be prepared for addressing specific water quality issues (i.e. nitrification
event, internal corrosion, contamination, etc.).
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Water age should be minimized as both the bulk water decay characteristics and the
interactions between the pipe walls and the bulk water help to deteriorate water quality.
Within storage facilities, water age may be reduced by increasing the daily water turnover
rate, fluctuating the water levels widely, and/or improving tank inlet and outlet piping
orientation to increase the water’s momentum.

Within the piping network, water age is controlled primarily by system design and demand
conditions but it may be further reduced by modifying pressure zone boundaries or pressure
set points at pumping stations; inspecting valve position to avoid artificial dead ends; and by
flushing to remove stagnant water at dead ends. System operators need to understand how to
balance water quality goals with other system goals for maintaining pressure and storage
reserves for emergency needs.

Keeping the distribution system clean

Key strategies used to keep the distribution system clean include biofilm control, pipeline
rehabilitation and replacement programs, flushing programs, and tank cleaning programs. The
choice of biofilm control strategies is a site-specific decision that often requires the use of
several tools (i.e. nutrient control, disinfectant residual maintenance, contamination control,
etc.) rather than a single best tool. The utility needs to evaluate rehabilitation versus pipe
replacement considering the costs, the pipe’s structural condition, disruption to customers,
plus other factors. In establishing a flushing program, the utility should identify specific
objectives to be accomplished by flushing, and should then select a flushing method and
frequency that can meet these objectives. Finished water storage facilities need to be cleaned
periodically to remove silt, sediment, biofilms and other accumulated material. It is
recommended that covered storage facilities be cleaned every 3 to 5 years while open
reservoirs should be cleaned 1 to 2 times per year. Newer tank cleaning techniques employing
divers or remotely operated vehicles offer significant benefits by reducing the time that the
facility is out of service. Utility staff or contractors employed to perform maintenance need to
use sanitary techniques to avoid introducing contaminants into the distribution system.
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Quality Assurancein Berlin’sUnchlorinated Distribution System

Dietmar Petersohn

Berliner Wasser-Betriebe, Germany

The basic elements for a hygienically impeccable drinking-water supply are uncompromised
resource protection, a high standard for treatment, storage and distribution, as well as a quality
management system which also includes defined processes and organisational structures.

Currently, Berlin’s drinking-water is supplied from 8 waterworks within the city and one
north of it, which exclusively use wells with a depth ranging from 26 to 170 m. Treatment
includes aeration and the removal of iron and manganese in rapid filters. Chlorination was
applied until 1978 by order of the allied forces, although the excellent microbiological results
indicated no need for disinfection. The decision to do without became possible on the basis of
long time series of microbiological data of raw and treated water as well as extensive public
communication. Currently, areas of the distribution network are chlorinated only occasionally
in the context of maintenance measures. The option for chlorination is kept in place, and in
order to ensure that it can be put into action rapidly and smoothly when needed in case of any
incident or indication, these systems are tested once a week in all waterworks. This maintains
both their technical standard and the staff’s know-how.

Up to the early 1990’s, the waterworks Friedrichshagen treated surface water (400,000 m?* per
day) from Lake Miiggelsee to supply most of the East-Berlin area. This could gradually be
reduced and abandoned only after shifting the supply to groundwater and bank filtrate. Since
1994 this waterworks also follows the regime of weekly testing the function of the
chlorination system and no longer chlorinates on a regular basis. Thus, the total chlorine
consumption of the Berliner Wasser-Betriebe (BWB) was reduced from 157,250 kg in 1989
to 2,457 kg in 1998.

A crucial aspect of guaranteeing high quality and safety of Berlin’s drinking-water during
transportation is therefore ensuring a very high level of operational safety for the distribution
network.

Network maintenance is therefore a comprehensive term. It includes careful surveillance, both
during construction and repair of mains and pipes, and when they are brought into service.
Systematic and continuous upkeep involves:

e inspection;

e maintenance;

e repair; and

e documentation.

Within the BWB, specific units are responsible for these tasks, i.e. for their coordination, for
their implementation, and for surveillance of sub-contractors. One of their core
responsibilities is implementation of immediate interventions if damage to the distribution
system occurs or there is any indication of hazards.
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A sufficiently substantiated assessment of the quality of the water at the point where it is
delivered to the consumer requires regular microbiological and chemical analyses of a defined
number of samples. Terminal pipes with less through-flow are intensively included in the
monitoring cycle. Drinking-water is monitored microbiologically and chemically according
the frequencies determined in §§ 5, 6, 7 and 8 and according to the annex “monitoring® of the
German Drinking Water Ordinance. Since its implementation on 1 January 2003, samples are
taken at monthly intervals at 180 points in Berlin’s distribution system at the meters where
water is delivered to the buildings. Additional monitoring is performed in response to specific
circumstances, i.e.

e in the context of commissioning of new installations;
e if limits of the Drinking Water Ordinance are exceeded;
e if changes in colour, turbidity, odour or taste are reported;

e if backflow of water which does not have drinking-water quality into the mains is
suspected, e.g. in consequence of pressure losses or other disturbances, or if ingress of
substances is suspected, e.g. through repairs;

e if unauthorised access or tinkering with the system has occurred or is suspected;

e if cross-connections to non-drinking-water installations is suspected (i.e. household
supplies that do not meet drinking-water standards, see DIN 1988); and

e if there is indication of water having been taken from hydrants by unqualified third
parties (see DVGW worksheet W 345).

In contrast to the mains and larger distribution pipes, terminal pipes are successively flushed
as precautionary measure to ensure that drinking-water quality is maintained.

After construction of drinking-water pipes as well as after measures for repair or maintenance
performed on open systems, these may be reconnected and put into operation only after
microbiological testing has demonstrated them to meet all requirements. Where continuous
disinfection is not performed because microbial contamination is neither present in the raw
water nor in the distribution system, construction and maintenance works on the distribution
system are performed in such a way, that contamination with pathogens is largely excluded.
Practical experience of the BWB with operating 7,800 km of network without continuous
disinfection has shown the following procedure to be effective:

e camera monitoring of pipes;
e cleaning with high-pressure flushing;
e flushing after testing pressure and re-connection; and

e microbiological testing and opening of the network segment if results meet
requirements; otherwise disinfection with repeated flushing and microbiological
testing.

If routine microbiological controls of the network show an increase of colony-forming units
(at 22°C and at 36°C) in a segment of the network, precautionary chlorination is performed in
this segment in order to counteract this abnormal change. Further, investigations of the cause
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are initiated. Specific analyses of assimilatable organic carbon (AOC) allow an assessment of
the potential for bacterial proliferation.

An issue not to be underestimated for maintenance and repair of drinking-water pipes is the
occurrence of those coated with “tar” instead of bitumen. Cleaning them mechanically
involves the risk of release of high concentrations of polynuclear aromatic hydrocarbons
(PAHSs), sometimes above the drinking-water standard and even after repeated flushing. The
consequence is that mechanical cleaning of pipes known to be coated with tar or bitumen
should always be accompanied by laboratory analyses in order to detect the potential
occurrence of PAHs and to initiate measures if necessary. The following procedure has
proven effective for the BWB:

Mechanical cleaning is followed by high-pressure flushing (40-60 1/min at a pressure of
approximately 400 bar). The water used for flushing collected and analysed for PAHs.
Attention needs to be given to discharging this water if it contains high concentrations. The
pipe is then coated with cement. This step is followed by flushing and microbiological as well
as chemical analyses (pH, PAHs) and quality control.

A basic change has occurred particularly for documentation. Distribution network plans,
formerly elaborately hand-drawn, have been replaced by digital plans, and lists of fittings by a
data base. Information systems are increasingly being used.

In summary, the target of distribution network maintenance is:
e ensuring drinking-water quality;

e maintaining safety through early recognition of disturbances and responses to prevent
damage or hazard; and

e avoiding water losses.
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Can HACCP Principlesbe Applied to Chemicalsin Drinking Water ?
John Fawell

Independent consultant, United Kingdom

HACCEP principles have been successfully applied to the protection of food and water against
contamination by pathogens. That such initiatives have concentrated on microbial con-
taminants is appropriate but the same principles can be very valuable in considering chemical
contaminants in drinking water. One initiative was an international workshop held in Bonn in
October 2001 with drinking water practitioners, regulators and experts in a variety of topics
and sponsored by the drinking water supply associations in the USA, Europe and Australia.
The Bonn workshop was to develop a framework for assuring drinking water quality in the
21% century and had the overall goal for the framework ‘to provide good safe drinking water
that has the trust of consumers’. This means drinking water that is safe both for microbiology
and chemistry, is acceptable in taste, odour and appearance and is reliable in quality and
quantity in order to achieve the trust of consumers. UKWIR (United Kingdom Water Industry
Research) commissioned a project to develop a framework for introducing the principles,
based on HACCP, developed at the international workshop held in Bonn in October 2001.
This project covers both microbial and chemical contaminants from source to tap.

The differences between microbial pathogens and chemicals are broadly that pathogens are
usually an acute problem while chemicals are a chronic problem. This means that for
chemicals average exposure is important and that monitoring for chemicals requires the
identification of specific chemicals and measurement of the concentration rather than the
presence/absence monitoring using an indicator, as is the case with pathogens. However, there
are many parts of the approach used in HACCP that will apply to chemicals and in some
cases there are clear parallels with microbial pathogens. The overall approach of identifying
the hazard, assessing the risk, identifying steps to minimise the risk are as important for
chemicals as for pathogens. There are, however, differences in the way in which risks are
determined, since chemicals are usually judged on the basis of a safe concentration, i.e. the
presence of a chemical does not necessarily present an unacceptable risk to health. The water
quality targets are standards or guidelines that usually incorporate a significant margin of
safety, so in many developed countries the risk is that of exceeding the standards and so
undermining consumer confidence. In addition, the risk may relate to an impact on the
acceptability of the final product to the consumer and in this case the judgement of
unacceptable may, at least in part, be subjective. Another consideration is chemicals and
materials that are an important part of the process of ensuring the safety of the water supply.
In this case the risk must be considered in a slightly different way, in terms of balancing risks,
costs and benefits. An example of such a case would be the addition of chlorine as a
disinfectant balance against the production of unwanted disinfection by-products. Analysis for
chemicals is often difficult and/or expensive and chemicals may require specific treatment so
that generic barriers are not always applicable.

Assessing the hazards and risks from chemicals from catchment to tap is a key feature of the
application of HACCP, as is the assessment of risks indicated above. However, there are
significant differences between water supply, which is continuous and effectively direct to the

143



consumer, and batch processes that are usually the case in the food industry. The influences
on risk are concentration in the water, the source of the contaminant (before or after
treatment) and the frequency of its presence in water (some are intermittent and others
continuous), amelioration in the environment (the chemical may break down or adsorb to soil
and rock) and whether the chemical is removed by existing/conventional treatment. The
identification of critical control points is also similar but, in some cases, the critical control
points will be outside the control of the water supplier, e.g. spills or leaching into raw water or
lead plumbing, and will require close co-operation with a wide range of stakeholders. In many
cases monitoring of controls will require specific chemical analysis of the chemical of interest
and is therefore little different to the current system of output controls. However, in the case
of chemicals used in treatment or those that deposit in distribution systems, causing problems
with sediment, there are operational controls that can be monitored using simple operational
control criteria such as turbidity and pH. In addition, there are some raw water contaminants
that have a common chemical characteristic in that they are relatively hydrophobic. Such
contaminants have been shown to be removed by particle removal and adsorption processes in
drinking water treatment and operational criteria can be determined that will ensure, and
demonstrate, their removal in treatment without the need for difficult chemical analysis. In
these cases multiple barriers will also apply in a very similar way to pathogens.

Raw water contaminants can arise from natural sources, e.g. arsenic or fluoride in
groundwater where the need is for source screening, or from naturally occurring organisms
such as cyanobacteria (blue-green algae) where the control relates to prevention of blooms
since there is considerable uncertainty as to which toxins will be present. Agriculture can give
rise to pesticides, nitrate and the nutrients that can exacerbate cyanobacterial blooms. In such
circumstances changes in the amounts applied, the timing of application and the types of
products applied can make a major impact. Industry and human settlements are potential
sources of a number of chemical contaminants, which can be dealt with by involving the
stakeholders in the process and encouraging appropriate practices. In the UK, the river Dee,
which frequently suffered from polluting spills, was designated a water protection zone with
the cooperation of industry.

It is, therefore, clear that HACCP principles can be applied to chemicals in drinking water,
albeit with some modification. The advantages of the HACCP type of approach are:

e Proper risk assessment;

e Proactive assessments;

e (Concentration on prevention;

e Less need for check monitoring and increasingly long lists of standards;
e Less reliance on check monitoring, except for verification; and

e Already widely used, although it is not frequently formalised in national water supply
practice.

The conclusions are, therefore, that there are significant benefits in applying the Bonn
principles/water safety plan approach to the assurance of water safety from chemical
contaminants.
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There is a requirement for a more integrated and diverse approach than is normally the
practice for water suppliers at present.

However, there are significant overlaps with assuring safety from pathogens and the
integration of the whole will lead to a more streamlined and effective process for assuring the
safety of drinking water.

Not only can HACCP principles be applied but, modified and adapted for water supply, they
should be applied.
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Chemical Safety of Drinking Water: Assessing Prioritiesfor Risk
M anagement

Han Heijnen*, Terrence Thompson** and Darryl Thompson™**

* WHO Bangladesh; ** WHO South-East Asia Regional Office, India; *** Independent consultant, India

Comprehensive management of water quality, from catchment to consumer, rather than
relying primarily on treatment to comply with numerical targets, is the most valuable
preventive approach in the provision of safe drinking water. Key elements of an effective risk
management strategy for chemicals in drinking water may include standard setting and
monitoring to ensure that chemicals of concern are being adequately controlled. In order to
ensure that resources for monitoring and control are optimally allocated, it is necessary to
identify those chemicals that may be of greatest priority for risk management purposes.

The WHO Guidelines for Drinking-water Quality (3™ Edition) will list over 100 chemicals for
which guideline values (GVs) have been set. The GVs recommended for individual chemicals
are not mandatory limits, but may be used by national authorities in the development of risk
management strategies, which can include setting national drinking water quality standards
and implementing monitoring programmes.

A number of chemical contaminants have been shown to cause adverse health effects in
humans as a consequence of prolonged exposure through drinking-water. However, this is
only a very small proportion of the chemicals that may reach drinking-water from various
sources. For developing countries and other settings where resources are limited, it makes
sense to use a protocol to prioritise chemical contaminants for monitoring and remedial
action.

The Guidelines for Drinking-water Quality (GDWQ) therefore recommend that users
prioritise chemicals for the purpose of adopting risk management strategies. WHO in an
additional publication will provide guidance as to how to prioritise. This paper describes the
rationale for the need for prioritisation of chemicals to be monitored, especially for use in
developing countries or other settings where resources are limited, and provides guidance for
action. Some case examples from around Asia are referred to as well.

The full text of the relevant documentation on GDWQ and the documentation on assessing
priorities for risk management can be found on www.who.int/water_sanitation_health/en .

