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Health effects of water consumption
and water quality
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The subject of microbiological safety of water will very soon become an international priority as
travel across national boundaries and the sheer numbers of human citizens increase in the decade
ahead, placing Promethean demands on water resources.

1 INTRODUCTION

It was only at the beginning of the 19th century
with the advent of water filtration, wastewater
disposal, disinfection of drinking water with
chlorine, pasteurization of milk and food, and
by a general enhancement of hygiene, that
waterborne pathogenic microorganisms and
their diseases were finally controlled to an
acceptable level in most countries. Waterborne
diseases should not be seen as an independent
part of the infectious disease cycle, but as
a vehicle for their transmission. While we
assume that a significant proportion of these
gastrointestinal illnesses may be waterborne,
we have no data to estimate the proportion of
the overall burden of disease they represent
(Figure 13.1). In a holistic approach, a
reduction of waterborne disease should also
result in a measurable reduction of the overall
rate of gastrointestinal illnesses (Mara and
Cairncross, 1989). This is the result of limiting
person-to-person transmission and also the
result of reducing the risk of the contamination
of foods by contaminated water or individuals
that have been infected through drinking water
(Figure 13.2).

At the onset of the third millennium, what
do we know of the health effects of drinking
water and their impact on our so-called

The Handbook of Water and Wastewater Microbiology
ISBN 0-12-470100-0

(Ford and Colwell, 1996)

modern societies? There is a pleiad of reports
on the impact of waterborne diseases in
countries world-wide, revealing thousands of
outbreaks due to bacterial, viral, and parasitic
microorganisms associated with the consump-
tion of untreated or improperly treated drink-
ing water (WHO, 1993, 1996; Ford and Colwell,
1996; Fewtrell and Bartram, 2001). These
reports emphasize the fact that access to
water and water quality are in direct relation-
ship to life expectancy and child mortality, as
countries with poor access to drinking water
have the highest morbidity rates in children
under 5 years of age.

2 WATERBORNE OUTBREAKS

Numerous enteric pathogens have been
involved in waterborne outbreaks and recog-
nized as such. Others are just emerging as being
implicated in diseases transmitted by the water
route (LeChevallier et al., 1999a,b). Urbaniz-
ation, ageing of water treatment plants, increas-
ing numbers of immunocompromised
individuals and ageing populations are poten-
tial causes for an increased risk of waterborne
infectious diseases (Ford and Colwell, 1996;
Fewtrell and Bartram, 2001). As we will see
later, the endemic level of disease due to

Copyright © 2003 Elsevier
All rights of reproduction in any form reserved
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10 Gastrointestinal illness rate
. 1 Water
Developing
countries mmmm Other
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Industrialized
countries

Fig. 13.1 The rate of gastrointestinal illnesses in
developing countries is much less than in develop-
ing countries, but we still know very little about the
proportion that can be assigned to water compared
to other routes of transmission.

drinking-water consumption has also been
shown to be quite significant and it contributes
to maintaining these pathogens in the affected
populations. The dilemma of balancing
microbial and cancer health risks is also a
difficult one to resolve, but it should not result
in a reduction of treatment efficiency. The low
risk level for cancer is insignificant when
compared to the risk of waterborne infectious
disease in absence of adequate water treatment
(Payment and Hartemann, 1998; Fewtrell and
Bartram, 2001).

The microorganisms implicated are des-
cribed elsewhere in this book as well as in
many recent publications on clinical and
environmental microbiology (Murray et al.,

1995; Hurst et al., 2001). Waterborne diseases
are usually described in terms of outbreak
reporting in the various countries and the USA
has produced most of the available data
through the decades-long effort of Gunther
Craun (Craun, 1984, 1986, 1990) and a continu-
ous effort to collect data (Herwaldt et al., 1991,
1992). In other countries, data gathering is often
performed very poorly because of lack of
resources to identify the water-related events
as well as the lack of centralized data gathering
official authorities (Andersson and Bohan,
2001). Several methods for the detection and
investigation of waterborne outbreaks have
been described, but are still not widely used
(Craun, 1990; Andersson and Bohan, 2001) as
resources and funds are critically lacking,
even in industrialized countries (Fewtrell and
Bartram, 2001). An enormous effort is needed to
educate all on the importance of water in the
dissemination of disease. All levels of society,
from consumer to politicians, must be educated
to the necessity of improving water quality
(Ford and Colwell, 1996) as a major step in
improving the quality of life and health.

3 THE LESSONS OF THE RECENT
DECADES

In all countries, a steady decline in water-
borne disease was evidenced by the virtual
elimination of cholera and the reduction of
waterborne outbreaks to very low levels in
most countries.

Contaminants /
Water treatment

Contaminants /
No water treatment

No waterborne
contaminants

Fig. 13.2 Interrela-
tions between water-
borne disease and
other routes of infec-
tion: reducing the
role of water as a
vehicle of transmis-
sion will significantly
reduce the level of
infectious disease in
the community.
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Most bacterial waterborne pathogens have
been eliminated by the simple use of chlorine
disinfection. There are still reports of bacterial
disease outbreaks, mainly attributable to
untreated water (non-disinfected ground-
water), failure of disinfection when it is used
as the sole barrier against microorganisms and
finally re-contamination of the water in the
distribution system. Major outbreaks such as
the Walkerton outbreak of Escherichia coli in
Canada (Anonymous (2000)) act as a reminder
that the barrier must be maintained at all
times.

