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In the mid-20th century, industrialized countries underwent the ‘epidemiological transition’ whereby the
leading cause of death evolved from infectious and parasitic to chronic and degenerative diseases.11 This
transition, however, has not yet occurred in many developing countries.11 In 2002, infectious and parasitic
diseases caused the greatest burden in disability-adjusted-life years (DALYs) to human beings worldwide.16
Although the threat of infectious and parasitic diseases in developed countries such as Canada has
decreased since the middle of the last century, protecting ourselves against such diseases should remain a
priority since we reside in a global community. We take this opportunity to explore three “urban legends”
of day-to-day infection prevention and determine whether there is truth to these myths.
Hand towels vs. air dryers
The Myth
The Centres for Disease Control and
Prevention (CDC) has a list of recommendations
regarding hand-washing, which includes drying
hands using a paper towel or air dryer.23 This step
in the procedure has sparked considerable debate
in the infectious disease realm. Are paper towels
or air dryers more effective? Proponents of
towels argue that you may as well not wash your
hands if you insist on using air dryers as they just
blow the germs back on. Proponents of air dryers
lament the environmental impact of towels.
Unfortunately, the literature is similarly divided
on the issue.
The Evidence
Early studies on this topic were strongly in
favour of hand towels. In 1984, one of the first
comparisons of the two drying methods found
that paper towels could reduce bacteria on hands
by 55% while air dryers achieved a dismal 9%
reduction.4 Subsequent studies found towels to be
safer and more hygienic than air dryers,6,7 while
one study even found that not only were air dryers
less effective, but they actually increased the
number of microorganisms left on hands.4
Uncertainty began to mount in 1991 when
a study in the American Journal of Infection
Control reported that air dryers were more
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effective in reducing the numbers of Escherichia
coli and rotavirus from hands.3 The argument was
levelled when a randomized control trial
conducted in 2000 failed to find a significant
difference in bacterial numbers when the use of
rotary dispenser towels, stacked paper towels, air
dryers, and spontaneous evaporation were
compared.2 It is interesting to note that in a
separate study, it was found that hands that were
held stationary under the dryer retained fewer
bacteria than rubbed hands.4 This difference was
explained by the fact that rubbing allows bacteria
to migrate from the hair follicle to the skin
surface, thus the finding may simply be a
measurement bias. Nonetheless, they concluded
that stationary hands under an air dryer was the
best method, followed by a tie between paper
towels and rubbed hands.4
When investigations were broadened from
microbes remaining on hands to microorganisms
in the washroom environment, the equivocality
remained.4 Taylor et al concluded that in
bathrooms equipped with paper towels, the germs
were transferred from the hands to the towels,
which were then disposed of in open receptacles
where they acted as reservoirs of bacteria. In
contrast, while the air dryers killed a sizable
proportion of microorganisms by virtue of the
heater, the splattering of water droplets onto the
wall behind the dryer made this one area of the

bathroom to avoid. This dispels the myth put
forth by towel proponents: air dryers do not just
concentrate microorganisms from the air onto the
users’ hands, as evidenced by the fact that dryer
outflow contained significantly fewer organisms
than inflow.4
The Verdict
Despite the controversy, all studies were
in agreement about the importance of hand
washing. Proponents of towels can argue using
evidence from early literature, the finding that
paper towels were more effective in removing
bacteria from the fingertips in particular1 and the
CDC recommendation that one use a paper towel
to turn off the tap.23 They may also argue that air
dryers are not recommended in critical care
environments due to the possibility of air
dispersal of bacteria-laden droplets.8 Air dryer
enthusiasts can cite findings from more recent
studies, environmental considerations, and the
capacity to remove bacteria from the air.
However, there is no clear victor in this debate.
The important takeaway points are to wash your
hands well; if you choose a towel, dispose of it in
a closed receptacle; if you choose an air dryer, try
to use an automatic model and don’t rub your
hands.
Antiseptic hand sanitizers vs. soap and water
The Myth
Since
Semmelweis’
groundbreaking
observations in 1847 that proper hand sanitization
measures can reduce infection rates, health
professionals have been provided with procedures
and guidelines aimed to perfect the hand washing
process.4 These guidelines are applicable both in
the hospital and the community since hands serve
as the main vector for micro-organism transfer.6
However, poor compliance with hand hygiene has
been attributed to a variety of factors including
lack of time and skin irritation.22 Antiseptic
sprays and rubs have been introduced as a means
to confront these problems, however the question
remains: do the new methods work as well as
traditional hand-washing?
The Evidence
Hand-washing involves the use of plain
soap and water to clean hands, whereas antiseptic
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hand-washing employs a soap containing an
antiseptic agent, which differs from an antiseptic
hand rub in that the latter does not require water.25
Plain (non-antimicrobial) soaps are an
effective means by which to reduce both the
transient bacteria colonizing the superficial layers
of skin and the transmission of these pathogens.24
These soaps do not, however, remove the resident
flora found in the deeper layers of skin.24 Prior to
surgery, antiseptic hand-washing scrubs are
typically employed, as these are more effective in
eliminating bacteria.25 Some centres have
introduced pre-surgical rubs, further highlighting
the inconclusive nature of the literature.