Chemical hazardsin drinking water addressed by the WHO GDWQ

The WHO Guidelines for Drinking-water Quality cover microbiological, chemical and
radiological contaminants. They describe in detail the scientific approaches used in deriving
the Guidelines Values. In this way they provide a sound framework for ensuring an
appropriate level of safety and potability of drinking water.

This is, however, a framework only. For example, it would rarely be appropriate to simply
incorporate the whole set of guideline values into national standards without proper
consideration of the specific problems and cultural and economic environment of the
particular country. The guidelines reinforce that it is necessary for each country to take into
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account a variety of geographical, socio-economic, dietary and other conditions affecting
potential exposure. This may lead to national standards that differ appreciably from the
guideline values put forward by WHO.

This is particularly applicable to chemical contaminants, for which there is a long list, and
setting standards for, or including, all of them in national standards or monitoring
programmes is neither feasible nor desirable.

It isimportant that chemical contaminants are prioritised so that the most
important are considered for inclusion in national standards or monitoring
programmes.

The scientific basis for guideline values has been made as transparent and as clear as possible
in the Guidelines for Drinking-water Quality. This is particularly important in helping to
modify guideline values to suit national requirements or in assessing the significance for
health of concentrations of a contaminant that are greater than the guideline value.

Chemical contaminants in drinking-water may be categorised in various ways, however, the
most appropriate is to consider the primary source of the contaminant (Table 1). This aids in
the development of approaches that are designed to prevent or minimise contamination, rather
than those that rely solely on the measurement of contaminant levels in final waters.

Table 1. Categorisation of source of chemical constituents.

Sour ce of chemical constituents Examples of sources

Naturally occurring Rocks, soils and the effects of the geological
setting and climate

Industry and human settlements Mining (extractive industries), manufacturing
and processing industries, sewage, solid
wastes, urban runoff, fuel leakages

Agricultural activities Manures, fertilisers, intensive animal
practices and pesticides

Water treatment and distribution systems Coagulants, disinfection by-products, and
piping materials

Larvicides used in water for public health Larvaecides used in the control of insect
vectors

Cyanotoxins Cyanobacterial mass developments in

eutrophic water-bodies

Some contaminants may fall into more than one category but the primary category is the one
under which the guideline summary evaluation is listed. In addition the categories are not
always clear cut. The group of naturally occurring contaminants includes many of the
inorganic chemicals that are found in drinking-water as a consequence of release from rocks
and soils by rainfall. However, some of these substances may become problematical only
under specific circumstances in which man has caused environmental disturbance such as in
mining areas.
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The criteria for including specific chemical constituents in the Guidelines are that:
1. The chemical is of significant international concern,
2. There is credible evidence of (relatively frequent) occurrence in drinking water, and

3. There is evidence of actual toxicity together with evidence of occurrence at or near
concentration of health concern.

On this basis, Arsenic and Fluoride are clearly chemicals of priority health concern, with
Selenium and Nitrate following. Several other naturally occurring chemicals, heavy metals,
pesticides and industrial compounds are listed as well and may cause present or future
concern in a locality. In terms of health and economic concern, especially in developing
countries, exposures to fluorides and arsenic in drinking water require most attention.

Assessing priorities

Each country must decide how it can be confident that adopted standards or guidelines are
being met. The introduction of standards for which there can be no monitoring can be
misleading and may cause the general public to believe that water is safe when this may not

be the case. The most important technique for ensuring that drinking water does not contain
contaminants at concentrations of concern for health is monitoring.

However, monitoring is costly and the resources required for monitoring need to be taken into
account. In developing national risk management strategies, each country should ensure that
resources are not unnecessarily diverted towards substances of relatively minor importance
from a health perspective or to substances which may not even be present within a particular
setting.

Many of the chemicals with guideline values in the Guidelines may not occur in significant
concentrations in a given water system. Nor may they occur with significant frequency in
every country. In a particular setting, they may not occur at all.

Many countries, however, lack the necessary resources, data bases and experience needed to
determine which of the many chemicals should be considered as priorities for risk
management in the national or local context. WHO has therefore drafted a simplified, rapid
assessment process to assist these countries in prioritising chemicals for further attention. This
publication will guide a country or agency to:

e Determine priority chemicals;

e Develop risk management strategies;
e Set standards; and

e Define monitoring strategies.

The way to start off the process in a country or locality is to form an inter-agency committee,
representing those sectors and competencies that are needed to assess the issues. Apart from
regulatory agencies in water, health and environment, users and producers such as agriculture,
mining, trade and industry should be included in the committee. Scientific and specialized
institutes such as universities (engineering, geology, regional/urban planning) and
representatives of civil society (consumers association, environment think tank) may need to
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be included to ensure adequate networking for current information gathering and to ensure
ownership for eventual actions proposed.

Obviously priority should be given to known problems: e.g. arsenic in Bangladesh or fluoride
in Tanzania, however care should be taken not to dismiss other concerns as less relevant until
so proven. Many countries, and many water systems within countries, already have identified
a number of drinking water quality problems, especially if these are causing obvious health
effects or aesthetic problems. Logically, countries often assign first priority for risk
management to such problems.

The committee should review international norms and risk assessment information and
methods such as those published by WHO or USEPA to arrive at an initial shortlist of
chemicals of concern in its situation. Feasibility of monitoring and proposed control measures
will then become important in the light of available resources.

To determine the exposure risks to various chemicals, there are three prerequisites:

There must be a SOURCE of contamination, there must be a CONSUMER (or
receptor) and there must be a PATHWAY from the source to the consumer.

In addition, an assessment will also need to be made of the processes that may
ATTENUATE the contaminants.

Interestingly, few developing countries have developed risk management strategies on the
basis of national or local epidemiological evidence, mainly due to lack of technical capacity to
develop such evidence. Cuba is a notable exception.

Keep in mind that often information is available on chemicals in water in the country or
locality. It may not be with the ‘water’ people, though. It may be that a University research
project collected data, or an agricultural development programme, or the Geological Survey.
It is often worth asking around and think ‘out of the box’ to see whether information is
available locally, nationally or —even- internationally.

Testing the protocol

Drafts of the WHO publication on chemical safety of drinking water have been tested in four
countries — Thailand, Indonesia, Nepal and Bangladesh. The overall objective of the review
was to make a judgement about how effective the WHO publication is likely to be at meeting
its objective. At the time (2001) the working title was “Chemical safety in drinking water:
identifying priorities using limited information”. This reflected well the focus of the
fieldwork.

The method used in Thailand in testing the draft is shown in Figure 1 below, illustrating the
approach discussed earlier.
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Activities Study team

1.Translation into Thai *Bureau of Environmental Health
; 2.Establish team work *Environmental quality surveillance
Getting | | 3 pefine the study area division
started 4.Prepare work plan «Public health provincial office

5.Define the scope of necessary data

L 6.Seek cooperation from data resource
Getting agencies and inter-agency laboratories
organized || 7.Design survey forms

8.Build capacity of the team work

9.Field survey to get the relevant data *Team work form
Taki ng 10.Analyze and put the chemicals on the central and local
action list guided by the protocol swater supply works

11.Collect water samples and analysis manager

12. Interpret the result elaboratory

Figure 1. Test method used in Thailand.

In Indonesia, the process quickly established a shortlist of chemicals of concern. The
chemicals on the short list were: arsenic (As), boron (B), cadmium (Cd), copper (Cu), fluoride
(F), lead (Pb), manganese (Mn), iron (Fe), nitrate, nitrite, selenium (Se), chlorine. Some
pesticides were also included. Field confirmatory testing was subsequently carried out. The
team enthusiastically and professionally approached the process. The education levels of the
team members were high and the workshops conducted resulted in excellent understanding of
the process and issues.

In Bangladesh an approach was chosen to test the protocol in three divisional capitals through
a workshop that brought together local representatives of water, health, environment, local
government and NGOs, and some national level resource persons from the Geology
Department and Department of Public Health Engineering. Although the average level of
education of the participants was lower than in Indonesia, with many having secondary school
certificate and some professional (diploma) education, the response to the approach was very
good:

e Concepts and publication’s principles were generally well understood;

e The checklist system worked well overall, and for a very rapid approach appears quite
successful. It is noteworthy that a geology reference in the Guide led to a selection of
potential hazardous chemicals (in the Barind Tract) that could instantaneously be
confirmed from a recently published water quality survey report;

e The approach ‘whom to ask for what information” was found to be very helpful but
networking with the right people is critical for good success; and
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e The field trip to demonstrate pollution pathways was found a thought-provoking
exercise for the participants in the identification of polluting chemicals.

It may be noted here that water professionals in Bangladesh are alert to the issue of water
quality as arsenic in ground water is quite widespread.

In the meantime the Government of Bangladesh through the Department of Public Health
Engineering has adopted a Water Quality Surveillance Protocol for Rural Water Supply
Options in Bangladesh (April 2003). This protocol lists the various bacteriological and
chemical parameters that need to be tested at the time of installation and during subsequent
monitoring, and at what interval. Currently an even more extensive protocol exclusively
dealing with arsenic is drafted by a high-level inter-ministerial task-force.

The testing of the Guide has shown that it is indeed possible in widely varying circumstances
to make an assessment of the risk-chemicals and do so at reasonable cost. In several countries
national or regional rapid assessments have been done or can be done at reasonable cost that
can help to determine the shortlist of chemicals to be screened for now, on a regular basis, as
well as those that one should include as chemicals to keep a check on with a longer time-
horizon (e.g. certain natural or agricultural chemicals). These assessments are excellent
starting points that will help save money and unnecessary long term outlays for laboratories
and staff. - An example of such an informative and cost-efficient national assessment is given
in Box 1 below.

Box 1. National water quality assessment in Cambodia.

During 2000, the Royal Government of Cambodia, with support from the WHO,
completed a survey of drinking water quality from sources located throughout a large
portion of the country. The survey focused exclusively on testing the chemical quality
of urban and rural water supplies in densely populated areas. As qualified laboratories
were not available in Cambodia, samples were transported to Australia for testing. The
potential for naturally-occurring toxic chemicals to appear in groundwater was among
the main concerns guiding the survey design.

Groundwater used for urban and rural supplies was generally of good chemical quality,
and did not have any detectable levels of pesticides. However, as would be expected,
groundwaters had higher levels of dissolved solids than local surface waters. Iron,
manganese, sodium, chloride, and other naturally-occurring elements are common
constituents of groundwater, particularly in tropical environments such as Cambodia's.
The most significant finding of the survey is that groundwaters from certain areas in
Cambodia contain levels of chemicals that could pose concerns for human health. Most
of these chemicals are naturally occurring, although a few may result from human
activity. The most important of these chemicals is arsenic.

Other chemicals of potential human health significance detected in the survey include
barium, chromium, fluoride, lead, manganese, molybdenum, nitrate, nitrite, and
selenium. Of these, the most significant are nitrate and nitrite, as they were detected at
elevated levels in several locations in the study area. By contrast, the barium,
chromium, lead, molybdenum, and selenium exceeding occurred in only one or two
locations each, and appeared to be exceptions to the general trend. Fluoride levels were
generally lower than would have been anticipated, based on previous tests conducted by
other organizations using portable test kits.
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Conclusion

In combination with the third edition of WHO Guidelines for Drinking-water Quality, with its
emphasis on Water Safety Plans and comprehensive management of water quality, from
catchment to consumer, the how-to WHO guide on Chemicalsin Drinking-water: Assessing
Priorities for Risk Management offers a helpful and affordable approach to controlling
hazardous chemicals in drinking water. National authorities are invited, through the third
edition of the Guidelines, to review and update their national standards and the Guide on
Chemicalsin Drinking water then can assist in determining relatively quickly for which
chemicals priority monitoring and remediation is required.
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Arsenic and Fluoridein Groundwater: The New Menacein Asia
K. J. Nath

Institution of Public Health Engineers, India

The excess of naturally occurring harmful inorganics like arsenic and fluoride in groundwater
is a major health concern in a number of Asian countries like India, Bangladesh, China,
Taiwan, Thailand, Myanmar, Nepal, Vietnam, etc. Drinking arsenic-rich water over a long
period is unsafe, as arsenic is a documented carcinogen. Almost 50 million people in
Bangladesh are at the risk of drinking water with arsenic concentrations above 50 microgram
per litre. The same figure for West Bengal in India would be between 5-10 million. The most
commonly reported symptoms of chronic Arsenic poisoning include hyperpigmentation,
dypigmentation and keratosis. Skin cancer and internal cancer can also occur. It is estimated
that 0.29% of the population (or 375,000 people) in Bangladesh are at risk of excess lifetime
skin cancer at the present arsenic contamination level). A scientific epidemiological
assessment of the extent and magnitude of the problem in India and Bangladesh has not yet
been made. High concentrations of arsenic in community water sources do not necessarily co-
relate with high levels of arsenicosis symptoms in the community.

The problem of arsenic contamination of groundwater came to light during the early 1980s
but the use of arsenic contaminated water by the people might have started much earlier,
possibly during the 1950s/1960s. Arsenic is a cumulative position in the human system and
depending on the level of contamination it could take 5 to 20 years for a person to show the
symptoms of sickness. Over the years the number of affected people has increased though the
total number of people who have reported to the hospitals for treatment has not crossed more
than a few thousands, and the recorded mortality is less than a few hundred. Unofficial
sources, however, put the number of affected people to be many times higher. Accruing to Dr.
Dipankar Chakravarty of Jadavpur University, Kolkata, 6 million people in West Bengal
consume drinking water with arsenic concentrations >50 microgram per cubic metre. And of
86,000 persons screened by them, 9.8% did have arsenic skin manifestations. The question is
whether we have already crossed the peak or it is only the tip of the ice-berg. However, the
long term risk element of arsenic contamination of groundwater should not be judged only by
the number of people affected so far.

Though there have been localized causes of arsenic contamination due to anthropogenic
factors like dumping of industrial waste containing high amount of arsenic, the present crisis
in the Indian sub-continent is due to geo-morphological reasons. Although arsenic occurs in
alluvial sediments the ultimate origin of the arsenic must be in the outcrops of hard rocks
higher up the catchment of the rivers like the Ganges, Brahmaputra, Mekong, etc., as those
were eroded in the recent geological past and then re-deposited in the delta.

The critical concerns for governments and other sector partners in the affected countries are:
e Restrict the people from drinking arsenic-contaminated water.
e Provide alternative sources of arsenic-free safe drinking water.

e Inform the people about the health risk associated with drinking arsenic-contaminated
water.
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e Provide medical relief, by way of training medical practitioners in government
systems as well as outside the same.

The technological options for safe water supply in the arsenic affected areas include the
following:

e Tapping groundwater from alternate arsenic-free aquifers at a higher depth and proper
sealing-off of the arsenic bearing aquifer from the same.

e Largescale piped water supply for the rural communities by drawing water from the
rivers and treating them for removal of pathogenic microbes.

e Conservation and quality upgrading of traditional surface water sources like ponds,
dug-wells, etc., in the villages. These sources are generally free from arsenic but
grossly contaminated with faecal pollution.

e Removing arsenic from the ground water, by using technologies like absorption
(activated aluminium), co-precipitation (oxidation, coagulation and filtration) or ion
exchange. These technologies could be applied in community plants attached to hand
pump tube-wells or large tube-wells. Domestic filters could also be developed on the
basis of these technologies.

e In-situ remediation of arsenic contaminated aquifers.