However, we are finding strains of Vibrio
cholerae that are more resistant to disinfection,
Legionella has been found in water heaters and
the Mycobacterium avium complex is now on the
list of potential pathogens (LeChevallier et al.,
1999b; AWWA, 1999).

Since the 1950s, with the development of
methods to detect and identify viruses, many
outbreaks of waterborne gastrointestinal ill-
ness that would otherwise have been classified
as of non-bacterial origin were attributed to
enteric viruses. Hepatitis A and E, Norwalk,
small round structured viruses, astroviruses,
caliciviruses and many others are now
well-known names in the water industry
(LeChevallier ef al., 1999a; AWWA, 1999).

Parasites are also being identified as patho-
gens of importance, even in industrialized
countries (Ortega, 1993; Chiodini, 1994;
LeChevallier et al., 1999a; AWWA 1999). The
recognition that giardiasis was waterborne,
with numerous outbreaks in the USA (Craun,
1986) and several outbreaks of cryptosporidio-
sis in England (Badenoch, 1990a,b) and in
many other countries (Payment and Hunter,
2001) have now shifted the focus to these
parasites, which are extremely resistant to the
water disinfection process. Dozens of out-
breaks of cryptosporidiosis have now been
reported world-wide, but most are small
compared to the explosive outbreak experi-
enced in Milwaukee (USA) in the spring of
1993 (Edwards, 1993; Mackenzie et al., 1994).
Following what appears to be a failure in treat-
ment, water that met the United States Envir-
onmental Protection Agency water quality
guidelines may have caused gastrointestinal

illnesses in over 400000 people or one-third
of the population of this city over a period of
one month. Most of these illnesses were
cryptosporidiosis, but many were probably of
viral origin and the number of illnesses
reported may have been overestimated by
100-fold (Hunter and Syed, 2001). The most
surprising aspect of this event is that cryptos-
poridiosis was probably occurring even before
it was detected following a report from an
inquisitive pharmacist (Morris et al., 1998). This
suggests that unless an effort is made to
identify waterborne diseases they will remain
undetected, buried in the endemic level of
illness in the population (Payment and Hunter,
2001).

4 WATERBORNE DISEASE IS NOT ONLY
DIARRHOEA

While the most often reported disease associ-
ated with drinking water remains gastroenter-
itis, this is probably due to the very apparent
nature of the symptoms and the fact that the
attack rates for these infections can often
reach over 50% of the exposed population.
Even infectious disease specialists often forget
that enteric microorganisms are associated
with a wide range of symptoms and diseases
(Table 13.1). Protozoan parasites, such as
amoebae, can cause severe liver or brain
infections and contact lens wearers are warned
of the dangers of eye infections. Bacteria can
cause pneumonia (Legionella) and some are
suggesting the possibility that Helicobacter
pylori, which has been associated with gastric
ulcers, could be transmitted by the water
route. Among the 72 known enteroviruses,
many can induce illnesses other than gastro-
intestinal, such as hepatitis (viral type A or E),
poliomyelitis, viral meningitis, enteroviral
carditis, epidemic myalgia, diabetes, ocular
diseases. Some viruses can also induce
abortions, stillbirth and fetal abnormalities
(Payment, 1993a,b). Who can say that a death
due to myocardial failure is not the result of a
waterborne coxsackie virus infection months
or years earlier?
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TABLE 13.1 Enteric viruses and associated diseases or symptoms

Symptoms/diseases

Viruses

Minor malaise, asymptomatic diseases
Paralysis, poliomyelitis and polio-like
Aseptic meningitis and mild paresis
Eye diseases, conjunctivitis

Exanthems (Hand-foot-and-mouth)
Cardiac diseases (myocarditis, chronic)
Pleurodynia and epidemic myalgia
Meningoencephalitis

Respiratory illnesses

Viral gastroenteritis

Neonatal diseases

Viral hepatitis

Diabetes

Post-viral fatigue syndrome

All

Poliovirus, coxsackie virus, enteroviruses 70-71

Poliovirus, coxsackie virus (B1-6, A7, A9)

Echoviruses, coxsackie virus (B2, B4, A24), enterovirus 70,

Enterovirus 71, coxsackie viruses A, echoviruses

Coxsackie virus A and B, echoviruses

Coxsackie virus A and B

Enterovirus 70-71

Coxsackie virus, echoviruses, rotaviruses

Enteroviruses, calicivirus, astrovirus, rotavirus, coronavirus,
adenovirus 40-41, etc.

Coxsackie viruses A and B

Hepatitis A and E viruses, coxsackie viruses A and B

Coxsackie virus B4

Enteroviruses, coxsackie viruses B

5 ENDEMIC WATERBORNE DISEASE
IN INDUSTRIALIZED COUNTRIES:
EARLY EPIDEMIOLOGICAL STUDIES

The fact that waterborne disease is still a major
problem in developing countries does not need
to be reaffirmed. In this chapter, we will thus
emphasize the current state of knowledge of
waterborne diseases in countries that have
historically been assuming that their popu-
lations were not exposed to risks from their
drinking water, as this was assumed to be
adequately treated.