With respect to hand rubs, chlorhexidineand alcohol-based products are two common
varieties. Chorhexidine rubs are efficient in
eliminating gram positive bacteria, but are not as
effective for gram negative bacteria and
nonenveloped viruses.25 Further, certain bacteria
have been demonstrated, in vitro, to adapt and
develop resistance against chlorhexidine, leading
to resistance to other anti-infective agents.24 The
epidemiological implications of these findings in
humans are not yet fully understood and require
further study.25
Conversely, while alcohol-based rubs
have minimal residual activity25 and do not
effectively eliminate bacterial spores, protozoan
oocytes or certain nonenveloped viruses25, there
have been no reported cases of acquired
resistance to these rubs. Furthermore, alcohol
does prevent the transfer of certain nosocomial
pathogens and effectively reduces bacterial load
on hands.25
The Verdict
Conflicting evidence exists in the
literature as to the effectiveness of the various
antiseptic agents used for handwashing, which is
due in part to the fact that not all studies assess
effectiveness in the same manner.26,27 However, a
review by the CDC found agreement among
studies that alcohol-based handwashes and rubs
are more effective in eliminating bacteria on
hands than plain soap, and often more so than
antimicrobial soaps.25 Their effectiveness,
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however, is dependent on a variety of factors
including the type, concentration, and volume of
alcohol used.
Plastic water bottles
The Myth
Plastic water bottles have recently been
the subject of much debate in the media. The
litany of offences attributed to the vessels include:
acting as a reservoir for germs, leaching toxic
chemicals, and posing unnecessary stresses on the
environment.10,13,18 Waterloo has banned the sale
of plastic water bottles in schools and Toronto
appears poised to follow suit in 2009.18 Despite
these controversies, bottled water continues to be
a $35 billion industry, with 1.7 billion gallons
consumed last year (nearly 3000 Olympic
swimming pools’ worth).17
This exorbitant
consumption also means that 150 million water
bottles are disposed of each day.9 A seemingly
probable solution would be to reuse the water
bottle, but the literature suggests that this
environmentally friendly solution could wreak
havoc on our health.
The Evidence
Researchers in Calgary selected an
elementary school as their source of water bottles
for analysis in 2002.10 They found that total
coliforms exceeded Canadian Drinking Water
Quality guidelines in 13.3% of water bottles
examined; 8.9% contained fecal coliforms, and
64.4% contained heterotrophic bacteria. While
heterotrophic bacteria are not necessarily
pathogenic, they are a marker of overall water
quality.20 Some of the students had left water
bottles for months without a proper cleaningsignificantly longer than the eight hours that the
literature suggests it takes for bacterial
regrowth.10 When combined with the finding of
no significant microbial content of water sources
(taps and fountains), the researchers determined
that the germs were coming from the bottles.
Several studies have suggested that plastic
water bottles provide a better breeding ground for
bacteria than glass or metal.12 Plastic bottles tend
to contain fast-growing bacteria (pseudomonads,
Flexibacter, and Acinetobacter), numbering in the
realm of 105 cfu/mL after one week of growth.12
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In contrast, glass bottles contained slow-growing
bacteria (mainly Acinetobacter) and were an order
of magnitude less in quantity. Not only is the
type of material important, but the quality. Jones
et al. isolated mainly coccoid bacterial cells from
the caps of plastic water bottles, while rod-shaped
cells were found adherent to the walls of PET
bottles.15 Rougher surfaces were associated with
a significant increase in bacterial numbers.
The issue in the Calgary study was not the
use of plastic water bottles, but the subsequent
reuse. Both nonpartisan researchers and the
Canadian Bottled Water Association have
established that bottled water does not contain
E.coli, coliforms, Giardia, or cryptosporidium at
the time of bottling.13,19 The real problem lies in
the fact that water at room temperature is an ideal
environment for microbial growth. A simple
solution would seem to be meticulous washing of
the water bottles. However, this solution was
discredited by a 2001 presentation by a University
of Idaho student who found that realistic reuse
simulation (sunlight, heat, physical degradation)
released a number of chemicals from the plastic
water bottles into the drinking water.13 The longer
water bottles were reused, the more organic
chemicals were leached from the material.
The environment vs. health debate has
thus seemingly reached an impasse- reusing water
bottles is good for the environment but sets up a
bacterial breeding environment, necessitating
vigorous cleansing, which in turn liberates toxic
chemicals. One appears to have the choice
between infection, intoxication, or pollution.
The Verdict
The evidence is fairly clear that water
bottles pose a threat both to human health and to
the environment. However, a little common sense
may go a long way in settling the clash of values.
Soft-plastic water bottles such as those sold in
vending machines should not be reused as their
ability to stand up to the vigorous washing needed
in order to prevent colonization has not been
established. Hard-plastic, glass and metal water
bottles may be more well suited to the challenge
of multiple uses and their use is condoned by the
Minister of Health Canada.21 Water bottles

should be thoroughly washed in hot soapy water
after each day of use.
It is very difficult to come to generalized
conclusions as to the safety of water from
municipal taps and from rural wells as compared
to bottled water. The importance of the presence
of trace amounts of chemicals in tap water as
compared to bottled water is not known.
Moreover, the entire picture needs to be examined
– the energy required in making, bottling, and
distributing bottled water is immense and this
may impact not only the individual consumers,
but also the health of human populations. The
safety of the individual must be weighed with the
potential harm the use of water bottles has on the
environment. For water bottles, whether single
use or washed multi-use, the evidence is
inconclusive.
Three common societal beliefs have been
discussed that may impact our lives as individuals
or as a population. This paper attempted to use an
evidence-based
approach
to
make
recommendations. It is also important to review
the evidence as a whole to consider the threats to
the individual, to the people in the immediate
environment, and to the broader global
community. Given the human health importance
of hand-drying techniques, hand sterilizers and
water bottles, it is suggested that the apparent
simplicity of these issues not deter future
research.
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