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Foreword

This monograph examines the appropriate role of the heterotrophic plate count
(HPC) measurement in drinking-water quality management. It was developed
from a two-day workshop attended by a group of microbiology and public
health experts, including those with regulatory and medical expertise, convened
by the World Health Organization and NSF International (WHO Collaborating
Centre for Drinking Water Safety and Treatment) in Geneva, Switzerland, on
25-26 April 2002. The workshop followed immediately after the International
Symposium on HPC Bacteria in Drinking Water — Public Health Implications?,
developed by the same organizations. The Session Chairs and other selected
participants in the symposium assembled in the workshop to address the issues
that led to the formulation of the symposium and to provide a consensus report
and conclusions to assist public health officials to interpret the information
provided by HPC measurements.
The issues that were addressed include:

e the relationship between HPC in drinking-water systems (including
those derived from in-line treatment systems, dispensers and bottled
water) and health risks for the general public;
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e the role of HPC as an indirect indicator or index for pathogens of
concern in drinking-water;

e the role of HPC in assessing the efficacy and proper functioning of
water treatment and supply/distribution processes; and

e the relationship between HPC and the aesthetic acceptability of
drinking-water.

This report deals with safe water supply extending from source to consumer,
including plumbed-in devices, domestic and building environments, and water
supplied in bottles or packages. The different ways in which drinking-water may
be used in the home are considered, and specific concerns in higher-risk settings
and populations at increased risk are addressed.

The Expert Meeting, supported by the papers in this monograph, addressed
that debate as to the need, utility or quantitative basis for health-based standards
or guidelines relating to HPC-measured growth in drinking-water and provided
their consensus conclusions in the Meeting Report (chapter 1). Each chapter was
originally the lead presentation in each session of the symposium. Each was
revised in light of the other presented papers, the debates and discussions, and
the Expert Meeting deliberations to reflect the scientific information that was
presented and the collective experiences of the members. This report is the
product of the Expert Meeting; its chapters were peer reviewed by members of
the expert group and the editors.

We hope this document provides useful information and perspective on the
utility and the limitations of HPC data in the management and operation of piped
water systems, as well as other means of providing drinking-water to the public.

J. Bartram
J.A. Cotruvo
M. Exner

C.R. Fricker
A. Glasmacher
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Robert Koch

In 1883 Robert Koch published an article entitled: About Detection Methods for
Microorganisms in Water. In that historic paper that marked the introduction of
the application of microbial indicators for surveillance of water hygiene, Koch
described for the first time the methodology for HPC measurement in water, and
showed its value as a measure of water treatment technology performance. The
editors of this state-of-the-art review of the role and health significance of HPC
wish to recognize the contributions of Robert Koch to water microbiology on
this 120th anniversary of his original publication on the topic.
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Expert consensus

Expert Meeting Group Report

1.1 DEFINITIONS AND SCOPE

1.1.1 Drinking-water

WHO considers that “drinking-water” should be “suitable for human
consumption and for all usual domestic purposes including personal hygiene.”
Diverse regulatory agencies adopt similar definitions. Drinking-water should
therefore be suitable for consumption, washing/showering and domestic food
preparation. In human health terms, exposure to water and its constituents can
occur through ingestion, contact and aerosol inhalation.

Drinking-waters should be safe for lifetime use, taking account of differing
sensitivities that occur across life stages, but all are not necessarily suitable for
individuals suffering from certain specific immunocompromising disorders.

Piped drinking-water supplies typically involve source abstraction, treatment
and distribution. The latter may include ancillary devices at domestic or
institutional levels, such as softeners, activated carbon treatment, vending

© 2003 World Health Organization (WHO). Heterotrophic Plate Counts and Drinking-water Safety. Edited by J. Bartram,
J. Cotruvo, M. Exner, C. Fricker, A. Glasmacher. Published by IWA Publishing, London, UK. ISBN: 1 84339 025 6.
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machines, dispensers, etc. Drinking-waters also include those obtained from
non-piped sources, such as from springs and community wells, in bottles and as
ice.

The control of faecal contamination in drinking-water systems and sources,
where it occurs, is of primary importance. Faecal-specific indicator bacteria
such as E. coli are the parameters of first importance in monitoring faecal
pollution.

1.1.2 Heterotrophic plate count

Heterotrophs are broadly defined as microorganisms that require organic carbon
for growth. They include bacteria, yeasts and moulds. A variety of simple
culture-based tests that are intended to recover a wide range of microorganisms
from water are collectively referred to as “heterotrophic plate count” or “HPC
test” procedures. Accordingly, the terms ‘“heterotroph” and “HPC” are not
Synonymous.

There is no universal “HPC measurement.” Although standardized methods
have been formalized, HPC test methods involve a wide variety of test
conditions that lead to a wide range of quantitative and qualitative results.
Temperatures employed range from around 20 °C to 40 °C, incubation times
from a few hours to seven days or a few weeks, and nutrient conditions from
low to high. The test itself does not specify the organisms that are detected.

Only a small proportion of the metabolically active microorganisms present
in a water sample may grow and be detected under any given set of HPC test
conditions, and the population recovered will differ significantly according to
the method used. The actual organisms recovered in HPC testing can also vary
widely between locations, between seasons and between consecutive samples at
a single location.

Microorganisms recovered through HPC tests generally include those that are
part of the natural (typically non-hazardous) microbiota of water; in some
instances, they may also include organisms derived from diverse pollutant
sources.

1.1.3 Microbial growth in water

Microorganisms will normally grow in water and on surfaces in contact with
water as biofilms. Growth following drinking-water treatment is normally
referred to as “regrowth.” Growth is typically reflected in higher HPC values
measured in water samples. Elevated HPC levels occur especially in stagnant
parts of piped distribution systems, in domestic plumbing, in bottled water and
in plumbed-in devices, such as softeners, carbon filters and vending machines.
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The principal determinants of regrowth are temperature, availability of nutrients
and lack of residual disinfectant. Nutrients may derive from the water body
and/or materials in contact with water.

1.1.4 Use of HPC in water management

HPC testing has a long history of use in water microbiology. At the end of the
19th century, HPC tests were employed as indicators of the proper functioning
of processes (and of sand filtration in particular) and thereby as indirect
indicators of water safety. Use as a safety indicator declined with the adoption
of specific faecal indicator bacteria during the 20th century.

HPC measurements nevertheless continue to figure in water regulations or
guidelines in many countries. HPC measurements are used:

e to indicate the effectiveness of water treatment processes, thus as an
indirect indication of pathogen removal;

e as a measure of numbers of regrowth organisms that may or may not
have sanitary significance; and

e as a measure of possible interference with coliform measurements in
lactose-based culture methods. This application is of declining value, as
lactose-based culture media are being replaced by alternative methods
that are lactose-free.

1.2 USES IN PIPED WATER SUPPLIES
1.2.1 Water safety plans

There is an increasing trend towards application of a comprehensive “water
safety plan” (WSP) approach to drinking-water supply safety management. This
approach is applicable throughout the water supply, from catchment to
consumer.