In the absence of evident acute health effects
(i.e. epidemics or outbreaks), epidemiological
studies have been centred on long-term effects
of potentially carcinogenic chemicals (Crump
and Guess, 1982). Birth defects or abortions
have also been associated with the consump-
tion of tap water (Swan ef al., 1992; Wyndham
et al., 1992), even though much of this effect
might have been due to recall bias during
retrospective and matched-control studies
(Hertz-Picciotto ef al., 1992). Such epidemiolo-
gical studies are extremely difficult to assess
and are often never confirmed because there
are too many confounding variables in studies
that attempt to analyse lifetime exposure to
various factors.

Batik et al. (1979), using hepatitis A virus
cases as an indicator, could not establish a

correlation with water quality and could not
find a correlation between current indicators
and the risk of waterborne outbreaks (Batik
et al., 1983).

In France, the group of Collin et al. (1981)
prospectively studied the gastrointestinal
illnesses associated with the consumption of
tap water using reports from physicians,
pharmacists and teachers. Their results were
based on more than 200 distribution systems of
treated or untreated water and they reported
five epidemics (more than 1000 cases) asso-
ciated with poor quality water. This study is
typical of most studies which relied on the
detection of epidemics to assess the level of
water quality: they do not address the endemic
level of gastrointestinal illnesses which may be
due to low level contamination of the water.
The same group, in a prospective follow-up
study on 48 villages for 64 weeks, has evaluated
the gastrointestinal illneses associated with
untreated ground water and found a relation-
ship between faecal streptococci and acute
gastrointestinal disease (Ferley et al., 1986;
Zmirou et al., 1987). Faecal coliforms did not
appear to be related to acute disease. Total
coliforms and total bacteria had no indepen-
dent contributions to disease but, even in the
absence of all measured indicator germs, one-
fourth of the cases were still observed.
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In Israel, Fattal et al. (1988) addressed the
health effects of both drinking water and
aerosols. Their studies on kibbutz water quality
and morbidity were performed in an area with
relatively high endemicity of gastrointestinal
disease and did not show a relationship
between health effects and total or faecal coli-
forms. This study was, however, based only on
morbidity reported to physicians, data that are
considered to represent only 1% of the actual
cases in a population.

In Windhoek (Namibia), Isadckson and
Sayed (1988) conducted a similar study over
several years on thousands of individuals
served by recycled wastewater as well as
normal drinking water. They did not observe
an increased risk of reported acute gastroin-
testinal illness associated with the consump-
tion of recycled waters. The populations
compared had higher incidence rates than the
one observed in North America and they were
subjected to a high endemicity level due to
other causes, thus masking low levels of
illnesses.

6 THE CANADIAN EPIDEMIOLOGICAL
STUDIES

Two major epidemiological studies were con-
ducted in Canada in 1988-89 and in 1993-94.
The results of these studies suggest that a very
high proportion of gastrointestinal illnesses
could still be attributable to tap water consump-
tion even when water met the current water
quality guidelines (Payment et al., 1991ab,
1997).

6.1 First study

The first study was carried out from September
1988 to June 1989. It was a randomized inter-
vention trial carried out on 299 randomly
selected eligible households which were sup-
plied with domestic water filters (reverse
osmosis(RO)) that eliminated microbial and
most chemical contaminants from their tap
water, and on 307 randomly selected house-
holds which were left with their usual tap

water without treatment. The gastrointestinal
symptomatology was evaluated by means of a
family health diary maintained prospectively
by all study families. The estimated annual
incidence of gastrointestinal illness was 0.76
among tap-water drinkers as compared with
0.50 among RO-filtered-water drinkers (P <
0.01). Because participants in the RO-filter
group were still exposed to tap water (i.e.
about 40% of their water intake was tap water),
it was estimated that about 50% of the illnesses
were probably tap water-related and preven-
table. The remaining illnesses were probably
attributable to the other possible causes such as
endemic infectious illnesses, food-related
infections, allergies, etc.

The fact that the participants in the study,
while randomized into two groups, were not
blinded to the type of water they consumed
was considered a confounding factor that
could have affected the results. However, the
rate of illness increased with the amount of
water consumed (i.e. a dose—response effect
was demonstrable), suggesting that the effect
observed was probably not due to bias.

Attempts were made to correlate microbio-
logical data obtained on water samples from
the water distribution system. There was no
correlation between the number of episodes
and total or faecal coliforms, chlorine or
heterotrophic bacteria in the tap water. There
was an association between the duration of
illness and heterotrophic plate count (HPC)
bacteria at 20°C (Payment et al., 1993). How-
ever, due to the large number of statistical
analyses performed this could have been a
spurious result due to chance only.

In the RO-filtered water study group, there
was a significant correlation between the rate
of illness and the HPC bacteria growing at 35°C
on R2A medium, but no relationship with the
amount of water consumed (Payment et al.,
1991b). The rate of water-related illness
increased with distance from the plant and
bacterial regrowth was suggested as an expla-
nation. Studies of the virulence of bacteria
isolated from the tap water revealed that a
small fraction of these bacteria could be
considered as potential pathogens (Payment
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et al., 1994a) and it was suggested that their
multiplication to high numbers could be a
health risk (Payment, 1995).

