From medical textiles to
smell-free socks

John Payne looks at
antiodour textile finishes

Introduction

It has long been recognised that micro-
organisms, particularly bacteria, can
thrive on textile materials. Natural fibres,
such as cotton, are more susceptible
than synthetics because their porous
hydrophilic structure retains water,
oxygen and nutrients, providing an
perfect environment for bacterial growth.
Growth can be incredibly rapid under
such conditions. Figure 1 shows that
when 10° colonies in 1 ml water are
applied to approximately 0.5 g cotton,
after a few hours logarithmic growth
starts and the population increases from
105 to 10° colonies per ml. The bacterial
count then stabilises, as this is the
maximum number of organisms that the
system can support.

This growth can have a variety of
serious consequences. For example, in
the medical and healthcare areas, a
1994 survey of 156 hospitals in the UK
and lreland, reported by Emmerson at
the conference of the Hospital Infections

Saciety, found that an average of 9% of
patients become infected during their
treatment, and transmission of bacteria
by contaminated textiles could be one
cause of this. You're not safe at home
either: a US survey found pathogenic
organisms in 70% of household dish-
cloths and sponges. At a more personal
level, bacterial growth can alsc result in
the generation of odours when volatile
odour molecules are formed as by-
products of the bacteria’s essential
metabolic processes.

Antimicrobial finishes

A variety of antimicrobial finishes have

now been developed for application to

textiles. In addition to the effective

control of bacteria (and maybe yeasts

and fungi) such finishes must also be:

» Safe, for both the manufacturer and
the consumer

» Easy to apply

« Durable to repeated laundering

« Applicable with no adverse effects to
the fabric.

A review of these criteria follows, using
as an example Reputex 20, Zeneca
Biocides' new durable antimicrobial
finish for cotton.
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Figure 1 Growth of
Staphlococcus aureus
on damp cotton fabric
over a 24 h period.
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Effective control of
bacteria

The many tests to evaluate the efficacy
of antibacterially treated textiles can be
divided into two types — agar-based
‘zone of inhibition’ tests and bacterial
counting tests.

In the agar tests, a swatch of textile is
placed onto a dish of nutrient agar, and a
suspension of bacteria inoculated onto
the textile. The dish is then incubated at
37°C for 1-2 days. An effective anti-
bacterial finish will prevent growth of the
bacteria on the textile surface. Some
finishes may also migrate from the textile
and diffuse into the surrounding agar.
This gives rise to a zone of inhibition
around the textile swatch, where the
bacteria are aiso killed. Large zones of
inhibition suggest the finish is migrating
from the fabric, and that is unlikely to be
durable. A truly durable finish will prevent
growth on the fabric, but give no, or a
very little, zone of inhibition.

American Association of Textile
Chemists and Colorists test method 147
(1993) is a typical agar test. Here, stripes
of Staphlococcus aureus inoculum are
painted across the agar surface, and the
cotton gently laid on top. After incu-
bation, the cotton is removed, and the
growth assessed. Growth is visible since
Staphiococcus aureus forms yellow
colonies.

The results of this test on cotton
samples treated with various concen-
trations of Reputex 20 are shown in
Figure 2. Beneath the untreated cotton,
complete stripes of yallow growth can be
seen, confirming that the cotton itself has
no antibacterial effect. Beneath the
treated cotton, bacterial growth has been
controlled. Importantly there is no zone
of inhibition, suggesting very little mi-
gration of the finish from the cotton.

Bacterial counting tests are tech-
nically more difficult, and time-con-
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Figure 2 AATCC test
method 147 used to
detect effect of Reputex
20 on the growth of
Staphlococeus aureus
on cotton

suming, than the simple agar methods.
However, they give a quantitative
assessment of the efficacy of an
antibacterial treatment. A typical test is
AATCC test method 100 (1993). In this
test a swatch of textile is inoculated with
a bacterial suspension in aqueous
nutrient solution. The textile should be
damp, but without excess water. After
incubation for up to 24 h, the textile is
shaken with water which contains a
neutraliser to stop antibacterial action.
The surviving bacteria are then counted.

Typical results from AATCC test
method 100 with various concentrations
of Reputex 20 and cotton are shown in
Table 1. As expected, vigorous growth
occurs on the untreated cotion. A level of
1% Reputex 20 controlled the bacteria,
and reduced the population by more
than two orders of magnitude, but there
were still some viable bacteria after 24 h.
In contrast, 2% Reputex appeared to
sanitise the cotton, leaving no detectable
organisms after 24 h.

Impressive althocugh the results with
2% Reputex are, it is important to re-

member that not all applications require
this level of sanitisation. Although it
would be essential for some medical
applications, where the objective is to
eliminate possible causes of infection,
for prevention of odour generation it is
probably sufficient to reduce the
bacterial count, relative to the control, by
three or four orders of magnitude, which
the lower level of antibacterial treatment
would do just as well.

Safety

All antimicrobial active agents are
designed to kill iiving organisms —
bacteria, yeasts and fungi. However, the
mammalian toxicity of these active
agents varies considerably. The older
generation of antimicrobials based on
heavy metals or formaldehyde tended to
have severe mammalian toxicity, while
newer types of organic active agents can
be significantly less toxic.