It has been proposed that the WSP approach be included in the next (third)
edition of WHO Guidelines for Drinking-water Quality and that this would
entail five components:

(1) health-based targets based upon public health protection and discase
prevention;

(2) system assessment to determine whether the water supply chain (up to
the point of consumption) as a whole can deliver water of a quality that
meets the defined targets;
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(3) monitoring of the steps in the supply chain that are of particular
importance in securing safe drinking-water;

(4) management plans documenting the system assessment and monitoring
and describing action to be undertaken from normal conditions to
extreme events, including documentation and communication; and

(5) systematic independent surveillance that verifies that the above are
operating properly.

Piped water systems of large buildings may incur greater growth than
encountered elsewhere (because of storage tanks, extensive internal distribution
networks and temperature-related growth). The principal health concerns in
these networks are cross-connections and growth of Legionella bacteria, which
are not detected by the HPC test procedures. General water safety is ensured by
maintenance protocols, regular cleaning, temperature management and
maintenance of a disinfectant residual. For these reasons, authorities responsible
for building safety should provide advice and require specific water
management safety plans.

1.2.2 Water quality targets

There is no evidence, either from epidemiological studies or from correlation
with occurrence of waterborne pathogens, that HPC values alone directly relate
to health risk. They are therefore unsuitable for public health target setting or as
sole justification for issuing “boil water” advisories. Abrupt increases in HPC
levels might sometimes concurrently be associated with faecal contamination;
tests for E. coli or other faecal-specific indicators and other information are
essential for determining whether a health risk exists.

1.2.3 Validation and verification

Experience suggests that HPC monitoring can be used in drinking-water
supplies along with other information for validation' and verification® of

' Validation is an investigative activity to identify the effectiveness of a
control measure. It is typically an intensive activity when a system is initially
constructed or rehabilitated. It provides information on reliably achievable
quality improvement or maintenance to be used in system assessment in
preference to assumed values and also the operational criteria required to ensure
that the control measure contributes to effective control of hazards.

* In addition to operational monitoring of the performance of the individual
components of a supply system, it is necessary to undertake final verification for



Expert consensus 5

treatment process performance and other applications. These may include the
following:

e HPC measurements can be used to monitor the performance of filtration
or disinfection processes.

e In piped distribution systems, HPC measurements are assumed to
respond primarily to (and therefore provide a general indication of)
distribution system conditions. These arise from stagnation, loss of
residual disinfectant, high levels of assimilable organic carbon in the
water, higher water temperature and availability of particular nutrients.
In systems treated by chloramination or that contain ammonia in source
waters, measurement of a variety of parameters, including HPC, but
especially including nitrate and nitrite (which are regulated for health
protection), can sometimes indicate the possible onset of nitrification.

e HPC values are also used in verification (and by some authorities also
for validation) of efficacy of cleaning in diverse applications, including
beverage vending machines, food processing and preparation facilities
and medical devices. These applications of HPC have not been
considered in this review.

1.2.4 Aesthetic quality

Drinking-water must be aesthetically acceptable as well as safe. Aesthetic
acceptability is directly relevant to health, since rejection of safe, but
unacceptable (undesirable), water may lead users to consume acceptable but
potentially unsafe alternative waters. HPC testing may be used in investigating
aesthetic quality, and it is used by some authorities as a marker for some of the
underlying causes of some aesthetic problems.

reassurance that the system as a whole is operating safely. Verification may be
undertaken by the supplier or by an independent authority or a combination of
these, depending on the administrative regime in a given country. It can include
testing for faecal indicator organisms, pathogens and hazardous chemicals.
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1.3 USES IN NON-PIPED AND OTHER WATER SUPPLIES
1.3.1 Bottled water

Bottled (“packaged”) water is considered drinking-water under some regulatory
schemes and as a food in others. Some authorities distinguish between natural
mineral water and other bottled waters. The WHO Guidelines for Drinking-
water Quality are referred to directly in international norms (Codex
Alimentarius Commission) and are considered applicable to bottled waters.

Bottled waters represent a specific growth situation for microbial flora.
Bottled waters may derive from “pristine” sources (“natural mineral water”) or
from processed waters. They may contain or have added carbon dioxide that
will restrict growth potential, but typically no long-lasting disinfectant residual
is present. The finished product will often be exposed to elevated (ambient)
temperatures over a period of days to weeks before consumption.

Microorganisms naturally occurring in water are a normal part of the
microbiota of bottled waters that meet appropriate safety norms. Levels of HPC
recovered from bottled water post-distribution may therefore sometimes be
significantly higher than those found in municipal water supplies in distribution.

Microbial safety for bottled waters is best pursued by a WSP approach (as
summarized in section 1.2.1). Pseudomonas aeruginosa and HPC values are
used by some as process management indicators in bottled water production and
not as health risk indicators.

1.3.2 Plumbed-in devices

Bacterial growth occurs in plumbed-in domestic water devices (including water
softeners, carbon filters, etc.) and plumbed-in commercial devices, such as
beverage vending machines. HPC values in water samples typically increase in
such devices. Increases of HPC (due to growth) in these devices therefore do not
indicate the existence of a health risk, as long as the entry water meets
acceptable microbial water quality norms (e.g., WHO Guidelines for Drinking-
water Quality). Appropriate maintenance of these devices is required for
aesthetic reasons (see section 1.2.4) — for example, per manufacturers’
recommendations. Plumbed-in devices in health care facilities are considered in
section 1.4.5.

1.3.3 Conveyances

Water systems on conveyances such as ships and aircraft present specific
challenges to water safety management. These include both physical
characteristics (extensive complex piping in confined space, physical
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movement) as well as organizational issues, such as multiple responsible parties
in different locations and at different stages of delivery.

In general, the potential roles for HPC in water safety management in
conveyances are similar to those elsewhere (see section 1.2.1). HPC
measurements alone are unsuitable for use in independent surveillance by, for
example, port health authorities where series results are unavailable; faecal
indicator bacteria measurements are essential in this role. This issue is dealt with
in the WHO Guide to Ship Sanitation and Guide to Hygiene and Sanitation in
Aviation, which are currently in revision.

When drinking-water is stored in tanks in conveyances, microbial growth
invariably occurs. If HPC testing is conducted, the counts measured will often
exceed those normally found in piped distribution systems. Obtaining a high
count by the HPC test may indicate the need to examine procedures for taking
on water, maintenance of the system and disinfection.

1.3.4 Other water exposure media

Swimming pools and spas are outside the scope of this report. They are dealt
with in the WHO Guidelines for Safe Recreational Water Environments. The
role of HPC in humidifiers and air cooling systems is also outside the scope of
this report.

1.4 HEALTH ASPECTS
1.4.1 Exposure

Exposure to general HPC microbiota is far greater through foodstuffs than
through drinking-water. Levels of exposure regarded as acceptable from foods
are much greater than those regarded as acceptable from drinking-water.
Limited data are available with which to characterize exposure to specific
microorganisms through these two routes. Exposure to HPC microbiota also
occurs through air and other environmental sources.