Attempts were also made to determine the
aetiology of the observed illnesses. Sera had
been collected on four occasions from volun-
teers and they were tested for antibodies to
various pathogens. There was no indication
by serology for water-related infections by
enteroviruses, hepatitis A virus and rotavirus
(Payment, 1991) or Norwalk virus infections
(Payment et al., 1994).

6.2 Second study

The second study (Payment, 1997) was more
complex because it attempted not only to re-
evaluate the level of waterborne illness, but
also to identify the source of the pathogens
responsible for them. It was conducted from
September 1993 to December 1994 and it
compared the levels of gastrointestinal illness
in four randomly selected groups of 250
families, which were served water from one
of the following sources:

e Tap water (normal tap water)

e Tap water with a valve on the cold water line
(to examine the effect of home plumbing)

e Plant effluent water as it left the plant and
bottled (i.e. not influenced by the distribu-
tion system)

e Plant effluent water further treated and
bottled (to remove any contaminants).

The site was selected for the high level of
microbial contamination of the river water that
it treats and for the quality of operation of the
water treatment plant. Raw water entering the
plant was contaminated with parasites, viruses
and bacteria at levels found throughout the
world in faecally-contaminated waters. The
water treatment plant produced water that met
or exceeded current Canadian and US regu-
lations for drinking-water quality. The distri-
bution system was in compliance for coliforms
but residual chlorine was not detectable at all
times in all parts of the distribution system.
The rates of highly credible gastrointestinal
illnesses (HCGI) were within the expected

range for this population at 0.66 episodes/per-
son-year for all subjects and 0.84 for children 2
to 12 years old. The rate of illness was highest
in autumn-winter and lowest in summer.
Overall, there were more illnesses among
tap-water consumers than among subjects in
the purified (bottled) water group, suggesting
a potential adverse effect originating from
the plant or the distribution system. Children
were consistently more affected than adults
and up to 40% of their gastrointestinal ill-
nesses were attributable to water. The rates of
gastrointestinal illness among consumers of
water obtained directly at the treatment plant
were similar to the rate of illness among
consumers of purified water. Two periods of
increased tap-water-attributable illnesses were
observed respectively in November 1993 and
in March 1994.

Subjects in the two bottled water groups (i.e.
purified water and water obtained directly at
the water treatment plant) still consumed
about one-third of their drinking water as tap
water. They were thus exposed to some tap
water and its contaminants; as a result the risks
due to tap water are underestimated.

Consumers of water from a continuously
running tap had a higher rate of illness than
any other group during most of the observation
period. This was completely unexpected, since
the continuously running tap was thought
to have been able to minimize the effects of
regrowth in home plumbing. Although there
are several unsubstantiated theories as to the
cause of this effect, it remains unexplained.

The data collected during these two epide-
miological studies suggest that there are
measurable gastrointestinal health effects
associated with tap water meeting current
standards and that contaminants originating
from the water treatment plant or the distri-
bution system could be the source of these
illnesses. Short-term turbidity breakthrough
from individual filters at the water treatment
plant might explain the observed health effects.
Potential follow-up research should further
examine the relationship of turbidity break-
through and should investigate the role of
the continuously running tap in the occurrence
of gastrointestinal illness.
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7 OTHER EPIDEMIOLOGICAL STUDIES

Following the example of these studies in
Canada, the Australians (Hellard et al., 2001)
and the Americans (Hayward, 2000; Colford
et al., 2002) have initiated similar prospective
intervention studies.

The Australian study reported no health
effects due to unfiltered clean surface waters.
The design was modelled on the Canadian
studies but participants were blinded to the
type of device they had and one group received
a sham device. The results suggested that
when source water quality is excellent, drink-
ing water that is disinfected does not con-
stitute a significant health risk (Hellard et al.,
2001).

Initial results of the first of several ongoing
American studies appear to confirm the
Canadian studies. This American study also
models the Canadian studies and also made
efforts to insure that participants were effec-
tively blinded to the type of device installed
in their house. This study is closer to the
conditions described in the Canadian studies:
the treatment plant is a well-operated
complete conventional treatment plant that
treats water from a river that is significantly
polluted (Colford et al., 2002). Preliminary
results are very similar to the results of the
Canadian studies.

8 ENDEMIC WATERBORNE DISEASES:
POSSIBLE CAUSES

In the Canadian studies, it has not been
possible to assign the observed effects to a
single cause. While in the first study the source
of illnesses was a complete mystery, the
authors suggested three explanations: low
level or sporadic breakthrough of pathogens
at the water treatment plant, intrusions in the
distribution system (repairs, breaks, etc.) and
finally bacterial regrowth in the mains or in the
household plumbing. While no single expla-
nation has been given, many answers have
been provided in recent years.