Unfortunately, however, efforts so far have been less than adequate. The approach has been
ad hoc, piece meal and fragmented. Informing people about the risk and the status of their
drinking water sources is a fundamental responsibility of all sector partners. The absence of
proper infrastructure, lack of laboratory facilities, etc., have posed a challenge for the
government to develop a comprehensive water quality surveillance system and a village-
specific database. Unshakable faith created over the last 50 years in the purity of tube well
water has created a crisis of confidence and lack of faith in other sources like protected ponds,
dug-wells or rain water harvesting.

Though the WHO Guideline value for arsenic in drinking water is 10 microgram per cubic
metre, many Asian countries like India, China, Bangladesh, Indonesia, Nepal are still
adhering to the standard of 50 microgram per cubic metre. While setting standards for
chemicals like arsenic in drinking water along with the health concerns, one needs also to take
into account cost of implementing the same. Table 1 depicts the costs of implementing WHO
Guideline Values as well as the present national standard in Bangladesh.

156



Table 1. Costs of implementing WHO Guideline Values for arsenic contaminated tube wells
in Bangladesh (source: Prof. F. Ahmed, BUET, Bangladesh).

Arsenic level in drinking water

Present | <50ug/L | <10pg/L
Population Total risk of skin cancer 377,000 55,000 15,000
Percent of population 0.290 0.042 0.012
Number of tube wells s to be abandoned - 2.0 million | 3.5 million
Cost for abandoning tube wells (Taka) - 9.1 billion | 15.5 billion
Cost of alternative water supply (Taka) - 12 billion | 24 billion
Cost of monitoring remaining safe tube wells (Taka/year) 170 million | 800 million

Note: Assumptions: Number of shallow tube wells = 75 million; cost of a shallow tube well = 45,000

Takas.

The problem of fluoride in groundwater has been reported from large number of countries all
over the world. 30 million people suffer from flurosis in China. In India 20 out of 35 states are
affected by a high level of fluoride in groundwater and 66 million people are at risk of
flurosis. 6 million children below the age of 14 are suffering from skeletal flurosis. Fluoride
problems have also been reported from countries like Thailand, Bangladesh, Japan, Pakistan,
Iran, Turkey, and others. Like arsenic in case of fluoride the most important control measure
is also to provide alternate safe sources of water, or fluoride contaminated water must be
treated for its removal. Domestic filters as well as community installations, based on
adsorption principles (activated aluminium technology) are being used in the villages of India

and other countries.

The preceding discussions about the health burden from microbiological and chemical
contamination of water would make one realise the enormity of the task of prevention and

control.

With a significant proportion of the population in the developing countries like India and
Bangladesh being in extreme social and economic deprivation, competing environmental
health risks exist in the society. Without diluting the gravity of the situation it must be
emphasized that we need to be objective and realistic in making political and economic
decisions in relation to the current problems of arsenic and fluoride contamination in
groundwater in the context of the huge health burden from microbiological contamination of

drinking water and other environmental health hazards.

157




158



Basisfor the Quality Management Recommendations from the Walkerton
Inquiry*
Steve E. Hrudey

Public Health Sciences, University of Alberta, Canada

The central theme of this conference is drinking water safety. The importance of returning
“safety” to our regulatory vocabulary should not be underestimated because the public has a
notion of what safety means and they are justified in expecting the safety of something as
pervasive as drinking water is to our quality of life. We know how to achieve safe drinking
water; the challenge is to commit the appropriate attention and necessary resources to
ensuring that we do what needs to be done.

This paper outlines the rationale for a Total Quality Management approach to drinking water
safety that emerged from the public inquiry into the Walkerton tragedy. This public health
disaster claimed seven lives, infected 27 (median age of 4) with the serious kidney ailment
hemolytic uremic syndrome, hospitalized 65 and made over 2000 severely ill in a prosperous
rural community of 5000 in Ontario, Canada in May of 2000 (O’Connor, 2002a).

Introduction

There has been a trend over the past 25 years to recognize that managing public health issues
like preventing disease transmission via drinking water inevitably requires risk management.
Adopting a risk management approach is useful, to the extent that risk is accurately
characterized as being the likelihood that specific hazards (recognizing that hazards are only
the potential to cause harm) will truly cause harm in specific scenarios with specific
consequences (Kaplan and Garrick, 1981). Unfortunately, the adoption of risk management
has led many public agencies to purge safety from their discourse about public health;
viewing safety as a target that risk management cannot achieve because we know that risk
management cannot achieve zero risk. Of course, that is flawed logic because a pragmatic
notion of safety does not demand zero risk (Hrudey and Krewski, 1995). Rather, safety can be
viewed as a risk that is simply too small for a sensible person to worry about. Accordingly,
Justice O’Connor, Commissioner of the Walkerton Inquiry, concluded with regard to
developing his strategy for safe drinking water for Ontario in the wake of the Walkerton
tragedy (O’Connor, 2002b, p. 74):

“The goal of any drinking water system should be to deliver water with a level of risk that is
so negligible that a reasonable and informed person would feel safe drinking it. This goal
must inform all decisions that affect the safety of drinking water and should provide the
objective against which risk assessment and management decisions are to be made. The goal
as | have set it out above implies that there will always be somerisk. That said, | base my
approach to thisissue on the premise that in regard to safety of drinking water, the
reasonable and informed person will not feel safe with anything other than the most
imperceptible level of risk, alevel that is simply not practical to remove.”

" The views expressed here are those of the author and they do not represent the Walkerton Inquiry except where
the Inquiry Reports are quoted verbatim.
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This notion of the goal for safety clearly recognizes that even when safety is achieved, a
negligible level of residual risk will remain that would inevitably attract diminishing returns
to reduce further. The challenge for achieving safety by means of risk management is being
able to recognize that point where the pursuit of additional precaution, beyond the precaution
inherent to a reasonable standard for safety, becomes self-defeating (Hrudey and Leiss, 2003).

Total quality management for drinking water safety

Because of the range and scope of institutional failures that were revealed by the Walkerton
Inquiry, Justice O’Connor recommended that Ontario introduce mandatory operational plan-
ning and accreditation for all systems providing drinking water to the public. That standard, to
be based on the best practices across Ontario, Canada and the world is to be developed by the
Ontario regulator (Ontario Ministry of Environment, MOE) in concert with the industry and
other knowledgeable parties. In recommending this approach, Justice O’Connor took note of
the emerging Total Quality Management framework that was being developed by a working
party of the Australian National Health and Medical Research Council (Rizak et al., 2003;
Rizak and Sinclair, 2001) that has now been incorporated into the latest draft edition of the
Australian Drinking Water Guidelines (NHMRC, 2003). Romain et al. (2002) outlined details
for application of this approach to Ontario for the Walkerton Inquiry.

The Walkerton Inquiry Part 2 recommended that a Total Quality Management system for
Ontario should be based on the following features (O’Connor, 2002b, p. 336):

1. “the adoption of best practices and continuous improvement;

2. ‘real time' process control (e.g. continuous monitoring of turbidity, chlorine residual,
and disinfectant contact time) wherever feasible;

3. the effective operation of robust multiple barriersto protect public health;

4. preventive rather than strictly reactive strategies to identify and manage risks to
public health; and

5. effective leadership.”

The basis for these requirements followed directly from the public inquiry into the multiple
failures at individual and institutional levels that caused the Walkerton disaster.

Best practices and continuous improvement

The Walkerton Public Utilities Commission (PUC) as the utility responsible for producing the
drinking water supply for Walkerton was remote from any notion of a commitment to best
practices. Rather, they engaged in numerous deficient, poor and dangerous practices
including:

¢ |nadequate source protection — the shallow well (well #5) that was contaminated to
cause the outbreak was producing water from only 5-8 m depth and was located less
than 100m from the manure contamination source on a nearby family farm.

¢ |nadequate disinfection — system operators consistently applied inadequate chlorine
dosage and the system was incapable of dosing the chlorine level required to produce
the required chlorine residual even in the absence of any chlorine demand.
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e Process monitoring — the required chlorine residuals were not measured, data log
entries for chlorine residuals were falsified.

e System knowledge - operators had no knowledge of serious threats to the system or
even of the need for treatment to protect the health of consumers; the operators who
committed all of the errors and misdeeds that occurred continued to drink the water
during the outbreak.

e Operator training — there was no commitment by the PUC to any training programs to
allow operators to learn about the many needed improvements.

e Management — there were no incentives from the PUC to encourage any personal
initiative or improvement; there was also no accountability for poor practice.

The primary provincial regulator for drinking water was the MOE. The local health unit (HU)
also had responsibilities but the respective roles and responsibilities were blurred. These
agencies failed to achieve effective regulatory practices in several ways including:

e The MOE failed to implement a 1994 policy requiring continuous chlorine residual
monitoring for groundwater sources under direct surface water influence, i.e.
Walkerton well #5.

e MOE failed to act on deficiencies identified at Walkerton from the time that the
offending well was brought into service in 1978 throughout the 1990s.

e MOE failed to do regular or thorough inspections.

e MOE privatised the laboratory systems without implementing a reporting regulation
that would oblige laboratories to report adverse results to the MOE or HU.

e HU officials showed little or no interest in repeated adverse microbial monitoring
results; HU officials chose to rely totally on MOE.

Real time process control

A key element of the HACCP principles that provide valuable guidance for drinking water
risk management is that once that critical control points are identified for managing the risks
posed by identified hazards, monitoring systems that are effective for verifying that critical
limits are achieved must be continuously maintained at that control point. In the Walkerton
situation, the applicable requirement was to maintain a chlorine residual (with the majority
present as free chlorine) of 0.5 mg/L for 15 minutes contact time. The MOE policy since 1994
had been that a well such as well #5 that was known to be subject to surface contamination
should have had a continuous chlorine residual monitor.

When the MOE introduced this policy in 1994, they failed to implement any plan to identify
those water supplies that should be required to follow the new policy. Instead, the Walkerton
Public Utilities Commission (PUC) was expected to measure their chlorine residual only once
per day. Generally they PUC operators did not measure chlorine residual at all and often
recorded falsified data. As events unfolded, well #5 was contaminated by runoff from cattle
manure at a nearby family farm during an intense series of rainstorms, but no evidence of the
contamination emerged until 5 days later when microbial monitoring results revealed the
contamination. At that time, the epidemiologic curve was already near its peak. Because the
PUC General Manager concealed these adverse monitoring results from the MOE and the
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HU, issuance of a boil water advisory was delayed a full 9 days after the contamination
occurred. Justice O’Connor concluded (O’Connor, 2002a, p. 15): “the outbreak would have
been prevented by the use of continuous chlorine residual and turbidity monitors at Well 5.”

Effective operation of robust multiple barriers.

The Walkerton Inquiry adopted a description of appropriate multiple barriers for securing
drinking water safety as (O’Connor, 2002b, p. 73):

e “Source protection keeps the raw water as clean as possible to lower the risk that
contaminants will get through to overwhelm the treatment system.

e Treatment often uses more than one approach to removing or inactivating
contaminants (e.g. filtration may be followed by chlorination, ozonation, or ultraviolet
radiation).

e Securing the distribution system against intrusion of contaminants and ensuring an
appropriate chlorine residual throughout is highly likely to deliver safe water, even
when some earlier part of the system breaks down.

e Monitoring programs, including equipment fitted with warning or automatic control
devices, arecritical in detecting contaminants that exist in concentrations beyond
acceptable limits and returning systems to normal operation.

o \Well-thought-out, thorough, and practiced responses to adver se conditions, including
specific responses for emergencies, are required when other processes fail or there
are indicators of deteriorating water quality.”

Walkerton was clearly deficient among all these barriers, because they had:
e inadequate source protection considering the vulnerability of well #5;

e inadequate and occasionally no treatment given the inadequate chlorine dosage and
occasional operation without chlorination;

e chlorine residuals were not maintained for the distribution system and that system was
also found to have many cross connections and other vulnerabilities;

e monitoring was inadequate to non-existent including falsification of results;

e responses to adverse results or identified deficiencies were woefully inadequate at all
levels from the operators through management to all of the regulators.

This pattern of failures across several barriers was also evident in a review of previous
outbreaks that was performed for the Inquiry (Hrudey et al., 2002).

Preventive rather to identify and manage public health risks

The epidemic curve for Walkerton clearly demonstrated that reliance on microbiological mo-
nitoring would not have prevented the outbreak, even if done properly. The actions of the
PUC General Manager in concealing adverse microbial monitoring results was identified as
serious misconduct that is now the subject of several criminal charges. However, Justice
O’Connor concluded that had the PUC General Manager revealed these results when ques-
tioned by the HU (O’Connor, 2002a, p. 4): “the health unit would have issued a boil water
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advisory on May 19, and 300 to 400 ilInesses would have been avoided.” This pattern of
microbial monitoring results or confirmation of illness in the community lagging seriously be-
hind the occurrence of the contamination episode is common to many waterborne outbreaks,
even where the serious personal misconduct of Walkerton is absent (Hrudey et al., 2002).

Effective leadership

Implementation of any effective Total Quality Management system will not succeed if the
program has weak or non-existent leadership or lack of support of management at all levels up
to the very top. In Walkerton, there was virtually a total lack of leadership, including:

e the PUC Board and town council had no knowledge of water safety;
e the PUC Board ignored explicit 1998 MOE warnings about water system deficiencies;

e PUC operators were certified retroactively by the MOE without training or any
assessment of competence; and

e when disaster hit in May of 2000, Walkerton community leaders failed to respond or
immediately investigate the water system even after the boil water advisory had been
issued.

The rampant deficiencies that were revealed for Walkerton led Justice O’Connor to
recommend in the Part 2 report (O’Connor, 2002b, p. 296):

“Given that the safety of drinking water is essential for public health, those who discharge
oversight responsibilities of the municipality should be held to a statutory standard of care.”

Overall, there was an evident need for a culture change to replace to the complacency that was
rampant in Walkerton and other drinking water disease outbreaks (Hrudey and Hrudey, 2002;
Hrudey et al., 2002;). Factors necessary to reverse the complacency include recognition that:

e drinking water safety relies on applying quality science and technology;

e water authorities must enhance and promote a knowledge-based culture; they cannot
focus strictly on business values or political expediency;

e drinking water safety cannot be assured by treating drinking water like any other
municipal service such as street sweeping or garbage collection.

Conclusions

1. A multiplicity of failures contributed to the Walkerton and other waterborne disease
outbreaks, far too many failures for a single, simple fix.

2. The most serious elements of failure involve inadequate system knowledge, training
and competence among operators, managers, regulators and health officials.

3. HACKCEP principles are essential as part of these measures, but they must be
implemented “wisely” to promote effective, thorough and adaptive system knowledge
and understanding within a Total Quality Management framework.