1.4.2 Epidemiology

Some epidemiological studies have been conducted into the relationship
between HPC exposures from drinking-water and human health effects. Other
studies relevant to this issue include case-studies, especially in clinical
situations, and compromised animal challenge studies using heterotrophic
bacteria obtained from drinking-water distribution systems. The available body
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of evidence supports the conclusion that, in the absence of faecal contamination,
there is no direct relationship between HPC values in ingested water and human
health effects in the population at large. This conclusion is also supported
indirectly by evidence from exposures to HPC in foodstuffs, where there is no
evidence for a health effects link in the absence of pathogen contamination.

There are a small number of studies that have examined possible links
between HPC and non-intestinal outcomes in general populations. The conclu-
sions of these studies do not support a relatonship.

1.4.3 Health effects — specific organisms

Information on the association of specific HPC microbiota with health effects
may be derived from epidemiological studies, including outbreak investigations,
or from risk assessments.

Bacteria typically described as “opportunistic pathogens” that may be
recovered among HPC microbiota include strains of Pseudomonas aeruginosa,
Acinetobacter spp., Aeromonas spp., Klebsiella pneumoniae, etc. There is no
evidence of an association of any of these with gastrointestinal infection through
the waterborne route among the general population.

There are opportunistic pathogens that may regrow in water but that are not
detected in HPC measurements, including strains of Legionella and non-
tuberculous mycobacteria. The public health significance of inhalation exposure
to some legionellae has been demonstrated.

There is no evidence that HPC levels per se, as measured by established
procedures, have a direct relationship to the likely presence of, or act as indices
for the numbers or presence of, regrowth organisms such as legionellae, P.
aeruginosa and non-tuberculous mycobacteria.

1.4.4 Populations at increased risk (including sensitivity
through life stages)

Specific strains of microbial species that may be a part of HPC microbiota can
cause infection in certain vulnerable people (e.g., the immunocompromised and
those with indwelling urinary catheters, intravenous catheters, continuous
ambulatory peritoneal dialysis, etc.). Most infections due to these organisms are
from non-water sources (endogenous microbiota, cross-infection from other
persons in health care wards or the general environment). However, there have
been a number of outbreaks reported where the investigations may implicate the
water supply. The implication for infections of immunocompromised patients in
the general community is unclear.
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There are increasing numbers of persons who are immunocompromised to
various degrees and types living in communities, including some patients
discharged to “home care.” Normal “drinking-water” is not always suitable for
all such individuals for all uses (e.g., wound irrigation). This relates to water
safety in general and not to growth or HPC organisms in particular. Advice
should be provided by public health authorities to at-risk groups in general and
by practitioners responsible for individuals discharged to home care.

Where the drinking-water supply meets international norms such as the
WHO Guidelines for Drinking-water Quality, only those people with severe
changes from normal, as determined by their physicians or medical agencies
(e.g., an absolute neutrophil count <500/ul), are considered immunosuppressed
to the extent that they may require specially processed drinking-water.

1.4.5 Health care facilities

Health care facilities include hospitals, health centres, dialysis facilities and
dental facilities. These facilities represent a general area of concern for infection
control because of the potentially increased susceptibility of the associated
population and their risk of infection from organisms growing in their
environment.

Health care facilities should have WSPs as part of their infection control
strategy. Such plans may be generic (e.g., applicable to health centres in
general) or specific when applied to a larger built environment (e.g., many
hospitals and nursing homes). Such plans should address microbial growth in
addition to control of external contamination by Pseudomonas aeruginosa and
Legionella and should include ancillary equipment such as shower heads and
medical devices, such as dialysis units and dental water dispensing equipment,
that involve patient contact.

1.5 OUTSTANDING QUESTIONS AND RESEARCH

The state of the evidence indicates that any further research on HPC in general
should focus on its use for process management and control applications as
described in section 1.2 and is not a high priority for public health protection.

Because of ongoing interest, further research in this area is likely to occur. It
may usefully focus on:

e specific heterotrophic organisms of potential concern for human health,
along with developments of future molecular techniques that may
provide additional public health information;
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e the immunocompromised (especially infection control in health care
facilities and susceptible persons in the public at large);

e non-ingestion exposures (including aerosol exposure and hypersensi-
tivity reactions) and roles of amoebae in biofilms;

e Pseudomonas aeruginosa, which are common in the environment and
are occasionally found in drinking-water — they are sometimes
associated with wound and other infections in high-risk populations;

e additional research on conditions and routes of exposure and control
methods (when appropriate); and

e susceptible populations of relevance to exposure from drinking-water.

The potential role of heterotrophic bacteria in preventing or reducing
colonization of water system components by organisms of human health
concern also merits further research.
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Public health aspects of the role of
HPC — an introduction

M. Exner, V. Vacata and J. Gebel

2.1 INTRODUCTION

The question of the public health implications of bacterial counts in water has
been raised ever since the introduction of plate counts for assessing water
quality by Robert Koch in 1883. In order to answer this question, we must
consider historical, current and future developments in our understanding of
bacterial counts for the purposes of hygienic assessment of drinking-water
quality. This chapter deals with important historical aspects of this issue and
recent developments in the field of heterotrophic plate counts (HPC), viewed
from a sociodemographic perspective.

© 2003 World Health Organization (WHO). Heterotrophic Plate Counts and Drinking-water Safety. Edited by J. Bartram,
J. Cotruvo, M. Exner, C. Fricker, A. Glasmacher. Published by IWA Publishing, London, UK. ISBN: 1 84339 025 6.
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2.2 HISTORICAL ASPECTS

In 1883, at the XI German Congress of Physicians in Berlin, Koch introduced a
report entitled “New methods for the detection of microorganisms in soil, air
and water.” The report came at a time when the bacterial origin of cholera was
not yet known. The introduced method consisted of adding 1 ml of water to a
nutritive gel, cultivating the gel at 22 °C for 48 h and counting the number of
colonies formed. In his report, Koch compared the bacterial growth stemming
from tap water, well water and river water. He showed that the procedure could
be used for checking the performance of point-of-use filtration systems in
households and demonstrated, using growth of pigmented and/or colourless
colonies, that a faulty/clogged filter could drastically worsen the quality of
water.

With respect to the health risks linked to the presence of microorganisms in
water, Koch warned of the danger of false conclusions based on colony counts
alone. Until that time, there had been no laboratory methods that would allow
the detection of bacteria, and Koch saw no evidence of the presence of
pathogens among the variety of waterborne bacteria. He assumed that the level
of pathogens in water was low relative to the levels of other bacteria. In his
noted work “Water filtration and cholera,” published in 1893, he used the case
of the Altona waterworks, which drew water from the highly contaminated Elbe
River and processed it by slow sand filtration, to document how lowering the
level of waterborne bacteria to below 100 colonies/ml could prevent an outbreak
of cholera and/or typhoid fever epidemics. When this level rose above 1000
colonies/ml due to insufficient/faulty filtration of the contaminated water, an
outbreak of cholera resulted.

The colony count was soon recognized as an excellent indicator of filtration
performance. Systematic observations after 1893 showed that sand filtration
could prevent outbreaks of waterborne diseases if 1 ml of water was not allowed
to contain more than 100 bacteria that could grow on nutritive medium at 20 °C
for 48 h and that could be counted under the magnifying glass. In Germany, the
limit of 100 bacteria/ml eventually became the standard for slow sand filtration
as well as for other filtration and sterilization methods (Gértner 1915). However,
this prescribed limit deals with the general bacterial population only and does
not apply to pathogenic bacteria, such as Salmonella typhi and Vibrio cholerae.