8.1 Health significance of bacterial
regrowth

Bacterial regrowth is common in water and
has been observed even in distilled water. In
water distribution systems, the heterotrophic
plate count can occasionally be elevated and
there have been concerns that this flora could
still contain opportunistic pathogens. Data
from epidemiological studies involving
reverse-osmosis units suggested that there
was a correlation between gastrointestinal
illnesses and heterotrophic plate counts at
35°C (Payment et al., 1991b). However, a few
outliers in the dataset drove the correlation
and the study would have to be repeated
in order to confirm the relationship. Further-
more, this observation could be limited to
such water purification devices in which a
rubber bladder is used to accumulate the
purified water. Bacteria or fungi growing on
rubber could have been selected for virulence
factors increasing their potential for initiating
disease.

Heterotrophic bacteria isolates from tap
water were subjected to a number of tests to
determine the presence of virulence factors
(Payment ef al., 1994). Several isolates con-
tained numerous virulence factors, but these
bacteria were found in numbers generally too
low to significantly affect human health. For
most bacterial pathogens, even frank patho-
gens, thousands to millions of bacteria are
needed for an infection to occur. This is a
rare occurrence in drinking water. It was
concluded that these bacteria did not present
a significant health risk (Payment, 1995; Edberg
et al., 1996; WHO, 2002).

The health significance of pigmented bac-
teria found in drinking water was reviewed
in a recent paper (Rusin et al., 1997). The spe-
cies investigated included the opportunistic
pathogens Flavobacterium, Pseudomonas, Cory-
nebacterium, Nocardia, Mycobacterium, Erwinia,
Enterobacter, Serratia and Micrococcus. The
authors also concluded that, although a num-
ber of these bacteria are opportunistic human
pathogens, the available data show them to be
infrequent causes of disease.
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8.2 Health significance of turbidity

Subsequent to the investigation of the main
Milwaukee outbreak mentioned earlier, Morris
et al. (1996) carried out an analysis of hospital
records and water turbidity readings over
a period of 16 months before the recognized
outbreak. They found that attendance of
children with gastrointestinal illness at hospi-
tal emergency departments showed a strong
correlation with rises and falls in turbidity,
but did not describe any specific time lag
relationships.

Schwartz et al. (1997) presented evidence
that rises in rates of gastroenteritis in children
were preceded by rises in turbidity of the
treated drinking water supply. The authors
looked for correlations between the number of
children attending the emergency department
at the Children’s Hospital of Philadelphia
(CHOP) for gastroenteritis with the turbidity
of treated water in the preceding 14 days.
The 1.2 million people of Philadelphia receive
their drinking water through three water
treatment plants supplied by rivers considered
to be ‘highly contaminated’. The finished
waters tested in all these studies met the
commonly accepted definition of safe drinking
water in terms of turbidity and chlorine
treatment and this raised serious questions
about their wholesomeness (Franco, 1997).

These findings complement each other. The
Canadian studies concluded that a fraction of
gastrointestinal illness attributable to drinking
water arises from microbiological events in
the distribution system but did not discount
the treatment plant as a source of pathogens.
Schwartz et al. (1997) and Morris et al. (1996)
suggested that variations in rates of illness
were due to changes in the numbers of
pathogens (carried in or on small suspended
particles) coming through the distribution
system from the treatment plant. A water
treatment plant is a continuously working
system and it changes minute by minute
according to the demands. Rapid sand filters
are not homogeneous and their overall per-
formance varies considerably. The distribution
system is subjected to numerous challenges

and the intrusion of pathogens is now a highly
debated subject.

9 COSTS TO SOCIETY

The societal cost of the so-called ‘mild gastro-
intestinal illnesses’ is several orders of magni-
tude higher than the costs associated with
acute hospitalized cases (Payment, 1997). In
the USA, it was estimated that the annual cost
to society of gastrointestinal infectious illnesses
is $9500 million dollars (1985 US dollars) for
cases with no consultation by physician, $2750
million dollars for those with consultations,
and only $760 million dollars for those requir-
ing hospitalization (Garthright et al., 1988,
Roberts and Foegeding, 1991). These estimates
do not even address the deaths associated by
these illnesses, particularly in children and
older adults. Furthermore, this mode of con-
tamination acts as a constant reinfection source
for the population, maintaining at an endemic
level illnesses that could be further reduced.
From the data collected during the Canadian
studies, the economic costs of endemic water-
borne diseases were calculated based on
reported symptom and behaviour rates
between unexposed and tap-water exposed
groups (Payment, 1997). The rate of gastroin-
testinal illness in the unexposed group was
taken as the baseline, then the excess illness in
the tap water groups was 50% in the first study
and 20% in the second study — a difference
attributable to tap water. As even the control
groups drank some tap water, the difference
attributable to tap water is likely to be higher
than the observed figures at a range of 25-50%.
These estimates were then combined with
published figures for the cost of gastrointesti-
nal infectious diseases in the USA (Garthright
et al., 1988; Roberts and Foegeding, 1991).
Assuming a population of 300 million indivi-
duals, the estimate of the cost of waterborne
illness ranges from US$269 to $806 million
for medical costs and US$40 to $107 million
for absences from work. Such figures can only
underscore the enormous economic costs of
endemic gastrointestinal illnesses, even in
societies believed to be relatively free of it.
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10 THE FUTURE: RISK ASSESSMENT