4. A Total Quality Management approach is needed in Canada to ensure that industry
best practices are universally expected and applied for anyone providing drinking
water for public consumption.
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5. There is as great a need to create and foster competence among regulators as with
operators; hence the need for accreditation and true third party audits to make all
parties accountable for their role in the system.

6. Complacency has become the common enemy of drinking water safety in
Canada.Acknowledgements
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Safety of Drinking Water Suppliesin Switzerland: Evaluation by the
Health Authorities

H. S. Walker

Cantonal Laboratory of Fribourg, Switzerland

Introduction

In Switzerland, drinking water suppliers must comply with federal food regulations just like
other food distributors. The control authorities are the 20 so-called “cantonal chemists”.

In the Nineties, two important legal stipulations came into force:

e Self-check-system: Everyone who manufactures, handles or delivers food products
must ensure that the product complies with the legal food requirements.

e Food safety according to the HACCP rules.

Following early discussion on risk principles in 1996, the cantonal chemists came to the
conclusion that the hazard analysis and the control of the critical control points by means of
suitable measures and their written documentation promote food safety. They defined the
minimum requirements in a specific document (see website [1]).

The professional organisations have drawn up quality assurance manuals for their members.
The SGWA (Swiss Gas and Water Industry Association) provided the guidelines for the
drinking water suppliers.

If the foodstuff companies are expected to guarantee safety of its products, it is also right to
expect that the control authorities are able to assess the safety level of a food processing
company. The cantonal chemists accepted this challenge, and decided to establish a concept
for the assessment of the foodstuff safety of the foodstuff companies based on an inspection.

This paper presents the concept as applied to the supply of drinking water. The concept for all
foodstuff companies has been published in German and French (see website [2]).

Concept

The safety level of a food processing company should be determined on the basis of an
inspection which lasts between two hours and one day, depending on the size of the company.

The following requirements were set in order to establish the evaluation concept (Table 1):

e “Understandable for all partiesinvolved” means simple language. A scientific theory
which is not understood is useless. If the controlled persons do not understand what it
is about, everything is done in vain.

e “Practice-oriented” means that the evaluation should be carried out on the basis of a
practical inspection. Evaluating the safety of a drinking water supply presupposes
domain-specific knowledge. Theoretical knowledge of any risk manager is not
sufficient.
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e “Easyto use” means that the safety evaluation can be made in three to five minutes
following the inspection.

e “Transparent” means that the evaluation is carried out on the basis of fixed criteria
and that water distributors, consumers and politicians can understand the results.

Table 1. Requirements on the evaluation of water supplies.

1 | Understandable for all parties involved

Practice-oriented

2
3 | Easytouse
4

Transparent

Evaluations should take place throughout all Switzerland according to the same criteria, so
that the results can be compared. The results should also serve the planning of any future
work. The highest possible efficiency should be obtained with the limited human resources
available. Inspections should be more frequent for companies where safety deficits have been
previously determined.

Following an inspection the data are assigned to one of the four following evaluation domains
(Table 2) (see also website [3]):

A. Keywords to the self-check system: critical control points are identified and suitable
measures are prescribed and documented. The documentation can cover a few pages
up to several hundred pages. The documentation size is adapted to the size of the
enterprise. The evaluation of this domain has been recently introduced and is now part
of an inspection.

B. Analysis of the water as a final step in its control is not as meaningful as it used to be.
It remains however essential to follow the evolution of the water quality and to check
if the prescribed measures have been realized.

C. Evaluation of the processes and activities is a crucial innovation. It examines whether
the decided measures are effective to control the hazards. As an example we could
mention the continuous monitoring of both turbidity and UV disinfection. The control
of processes is a guarantee and in the long term a preventive measure. Further staff
training is assigned to the “activities” domain.

D. The fourth domain — buildings, equipment and devices — is a classical point of
inspection and can be assessed according to the technical rules.

Table 2. Domains of inspections of the authorities.

Self-check system

Water quality

Processes and activities

gl |wm| >

Buildings, equipment and devices
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The safety of each of the four examined domains is weighted, judged and given a mark
according to one of the four following safety levels given in Table 3.

Table 3. Safety levels for food safety evaluation.

Safety levels State Safety
4 bad not guaranteed
3 poor compromised
2 fair reduced
1 good guaranteed

The result is registered into the following data sheet (Table 4) which helps to determine the
global safety level of the assessed company. The data sheet shows the specific evaluation
domains where problems have been determined. These problems are individually specified in
the inspection report with corrective measures ordered for each problem.

Table 4. Data sheet for results of safety assessment.

Safety level / State Self-check Water quality Processes and Buildings,
system activities equipment and
devices

not guaranteed

4
3 | compromised
2

reduced

1 | guaranteed

global safety of the water supply company /: ......

The training of the cantonal chemists regarding this concept lasted one full day and the
training of inspectors lasted two days: this was a necessary condition. The application of the
concept was practiced using examples. Evaluation results obtained in training sessions were
compared with case examples. The comparison showed an astonishing homogeneity.

Results 2002

Evaluation of the state of safety in food processing companies in Switzerland for 2002 is
shown Figure 1. In this graph the companies are classified according to safety levels. In red
(in the back) the results represent approximately 40000 food processing companies, in blue
(in the front) the results represent approximately 1500 drinking water suppliers.

The parallel between all food suppliers and the drinking water suppliers is noticeable. 95% of
the companies can be assigned to the safety levels 1 and 2, approx. 5% to level 3 and less than
1% to level 4. Each canton (district) can compare its results with the average values for
Switzerland. Significant deviations are very important starting points for the examination of
the effective situation or the manufacturing practice.
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With these statistics the safety of the Swiss food suppliers and the drinking water suppliers is
documented according to defined criteria for the first time.

% suppliers

/food suppliers

1 s T .._.___p /drinking water
5 ,

;__‘“-’ suppliers

safety levels

Figure 1. Results of inspection of 1500 water suppliers and comparison with other food
suppliers.

Benefits

The evaluation concept may be useful in different ways for all parties: for politicians (very
short and understandable statements about the safety of the food processing companies), for
the control authorities (as a planning instrument), for the companies (as an independent
external investigation) and for the consumers (as an understandable tool for evaluation and for
building confidence).

Epilogue

Starting in 2004 drinking water distributors have to inform the consumers annually about the
quality of the drinking water. In a help manual (see website [4]) the cantonal chemists have
specified the minimum information that water suppliers should give to their customers.
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Application of the Australian Risk M anagement Framework: A Public
Health Authorities Perspective

David Cunliffe

Environmental Health Service, Department of Human Services, South Australia

Background

A number of factors came together in Australia in the late 1990s that demonstrated the need
for a multi-agency risk management approach to be applied to drinking water supplies to
improve assurance of safety. The factors included:

e growing concern about over-reliance on a number driven approach with management
and health decisions being based on compliance testing and adherence to guideline
values (under this approach 0 E. coli per 100 mL meant the water was
microbiologically safe);

e lack of a coordinated approach involving all appropriate agencies (health, water
suppliers, catchment managers, planners, etc.) to assurance of drinking water quality
(as evidenced by the 1998 Sydney water incident);

e adisparity in standards/attention applied to rural and remote supplies compared to
capital cities; and

e amajor revision of food legislation confirming that drinking water is regarded as a
food and hence that quality assurance programs consistent with the HACCP system
were required.

The 1998 Sydney Incident provided a clear example of management based on end-product
monitoring and the lack of a co-ordinated approach to dealing with water quality. The incident
received widespread media coverage and while “bad press” is often dismissed as inaccurate
and sensationalist sometimes it can reflect real problems.

In July-August 1998 following the reported detection of Giardia and Cryptosporidium in
drinking water samples “boil water” advice was issued to the public on three separate
occasions over the period of a few weeks. There was intense media coverage with headline
stories suggesting that the response to the incident was poorly organised with no evidence of
an established emergency protocol and that at least initially there was a lack of a co-ordinated
response from the health and water agencies. There were stories about arguments between the
two agencies. The reports also indicated that there was a lack of understanding about the
source of the organisms and the cause of the incident.

There was a loss of public confidence in the management and quality of Sydney drinking
water supplies and the Chief Executive of Sydney Water and the Chairman of the Sydney
Water Board both resigned because of the incident. Importantly although newspaper headlines
included statements such as “Do panic!” and “Safe water: the big lie” epidemiological
investigations found no evidence of illness. This was despite the fact that many people
ignored the “boil water” advice, particularly on the second and third occasion.
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The Sydney Incident was a “wake-up call” that could have occurred elsewhere in Australia. In
September 1998, Adelaide newspapers ran front page stories about the detection of Giardia in
a reservoir. While the incident did not represent a health risk the media reports indicated that
there was poor communication between Government ministers on a water issue.

Theresponse

The need for the development of a preventive risk management approach was identified as a
high priority by the Co-ordinating Committee for the ongoing review of the Australian
Drinking Water Guidelines (ADWG). The Committee includes representatives from peak
health and water agencies.

As a result the Framework for Drinking Water Quality Management was developed over a 3-
4 year period by health and water agencies for inclusion in the ADWG. Development
included workshops, pilot trials and extensive agency and public consultation.

The Framework is consistent with the WHO Water Safety Plans, includes the HACCP
principles and is also consistent with ISO 9001 and 14001. Like the Water Safety Plans the
Framework is a purpose-designed system to meet the particular requirements related to supply
of drinking water.

Structure of the Australian Framework

The Framework includes 12 elements divided into 4 areas:
e commitment to drinking water quality management;
e gsystem analysis and management;
e supporting requirements; and
e review.

Many of the 12 elements such as system assessment (hazard identification and risk
assessment), identification of preventive measures, process control, verification, incident and
emergency management, documentation and reporting, and evaluation and audit are common
components of risk management systems.

Health authority requirements

Protection of public health requires implementation of a preventive risk management
approach to provide a measurable assurance that safe drinking water is supplied 24 hours a
day. From a regulatory perspective confirmation that drinking water is recognised as a food
under Australian legislation reinforced the requirement for this type of approach.

It is also important that management is cost effective. One of the standard responses to
incidents such as those that occurred in Sydney and Adelaide is a call for installation of very
expensive water treatment systems without a detailed risk assessment to determine whether
such systems are necessary to protect public health. Supply of safe drinking water is a vital
health requirement but it is just one component of providing community health services.
Implementation of risk management systems provides a sound basis for cost-benefit analyses
of suggested improvement programs.
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Other health authority requirements include:
e asystematic catchment to consumer approach;
e identification of major hazards and appropriate control/preventive measures;

e identification of operating limits for control measures with a particular emphasis on
identifying critical limits for critical control points;

e operational monitoring that detects faults prior to supply of water (wherever possible)
so that corrective actions can be implemented before unsafe water reaches consumers.
In some cases this monitoring will be continuous e.g. free chlorine residuals and
turbidity in water produced at treatment plants;

e an agreed incident and emergency protocol between the water and health agencies;
e regular reporting of results;

e documentation; and

a system that can be externally audited.

Role of health authoritiesin the implementation of the Framewor k

An important feature of the Framework is that implementation requires multi-agency
involvement. While the lead should be taken by the water agency, health authorities should
provide assistance in the identification of hazards and risk assessment and contribute to the
identification of appropriate control measures, critical control points and critical limits. The
development of incident and emergency protocols should be a joint responsibility. Health
authorities should provide an assessment of the effectiveness of the management system.

Health authorities should also provide support to the water agency, where necessary, in
communicating with the public and with other agencies, particularly those involved with
catchment management and urban and rural planning. Wherever possible the aim should be to
protect public health by preventing contamination from entering the water supply.

Advantagesto health authorities

The implementation of risk management systems by drinking water suppliers provides a
broad range of benefits to health authorities. Importantly it provides greater confidence in the
continuous management of drinking water quality. In addition, participation of the health
authority in the implementation process will lead to a better understanding about operational
aspects of supplying drinking water, potential health risks and what can go wrong. This will
support more informed decision-making by health authorities as regulators of drinking water
quality as well as informing assessment of priorities as part of developing overall health
policies.

Implementation should also lead to greater co-operation between health and water agencies
including improved communication, better preplanning for incidents, fewer surprises and
unexpected disasters and more measured responses when needed. A co-operative approach
between agencies enhances public confidence and penalties prescribed in legislation should
only be used as a last resort.
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Yorke Peninsula I ncident

Advantages provided by implementation of Framework elements were demonstrated by an
incident on the Yorke Peninsula of South Australia in April 2000.

The cyanobacterium Phormidium was detected in an open storage reservoir at the head of a
water distribution network. Although Phormidium was previously believed to be harmless,
mouse bioassays suggested that it was toxic. The interagency incident protocol developed
after the 1998 events was activated immediately and advice was issued to the public that
mainswater should not be consumed. All nursing homes, hospitals, hotels, motels, etc., were
contacted individually.

Over the next 7 days DHS (the health authority) and South Australian (SA) Water
communicated progress through joint press conferences and media releases. DHS provided
health information while SA Water reported on operational issues. During the 7 days, toxicity
was found to be sensitive to heat and chlorine. As a result the advice not to consume the
drinking water was changed to a “boil water” notice. SA Water provided bottled water for
individual use and larger volumes of carted water for businesses such as bakeries. The boil
water notice was rescinded after 7 days when the entire distribution system had been flushed
with chlorinated water.

Although the incident occurred 3 days before Easter in a local tourist area there was no
evidence of a downturn in tourism. Media coverage was balanced and a survey conducted
after the event found that confidence in SA Water had increased. This reflected the level of
co-operation between the two agencies and the co-ordinated and organised manner in which
the incident was handled. The public perception was that the agencies had acted responsibly
and that they knew what they were doing.

Application of the Framework in Australia

State capital cities are implementing or have implemented risk management systems. This has
been undertaken in a variety of ways, which is consistent with the flexibility built into the
Framework. Some authorities have adopted the Framework as written while others have
followed a classical HACCP or ISO approach to achieve a common outcome.

Implementation has also commenced in other urban centres and rural areas. In South Australia
work has commenced on application of the Framework to remote indigenous supplies
(supplying as few as 50 people). The Framework will also be adapted to alternative water
supplies commencing with domestic rainwater tanks (relatively common in rural Australia).

In one State (Victoria) implementation of a risk management plan will be required by
legislation.

Summary — Advantages of the Framework

The Framework provides a structure for development of system specific management plans
that can be applied to all water supplies irrespective of size. For larger supplies it formalises
and organises existing procedures into a systematic and accessible package that can be easily
communicated both inside agencies and externally. In some cases it identifies gaps and the
need for improvement.
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For smaller supplies that are often “overlooked”, application provides a basic assessment of
needs and an organisational structure. Analysis of almost 2000 rural and remote supplies in
Australia identified lack of management as a bigger threat to drinking water quality than
inadequate monitoring, poor source water quality or poor treatment.

Reference

The Australian Drinking Water Guidelines and the Framework for Management of Drinking
Water Quality are available at: www.health.gov.au/nhmrc/publications/
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Drinking Water Inspection in Ghana
N. O. Kotei

Water Inspectorate, Public Utilities Regulatory Commission, Ghana

Major water sector reforms started in 1993 to enable various sectors to play significant roles
in the delivery of the service. For efficiency and public accountability it was necessary to
separate regulatory from systems and service provision functions.