The limit of 100 bacteria/ml was the first epidemiologically based limit for
filtered water from infected sources that allowed the control of waterborne
gastrointestinal infections, such as cholera, typhoid fever and shigellosis.

It is important to note that the limit of 100 colony-forming units (cfu)/ml is
not directly correlated to potential health risk. Rather, it reflects the efficiency of
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the filtration process; in this sense, it is only indirectly correlated to the lowering
of the risk of infection, particularly for gastrointestinal infections that are
acquired by ingestion.

The value of the parameter was related to the epidemic diseases then relevant
to Europe, i.e., cholera and typhoid fever, which, in contrast to the later-
discovered waterborne pathogens, such as enterohaemorrhagic Escherichia coli
or Cryptosporidium, have a high infectious dose. A more direct correlation
between the level of waterborne pathogens and health risk was made possible
only after the introduction of faecal load-indicative bacteria, such as E. coli and
faecal streptococci.

Colony count alone does not allow one to draw any conclusions concerning
the risk of infection. Rather, it is a yardstick for:

e the efficacy of filtration processes, such as slow sand filtration and
point-of-use filtration;

e the efficiency of disinfection;

e Dbacterial levels in areas with an increased contamination potential; and

e Dbiostability of household plumbing systems.

The colony count, first determined for incubation temperatures of 20 °C and
later also for 37 °C (which allows the inclusion of human pathogens), always
has the function of a surrogate parameter comparable to that of turbidity and/or
particle count. This tradition is the basis of the German regulation requiring that
the colony count be determined after a 48-h growth at 20 °C and/or 37 °C, as
well as of the binding limit value of 100 cfu/ml in water taken from the tap of
the household end user. Both of these requirements are part of the German
Drinking Water Regulation.

2.3 RECENT DEVELOPMENTS

Three factors have influenced recent developments in the field of colony
counting for the purposes of hygienic assessment of drinking-water quality:

e the improved nutritive composition of agars, which supports growth of a
broader spectrum of waterborne bacteria;

e the discovery in the late 1960s of biofilms, in which most of the
microorganisms present in water distribution systems persist and which
determine the level of free-floating microorganisms in water; and

e new procedures that allow identification of a wider spectrum of
waterborne bacteria.
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2.3.1 New procedure for determining colony counts

Only a small fraction (approximately 0.01%) of waterborne microorganisms are
thought to belong to the group of culturable heterotrophic bacteria, and
approximately 1% of the viable bacteria are not culturable. Using newer
detection methods (Reasoner and Geldreich 1985), it is possible to significantly
increase the proportion of pigmented and non-pigmented bacteria that can be
cultured from drinking-water. The use of media with low nutrient levels (e.g.,
R2A), which are better suited to the needs of water microflora, allows an
increase in the proportion of waterborne microorganisms that can be determined
by the cultivation method. A disadvantage of the method is the longer
cultivation time (57 days at 28 °C), which reduces its value as a parameter for
the measurement of the efficiency of processes.

2.3.2 Biofilms

Biofilms represent a specific form of bacterial colonization of water distribution
systems. These specific forms determine the biostability of the microbial
communities, their persistence and the release of planktonic cell microorganisms
into the running water. The biofilms interact with waterborne pathogens and
affect their persistence (LeChevallier and McFeters 1985). The persistence of
these pathogens is considerably increased if they form a new biofilm or colonize
an existing one. The biofilms thus represent bioreactors within water
distribution systems, in which the resistance of the microorganisms to
disinfection is significantly increased. The potential for biofilm formation and
growth is particularly high in narrow-gauge household plumbing. The colony
count is directly correlated with the water volume that flows through these end-
of-line systems.

2.3.3 Risks from bacteria detected in water

A number of studies have yielded virtually the same characteristic spectrum of
heterotrophic bacterial strains. The predominant species in this spectrum are
Acinetobacter spp., Aeromonas spp., Alcaligenes spp., Comamonas spp.,
Enterobacter spp., Flavobacterium spp., Klebsiella spp., Moraxella spp.,
Pseudomonas spp., Sphingomonas spp., Stenotrophomonas spp., atypical
Mycobacterium spp., Bacillus spp. and Nocardia (Burlingame et al. 1986;
LeChevallier et al. 1987; Payment et al. 1988; Payment 1989; Reasoner et al.
1989; Manaia et al. 1990; Edberg et al. 1997, Rusin ef al. 1997; Norton and
LeChevallier 2000).
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Studies by Norton and LeChevallier (2000) showed characteristic changes in
bacterial populations through potable water treatment and distribution.
Therefore, it appears to be necessary to ensure that water treatment and
distribution do not cause a shift in the composition of the bacterial population
that would favour opportunistic pathogens.

The species predominant in households, particularly in warm-water
distribution systems, are legionellas and Pseudomonas aeruginosa. The
occurrence of infectious fungal strains, such as Fusarium spp. and Aspergillus
spp., in household systems has been reported only recently (Anaissie et al.
2001).

There is no clear-cut evidence that heterotrophic bacteria as such pose a
public health risk, particularly when they are ingested by healthy people via
drinking-water (Rusin ef al. 1997; Colford et al. 2002).

A risk assessment performed by Rusin ef al. (1997) on animals as well as on
human volunteers yielded the oral doses of different microorganisms that are
necessary to cause an infection: Pseudomonas aeruginosa, 10°-10° cfu;
Aeromonas hydrophila, >10" cfu; Mycobacterium avium, 10*-107 cfu; and
Xanthomonas maltophilia, 10°~10° cfu.

The risk characterization by Rusin ef al. (1997) showed that “risks of
infection from oral ingestion ranged from a low of 7.3 x 10~ (7.3/billion) for
low exposures to Aeromonas to higher risks [of 9 x 107 (9/100)] predicted at
higher levels of exposure to Pseudomonas ... This higher risk was only
predicted for individuals on antibiotics. Overall, the evidence suggests that
specific members of HPC bacteria found in drinking water may be causative
agents of both hospital- and community-acquired infections. However, the case
numbers may be very low and risks represent levels generally less than 1/10,000
for a single exposure to the bacterial agent.”

The number of cases of pulmonary diseases associated with Mycobacterium
avium is rapidly increasing (Rusin et al. 1997) and in some areas is approaching
the incidence of Mycobacterium tuberculosis. The epidemiological significance
of this waterborne opportunistic pathogen is still not clearly defined (Anaissie et
al. 2001). [Editors’ note: Because of the wide interest in the potential health
significance of some non-tuberculous mycobacteria in water, including
Mycobacterium avium complex (MAC), this is the theme of a separate book in
the same series as this volume.]

These risk assessments are primarily based on potential infection by
ingestion; the risk is considerably higher for persons undergoing antibiotic
therapy or immunodeficient persons (LeChevallier and McFeters 1985;
LeChevallier et al. 1987; Reasoner et al. 1989; Rusin et al. 1997; Norton and
LeChevallier 2000; Anaissie et al. 2001). These risk assessments are not
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applicable to dermal or inhalation exposure or to persons with invasive devices,
such as indwelling urinary catheters or intravenous catheters.