Risk assessment in microbiology was almost
non-existent until recently (Eisenberg et al.,
1996). It has now become an important part of
the preparation of guidelines for water quality
in all countries (Fewtrell and Bartram, 2001).
In their current rule-making process, the USA
have incorporated an important place to
microbial risk assessment (Regli et al., 1991;
Sobsey et al., 1993) and all agencies world-wide
are now debating the balance to be maintained
between chemical risks and microbial risks
(Fewtrell and Bartram, 2001). It is now recog-
nized that the chemical risk reduction objective
should never result in a decrease in water
disinfection (Guerra de Macedo 1993; WHO
1996; Fewtrell and Bartram, 2001). This could
have catastrophic implications as was experi-
enced during the 1991 cholera outbreak in
South America. It is important to remember
that differentiation between developed and
developing countries is an arbitrary process
when drinking water safety is considered.
Problems and solutions vary from country to
country, a fact that must be taken into account
when formulating solutions.

The spread of cholera in Peru during the last
outbreak may have been attributable to the fact
that disinfection may have been abandoned
or reduced in response to the report from
the US EPA on risk assessment of the carcino-
genic potential of disinfection byproducts
(Anderson, 1991).

Water is becoming a commodity whose
value will grow in the coming years. Wars
have been fought for water and will probably
continue to occur if the current use of water
resources continues. The global decline in water
quality due to global climatic changes can
easily upset the balance in many parts of the
word and the first observable effect is often a
microbiological degradation that can affect the
health of millions of individuals.

The subject of microbiological safety of water
will very soon become an international priority
as travel across national boundaries and
the sheer numbers of human citizens increase
in the decade ahead, placing Promethean

demands on water resources. (Ford and
Colwell, 1996, preface by Rita R. Colwell).

REFERENCES

Anderson, C. (1991). Cholera epidemic traced to risk
miscalculation. Nature 354, 255.

Andersson, Y. and Bohan, P. (2001). Disease surveillance
and waterborne outbreaks. In: L. Fewtrell and J. Bartram
(eds) Water Quality: Guidelines, Standards & Health: Risk
assessment and management for water related infectious
diseases (Chapter 6). World Health Organization and
IWA Publishing, London.

Anonymous (2000). Waterborne outbreak of gastroenteritis
associated with a contaminated municipal water
supply, Walkerton, Ontario, May—-June 2000. Canada
Commun. Dis. Rep. 26(20), 170-173.

AWWA (1999) Waterborne Pathogens. (AWWA Manual of
Water Practices, M48) American Water Works Associ-
ation, Denver, Colorado.

Badenoch, J. (1990a). Cryptosporidium - a water-borne
hazard. Letters Appl. Microbiol. 11, 269-270.

Badenoch, J. (1990b). Cryptosporidium in Water Supplies.
Dept Environment and Dept of Health, HMSO, London.

Batik, O., Craun, G.F. and Pipes, W.O. (1983). Routine
coliform monitoring and water-borne disease out-
breaks. |. Env. Health 45, 227-230.

Batik, O., Craun, G.E, Tuthil, R.W. and Kroemer, D.E. (1979).
An epidemiologic study of the relationship between
hepatitis A and water supply characteristics and
treatment. Amer. J. Publ. Health 70, 167-169.

Chiodini, P.L. (1994). A ‘new’ parasite: human infection
with Cyclospora cayetanensis. Trans. R. Soc. Trop. Med.
Hyg. 88, 369-371.

Colford, ].M., Rees, J.R., Wade, TJ. et al. (2002). Participant
blinding and gastrointestinal illness in a randomized,
controlled trial of an in-home drinking water interven-
tion. Emerging Infect. Dis. 8, 29-36.

Collin, J.F,, Milet, J.J., Morlot, M. and Foliguet, ].M. (1981).
Eau d’adduction et gastroentérites en Meurthe-et-
Moselle. J. Franc. Hydrologie 12, 155-174.

Craun, G.F. (1984). Health aspects of ground water
pollution. In: G. Bitton and C.P. Grerba (eds) Ground-
water Pollution Microbiology, pp. 135-197. John Wiley &
Sons, Inc., New York.

Craun, G.F. (1986). Waterborne Diseases in the United States.
CRC Press Inc., Boca Raton.

Craun, G.E. (1990) Methods for the Investigation and Preven-
tion of Waterborne Disease Outbreaks. EPA/600/1-90/
005a. US EPA, Washington DC.

Crump, K.S. and Guess, H.A. (1982). Drinking water and
cancer: review of recent epidemiological findings and
assessment of risks. Ann. Rev. Public Health 3, 339-357.

Edberg, S.C., Gallo, P. and Kontnick, C. (1996). Analysis of
virulence characteristics of bacteria isolated from
bottled, water cooler and tap water. Microb. Ecol. Health
Dis. 9, 67-77.



218 Health effects of water consumption and water quality

Edwards, D.D. (1993). Troubled water in Milwaukee. ASM
News 59, 342—-345.

Eisenberg, J.N., Seto, E.Y., Olivieri, A.W. and Spear, R.C.
(1996). Quantifying water pathogen risk in an epide-
miological framework. Risk Analysis 16, 549—563.