A generic flow chart that shows the main players in Ghana’s drinking water sector is given in
Figure 1. The Ministry of Works and Housing (MWH), Ghana Water Company Ltd. (GWCL)
and the Community Water and Sanitation Agency (CWSA) are the main stakeholders in the
delivery of drinking water. The main regulatory bodies include the Public Utilities Regulatory
Commission (PURC), Water Resources Commission (WRC), Environmental Protection
Agency (EPA), and the Ministry of Health (MoH).

PURC MWH
(Tariff and quality) " (Sets sector policy)
A
WRC A GWCL - CWSA
(Permitting) (Urban water) ] (Rural water)
¢ ¥
EPA
(Environment) - > CONSUMER
A
A 4
MoH
(Public health) “ PRIVATE / OTHERS

Figure 1. Generic flow chart for drinking water production oversight and monitoring in
Ghana.

The Public Utilities Regulatory Commission (PURC) was established in October 1997, as an
independent regulator of tariffs and water supply operational performance. The Water
Inspectorate was then set-up in the last quarter of 2000 under Section 44 of the PURC Act
538, 1997, to give special attention to the provision of drinking water taking into account
public health concerns of consumers.

Given the many other priorities in the water sector and the resource constraints in the country
as a whole the approach to drinking water regulation for compliance in Ghana is the audit
approach where the burden of proof of compliance is shifted onto the water supplier who has
a legal responsibility to carry out sampling and analysis of water quality. PURC requires the
following types of information from the water utility to facilitate the Commissions regulatory
activities:
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e Performance Report: Report at the end of each year. Reasons given for any variance,
plans and activities to rectify these variances if negative.

e Water Quality Report: Results of laboratory tests of water samples delivered by the
system. Details of failures to satisfy the water standards and reasons for those failures
as well as details of plans to meet the required standards.

An independent laboratory network had been identified. This is to act as independent agent in
assessing drinking water quality. It is to build independence and confidence in the testing
procedures adopted. An accreditation system for these laboratories that can apply testing and
verification of drinking water to strict guidelines is being developed.

Water quality is utmost importance to the health of consumers. The Commission is therefore
pursuing the setting of basic water quality targets for the water utility for the improvement in
the quality of service to consumers. These targets would always be linked to the tariff
regulation to ensure that consumers get value for money and expected supply.

Consumers have a right to information on health related issues of water supplied to them.
Public education by all stakeholders on the rights and responsibilities of consumers is being
intensified. With the awareness being created on water quality and health, the Inspectorate
would sustain active monitoring of response to consumer complaints.

Protection of water quality could be enhanced with increase in the accessibility to water
delivery as currently a high percentage of consumers depend on water from intermediaries
such as tankers and other small scale water producers. The Ghana Government had identified
the importance of the role of such small-scale water producers in recent times. A project to
identify and test constraints, opportunities and strategies for enabling such small-scale water
producers to deliver an acceptable water service to consumers is under way.
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Assessment of the Suggested Risk Management Strategies

Doris Waschko*, Clara Sacré**, Udo Pasler®** and Jiirgen Ammon***

* Landesgesundheitsamt Baden-Wiirttemberg, Germany; ** Umwelt- und Verkehrsministerium Baden-
Wirttemberg, Germany; *** Ministerium fiir Erndhrung und Léndlichen Raum Baden-Wiirttemberg, Germany

I ntroduction

In the German state of Baden-Wiirttemberg, approximately 700 billion m? of water are
withdrawn each year for public water supply. Some 1,200 community supplies account for
approximately 50% of the water requirements, 186 regional water supplies account for about
20% and 4 supra-regional suppliers for some 30%. In addition, there are around 3,000 private
water supplies with abstraction volumes of less than 1,000 m?*/a. In total, there are some 5,000
water extraction facilities in Baden-Wiirttemberg.

This decentralised structure is in keeping with the principles of the Federal Water Resources
Act (Wasserhaushaltsgesetz) and the Water Act of the State of Baden-Wiirttemberg, under
which the security of continuous water supply in the State is safeguarded by:

e giving highest priority to the community based or regional supplies;

e acknowledging that community based or regional supplies can obtain water from
supra-regional supplies in limited periods of local or regional water shortage due to
weather conditions or peak consumptions;

e supra-regional water supplies in regions with insufficient natural water resources.

With regard to the combination of community based or regional supplies and supra-regional
supplies, it should be noted that supra-regional supplies also safeguard water supply to the
population in the event of a water shortage or a deterioration of water quality as a result of
weather events. These measures ensure consumer’s health protection.

Water abstraction facilities are protected by water conservation area ordinances. At present,
some 2,500 water conservation areas have been classified for public water supplies. Near-
surface sources, such as those in the Black Forest, the “Karstbrunnen’ in the Schwébisch Alb
mountain range and regions with shallow sedimentary cover such as the Rhine, Oberland and
Hohenlohe regions, require special protection as regards microbiological contamination and
the effects of nitrate and pesticides. For this reason, over 20% of the area of Baden-
Wiirttemberg has been classified for water conservation purposes.

Pursuant to the 2001 German Drinking Water Ordinance (Trinkwasserverordnung), water
supply facilities are monitored by the local health authorities, while the four supra-regional
suppliers are monitored by the Baden-Wiirttemberg Health Authority (Landesgesundheitsamt,
LGA).

Isthereanecessity for implementation of HACCP in Germany?

The question arises as to whether the implementation of a HACCP concept for water supplies
in Germany is in fact necessary.
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In Germany, the multi-barrier concept is applied to drinking water supplies. This concept
focuses on the following areas:

e Resource protection (1st barrier);
e Treatment (2™ barrier);

e Product control when the water leaves the water works (3rd barrier); these checks
comprise:

a) continuous control (chemical/physical); and

b) intermittent control (microbiological and chemical);
e Distribution system maintenance and delivery point control (4™ barrier).

In Germany, a risk analysis such as envisaged by the HACCP concept already begins prior to
water abstraction with the comprehensive protection of water bodies, the protection of
groundwater and surface water and the classification of drinking water conservation areas (i.e.
resource protection). As a result, raw water quality is already optimised by the first barrier. If
this protection is adequate as far as groundwater is concerned, the water does not require any
further treatment and is ready for immediate use as drinking water. If the first barrier is not
adequate, then a second barrier, namely the reliable treatment of water, must be added before
the water leaves the water works and is fed into the distribution system for consumption. The
distribution system itself is a further critical point for safeguarding the quality of the water
supplied to consumers. This system must be monitored and maintained round the clock.

It is important to remember that, as far as water supplies are concerned, there is no generally
valid risk analysis or generally applicable HACCP concept, since a process analysis must
always be adapted to local realities. For example, a risk analysis for drinking water obtained
from surface water will differ from a risk analysis for water originating from bank filtrate or
groundwater. The water enterprise is responsible for conducting a risk assessment and risk
analysis and for establishing process optimisation as well as setting priorities for water
treatment measures. In many instances, German water companies have already done their
homework.

Example 1: supra-national water supplier

To illustrate the successful implementation of a HACCP concept, we have selected a supra-
regional water supplier producing drinking water from surface water. Optimum treatment of
the water from this origin is required, and treatment consists of the following steps:

micro filtration;

ozonation for oxidation and/or disinfection purposes;

flocculation;

sand filtration; and

chlorine disinfection, if required, i.e. chlorinated transport.

The water supplier monitors water quality for critical parameters and at critical control points
during the treatment process. Under treatment process monitoring, several chemical/physical
parameters are subject to continuous monitoring, while intermittent microbiological and
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chemical checks are also performed. Continuous monitoring includes raw water flow,
turbidity, temperature and ozone concentration.

The following finished water parameters are also subjected to continuous monitoring:
temperature, pH, conductivity, turbidity, particles, spectral absorption coefficient at 254 nm,
colour intensity at 460 nm, red-ox potential, residual chlorine, iron concentration (iron is
added for flocculation) and ammonium concentration (because the drinking water is produced
from surface water). Other microbiological and chemical parameters are monitored
intermittently.

Data from the continuous monitoring checks are transmitted to the control room, thus
ensuring on-line monitoring with round-the-clock surveillance.

In this particular case, critical control points are as follows:
e the catchment area;
e the raw water source;
e after filtration;
e after flocculation;
e after sand filtration;
e control of the finished water; and
e control at delivery points (= distribution system control).

The monitoring results are regularly sent to the LGA for inspection and archiving.
Furthermore, the supra-regional supplier and the LGA co-operate closely on several technical
issues.

Example 2: spring water sources

There are some 1,400 spring water sources in Baden-Wiirttemberg where, in the past,
occurrences of raw water microbial contamination with no significant increase in turbidity
have been successfully disinfected solely by chlorination or UV radiation with no further
treatment. Under the new Drinking Water Ordinance of 21 May 2001, these spring water
sources must (with effect from 1 January 2003) be treated using state-of-the-art technology
and methods in all cases where microbial contamination of the raw water with the risk of a
transmittable disease has been established. Cryptosporidia and Giardia in particular cannot be
eliminated by general disinfection, but require further specific treatment. From an economic
point of view, it is not possible to retrofit all spring water sources simultaneously with
adequate treatment facilities. The Ministry of the Environment and Transport of Baden-
Wiirttemberg therefore commissioned the DVGW Water Technology Centre (WTC) in
Karlsruhe to conduct a study to establish raw water quality (situation analysis) and to develop
criteria for setting priorities based on the microbial contamination of the raw water
(classification).

WTC drew up a catalogue based on quantitative evidence of E. coli and other microbiological
parameters in raw water (see Table 1 below) and set priorities for action on the basis of the
values measured. These criteria differ from those developed by the Federal Environmental
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Agency (FEA). The FEA bases its criteria on the number of positive coliform bacteria
samples, while WTC bases its criteria on quantitative microbial contamination of the water.

Table 1. Microbiological criteria for classification (bacterial content/100 ml).

Test organism Low priority |[Medium priority| High priority
E. coli <1 1-10 >10
Coliform bacteria <10 10-100 >100
Enterococci <1 1-10 >10
Clostridium perfringens <1 ? ?

On the basis of the FEA criteria, under which 50% of the samples tested positive for coliform
bacteria, 85% of the sources tested would classify as high priority. Based on the WTC criteria,
however, 25% of the sources would be high priority, 33% medium priority and 42% low
priority. The WTC recommendations allow a degree of flexibility as regards the introduction
of treatment measures over several years, thus ensuring consumer health protection while
taking the risks into account.

Conclusion

To conclude, this study constitutes a risk analysis and represents a feasible approach for
managing current risks under present economic conditions, thus strongly resembling a
HACCP concept.
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EU Council Directiveson the Quality of Water Intended for Human
Consumption: The Past, the Present and the Future
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* European Commission, Directorate Environment, Belgium; ** KIWA Water Research, The Netherlands

Abstract

The current Drinking Water Directive (DWD) 98/83/EC is compared with the previous DWD
80/778/EEC and where possible some first thoughts and ideas are presented on future
legislation on water intended for human consumption. The current DWD came into force in
1998 and replaced the DWD after nearly twenty years. However, the revision of the “new”
DWD is already foreseen and this process will start in autumn of 2003. The revision of the
DWD is the first opportunity to make changes to the Directive. The comparison between the
previous Directive, the current Directive and future drinking water legislation will address a
number of basic issues.

In the past drinking water legislation made little reference to other Community legislation,
this has changed significantly since. There is increasingly more harmonisation and interaction
between European Union legislation, especially since much water related Directives are
included in the Water Framework Directive. This process might well continue in the future,
where reporting on the state and trend of the aquatic environment will be addressed in a
different way, combining data and information exchange on different pieces of legislation.

The current DWD is more transparent than in the past and principles of the Directive are
clearly identified in the legal text. More so than this was the case in the past. A number of
principles of the new Directive are discussed.

The WHO Guideline Values for drinking water are in principle the basis for EU legislation on
drinking water. Even though sometimes a different approach is used and deviations are
possible on the advice of the Commission’s Scientific Advisory Committee (CSTEE). There
is a link between WHO initiatives (such as discussions on an HACCP-based approach) and
future developments of Community legislation.

Finally, some aspects of the revision of the DWD 98/83/EC are highlighted like: the relation-
ship between the DWD and the European Acceptance Scheme for materials in contact with
drinking water (EAS), new analytical techniques, new emerging threats to drinking water and,
last but not least, the protection level offered by the DWD. In principle the protection level
offered by the DWD is based on average adults exposure (except of course for some para-
meters such as lead). More and more questions are raised about vulnerable groups in society
and the need to better protect e.g. infants, older people and people under medical treatment.

EU water legislation

Water is one of the most comprehensively regulated areas of EU environmental legislation.
Early European water policy began in the 1970s with the adoption of political programmes as
well as legally binding legislation. As regards programmes, the First Environmental Action
Programme covered the period 1973-76. Parallel to political programmes a first wave of
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legislation was adopted, starting with the 1975 Surface Water Directive and culminating in
the 1980 Drinking Water Directive 80/778/EEC. The previous DWD 80/778/EEC was based
on scientific and technical state of the art of tens of years ago. Since then both scientific and
technological knowledge and the approach to EU legislation has changed. It was therefore
necessary to adapt the original Directive to bring it in line with scientific and technical
progress, but also to bring it into accordance with the principle of subsidarity by reducing the
number of parameters for which Member States had objectives and by focusing on
compliance with essential quality and health parameters.

The Drinking Water Directive srevision process

In 1993 the Commission organised a European drinking water conference in Brussels to con-
sult all stakeholders in the supply of drinking water in the revision of the DWD then in force.
This resulted in 1998 in the adoption and entry into force of the current DWD 98/83/EC (OJ L
330, 5.12.98). The 1998 DWD had to be transposed into national legislation two years after
entry into force which is at the end of the year 2000 and has to be complied with by the end of
2003 (with some exceptions for critical parameters such as lead and disinfection by-products).

In the mean time the Commission has started preparations for the revision of the new DWD
five years after it has come into force. This revision process is foreseen in the DWD. Exactly
ten years after the consultation of European stakeholders, the Commission again organises a
seminar to consult stakeholders on the need for revision of DWD 98/83/EC. This time 25
countries will be involved, the current Member States and the ten countries that will join the
European Union in 2004, an ambitious project that will take place on the 27" and 28" of
October 2003 in Brussels (see dedicated website: www.drinkingwaterseminar.org).

Main aspects of the Drinking Water Directive

Related Community legislation

The first generation of EU water legislation were more or less isolated pieces of legislation,
with little or no cross-references. The previous DWD 80/778/EEC only makes a reference to
one piece of EU legislation which is the Council Directive on the Quality of Surface Water
intended for the abstraction of Drinking Water (75/440/EEC). The current DWD refers to a
number of other Directives that are related to the Directive or have interactions with the
Directive:

e the Plant Protection Directive (91/414/EEC) and the Biocides Directive (98/8/EC)
both relevant for the pesticides parameter in the Directive; and

e the Construction Products Directive (89/106/EEC), relevant for materials and
appendages used in the production and distribution of drinking water.