Furthermore, the operation and cleaning of devices, particularly medical
devices using drinking-water, need to be taken into account. Contamination of
these devices with waterborne heterotrophic microorganisms can lead to
multiplication of microorganisms (regrowth) in the devices, leading to a
significant risk of infection (e.g., by inhalation or by endoscopes). The cooling
water of dental units, which is sprayed into the patient’s mouth, is also often
heavily contaminated with Pseudomonas aeruginosa.

Under such conditions, even low concentrations of certain heterotrophic
microorganisms, particularly for people on antibiotics, with immunosuppression
or with invasive devices, can be sufficient to cause serious infectious
complications. These specific circumstances call for a more detailed assessment.

2.4 ALTERED BASIC CONDITIONS

The altered sociodemographic situation in western societies is reflected in the
substance and scope of national regulations concerning drinking-water hygiene.

2.4.1 The scope of national drinking-water regulations

In order to protect health, we need to know the quality of water consumed/used,
which may be very different from both that “supplied” to the consumer (i.e.,
entering the house) and that “manufactured” by the supplier. Current national
regulations usually do not cover the whole distribution system to the consumer’s
tap. The WHO Guidelines for Drinking-water Quality (WHO 1993, 1998)
provide the framework and the “scientific point of departure” for the European
Community (EC) and national drinking-water directives. These Guidelines
already form the basis for EC Council Directive 98/83 EC as well as the
forthcoming German Drinking Water Regulation, which set rules for water
quality intended for human use. Such water is presumed to be used for drinking,
for preparation of food and drinks, for washing and body care, and for cleansing
of objects that come into contact with the human body. It is not allowed to
contain pathogens at concentrations that could endanger human health. The
stringent regulations must be met all the way to the consumer’s tap. In this
context, there is now a need to answer the question regarding to what extent
HPC can affect distribution system materials, household point-of-use or point-
of-entry water treatment equipment, bottled water, water vending machines,
beverages and water coolers.
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2.4.2 Regulations for water quality in high-risk areas

There has been a dramatic increase in infections caused by microorganisms,
including certain heterotrophic microorganisms that are found in water (Huang
et al. 2002). Particular attention will have to be paid to securing the necessary
water quality in high-risk areas, such as hospitals and places where
immunosuppressed patients are treated. In these areas, HPC is used by some
authorities for indicating the risk of the presence of opportunistic pathogens
(Hargreaves et al. 2001). These are also the areas in which the HPC-
determinable pathogens (Pseudomonas spp., Burkholderia, Stenotrophomonas)
pose a high risk of infection for vulnerable persons.

2.4.3 Changes in sociodemographic conditions

The number of immunosuppressed and catheterized patients continues to
increase. There is an even more dramatic growth in domestic ambulatory care.
Hospitals are no longer the only places in which patients are treated with
antibiotics or invasive catheterization.
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The history and use of HPC in
drinking-water quality management

P. Payment, D.P. Sartory and D.J. Reasoner

3.1 INTRODUCTION

As civilizations developed, it became evident that water, especially good quality
water, was necessary for their advancement. For centuries, good water was
defined as water that was clear, pleasant to the taste and not malodorous. Good
food had similar requirements. However, both contaminated water and food
were still the causes of countless deaths. Outbreaks of cholera and typhoid
occurred for centuries, but the role of water in these outbreaks was not
demonstrated until 1849-1854. John Snow identified water as the source of a
cholera outbreak in London and became the father of modern epidemiology.
Even at the time of Snow, smell, appearance, taste and chemical analysis were
the only analytical tools that the water analysts had to determine the
wholesomeness of drinking-water. Too often they were wrong, and outbreaks
were frequent.

© 2003 World Health Organization (WHO). Heterotrophic Plate Counts and Drinking-water Safety. Edited by J. Bartram,
J. Cotruvo, M. Exner, C. Fricker, A. Glasmacher. Published by IWA Publishing, London, UK. ISBN: 1 84339 025 6.
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By the end of the 19th century, with the development of bacteriology, culture
media and the gelatin plate, it became possible to obtain what appeared to be
quite accurate counts of germs by counting the number of colonies developing
on these plates within a defined set of conditions. The simplicity of the method
was such that it was rapidly put to use by the 19th-century sanitarians. Air,
water, soil, food, humans and animals were all studied to determine where and
how germs lived, as they were apparently responsible for a wide variety of
waterborne and foodborne diseases.

We are now in the early 21st century, and, reading the accounts of these
19th-century sanitarians, there is a striking resemblance between our so-called
modern problems and the problems they had to resolve. The questions they
raised are the same ones that we are discussing now. In terms of water quality, it
is quite fascinating to observe that the orders of magnitude of the numerical
values used to define good quality water have remained the same. While much
has been written on the subject of water bacteriology, the books of Hamlyn
(1990) and Prescott and Winslow (1904) provide a magnificent view of early
water bacteriology.

3.2 GERMS AND DISEASE: FROM DISCOVERY TO
CULTIVATION

Counting microbes is an exercise that has been taking place since the advent of
the microscope. Through his simple single-lens microscope, Antoni van
Leeuwenhoek in 1673 was probably the first to see microbes. Others followed,
but the poor resolution of their lenses did not offer a very precise view of the
bacterial world. By the 1830s, quality achromatic objectives had been developed
and microscopes were being made that opened a new world to the eyes of the
bacteriologists.

In England, John Snow demonstrated that water played a significant role in
cholera outbreaks. In 1854, another severe epidemic of cholera occurred in
London. Through painstaking documentation of cholera cases and correlation of
the comparative incidence of cholera among subscribers to the city’s two water
companies, Snow showed that cholera occurred much more frequently in
customers of the water company that drew its water from the lower Thames,
which was contaminated with London sewage, than in customers of the other
company, which obtained its water from the upper Thames.

By 1861, Louis Pasteur had disproved the spontaneous generation theory,
and he later demonstrated the link between germs and disease. Robert Koch
described a mechanism whereby a disease such as cholera was spread: it was
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excreted in faeces, was transported to water and then infected those who
subsequently drank the water. A similar mode of transmission was later
described for typhoid fever, and subsequent interest in the role of water in the
transmission of disease was thus initially focused on these two infections.

In 1872, Ferdinand Cohn developed a bacterial culture medium containing
ammonium salts and yeast ash complemented with various sugars; this medium
provided the bacteriologist with a tool to test the growth requirements of
bacteria. In 1881, Koch published a paper in which he described the gelatin
plate method — a revolution in bacteriology — for growing pure cultures of
bacteria. Obtaining pure cultures was now easier, and the enumeration of germs
was possible. In 1882, the use of agar instead of gelatin was introduced, and in
1887, Richard Julius Petri invented the petri dish.

The birth of microbiology in 19th-century Europe was the basis for water and
food microbiology and the first step in understanding the role of water and food
as vehicles for the transmission of disease (Beck 2000). Growing germs was not
an easy task, but bacteriologists were discovering the basic nutrients that these
germs needed to grow. They now had the tools to study water and food. These
methods were rapidly adopted by sanitarians from all countries on both sides of
the Atlantic.