Fattal, B., Guttman-Bass, N., Agursky, T. and Shuval, H.I
(1988). Evaluation of health risk associated with drink-
ing water quality in agricultural communities. Water
Sci. Technol. 20, 409-415.

Feachem, R.G., Bradley, D.J., Garelick, H. and Mara, D.D.
(1983). Sanitation and Disease: Health Aspects of Excreta and
Wastewater Management. John Wiley & Sons, New York.

Ferley, ].P., Zmirou, D., Collin, ].F. and Charrel, M. (1986). A
prospective follow-up study of the risk related to the
consumption of bacteriologically substandard water.
Rev. Epidemiol. Sante Publique 34, 89-99.

Fewtrell, L. and Bartram, J. (2001). Water Quality: Guidelines,
Standards & Health: Risk Assessment and Management for
Water-related Infectious Diseases. IWA Publishing,
London.

Ford, TE. and Colwell, R.R. (1996). A global decline in
microbiological safety of water: a call for action. American
Academy of Microbiology, Washington DC.

Franco, L.E. (1997). Defining safe drinking water. Epide-
miology 8, 607—-609.

Gangarosa, R.E., Glass, R.I, Lew, ].E. and Boring, J.R. (1991).
Hospitalizations involving gastroenteritis in the United
States, 1985: the special burden of the diseases among
the elderly. Amer. . Epidemiol. 135, 281-290.

Garthright, W.E., Archer, D.L. and Kvenberg, J.E. (1988).
Estimates of incidence and costs of intestinal infectious
diseases. Public Health Rep. 103, 107-116.

Guerra de Macedo, C. (1993). Balancing microbial and
chemical risks in disinfection of drinking water: the Pan
American perspective. Bull. Pan. Am. Health Org. 27,
197-200.

Hayward, K. (2000). Science supports a National estimate.
Water 21(12), 12-14.

Hellard, M.E., Sinclair, M.I., Forbes, A.B. and Fairley, C.K.
(2001). A randomized blinded controlled trial investi-
gating the gastrointestinal health affects of drinking
water quality. Environ. Health Perspect. 109, 773-778.

Hertz-Picciotto, I., Swan, S. and Neutra, R.R. (1992).
Reporting bias and mode of interview in a study of
adverse pregnancy outcomes and water consumption.
Epidemiology 3, 104-112.

Herwaldt, B.L., Craun, G.E, Stokes, S.L. and Juranek, D.D.
(1991). Waterborne diseases outbreaks, 1989-1990.
MMWR 40(SS-3), 1-22.

Herwaldt, B.L., Craun, G.E, Stokes, S.L. and Juranek, D.D.
(1992). Outbreaks of waterborne diseases in the United
States: 1989-1990. |. Amer. Water Work Ass. 83, 129.

Hunter, P.R. and Syed, Q. (2001). Community surveys of
self-reported diarrhoea can dramatically overestimate
the size of outbreaks of waterborne cryptosporidiosis.
Water Science Tech. 43(12), 27-30.

Hurst, ].H., Knudsen, G.R., Melnerney, M.]. et al. (2001).
Manual of environmental microbiology, 2nd edn. American
Society for Microbiology, Washington DC.

Isadcson, M. and Sayed, A.R. (1988). Health aspects of the
use of recycled water in Windhoek, SWA /Namibia,
1974-1983: diarrhoeal diseases and the consumption of
reclaimed water. South Afric. Med. ]. 73, 596—599.

LeChevallier, M.W., Abbaszadegan, M., Camper, A.K. et al.
(1999a). Committee report: Emerging pathogens —
viruses, protozoa, and algal toxins. |. Amer. Water
Work Ass. 91(9), 110-121.

LeChevallier, M.W., Abbaszadegan, M., Camper, A.K. et al.
(1999b). Committee report: Emerging pathogens -
bacteria. |. Amer. Water Work Ass. 91(9), 101-109.

Mackenzie, W.R., Hoxie, N.J., Proctor, M.E. et al. (1994). A
massive outbreak in Milwaukee of Cryptosporidium
infection transmitted through the public water supply.
N Engl. ]. Med. 331, 161-167.

Mara, D. and Cairncross, S. (1989). Guidelines for the Safe Use
of Wastewater and Excreta in Agriculture and Aquaculture.
World Health Organization, Geneva.

Morris, J.G. Jr, Sztein, M.B., Rice, E-W. et al. (1996). Vibrio
cholerae O1 can assume a chlorine-resistant rugose
survival form that is virulent for humans. J. Infect. Dis.
174, 1364-1368.

Morris, R.D., Naumova, E.N. and Griffiths, J.K. (1998). Did
Milwaukee experience waterborne cryptosporidiosis
before the large documented outbreak of 1993? Epide-
miology 9, 264-270.

Morris, R.D., Naumova, E.N., Levin, R. and Munasinghe,
R.L. (1996). Temporal variation in drinking water
turbidity and diagnosed gastroenteritis in Milwaukee.
Am. |. Public Health 86, 237-239.

Murray, PR., Baron, EJ. and Pfaller, M.A. et al. (1995).
Manual of Clinical Microbiology, 6th edn. American
Society for Microbiology, Washington DC.