In future revisions of the DWD attention will be paid to an integrated approach to EU water
legislation as the Directive has to be brought in line with important developments such as the
Water Framework Directive and the European Acceptance Scheme (under development) for
materials in contact with drinking water.

Integration of EU water legislation does not only imply compliance with the requirements of
various related Directives but will also involve harmonisation and streamlining of reporting
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requirements. Reporting requirements will have to address compliance, state of and trends in
the quality of aquatic environments.

Principles of the Drinking Water Directive

The underling principle for the previous DWD was not specified other than the objective of
“setting standards for human health protection”. The current DWD aims to protect human
health from the adverse effects of contamination of water intended for human consumption by
ensuring that it is “wholesome and clean”. It applies to all water intended for human
consumption, as well as water used in the production and marketing of food, under certain
exceptions. Member States are required to monitor the quality of drinking water, and to take
measures to ensure that it complies with the minimum quality standards. It also lays down a
number of requirements for reporting to the Commission, and for making information
available to the public, regarding the quality of drinking water. The Directive is based on a
number of principles that have been laid down in the Treaty such as the subsidiarity principle
and the precautionary principle. Unlike the early Community legislation the new Treaty of the
European Union states that no Community legislation should go beyond what is necessary to
achieve the objectives of the Treaty. For drinking water legislation this implies that the high
number of parameters in the previous Directive has been reduced to better focus on what are
essential and health related parameters in the whole European Union, leaving Member States
free to add other parameters if they see fit. A HACCP-based Directive might reduce the
number of parameters even further.

Other principles of the current Directive are the precautionary principle, sustainable use of
water and water source protection, and of course the political compromise that goes hand in
hand with the process of adoption of new legislation by the Member States. If future
legislation should be based on risk assessment and risk approach, the added value of such an
approach should be made clear. Also such an approach should offer at least the same
protection level as the current legislation in force. Other basic principles of the Directive are
the stand-still principle, implying that the implementation of the Directive should not result in
deterioration of the current level of protection offered in the member States. Also water
source protection and sustainable use of water are important aspects of the Directive. And as
in all legislation, compromises are made to accommodate political aspects in the various
Member States. Future legislation will evidently have to be based on the principles as worded
in the Treaty, but after careful weighting of advantages and disadvantages of a risk analysis
based approach the principals of such an approach could be added to the Directive.

Types of water covered by the Drinking Water Directive

The previous Directive covered all water intended for human consumption except natural
mineral waters, medicinal waters and water used in the food industry not affecting the final
product. The current Directive covers the same types of waters and knows the same
exceptions, but also makes it possible for Member States to exempt other types of water from
the Directive such as e.g. hot tap water, second grade water for non-ingestive uses and
supplies supplying less than 10 m*/day. As et it is unknown if there is a need to change the
coverage of the DWD in future revisions of the Directive.
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Parameters and parametric values

The previous DWD listed more than 62 parameters often together with parametric values such
as MAC’s, guideline values and minimum levels. Parameters included: organoleptic, physico-
chemical, undesirable substances, toxic substances, microbiological and minimum
requirements for water that had been subject to water conditioning processes to remove
hardness. Not all parameters actually had a parametric value in the Directive and also no
mention was made of scientific background for the parameters and the values in the Directive.
Substances that were used in the preparation of drinking water should remain in the water at
values below the parametric value for these substances. One of the main reasons for the
revision of the old Directive was to restrict the number of parameters, and only to include
essential and health related parameters that are of importance in many areas of the European
Union. It is then left to Member States on the basis of the subsidiarity principle to add
parameters or to set stricter values as and where necessary; however, no breaching the Treaty
with respect to the rules of fair trade within the EU. The number of parameters is restricted to
total of 48 (microbiological, chemical and indicator) parameters. All parameters that are
included in the Directive have a parametric value of mention of the fact that it “should be
acceptable to consumers and no abnormal change” should occur. All parametric values are
mandatory and guide level values do no longer exist in the Directive. For future revisions of
the DWD discussions could result in new and additional parameters or in even less
parameters. New parameters might be e.g. endocrine disrupting chemicals, pharmaceuticals,
protozoa such as Giardia, Cryptosporidium or Legionella. In a risk analysis based approach it
might also be possible that one parameter knows more than one parametric value in various
parts of the whole production and supply process.

Parametersin DWD 98/83/EC

In the DWD a balance is struck between microbiological and chemical risks. Disinfection of
drinking water carries the risk of disinfection by-product formation that are harmful to
humans such as trihalomethanes and bromate. However, disinfection reduces the risk of
exposure to pathogenic bacteria in the water. Water quality is more than the 48 parameters in
the current Directive and some of the parameters that might cause a threat to human health are
not yet even known. Therefore the DWD has in line with the precautionary principle an
important Article (4(1)a), which states that water intended for human consumption should be
wholesome and clean. Article 10 of the DWD ensures that chemicals used in the preparation
of drinking water should not remain in the final product in concentrations higher than ab-
solutely necessary. Another important aspect of Article 10 is the reference to the Construction
Products Directive on materials in contact with drinking water during distribution. This is to
avoid adverse effects on the quality of drinking water e.g. by pipe materials.

Basis of parametric values

In setting the parametric values for the various parameters both short term/acute and long
term chronic effects have been taken into account as and where appropriate. Basic principles
are that the quality of the water is such that consumers can drink and use water for domestic
purposes for a lifetime without the risk of adverse health effects. Also special attention is paid
to the protection of vulnerable groups such as children and pregnant women e.g. in setting the
values for lead, nitrate and nitrite (babies). WHO Guideline Values for drinking water adopted
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in 1992 were used as a basis for setting parametric values in the DWD, that is where there was
a health-based Guideline Value available. For some parameters a different approach was used
and for others advice was asked of the CSTEE (Scientific Advisory Committee). Parameters
in the last category were: lead, PAH, pesticides, tri and tetra, copper and boron.

Microbiological parameters

The parametric values for microbiological parameters are zero as any positive result indicates
the presence of pathogenic micro-organisms and calls for an immediate response.

Carcinogenic parameters

For genotoxic carcinogens there is normally no threshold below which there is no risk to hu-
man health. The WHO applies a criterion for individual carcinogens which implies that there
should be no more than one excess cancer in a population of 100.000 resulting from a lifetime
exposure. In the DWD a stricter criterion was used that implies that there should be no more
than one excess cancer in a population of 1.000.000 resulting from a lifetime exposure.

Other considerations

A very practical consideration in setting parametric values is the availability of analysis
methods at the required detection level. For three parameters — epichlorohydrin, acrylamide
and vinylchloride — in the DWD it was at the time of adoption not possible to detect the
substances at the level that sufficiently protect human health. For these three substances a
parametric value was adopted that was below the achievable limit of detection. For these
parameters it was decided to regulate levels in drinking water through product specifications.
A second principle for setting parametric values is the availability of treatment methods to
ensure that the required removal of the substances could be achieved with the available
treatment techniques. Finally a balance was struck between the risk to human health from the
consumption of water not meeting the high standards foreseen in the DWD and the risk from
interruption of the water supply (sometimes values not as strict as that corresponding to the
one in a million criterion).

Sampling and monitoring

The previous DWD 80/778/EEC defines minimum monitoring requirements with an input
effort that is related to the amount of water supplied. A distinction is made between current
monitoring, periodic monitoring and occasional monitoring. The current DWD 98/83/EC uses
a similar approach where minimum monitoring effort is defined in relation to the amount of
water supplied. A regular check of the water quality is defined for some key parameters in the
so-called check monitoring and a more comprehensive check of the water quality including all
other parameters is carried out with a much lower frequency in the so-called audit monitoring.
The main difference between both Directives is the fact that in the current DWD sampling and
monitoring is carried out at the consumers’ tap unless it concerns parameters that do not
change between the production plant and the tap. Sampling and monitoring in the DWD is in
principle a check at the last minute and is in principle always too late. In the case water does
not comply it has already been supplied to the customer and been consumed. A risk
assessment and risk management based approach could well cause a major change in
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sampling and monitoring strategies for drinking water. Moving the place of check and control
further back in the production chain from raw water source to tap.

Quiality control and assurance

Quality control in the 80/778/EEC DWD was restricted to the mention of analytical reference
methods. The current DWD goes much further by making ISO/CEN methods compulsory and
by defining performance criteria for (most) chemo-physical parameters. Furthermore Member
States need to have some quality control (QC) and quality assurance (QA) in place in the
reference laboratories for drinking water analyses. At the time of adoption of the DWD it was
judged as not possible to require an accreditation system for all Member States, but that will
be an additional requirement in the near future. As future regulation might well be based on a
risk analysis approach, a QC/QA system is of vital importance not only to control process
performance but also to validate and guarantee the quality of drinking water at the tap.

Revision of the DWD and WHO guidelines

WHO has adopted the HACCP based approach for drinking water in the so called “Water
Safety Plans”. The European Commission is currently considering whether it would be
appropriate to follow this concept in the revision of the DWD.

Issues that will be addressed by the experts in the revision will include basic questions as how
can the underlying principles of the Treaty (and the DWD) be maintained and safeguarded in
a risk assessment approach:

e subsidiarity principle;
e stand-still principle; and
e precautionary principle.

But the main question is of course how can the same or an even higher level of protection of
European citizens be continued to be guaranteed.

Conclusions

The EU regulation on drinking water has contributed significantly to the supply of safe and
wholesome drinking water to European citizens. The current DWD 98/83/EC even improves
on that by setting requirements for the quality of drinking water at the consumers’ tap.
Council Directives on drinking water are to a large extent based on WHO Guidelines, and it is
therefore logical that any developments in these Guidelines will have to be considered in the
revision of the DWD. It is expected that the underlying principles of the current DWD will be
further strengthened by a HACCP like approach. When applied properly and consistently the
added value of a risk assessment based approach, together with the existing framework of the
Directive will be a powerful tool to address new and as yet partly unknown threats to drinking
water such as e.g. pharmaceuticals, endocrine disrupting chemicals, algal toxins and micro-
organisms as Cryptosporidium, Giardia and viruses. Extending the control of water quality
from the final product at the tap to the whole production process will, when accompanied by
adequate information to the public, boost the confidence of European consumers in the safety
and wholesomeness of their drinking water. Close co-operation between the European
Commission and WHO is a pre-requisite to achieve this target.
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Doesthe Customer Bdlieveit is Safe?
Bob Breach

Severn Trent Water, United Kingdom

An invited international workshop in Bonn in October 2001 took a fresh look at how we
might “Assure the quality of drinking water in the 21* Century”. The workshop identified as
the primary goal of any water supply system:

“The provision of good safe drinking water which has the trust of customers.”

The conclusions from the workshop have been developed as a set of principles which strongly
support the concept of a much more holistic, risk-based approach to managing quality using
HACCP methodology in conjunction with a core set of conventional water quality standards.

Emerging discussions between water professionals are leading to the development of some
very sophisticated technical approaches to maintaining the safety and quality of drinking
water. However, water is a fundamental and basic need of human existence and thus it is a
much more challenging task to ensure that the drinking water supply has the trust of
customers. That is because when water customers take a view on the safety or otherwise of
their drinking water their judgement is as likely to be based on emotional perceptions as it is
on scientific fact. Water professionals ignore this emotional dimension at their peril. This
paper therefore explores some of the broader issues connected with achieving the trust of
customers in the safety of their drinking water. It is based on issues that arise in a wealthy
European country, but while the customer perceptions of safety may vary between different
countries it is believed that the broad concepts remain the same.

The management of water supply has always been an integrated task that requires both the
quality and quantity of drinking water to be reliably maintained 24 hours a day, seven days a
week. This is the minimum that customers expect, but in practice companies need to go a lot
further to earn the trust of their customers in the water they supply.

If customers are asked what they want from their water supply it would be that it must:
1. be safe i.e. free from harmful bugs and chemicals;
2. taste and look good;
3. be continuously available at the right pressure; and
4. be affordable.

The problem for water companies is that the definition of “safe” from a customer perspective
is very different to that which a technical expert might use. As scientists, it is normal to talk
about quantitative risk assessment based on sophisticated analysis and modelling, but in the
end it is recognised that science is never absolute. However, non-experts do not normally use
such a rational approach.

This problem is reflected in other customer conscious industries such as food, as witnessed by
the huge expansion in the range of organic foods (and indeed other products) that are now
sold in supermarkets. Whilst scientifically there is little difference between the safety of
organic products and any other equivalent products, public perception is such that people are
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willing to pay a premium for food that has been produced “naturally”. This reinforces the
view that sophisticated consumer orientated societies judge the safety of things using criteria
that go beyond a rational scientific discussion of risks. Such judgements are often fuelled by
media discussion that tends to paint issues in very black or white terminology. A product or a
substance is either safe or it is not. There are no degrees of relative risk because customers
increasingly demand the goal of absolutely safety in everything. The fact that this is
scientifically impossible does not mean that we discount customer perception simply because
it is based on emotional responses.

Even the very words that scientists use can cause concern. What to specialists may be normal
everyday language, to non-experts becomes confusing and even worrying. This can
particularly arise when trying to describe risk assessment for substances that can be measured
at extremely low concentrations. Going beyond science into the realms of customer
perception is a much more complex area which water professionals still need to do more to
address. It is particularly important that we try to deal openly with questions relating to how
we prove a negative. How can we demonstrate that modern treatment processes and other
control techniques provide robust barriers against a whole range of micro contaminants, even
if we cannot physically measure all of the many components that might be present in trace
quantities? Happily the approach of using water safety plans and quality systems for
managing drinking water quality may provide a substantial part of the answer.

The principles developed at the Bonn workshop identified a number of issues which are
necessary to ensure that all stakeholders work together to provide water supplies which have
the trust of customers.

The core principle is that water should be managed as an integral process from the raw water
catchment through to the customer tap. This recognises that whilst water companies have a
pivotal role to play, it is critical to ensure that other stakeholders are also involved. Reliable
quality management therefore requires the establishment of effective institutional
arrangements and clear definitions of the relative responsibilities for all stakeholders involved
in the water supply process. This includes for example those that are responsible for managing
water catchments and those providing advice and regulation relating to customer plumbing
systems.

Whilst the Bonn workshop recognised the continuing importance of conventional “output
control” monitoring against a relatively small number of statutory standards or operational
values, it was also stressed that in parallel it is vitally important to introduce “input control”
quality or HACCP systems aligned to the WHO Water Safety Plan concept.