3.3 KOCH: ASSESSING FILTER EFFICIENCY AND
SETTING LIMITS

Water filtration had been introduced in 1804 in Scotland as a means of
producing better quality water for a clothes-washing industry. Water from the
River Cart was passed through trenches filled with stones before being passed
through a ring-shaped settling chamber. The water was clear and contained less
suspended solids, thereby not soiling the clothes. Because the process produced
more water than needed, the surplus was sold to the town inhabitants. The
product was of good quality, and others rapidly followed this lead. The first
sand filters were developed by James Simpson in England in the 1820s.

By the end of the century, it was common to have filtered water, and the
protective effect of this filtration was dramatically demonstrated in 1892 in
Germany. The Elbe River, near Hamburg, was contaminated by sewage from a
cholera-stricken refugee camp. Hamburg experienced an outbreak that killed
over 7000 people, while the city of Altona, using the same water but filtered,
experienced only a few cases unrelated to the water. Koch investigated this
outbreak and exchanged information with water analysts all over Europe. He
suggested that filtering was better than not filtering, that careful management of
filters was better than poor management, that even careful management could



History and use of HPC 23

not protect the public absolutely, and finally that “when all was said and done,
he, personally, would rather not drink this filtered water at all. Yet one had to
live with uncertainty, to trust something less than rigorous demonstration, and
be satisfied with estimates of risk.”

Overall, the rudimentary bacteriological analysis of all types of water during
these catastrophic outbreaks led the early sanitarians to better quality source
water and water treatment and thereby a reduction in waterborne outbreaks. It
also pointed out the value of water treatment to protect public health. Koch
proposed a limit of 100 cfu/ml as the objective to protect public health. This
value was proposed to assess the “purity” of source water and, hence, its
usability as a source of drinking-water. It was also proposed as a means to
assess water filtration efficiency in order to produce safe drinking-water from
“impure” sources. It was only later that the same value was also used to evaluate
the efficiency of the disinfection of drinking-water by chlorine and other means.
For several years, Koch had also been analysing waters and counting colonies
that grew in agar at “blood heat,” thinking that these organisms would likely
include pathogens.

The value proposed by Koch has remained unchanged until today and has
apparently remained aimed at the protection of public health by a more or less
direct evaluation of source water and treatment. Since the discovery of water
bacteria and their relation to disease, the United Kingdom and the USA
approached the plate count with two different philosophies, as described in
sections 3.4 and 3.5 below.

3.4 WATER MICROBIOLOGY: THE UNITED KINGDOM
EXAMPLE

3.4.1 Early water microbiology

Although Robert Koch had demonstrated the use of solid media for culturing
bacteria in London in 1881, it was only in 1884 that British water analysts and
sanitarians began to take interest in it and The Lancet published a lengthy
description of the plate culturing method, noting that “the numbers and nature of
the organisms present in a sample of water may be estimated and ascertained”
using this technique. The book of Hamlyn (1990) presents an account of British
efforts to understand water quality and control waterborne diseases; it has been
an inspiration for this section.

The simplicity of the technique was its greatest problem, as it tempted those
with little or no bacteriological training to try the process. Many recognized that
the method required skills in order to obtain accurate results, but the British
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sanitarians realized that bacteriological examination ought to be carried out on a
widespread basis for the examination of water supplies and for ascertaining the
relative value of domestic filters.

One of the early advocates of bacteriology was Percy Frankland (1858—
1946), who worked with his father at the School of Mines, where he was an
assistant in the water laboratory. After learning of the plate culturing method at
an exhibition in London, he visited Koch’s laboratory to master this new
method. Frankland used the method from 1885 onward to measure the numbers
of bacteria in water and evaluate the efficiency of filtration. He observed what is
now well established: filters are effective for the removal of bacteria, they lose
their efficiency with time, and smaller filters become clogged and support
bacterial growth. In his words, this was an “exceedingly beautiful and ingenious
test for ascertaining the number of individual organisms present in a given
water,” with “little value” for distinguishing bacterial types (quoted in Hamlyn
1990). Overall, more and more people agreed that plate cultures showed the
value of filtration in removing microorganisms.

Many questions on these methods were also raised at the time; surprisingly,
they are still familiar even to modern water bacteriologists.

Was gelatin-peptone the best medium? What was the sensitivity of the
medium for waterborne pathogens? Comparison of media and their ability to
support pathogens became a familiar exercise. Lower counts on nutrient-rich
media and upon incubation at “blood temperature” were observed, as was the
poor growth of pathogens on nutrient-poor media. By the late 1890s, most
analysts would insist that use of several media was necessary if one was to
speak confidently on the bacterial content of a water.

What was the relationship between the bacteria in the water and the
bacterial counts and species growing on the plates? Having observed the
bacteria under the microscope and recorded different counts of bacteria on
different culture media, scientists realized that the number of colonies that grew
on the plate could not be regarded as the true total number of bacteria in the
water.

What do the bacterial counts indicate? To the British, it became rapidly
evident that these determinations indicated what would be the probable fate of
pathogens gaining access to the water supply and their potential to reach the
consumers. A method of treatment reducing the largest proportion of organisms
of all kinds would also be the most likely to reduce pathogens should they be
present.

Interpretation of the data was becoming controversial: some questioned the
bacterial counts, since microbial populations would rapidly increase in suitable
conditions. Koch had suggested a standard of 100 colonies/ml as the limit of
acceptability, but what would be the risk of drinking that “acceptable” water if
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after a week in a container it contained 10 000 colonies/ml? The same question
is raised today.

The use of plate counts became widespread, and an incubation temperature of
18-22 °C became the norm, with daily examination of plates for up to five days
(Horrocks 1901). Additional counts of bacteria after incubating a second set of
plates for 40-48 h at 36-38 °C were recommended in 1904 (Royal Institute of
Public Health 1904), as these bacteria were considered more likely to represent
those that could grow in the human body and, therefore, could be indicative of
faecal contamination, although it was recognized that many other naturally
occurring bacteria were also capable of growing at this temperature (Savage
1906). During this time, counts at 18-22°C or 20-22 °C were typically
conducted using nutrient gelatin plates, and those at 37 °C were conducted using
nutrient agar plates (Royal Institute of Public Health 1904; Savage 1906).