Ortega, Y.R. (1993). Cyclospora species — a new protozoan
pathogen of humans. N. Engl. |. Med. 328, 1308-1312.

Payment, P. (1991). Antibody levels to selected enteric
viruses in a normal randomly selected Canadian
population. Immunol. Infect. Dis. 1, 317-322.

Payment, P. (1993a). Viruses: prevalence of disease levels
and sources. In: G. Craun (ed.) Safety of Water Disinfec-
tion: Balancing Chemical and microbial Risks. ILSI Press,
Washington DC.

Payment, P. (1993b). Viruses in water: an underestimated
health risk for a variety of diseases. In: W. Robertson,
R. Tobin and K. Kjartanson (eds) Disinfection Dilemma:
Microbiological Control versus By-products. American
Water Works Association, Denver, Colorado.

Payment, P. (1995). Health significance of bacterial
regrowth in drinking water. ]. Water Sci. 8, 301-305.
Payment, P. (1997). Epidemiology of endemic gastro-
intestinal and respiratory diseases — incidence, fraction
attributable to tap water and costs to society. Water Sci.

Technol. 35, 7-10.

Payment, P. and Hartemann, P. (1998). Les contaminants de
l'eau et leurs effets sur la santé. Rev. Sci. I'Eau 11,
199-210.

Payment, P. and Hunter, P. (2001). Endemic and epidemic
infectious intestinal disease and its relation to drinking
water. In: L. Fewtrell and J. Bartram (eds) Water Quality:



References 219

Guidelines, Standards & Health: Risk Assessment and
Management for Water-related Infectious Diseases. TWA
Publishing, London.

Payment, P., Franco, E. and Fout, G.S. (1994). Incidence of
Norwalk virus infections during a prospective epide-
miological study of drinking water related gastrointes-
tinal illness. Can. J. Microbiol. 40, 805—809.

Payment, P, Coffin, E. and Paquette, G. (1994). Blood agar
to detect virulence factors in tap water heterotrophic
bacteria. Appl. Env. Microbiol. 60, 1179-1183.

Payment, P., Richardson, L., Siemiatycki, J. et al. (1991a). A
randomized trial to evaluate the risk of gastrointestinal
disease due to the consumption of drinking water
meeting currently accepted microbiological standards.
Am. |. Public Health 81, 703-708.

Payment, P., Franco, E., Richardson, L. and Siemiatycki, J.
(1991b). Gastrointestinal health effects associated with
the consumption of drinking water produced by point-
of-use domestic reverse-osmosis filtration units. Appl.
Env. Microbiol. 57, 945-948.

Payment, P, Franco, E. and Siemiatycki, J. (1993). Absence
of relationship between health effects due to tap water
consumption and drinking water quality parameters.
Water Sci. Technol. 27, 137-143.

Regli, S., Rose, J.B., Haas, C.N. and Gerba, C.P. (1991).
Modeling the risk from Giardia and viruses in drinking
water. . AWWA 83, 76—84.

Roberts, T. and Foegeding, P.M. (1991). Risk assessment for
estimating the economic costs of foodborne diseases
caused by microorganisms. In: J.A. Caswell (ed.)
Economics of Food Safety. Elsevier, New York.

Rusin, P.A., Rose, ]J.B. and Gerba, C.P. (1997). Health
significance of pigmented bacteria in drinking water.
Water Sci. Technol. 35, 21-27.

Schwartz, J., Levin, R. and Hodge, K. (1997). Drinking
water turbidity and pediatric hospital use for gastro-
intestinal illness in Philadelphia. Epidemiology 8,
615-620.

Sobsey, M.D., Dufour, A.P., Gerba, C.P. et al. (1993). Using a
conceptual framework for assessing risks to health from
microbes in drinking water. |. Amer. Wat. Works Ass. 83,
44-48.

Swan, SH., et al. (1992). Is drinking water related to
spontaneous abortion? Reviewing the evidence from
the California Department of Health Services studies.
Epidemiology 3, 83-93.

World Health Organization (1993) Guidelines for Drinking-
water Quality — Volume 1: Recommendations, 2nd edn.
World Health Organization, Geneva.

World Health Organization (1996) Guidelines for Drinking-
water Quality — Volume 2: Health Criteria and Other
Supporting Information, 2nd edn. World Health Organ-
ization, Geneva.

World Health Organization (2002) Heterotrophic Plate
Count Measurement in Drinking Water Safety Management.
Report of an Expert Meeting, Geneva, 24-25 April 2002.
Water, Sanitation and Health, Department of Protection
of the Human Environment, World Health Organiz-
ation Geneva [WHO/SDE/WSH/02.10].

Wyndham, G.C., Swan, S.H., Fenster, L. and Neutra, R.R.
(1992). Tap or bottled water consumption and sponta-
neous abortion: a 1986 case-control study in California.
Epidemiology 3, 113-119.

Zmirou, D., Ferley, ].P, Collin, J.E, Charrel, M. and Berlin, J.
(1987). A follow-up study of gastrointestinal diseases
related to the consumption of bacteriologically sub-
standard drinking water. Amer. J. Public Health 77,
582-584.