One of the key benefits of adopting the HACCP approach is to be able to demonstrate the
effectiveness of broad-spectrum treatment barriers against substances that we cannot easily
measure. This principle of effective multi-barrier treatment has been well established in water
supply operation for many years. The classic example is control of disinfection which, if
undertaken properly, can give a high degree of certainty that no pathogenic bacteria or viruses
will penetrate into the water supply system, even though such organisms are not individually
assessed on a routine basis. Similarly the effectiveness of conventional clarification/filtration
processes as measured by turbidity can give very effective demonstration of barriers against
penetration of protozoal parasites.
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In public health terms these barriers are absolutely essential and remain at the core of any
reliable water supply system. However to achieve customer trust we also need to investigate
whether a similar approach can be used in other areas of concern to customers such as trace
organic compounds. This is where the benefit of broad-spectrum treatment processes such as
advanced oxidation; absorption on activated carbon or perhaps in the future the use of
selective membranes must play a part. Already research is showing that if such barriers are
properly designed and operated then they can provide a very high degree of assurance against
penetration of organic substances such as pesticides, algal toxins or endocrine disrupters. One
of the challenges for water treatment scientists is to be able to demonstrate to customers that if
such barriers are in place they can have confidence in the perceived as well as the actual
safety of their water supply system.

However, in parallel with demonstrating that water is safe in terms of parameters of actual or
perceived health concern it is also crucially important to understand the importance of
providing water which is aesthetically acceptable. If customers do not like the taste or
appearance of water how can they trust the things that they cannot detect? It is for this reason,
that the delivery of water which is consistently pleasant to use is increasingly becoming the
benchmark by which customers judge the overall quality of water supplied and thus the trust
that they have in their supply system. For that reason proper programmes to maintain and
clean distribution networks, and minimise the underlying factors which give rise to taste
complaints are all critical.

Finally in dealing with the continuing challenge of reassuring our customers about the quality
of tap water it is important not only to have in place the correct technical measures, but also to
think differently about the way that we as water professionals communicate with customers.
Scientists are often very poor at describing complex issues to people who are non-experts. We
therefore need to think more about the words we use when we communicate. We should not
be afraid to borrow approaches from the marketing world and learn from other industries such
as food where customer perception of safety is equally important. We have to understand and
address the customer’s fear of the unknown. They are not technical experts so how do we
persuade them that they can have trust in their water and who will they believe when we tell
them it is safe? We must therefore learn how to address the emotional as well as the rational
criteria that customers use when they judge our performance.

Customer confidence is very fragile; it can only be built over many years but can be lost
almost overnight by one act of carelessness. Providing 21* century water supplies requires not
only 21% century technology but also a different way of thinking.

Disclaimer

The views expressed in this paper are those of the author and are not necessarily those of
Severn Trent Water.
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ANNEX A

Presentation slides of Jamie Bartram, Remy Bastiment and Roslyn Vulcano
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Slide 1

Slide 2

Slide 3

Dr Jamie Bartram

World Health Organization

Water Quality - A Health
Concern World-wide

u Global burden of disease

= Outbreaks of disease

= Macro economic impacts

= Poverty and development links

m Cost-effective health interventions
= MDGs and the right to water

WHO Guideline for Drinking-
water Quality (3rd edition)

1950's - 1970’s: International Standards for Drinking-
water Quality

1984: Guidelines for Drinking-water Quality,

first edition

1993: Guidelines for Drinking-water Quality, second
edition

1997/8/9: addenda to second edition

2003: Guidelines for Drinking-water Quality,

third edition

193



Slide 4

Slide 5

Slide 6
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WHO Guidelines for Drinking-
water Quality

= Guidelines, not standards

= Basis for standards in developing and
developed countries

= Best available evidence, expert consensus
= Science based with practical knowledge

= Health focus

= Microbial, chemical, radiological hazards
= All types of water ‘supply’

Microbial Aspects in GDWQ

Established approaches (1950s-1990s)
= Multiple barrier principle
= Source protection
= Treatment related to quality

= Faecal indicators and sanitary
inspection

Guideline Value Derivation For Chemicals

New Chemical
Selection Criteria
Threshold Non-Threshold
NOAEL or LOAEL  Model 10 lifetime excess risk

Uncertainty factors and assumptions
v
Analytical and technical feasibility

v
(provisional) Guideline Value




Slide 7

Slide 8

Slide 9

Guidelines for Drinking-water
Quality

Major developments in third edition
= Improved process

m Management approach - Safe Water
Framework

Why Water Safety
Framework?

= Ongoing water-borne disease

= Outbreaks

m End-product testing: too late to act

m Systematising long-established principles

= Building on scientific and managerial
developments

= Catchment to consumer

Safe Water Framework

Health-based targets
Water safety plans

m system assessment

m operational monitoring
= management plans
Independent surveillance
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Slide 12
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Health-based targets

From national public health authority
Quantitative public health benchmark

Different types for different situations and
purposes

= specified technology

= specified performance targets
= water ‘quality’ targets

= health outcome targets

Water Safety Plans

1) System assessment (catchment to
consumer)

Can the “system” deliver water meeting the
health based targets?

m |dentify hazards and threats

= Which steps prevent or reduce
contamination?

= Do their combined efforts lead to water
safety?

= Outcome defines system improvements

Water Safety Plans

1) System assessment
2) Operational monitoring

Monitoring control measures and ensure system
consistently meets targets?

= monitoring at each step identified in system
assessment

u different approaches (visual inspection,
quality testing)
= frequency appropriate to step
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Slide 14

Slide 15

Water Safety Plans

1) System assessment

2) Operational monitoring

3) Management plans

Documenting system assessment (including upgrading
plans) and monitoring and describing management in
normal and incident conditions including
communication plans.

procedures for routine management (SOPs)
management procedures for emergencies and
‘incidents’

communication lines and information flow

Independent Surveillance

Systematic independent surveillance to
verify the Water Safety Plan is operating
properly.

Different approaches
maudit based
mdirect investigation

Microbial Aspects in GDWQ

3rd Edition developments:

mQuantitative health-based target derivation
mindividual organism factor sheets
Supportive documents:

=pathogen risk assessments

=pathogen occurrence in source water
=groundwater assessment and management
msurface water assessment and management
streatment effectiveness

=quality change in piped distribution

=household water quality management

=indicators (with OECD)

+ emerging issues in water and infectious disease
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Chemical Aspects in GDWQ

3rd edition developments:

= prioritising amongst many hazards

= rigorous assessment of need for GVs

= international peer reviewed documents
= integrated into WSP approach

= categorise chemicals by management
= detailed changes to GVs
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Slide 3

- WATER SAFETY:

RISK MANAGEMENT STRATEGIES FOR
DRINKING WATER

« Application of HACCP principles in

drinking water
SAUR Experience »

Berlin April 28-30 2003

s for Drinking Water

SAUR/ Direction Technique /. Bastiment /Berlin 28-30 April 2003 / Risk Management Strategi

IMPLEMENTATION OF HACCP IN DRINKING WATER CATCHMENT

—
saur
-~ AND PRODUCTION

technique |
SAUR Group 's Approach and Definitions

DANGERS are:
physical, chemical et micro-biological agents potentially harmful to public

health:
Agents listed as « Water quality standards and targets » by the
French regulation
RISKS are :

Breach of set standards and limit targets

3 PHASES IMPLEMENTATION:

1) Identifying dangers / prioritise at every process stage
2) Identifying likelihood of occurrence at every stage

3) Setting monitoring and control procedures

¢ Drnking Water

SAUR/ Directon Technique /. Bastiment /Berlin 28-30 April 2003 / Risk Management Strategi

([ e st v s rosucon |
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IMPLEMENTATION PHASE 1

technigue |

HACCP SPECIFIC TOOLSCREATED

» Guidance manual describing every agent in water potentiall

harmful

» Risk Factor Matrix: Rating = S*tO*D

1) Severity rating of these agents consequences for public health

2) Likelihood of Occurrence rating for every agent at every flowsheet stage
3) Rating of actual capability to Detect these agents

» Standard frame for risk factor rating
RESULTSPHASE 1
Major DANGERS areidentified if Risk factor >5

SAUR / Dircetion Technique  R. Bastiment / Berlin 28-30 April 2003/ Risk Mansgement Sirstegies fo Drinking Water

EXAMPLE OF PESTICIDES

technique Risk Factor Rating

Reaton | Critié dudanger | Cotationde
Paramete Eapedels | Tk bourfeape [ laprorte

B risque. considérée.
£ |e]o|ic| waeurs
T
Pesicides 11e1z orece | 1 |2 2| 4| wineur
Pesticides. 1.3 Pults et Directe. 1 2 3]s Majeur

forages

pestes 227 orece | 1 |2 [ 2[4 wineur
Pestcides 810 orece | 2 | 2 |3 [z | wajeur

SAUR / Dircetion Technique  R. Bastiment / Berlin 28-30 April 2003/ Risk Mansgerment Sirstegis fo Drinking Water

>

\__‘ auvr IMPLEMENTATION PHASE 2
technigue |
AlM : Identify physical location where dangers must be kept
under control
MEANS: Scrutinise every flowsheet stage influence
on major dangers
TOOLS: - Rating of process stage efficacy
(Positive or negative influence guidance provided)
- Guidance manual describing potential causes of
occurence
- Codex decision tree
RESULTSPHASE 2: Identification of CCPs

CCP = (microbiological, physical or chemical agent; location)

SAUR / Direction Technique / R. Bastiment / Berlin 28:30 April 2003/ Risk Management Stategis for Drinking Water
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EXAMPLE OF PESTICIDES
CCPs ldentification

P e, T
cnom | orow oy iumme afoscn
i | e | Gt e[S [t (o
Eupedela  [draerpon | préventves | Jigeres | Tameeau poueie | cangererste | Conuom
ol [0 Etl Rl oot o W il
|| e [ e [
o NS =5 [fe= |92
o et inacceptable”
R N o 5 e
& e
svon Jsnon [Shimanmas [son s oo [Sin sty
R M RS
i eirame
estaies
o | o | o o | hen
T | ou = o o Non
Eror
e | o | o o e
S
e | o ou o o o
SAUR Dietion Tehigue . B e 2530 Apei 205 ik Magement Setin oDk et

IMPLEMENTATION PHASE 3

technique |
AIM: Ensure identified CCPs are kept under control
MEANS: Deviation detection and monitoring
TOOLS: - Set adequate CCPs surveillance

- Set CCPs thresholds
- Predetermine actions to be undertaken when deviation

RESULTSPHASE 3:

- Close CCPs surveillance programme

- Immediate reactions plan

- Long term improvement action plan

- Information and record keeping

- Set adequate surveillance of other agents
not the included in CCPs surveillance

< for Drinking Water

SAUR/ Directon Technique /. Bstiment /Berlin 25-30 April 2003/ Risk Managemnent i

EXAMPLE OF PESTICIDES
technique CCPs Control Procedures

ey o —
F
st [ [T b St e Rl I G A il e
i [ e e Rl e
(©A8) Joran eTioms  [ecessane e de.  parade de u pancing

SAUR/ Direction Technique. R. Bastiment / Berlin 28-30 Apeil 2003 / Risk Management Srate
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>
\{ﬂlll EXAMPLE OF PESTICIDES
technique CCPs Control Procedures

RESULTS for CCP = (pesticides; GAC filtered water):

- Existing pesticides and by-products analysis by
using standard methods ( but time delay )
=) used as calibration for on site measurements

laboratory

- Raw water and GAC filtered water monitoring
(as, close as possible to continuous with telemetry)
=) GAC retention capacity evaluation
=) early regeneration
=) PAC injection when deviation from treshold

SAUR / Dircetion Technique  R. Bastiment / Berlin 28-30 April 2003/ Risk Mansgement Sirstegies fo Drinking Water

-~ IMPLEMENTATION OF HACCP IN DRINKING WATER CATCHMENT
saur AND PRODUCTION
technique |

SAUR Group s Experience
Order of magnitude for surface water
treatment works and catchment:

@ Nb of agents to be controled included in CCP:
1510 20

# Nb of CCP as couple (agent; location):

20 to 30
SAUR  Dirction Techique /R Bastiment / Berlin 2830 Apil 2003/ Risk Managemment Sirategies for Drnking Water
-
saur
CONCLUSIONS
technique |
Water safety plans are powerful tools
for SAUR to:
> Identify and minimise sanitary risks benefiting from
SAUR s Quality Assurance System
> Focus on weak areas of a catchment-production-distribution
system
> Co-ordinate and liaise with the French health authorities

SAUR / Direction Technique / R. Bastiment / Berlin 28:30 April 2003/ Risk Management Stategis for Drinking Water
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saur
h -
technique.

WATER SAFETY:
RISK MANAGEMENT STRATEGIES
FOR DRINKING WATER

THANK YOU
FOR YOURATTENTION ...

Berlin April 28-30 2003
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SMALL AND MEDIUM
WATER SUPPLIES IN
THE NORTHERN
TERRITORY
AUSTRALIA

Roslyn Vulcano

Northern Territory, Australia

Why Small and Medium NT
Water Supplies ?

* Northern Territory (1.3m km?)
¢ Small to medium water supplies
- Largest water supply in the NT serving population of
approx. 100,000
- Majority of NT community water supplies serve
populations of 50 - 2,000
* Management generally focused on multiple barriers
and compliance with bacteriological parameter
guidelines

L~ M
MORTHERN | TERRITORY b :-.
\ e
|| TR GREEK f e 1
|
TR SS— KATHERINE
/ LOCATION MAP
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Trialing a System for
Management of Drinking
Water Safety - A learning

opportunity

¢ Australia’s Draft Framework for
Management of Drinking Water Quality

* Encompassing the whole system
- catchment to tap

¢ Applying HACCP principles

Katherine Water Supply

¢ Small community water supply
¢ Population 10,000
* Two sources of water

- surface and ground water

* Treatment and blending of river and bore
water

¢ Chlorination for disinfection and
fluoridation for dental health

¢ Open surface water catchment - subject to
tourism, mining and farming activities.

Trialing a “Water Safety”
Framework

¢ Trial participants
- water supplier
- health regulator
- water resource regulator

¢ Weekly meetings - “warts and all”

* Site visit & Simple flow diagrams - both
proved invaluable tools to aid the
understanding of the water supply system
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HACCEP principles
- a simple flow diagram

Clear Wase
oy

i

I -
:

Bore Pump Stream

What the “Water Safety”
Framework Highlighted
¢ Operational staff were very familiar with
water supply system
* Documentation was not a strong point
¢ Analysis of data was inconsistent
« Different ideas of hazards and risks

* Regulatory issues outstanding between
agencies

What the “Water Safety”
Framework Highlighted

(continued)

Integration with current management systems
possible and necessary

Responsibilities were not clear (internal and
external)

Communication channels were predominately
informal

More senior management support was required

Consumer feedback has an important role to play
in the delivery of quality drinking water
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The Key Learning

¢ Water quality management is important in
the delivery of drinking water

» Compliance is not the key objective of
drinking water quality management

* Understanding the whole system and being
pro-active is essential in the delivery of
consistently good quality drinking water

Summary of a “Water Safety”
Framework

¢ Encourages preventative rather than
reactive management

¢ Interrelatedness of the framework elements
encourages holistic management of the
drinking water system

* Useful tool for increasing senior
management awareness of water quality
management issues

Summary of a “Water Safety”
Framework

(continued)

Provides a mechanism to progress
outstanding issues between agencies

Flexible and can be tailored to suit
individual water supply systems

Encourages an integrated approach to
catchment management

Useful for water suppliers and regulators
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Conclusion

Water Safety Plans can be an extremely effective tool for
managing small & medium sized drinking water supplies

from catchment to consumer.