3.4.2 Early use of heterotrophic plate counts (HPC)

Formal guidance on the bacteriological examination of water supplies and the
interpretation of results was first published by the United Kingdom Ministry of
Health in 1934 (Anonymous 1934) as what was to become universally known as
“Report 71.” The recommended method involved dispensing 1-ml aliquots of
water, mixing with nutrient agar and incubation of one set of plates at 20-22 °C
for three days and another set at 37 °C for two days, which, apart from a change
of medium, has continued to today and is widely used throughout the world. The
number of bacteria enumerated at 20-22 °C was said to give “some indication of
(1) the amount of food substance available for bacterial nutrition and (2) the
amount of soil, dust and other extrancous material that had gained access to the
water,” whereas the count at 37 °C “affords more information as to dangerous
pollution,” as “the organisms developing at this temperature are chiefly those of
soil, sewage, or intestinal origin, and their number, therefore, may be used as an
index of the degree of purity of the water” (Anonymous 1934). The report also
stated that the colony count of a single sample had comparatively little
significance and that “it is difficult to state limits which, if exceeded, involve
unfavourable comment on the hygienic quality of the water.” The ratio of the
count at 22 °C to that at 37 °C was said to be helpful in explaining sudden
fluctuations, with high ratios being associated with bacteria of clean soil or
water saprophyte origin and, therefore, of “small significance” (Anonymous
1934). This approach was reaffirmed in the second edition of Report 71,
published five years later (Anonymous 1939).
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3.4.3 Guidance on the use of HPC

Experience gained over the next 17 years, however, led to a change of emphasis
in the third edition of Report 71 (Anonymous 1956; Society for Water
Treatment and Examination 1956), which stated that “although plate counts at
22 °C and 37 °C reflect by an increase in the numbers, particularly at the higher
temperature, the access of faecal pollution, they are not now usually employed
for this purpose.” Their principal use was now one of a more general detection
of “any form of contamination,” maintaining their role as indicators and not a
health parameter in their own right. The report presented a review of the agar
plate count (written by E. Windle Taylor, then Director of Water Examination of
the Metropolitan Water Board, London), which discussed the wide variability of
numbers of bacteria from differing water types and sources and technical
aspects of the method, concluding that “high plate counts at either temperature,
even if confirmed, do not necessarily indicate that a water is a danger to health.”
They were, however, “undesirable since the presence of large numbers of
bacteria in water may cause food spoilage.” The key value of plate counts was
their use in assessing the efficacy of water treatment processes, providing an
“estimate of the general hygienic quality of a water” (particularly with regard to
food production), and “a rising plate count may give the earliest sign of
pollution” (e.g., in wells) (Anonymous 1956). This interpretation of the value of
plate counts was reiterated in the fourth and fifth editions of Report 71
(Anonymous 1969, 1982), which also stated that “colony counts are not
essential for assessing the safety of domestic water supplies.” The fourth edition
also introduced yeast extract agar as the medium of choice for the enumeration
of colony counts and confirmed an incubation time of only 24 h for counts at
37 °C, introduced in the 1956 third edition. The 1982 fifth edition also noted
that “organisms which grow best at 37 °C usually grow less readily in water and
are more likely to have gained access from external sources” and that “a sudden
increase ... would call for immediate investigation since it might be an early sign
of more specific or serious pollution” (Anonymous 1982). All reference to the
use of HPC to potentially indicate faecal contamination had been dropped.

3.4.4 Interpretation of HPC levels

Significant strides in the understanding of microbial behaviour, particularly with
regard to heterotrophic bacterial populations, in water supplies during the 1980s
and 1990s were reflected in the sixth edition of Report 71, published in 1994
(Standing Committee of Analysts 1994). The three key areas where plate counts
were of value, outlined in the 1956 third edition, remained, but multiplication of
bacteria within distribution systems due to available nutrients (assimilable
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organic carbon) in the water or fixtures and fittings and the growth of biofilms
and their potential role in taste and odour problems were also recognized
(interestingly, a relationship between available nutrients and bacterial growth
had been alluded to in the 1934 and 1939 editions of Report 71, but not since).
The report stated that “in practice, changes in the pattern of colony counts of
samples from a given water supply are usually more significant than the actual
numerical count of any particular sample” and that “the counts themselves have
little direct health significance.” The report recognized that some potentially
opportunistic pathogens (e.g., Pseudomonas aeruginosa and Aeromonas sp.)
may be part of the colony count population, and “their appearance in large
numbers in water indicates that conditions in the distribution system have
become suitable for growth as opposed to survival of these organisms.”
However, it concluded that without evidence of faecal contamination, “elevated
colony counts should not be viewed with concern in terms of the health of the
population as a whole.” Regular enumeration of colony counts from a
distribution system did, however, provide useful data with which to assess any
long-term trends in the general microbial quality of drinking-water.

This interpretation of the use of colony counts is retained in the seventh
edition of the guidance (Standing Committee of Analysts 2002a, 2002b),
prepared with regard to the new United Kingdom legislation (Anonymous 2000)
arising from the 1998 European Union (EU) Directive (European Union 1998).
The guidance re-emphasizes that “it is not the absolute numbers of colony count
bacteria enumerated from a supply that are of importance, but whether there are
significant changes or long-term trends in those numbers.” Although the
requirement to enumerate colony counts at 37 °C is no longer stipulated in the
EU Directive, it has been retained in the United Kingdom legislation and is still
considered to be of some value, “in that it can provide an early indication of a
significant deterioration in quality before coliform bacteria or other indicator
bacteria are detected (for example, due to ingress into a distribution system)”
(Standing Committee of Analysts 2002a).

This edition also reintroduced the option of incubating 37 °C plates for up to
48 h (Standing Committee of Analysts 2002b), as had been the norm prior to
1956, and is also in agreement with the International Organization for
Standardization (ISO) standard ISO 6222:1999 (ISO 1999), stipulated by the
1998 EU Directive (European Union 1998) as the method to be used. The lower
incubation range in the ISO standard is 22 °C + 2 °C, which is a wider range
than the 20-22 °C historically used in the United Kingdom and recommended
by the United Kingdom guidance (Standing Committee of Analysts 2002b).

When the United Kingdom adopted the first EU Directive on drinking-water
(European Union 1980), the guideline values for plate counts (10/ml at 37 °C
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and 100/ml at 22 °C) were not formally included. Instead, the regulations stated
that there should be “no significant increase over that normally observed”
(Anonymous 1989a). Guidance from the regulators (Anonymous 1989b) stated
that “continuous review is needed of colony counts” and that further
investigation should be taken if “there is a sudden and unexpected increase in a
colony count, particularly the 37 °C count, compared with that normally found”
or “there is a significant trend of increasing colony counts in the supply over a
period of a few years.” Both the current EU Directive (European Union 1998)
and United Kingdom regulations (Anonymous 2000) do not set numerical
standards or guideline values for colony counts, which are defined as indicator
parameters, but state that there should be “no abnormal change.” This is in
keeping with the approach that colony counts are an operational tool for the
management of water quality in distribution systems. It does, however, beg the
question as to what an “abnormal change” is. There is currently no official
guidance on this in the United Kingdom (or Europe), and, consequently, there
are several approaches that have been adopted by water suppliers.

Many suppliers employ simple numerical values for an indication of an
abnormal change in counts from regulatory samples; some have based these
values on the guideline values of the first EU Directive (European Union 1980),
whereas others have adopted higher values (e.g., >10, >20, >50, >100, >200,
>300, >500, >1000 cfu/ml at 22 °C or 37 °C). These values generally serve as
triggers to review previous data and make an assessment of any significance of
the increase. Some have established arbitrary levels of increase ranging from 0.5
log to >2.3 log increases over previous results. This has the advantage that it
automatically takes into account the natural rise and fall in heterotrophic
bacterial populations that occur during the seasons. A few suppliers have
adopted a statistical approach (several others indicated that they were also
investigating a statistical approach), based upon a comparison with mean counts.
The time base of the data for which mean counts are calculated can vary,
depending upon the seasonal variation in the counts and the frequency of
analysis, with some covering the previous few weeks and others a period of a
year or more (e.g., 20 times a three-year mean, >3 standard deviations from
previous six results, >1.5 times a 12-month rolling mean or the >98th percentile
of rolling annual mean).