It is also important to distinguish
between safety for the manufacturer or

Table 1 Typical results using AATCC test
method 100 on cotton treated with Reputex
20

Bacterial count after

Treatment Oh 24 h
None 1.3x105 1.0 x 109
1% Reputex 20 70x10* 5.0x102
2% Reputex20  8.0x 104 <102

finisher and for the end consumer. The
manufacturer will have to handle con-
centrated antimicrobial formulations.
Although they may use containment
facilities to minimise the exposure of
workers to toxic materials, it may be
difficult and expensive to adequately
contain operations such as padding.

In contrast, the end consumer will
encounter much lower concentrations of
an antimicrobial, which should be
immobilised on the textile article.
However, many articles such as clothing,
towelling and bedding will come into
direct skin contact, in some cases for
extended periods of time. It is therefore
important that a thorough assessment is
made of the risk to human health posed
by contact with antimicrobial textiles.
Exposure to such textiles couid lead both
to localised dermal effects from direct
contact with the textile and to systemic
effects arising from absorption of the
antimicrobial agent.

This type of assessment has been
campleted for PHMB, the active agent in
Reputex 20. PHMB has a long history of
safe use in high-skin-contact applications
such as swimming poois and cosmetic
products. The regulatory requirements of
these applications also mean that a large
amount of toxiceological information on
PHMB has been generated. In addition,
detailed analytical studies have been
developed to measure the quantities of
PHMB which may leach from treated
cotton into typical fluids such as water,
synthetic perspiration and synthetic urine.

Ease of application

The ideal antimicrobial finish would
require no additional processing stages.
If compatible with other finishes such as
crease-resists or softeners, an anti-
microbial could be applied from the
same pad bath. If it is not compatible, or
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perhaps requires application at a
different pH, then an additional pro-
cessing step may be needed.

Some antimicrobial finishes need a
high-temperature curing stage to de-
velop durability, which may add to the
overall process.

From the finisher's point of view it is
preferable that antimicrabial formulations
do not contain any solvent. Volatile or
flammable solvents may necessitate
flameproofed and earthed equipment,
whilst solvents of lower volatility may
complicate the final drying stage.

Reputex 20 is a purely aqueous
solution of active agent. It can be applied
from a neutral solution, and deces not
require any high temperature curing. it is
also compatible with other finishes such
as nhonhionic and cationic softeners and
resins.

Durability

The effect of an antimicrobial finish
should last for the entire lifetime of the
treated article. Thus, if a sock is typically
washed 40 times before being dis-
carded, then the antimicrobial finish must
be durable tc 40 home launderings.
Ultimate durability will be given by
chemically bonding the active agent to
the textile fibre. In the case of cotton,
there are finishes which can form
covalent bonds with cellulose. These
bonds are very difficult to break, and give
rise to extremely good wash fastness.
Physical interactions are less durable
than chemical bonds. Cationic species
such as quaternary ammonium salts are
known to form reasonably strong inter-
actions with cotton, as reported by
Bender and Carmello. These physical
bonds are strong enough for quaternary
ammonium compounds to be absorbed
from aqueous solutions into cotton, but do
not impart good wash fastness, par-
ticularly to higher-temperature washes.
The poorest durability arises from
molecules that do not form specific inter-
actions with the fibre, but rely on low
water solubility to prevent leaching.
PHMB is a polycationic molecule, with
a distribution of oligomers containing
between two and 40 cationic centres.
PHMB forms a physical interaction with
cellulose. The higher-molecular-weight
species can clearly form multiple inter-
actions with the cellulose surface, and
this significantly increases the strength
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of the binding onto cotton. Studies on the
wash fastness of PHMB on cotton in hot
water have shown that some PHMB is
lost from the cotton, but this consists
entirely of the lowest-molecular-weight
oligomers. The medium- and higher-
molecular-weight species have not been
detected in the wash water.

Figure 3 shows the results of AATCC
test method 100 on cotton treated with
2% Reputex 20, after 40 launderings at
40°C. Before washing, an extremely
rapid sanitising effect is seen, with no
detectable surviving organisms after 5 h
incubation. After the same incubation the
sample which has been laundered 40
times shows a reduction in the initial
inoculum (from 10° colonies per ml to
102 colonies per ml, corresponding to a
99.9% kill). This control is maintained
over the 24 h period of the test. So,
whilst some reduction in performance
has occurred, there is still sufficient anti-
bacterial effect to prevent the detection
of bacterially generated odours.

Effect on fabric
properties

Antimicrobial finishes should not have
any effect on the mechanical and other
properties of a textile. Properties which
may be affected include softness,
yellowing, particularly when exposed to
UV light, water absorbency and tear
strength. The effect on these textile pro-
perties should be assessed when
selecting an antimicrobial finish.

Conclusions

As interest in textiles with antiodour and
antibacterial properties grows, existing
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and possibly new antimicrobial finishes
will come under increasing scrutiny.
Clearly, antibacterial efficacy is the key
property such finishes should give to a
textile. However, other features must
also be taken into consideration, par-
ticularly safety, ease of application,
durability and the effect on other fabric
properties.

John Payne is at Zeneca Biocides,
PO Box 42, Hexagon House,
Blackiey, Manchester M9 8ZS, UK.