What is important is to START putting a water safety
plan in place & not expect it to be perfect 1st time around

- it should be a living plan.
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ANNEX B

Report on workshop results and the concluding discussion
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Results of the wor kshop discussions on M onday, 28th April

Delegates and speakers met for 1,5 hours in 5 working-groups to discuss basic aspects of how
Water Safety Plans work and what their advantages are. The following points were reported
back to the plenary:

Advantages emphasised in workshop discussions were:
e The structured approach provided by the WSP
e The support in setting priorities

e The WSP as a tool for better information about potential risks by regularly requiring
that you “know your system” and document this.

Needs identified for developing WSPs in the workshop discussions were:

e (larification of language and terminology: With respect to WSP and HACCP it
became clearer that WSPs are based on HACCP principles, but follow a broader
approach, using a larger number of CPs (control points) rather than single CCPs
(critical control points) as in HACCP.

e Training and encouragement of staff: Strong emphasis was put on good
communication with staff in utilities, enabling them to develop understanding of the
concept, but also understanding their concerns, reasons for reacting with reservations,
etc. This is particularly relevant to small supplies with less experience in e.g. docu-
menting standard operating procedures. Guidance and training will be in high demand.

Prerequisites identified were a supportive environment, particularly at the institutional level
and from senior management, political support and involvement of the public.

Questions proposed for further discussion and clarification were:

e What have water suppliers really changed in the way they do things through
introducing HACCP/WSP-type approaches?

e [s there a need for harmonisation of the risk matrix (given in the new WHO
guidelines, but also with a more quantitative scoring approach by others), or is there
no problem with using different approaches, as long as they all help identify priorities
for the respective supply system?

e Does the WSP/HACCP approach help in any way to cope with transboundary
problems?

e [Is any benefit recognised from WSP-certification, as compared to HACCP
certification in the food industry?

e Which quality targets are appropriate?

“Getting started” is more important than perfection! This was a strongly perceived message,
particularly for countries with more strongly limited resources. Discussions showed that it is
important to convey WSPs as tool to help find problems and create transparency. By no
means should they be communicated with an “accusing” connotation, i.e. for identifying
negligence. Particularly in settings with well-developed awareness of inadequacies, WSP’s
can be used as tool to improve the situation, e.g. by identifying priorities. Many steps can
indeed be performed on a rather simple level (and be sophisticated later on). The 80/20 rule
was mentioned: 80 % of the benefit can often be achieved at only 20 % of the effort and
investment.
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Results of the workshop discussions on Tuesday, 29th April

Delegates and speakers met in 5 working-groups to discuss different aspects of
implementation of the Water Safety Plan concept. The following points were reported back to
the plenary:

214

Is there additional benefit of WSPs as compared to Good Practice in Water
Supply?

This workshop clearly affirmed that additional benefits arise from implementing a
WSP because

e it is a framework that provides a structure to organise risk-based management
(which goes well beyond Good Practice);

e it supports multi-agency and multi-stakeholder involvement and
communication, as it requires an approach from catchment to consumer, thus
requiring inclusion of players outside the immediate remit of supply
companies, e.g. other catchment users or plumbers;

e WSP’s are of value on all levels up to senior management in demonstrating
due diligence and justifying decisions;

e the improved system understanding through a WSP reduces uncertainty in
decision-making;

e WSP’s change the way of thinking (“‘change of mindset”), and this has more
general impact on the culture of the organisation;

e having a WSP is positive for the reputation; and

e for small supplies, a WSP may be a resource, i.e. instrumental in using
resources more efficiently.

Doesthe “Deutsches Regelwerk” cover all stepsof a Water Safety Plan?

In Germany, drinking-water supply is highly regulated, not only through
implementation of the EU-directive (as national Drinking-water Directive), but also as
this states the requirement of applying a wide array of technical standards and
specifications (including around 280 specifications developed by the German
Association for Gas and Water — DVGW - for a wide range of individual aspects of
water supply, structured in a system termed “Technical Safety Management”, i.e.
TSM). This raised the question whether any new, additional approach could be of any
use.

The workshop initially found it difficult to compare the German regulatory framework
to the WSP/HACCP approach, as the approaches presented by the different speakers
varied and reflected different understandings of WSP / HACCP. However, the
following benefits were identified:

e Having a WSP “covers your back” for decisions in the utility, as it
demonstrates due diligence and makes transparent the reasons behind
decisions.

e WSPs are a way to reach out beyond the remit of the supplier and improve
interlinking with catchment management and household installations, thus



including other players (e.g. government) in system assessment and priority-
setting.

This discussion revealed a need for better clarification of who should set up
and initiate HACCP-type systems such as a WSP — the public authority or the
utility?

A need for honesty in assessing systems was noted as crucial basis (see the
Monday workshop report about the purpose of WSPs not being to accuse, but
rather to identify priorities for improvement).

The workshop reached a consensus that the German TSM could easily be
developed to incorporate the WSP approach, as it currently does not make
transparent the assessments leading to decisions, as it does not cover hazard
analysis and does not explicitly identify control points.

Are there special requirements for the development of Water Safety Plans for
small systems?

The workshop defined “small systems” as those with little or thinly-spread expertise,
therefore requiring outside assistance to develop a WSP.

It was agreed that the basic principles of WSPs apply to small as well as large
supplies, but the levels of approach are different.

Assistance must be aimed at putting in place a framework that allows small
communities / supplies to operate the system themselves, and thus actually
use the WSP.

Outside assistance must aim at developing ownership. This requires
developing capacity locally for preparing and implementing the WSP in order
to reach the motivation that is so critical for acceptance.

How can the HACCP /WSP approach be made sufficiently flexible for
application in developing countries?

The workshop discussed the specific aspects of implementation in what was termed
“scarcity-based economies”. Points raised are:

Capacity building, legal, institutional and policy changes are needed.

For donor funding of water supply projects, setting up a WSP could be made
part of the program or even a prerequisite for funding in order to achieve more
risk-based (rather than high-tech investment based) approaches.

Political will is essential, and international advocacy is seen as instrumental in
developing political will.

The socio-economic and ecological background needs to be taken into account
when developing the WSP.

A need for a “cost-tag” was strongly perceived with respect to targets: e.g.
achieving a lower standard for arsenic would require a certain amount of
investment, i.e. have a price. This needs to be assessed in relation to other
targets, and priorities have to be set. The costs involved with achieving targets
need to be understood for this process.
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The need for improving public access to scientific information regarding
health hazards from unsafe water was highlighted as an important point. A
handicap for setting health-based targets locally is often the lack of
understanding of the hazards which are present.

I's quantitative microbial risk assessment (QMRA) a necessary basis for Water
Safety Plans?

The workshop was led by a group currently studying QMRA in the context of an
ongoing EU-funded research network. Points reported to the plenary were:

QMRA could change a WSP by identifying priorities not perceived as such
previously.

Therefore, QMRA is a tool to use for analysing a WSP and for updating it.

If no specific local data are available, general scientific knowledge can be
applied. Thus, QMRA can be used in setting up a WSP for supplies that would
not have the financial capacity to conduct their own QMRA.

QMRA has the benefit of preventing “over-design” of utilities by providing a
sound scientific basis for the assessment of the type of treatment needed. It can
also help find a balance between microbial risks, chemical risks, and costs for
their reduction.



Conference outcomes, conclusions and suggestions for further discussion

The conference showed widespread interest in the new approach of using a Water Safety Plan
and HACCP elements, as proposed by the new WHO Guidelines for Drinking-water Quality.
This focus on the specific supply system from catchment to consumer, on prevention, and on
process control was seen as a tool for improving public health protection, use of resources and
asset management.

The conference was only the beginning of the necessary process of widespread discussion of
this approach. To carry this approach forward, the following needs were identified:

e To document the outcome of this meeting.

e To share existing experience in more depth, i.e. understanding what water supplies
using a WSP or other HACCP elements now do differently than before, and
understanding the approaches to these tools taken in different countries in more depth
and detail.

e To develop and make available practical tools and guidance, e.g. for training courses.

e To continue and improve networking and dissemination, for example through a web
network and collaboration within e.g. IWA.

The concluding discussion looked at how these needs could be met and developed the
following suggestions:

1. The information presented at this conference would be quickly and informally
made available to participants through a CD distributed by mail with the
presentations of the speakers, and only a few weeks later through a volume of
extended abstracts of the contributions also mailed to participants.

2. In-depth evaluation of existing experience with the WSP / HACCP approach in
drinking-water would be desirable with respect to similarities and differences in
approaches taken and reasons for them.

3. A strong demand for a specific focus on applying Water Safety Plans in “scarcety
based economies” was expressed to share experience with system assessment,
control measures and management that have proven effective under such
conditions. Potentially, targeted meetings can be organised back to back with the
WEDC conferences.

4. A pronounced need was recognised for national and local discussions of the new
approach, and for its adaptation to local and regional settings. This was seen as
something each delegate would largely initiate on his or her own, but support
through materials and potentially through guest speakers would be desirable. For
the latter, the conference address list provides the beginning of a network.
Materials and documentation from other countries would be helpful, and a number
of files as well as references to printed material are provided on this CD.

5. In-depth guidance material is needed for those aiming to develop Water Safety
Plans. This involves “instruction materials” for training courses on how to perform
hazard analysis, risk ranking, identification of control measures and systems for
their monitoring, verification and validations. For this purpose, some material
provided from Melbourne Water is available on this CD. It would be desirable to
establish a web site for such materials. WHO and UBA will explore options for
this.
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6. Further development of methods for risk ranking and Quantitative Microbial Risk
Assessment was considered desirable. Currently, the EU-Project led by Gertjan
Medema is moving this ahead (see presentation on this CD).

7. The discussion of whether or not a need exists for regular international Water
Safety Plan Conferences (in analogy to food HACCP conferences) led to the
conclusion that at this point in the development, WSP could be a focus at a regular
international drinking-water conference, e.g. the IWA meetings.
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Monday, 28 April 2003

Speakers

08:30 —09:30
09:30 — 09:50
9:50 - 10:00

10:00 — 10:20
10:20 — 10:40
10:40 — 11:00
11:00 - 11:15
11:15-11:45
11:45-12:15
12:15 - 12:45
12:45 - 13:00
13:00-14:15
14:15 — 14:35
14:35 — 14:55
14:55 - 15:15
15:15 - 15:35
15:35 - 15:55
15:55-16:10
16:15 - 17:45

Greeting and registration

Opening

Federal Environmental Agency

Federal Ministry of Health and Social Security

Introduction into scope and structure of the conference

Drinking-water targets for public health

The third edition of WHO's Guidelines for Drinking-water Quality (2003)

Drinking water quality — what and how?
Is there a need for better drinking-water quality management?

Discussion

Coffee break

Water Safety Plans: HACCP principles for safe drinking water
HACCEP: a successful quality management system in the food industry
Water Safety Plan: the WHO approach

Discussion

Lunch break

Experiences with the application of HACCP principlesin drinking
water

Melbourne Water: implementation from catchment to consumer

Integrating HACCP principles into environmental risk management
frameworks

Application of HACCP principles in drinking water: the French
experience

Discussion

Coffee workshops |

Moderated groups on different topics. Experts of sessions above available for questions and

invitation for short presentations of participants.

Thomas Holzmann
Klaus Theo Schroder

Ingrid Chorus

Jamie Bartram
Michael Rouse

Martin Exner and
Thomas Kistemann

Liippo Ellerbroek
Melita Stevens

Kevin Hellier
Daniel Deere

Sylvie Metge
Remy Bastiment
Jean-Claude Joret
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Tuesday, 29 April 2003 Speakers
09:00 - 09:15  Summary of day 1
Experiences with the application of HACCP principlesin drinking
water (continued)
09:15-09:35  United Utilities Water: adoption of HACCP principles for water safety Alan Godfree
with particular reference to Cryptosporidium
09:35-09:55  Industrielle Werke Basel: realisation of specific HACCP principles Richard Wiilser
09:55-10:15  Application of the HACCP principles in the Water Supply Zurich Ulrich Bosshart
10:15—-10:30  Discussion
10:30-11:00 Coffee break
Applications of Water Safety Plansin small systems and developing
countries
11:00—11:20  Development of Water Safety Plans for urban utility water supplies in Guy Howard
Uganda
11:20-11:40  Small and medium sized water supplies in the Northern Territory Roslyn Vulcano
11:40 — 12:00  The Thailand Safe Tap Water Certification Programme Theechat
Boonyakarnkul
12:00 — 12:15  Discussion
12:15-13:30  Lunch break
HACCP in relation to further approachesfor quality management
systemsin drinking water
13:30 — 13:50  How does HACCP integrate into modern quality management systems Walter Girsberger
utilised in water supplies?
13:50 — 14:10  Principles of the German drinking water sector Hans Mehlhorn und
Mathias Weil3
14:10 — 14:30  The Technical Safety Management of the DVGW as a tool for quality Horst Schlicht
management systems for drinking water supply in Germany
14:30 — 14:50  Towards public health risk management plan implementation in New Chris Nokes
Zealand
14:50 — 15:10  Interaction between risk assessment and risk management Gertjan Medema
15:10-15:40 Coffee break
Specific aspects of quality assurance
15:40 — 16:00  Assuring the microbial safety of drinking water Mark LeChevalier
16:00 — 16:20  Quality assurance in distribution systems Katherine Martel
16:20 — 16:40  Quality assurance in Berlin’s unchlorinated distribution system Dietmar Petersohn
16:40 — 16:55  Discussion
17:00 — 18:15  Coffee workshops |

Moderated groups on different topics. Experts of sessions above available for questions and

invitation for short presentations of participants.
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Wednesday, 30 April 2003 Speakers

09:00 - 09:15  Summary of day 2

Assessing risks for chemicals

09:15-09:35  Can HACCEP principles be applied to chemicals in drinking water? John Fawell
09:35-09:55  Chemicals in drinking water - assessing priorities for risk management Han Heijnen
09:55 - 10:15  Arsenic and fluoride in drinking-water Kumar Jyoti Nath

10:15-10: 30  Discussion
10:30-11:00 Coffee break

Implications for regulation and surveillance
11:00 - 11:20  Quality management recommendations from the Walkerton Inquiry Steve Hrudey
11:20-11:40  Experiences and assessment: viewpoint of Swiss’ public health authorities Hans Sepp Walker

11:40 — 12:00  Application of the Australian risk management framework: a public health David Cunliffe
authorities' perspective

12:00 — 12:20  Drinking-water inspection in Ghana Nii Kotei
12:20-13:30  Lunch break

13:30 — 13:50  Assessment of the suggested risk management strategies for drinking Doris Waschko
water hygiene in Baden-Wiirttemberg
13:50 — 14:10  The EU Drinking Water Directive - past, present and future Pierre Hecq

14:10 — 14:25  Discussion
14:25 - 14:45  Doesthe customer believe it is safe? Bob Breach

14:45 —15:45  Concluding plenary discussion
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