3.4.5 Current use of HPC in the United Kingdom

The principal use of the data gathered from regulatory monitoring is to monitor
trends or deterioration (in terms of rising counts) in quality, and some suppliers
have targeted trend monitoring with data from service reservoirs. Other uses of
the data are chlorine management, modelling of microbial populations,
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performance assessment of treatment works, assessment for planned
maintenance of infrastructure (e.g., cleaning of service reservoirs) and
secondary indicators of quality following isolation of coliforms or other primary
indicators. Most suppliers have regular review periods, typically monthly, half-
yearly or annually, some undertaking reviews on both a regular basis and by an
unusual result. Most of these reviews are undertaken on an informal basis, but
several have a formal programme, some linked in with their quality assurance
procedures (e.g., ISO 9002 — ISO 1994).

Undertaking plate counts as part of a suite of analyses when responding to
claims of ill health is the most widespread use, with most suppliers doing counts
at both 37 °C and 22 °C, but a few only at 37 °C. The rationale is that plate
counts may indicate a significant event within the distribution system, not that
HPC bacteria may be related to ill health. Plate counts are also widely used
when investigating complaints of off-tastes or odours, as changes in HPC
populations may indicate proliferation of biofilms, which can be associated with
microbially mediated generation of some organoleptic compounds (Standing
Committee of Analysts 1998). Operational plate counts are also commonly used
as part of acceptance criteria for new mains prior to being put into supply and in
assessing water quality following mains rehabilitation work.

The use of counts of heterotrophic bacteria has, therefore, a long history in
the United Kingdom. The count at 22 °C has been used as a general indicator of
water quality since 1885. The count at 37 °C was originally introduced with the
belief that it could indicate potential faecal contamination, but this was soon
disregarded, although it is still used for operational management in the United
Kingdom, despite being dropped in the EU Directive.

Coliform bacteria are also no longer regarded as indicators of faecal
contamination, but are of use as indicators of general microbial quality. This
acknowledges that some coliform bacteria may be part of the natural bacterial
flora in water and proliferate in biofilms. Coliforms are also considered useful
for monitoring treatment processes and assessing the disinfection of new or
repaired mains (Standing Committee of Analysts 2002a).

3.5 THE AMERICAN PERSPECTIVE ON THE PLATE
COUNT

3.5.1 Early water bacteriology in the USA

It did not take long for these “new methods” to cross the Atlantic, and by 1904,
the first edition of Elements of Bacteriology with Special Reference to Sanitary
Water Analysis (Prescott and Winslow 1904) contained most of what is today
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considered modern bacteriology. The principles of this book, re-edited until
1946 (sixth edition), are still pertinent to the discussions that we have today. A
similar book, written by William G. Savage, entitled The Bacteriological
Examination of Water-Supplies and published in 1906 in London, presents the
British story and the state of knowledge in England at that time.

In the preface to the first edition of their book, Prescott and Winslow (1904)
summarize the context:

Bacteriology has long since ceased to be a subject of interest and importance to
the medical profession merely, but has become intimately connected with the work of
the chemist, the biologist, and the engineer. To the sanitary engineer and the public
hygienist a knowledge of bacteriology is indispensable.

In the swift development of this science during the last ten years perhaps no
branch of bacteriology has made more notable progress than that which relates to the
sanitary examination of water. After a brief period of extravagant anticipation, and an
equally unreasonable era of neglect and suspicion, the methods of the practical water
bacteriologist have gradually made their way, until it is recognized that, on account of
their delicacy, their directness, and their certainty, these methods now furnish the
final criterion of the sanitary condition of a potable water.

The treatment of the subject in the many treatises on General Bacteriology and
Medical Bacteriology is neither special enough nor full enough for modern needs.
The classic work of Grace and Percy Frankland is now ten years old; and even
Horrocks’” valuable “Bacteriological Examination of Water” requires to be
supplemented by an account of the developments in quantitative analysis which have
taken place on this side of the Atlantic.

The plate count had been applied to a variety of waters, and what were
considered “normal values” were being confirmed. Prescott and Winslow (1904:
pp- 8,9, 10) wrote:

With regard to what may be considered normal values for rain we have no very
satisfactory figures. Those obtained by Miquel (Miquel, 1886) during the period
1883-1886, showing that rain contains on the average 4.3 bacteria per c.c. in the
country (Montsouris) and 19 per c.c. in Paris, are probably lower than would be
yielded by the present methods of examination ... In the larger streams several
conditions combine to make the bacterial number lower ... A good river-water under
favorable conditions should thus contain only a few hundred bacteria ... The student
will find numerous analyses of natural waters in Frankland’s classic work (Frankland,
1894). He notes, for example, that the Lake of Lucerne contained 8 to 51 bacteria per
c.c., Loch Katrine 74, and the Loch of Lintralthen an average of 170. The water of
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Lake Champlain examined by one of us (S.C.P.) in 1896 contained on an average 82
bacteria per c.c. at a point more than two miles out from the city of Burlington ...

Many observers had believed that groundwaters were nearly free from
bacteria, because often no colonies appeared on plates counted after the usual
incubation period of two days. Longer periods of incubation yielded higher
counts, occasionally in very large numbers, and the multiplication of bacteria in
the samples after collection or bottling had been observed. The conclusion was
that all water types contained bacteria and that one needed to find the correct
medium to grow these organisms. However, for the sanitary bacteriologist, the
limits were different (Prescott and Winslow 1904: pp. 19-20):

That the customary methods for determining the number of bacteria do not reveal
the total bacterial content, but only a very small fraction of it, becomes apparent
when we consider the large number of organisms, nitrifying bacteria, cellulose-
fermenting bacteria, strict anaerobes, etc., which refuse to grow, or grow only very
slowly in ordinary culture media, and which, therefore, escape our notice.

... the numbers obtained by the ordinary procedure were only from 5 to 50 per
cent of those obtained by the use of Heyden’s Niahrstoff agar. For practical sanitary
purposes, however, our methods are fairly satisfactory. Within limits, it is of no great
importance that one method allows the growth of more bacteria than another.

When we are using the quantitative analysis as a measure of sewage pollution
only two things are essential. First, media should be of standard composition, so that
results obtained at different times and by different observers may be comparable ...
Secondly, it is desirable that the section of the total bacterial flora which we obtain
should be thoroughly representative of that portion of it in which we are most
interested — the group of the quickly growing, rich-food-loving sewage forms. In
this respect our meat gelatin-peptone appears to be unrivalled ... To emphasize this
difference with constancy is all that we require of a method for practical work.

The conditions of sample conservation had also been investigated and had
shown that there “is first a slight reduction in the number present, lasting
perhaps for six hours, followed by the great increa