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Smoke as a Delivery
System for Controlling
Pathogens

Examining ways to provide a safe environment for all humans
Partho Dhang

T

he COVID-19 pandemic has shifted part
of the business focus of the pest control
industry towards the management of
microbial pathogens. Needless to say, a number
of chemical manufacturers have stepped in to
develop chemical disinfectants and equipment
for disinfection. In fact, the need to treat surfaces,
more for disinfection than pest control, has
become more significant than anything else now.
Consequently, residual and space sprays for pest
control have given way to disinfectant sprays
to a great extent. Rightfully, the situation has
triggered practitioners to look for disinfection
products as a way to mitigate infection and to
provide confidence to customers and businesses
of all kind. However, a quick and efficient
method of disinfecting large surfaces such as in
office buildings, hospital rooms, surgical suites,
transports, cargo carriers is becoming a challenge.
Pest control practitioners are thus in lookout for
effective method.
The conventional method for disinfection involves
cleaning surfaces with chlorine-based solvents,
glutaraldehyde, formaldehyde, commercial
disinfectants mixtures, alcohol-based products,
or by blowing mists with chlorine-dioxide. Most
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of these disinfectants carry various nature of
hazards and may require special handling by
personnel during application. These disinfectants
also leave residues that must be cleaned up after
the decontamination process. Also, some or most
of the methods may not be suitable for use in the
presence of sensitive instruments, equipment or
objects when present in the treatment areas.
Conventional methods for disinfection of
contaminated surfaces are often time-consuming
and labour-intensive. Additionally, manual
disinfection of surfaces relies on operator
compliance to achieve an optimal efficacy.
Multiple studies have shown that manual cleaning
and disinfection of surfaces in hospitals remain
below optimal level. In many facilities, only 40
to 50% of surfaces that should be cleaned are
wiped by housekeepers (Carling and Bartley,
2010). In addition, observational methods
combined with use of adenosine triphosphate
(ATP) bioluminescence have shown that individual
housekeeper performance varies considerably.
One study found variations among housekeepers
in the amount of time spent cleaning surfaces,
the number of wipes used in each room, and the
level of cleanliness achieved (Boyce et al., 2010).
Considering these shortcomings, automated or
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self-generating disinfection methods is constantly
being searched for by disinfection service
providers.

Smoke generators as chemical dispersant
Smoke generated by various techniques to
disperse pesticides and to control pests is well
known. The best example of this method are
mosquito coils. These shows the success of
smoke as an easy and quick dispersant method
for a pesticide. Manufacturers are quick to
formulate and make use of the same method to
develop products suitable to treat spaces against
pathogens.
Interestingly, the use of smoke as a carrier of
disinfectants is not new. A newspaper in 1902
had published an article how tobacco smoke
was used as an effective disinfectant. Dr. Paul
Tassinari subjected the germs of various deadly
diseases, such an anthrax, cholera and typhus
fever to the action of dense clouds of imprisoned
tobacco smoke for a period of 100 to 150 hours.

He came to the conclusion that in most cases, and
especially when large cigars had been employed
as generators, the development of pathogenic
bacteria was either partially or wholly arrested
(Anonymous, 1902). In fact, infused smoke with
various natural products have been used in pre
industrial times in various cultures across the
world to cleanse confined spaces against diseases.
In a more recent test, researchers reported that
a 1-hour treatment with smoke generated by
burning wood and a mixture of odoriferous and
medicinal herbs caused over 94% reduction of
bacterial counts and this was maintained over
a period of 24 hour in a closed room (Nautiyal,
2007).
Smoke produced by using a combustible material
with a disinfectant active is a good method to
achieve adequate dispersion of the product in a
closed space. The significant advantage of this
method is that the smoke uniformly generates
particles smaller in size compared to water-based
mists used in disinfection work. A smoke is much
lighter and allows application of the disinfectant
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throughout the room, covering even hard-toreach surfaces. Furthermore, the smoke stays in
the air and on the surface much longer, which
provides a longer contact time between the
disinfectant and the pathogen, thus permitting a
higher sanitation efficacy. One test has reported
particles sizes in smoke to fall in the range of 1 to
25 microns in size with 97.6% less than 5 microns
of which 72.3% are less than 2.7 microns. The
mean range was reported between 1.3 and 2.7
microns (unpublished data). Also, measurements
using a tapered element oscillating microbalance,
which allowed for gravimetric measurement in
real time showed smoke to completely settle
down two hours from the time of discharge. This
ensures a thorough penetration of the smoke to
ensure an effective sterilisation of all surfaces.
A smoke generator can come in various types,
but the most common type uses a metal
container with the formulated product and an
ignition system. The product in the container is
a mixture of active ingredient/s, a phyllosilicate
matrix, a suitable polysaccharide, and potassium
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chlorate. The potassium chlorate acts as an
oxidizing agent that supplies oxygen for the start,
and the subsequent continuity of the ignition. The
fuel ignites after igniting the wick. The gaseous
combustion create pressure inside the container,
which exits through an orifice in the center of
the lid, dragging behind the active material. The
escaping chemical quickly disperses in the smoke
and expands with it, reaching all the corners of
the treatment area. This principle is universally
adopted by manufacturers, but modifications are
available.

Efficacy of smoke generators as disinfectant
Disinfectants dispersed by smoke is a method
of treating both air and surface contaminants.
Disinfectants dispersed through smoke have
a wide variety of use. They have been used for
controlling food and air borne fungi, which are
known to cause losses in the bakery, meat, and
dairy industries. A study aimed to evaluate the
efficiency of a smoke generator containing ortho-

phenyl phenol against ten fungal species relevant
to food spoilage was carried out according to
the norms by the French protocol NF-T-72281.
The tests were performed in an enclosed room of
approximately 32 cubic metres and the exposure
time was for seven hours. The product was highly
efficacious against the against the fungi Candida albicans and Cladosporium cladosporioides, two
of the ten species tested and moderately efficacious against the other eight (Bernardi, 2019).
In a report on the effect of seven fungicides
applied using an electrically operated smoke
generator, the result showed excellent fungicidal
property on inhibiting the germination of
spores of Monilinia fiucticola. The dose-response
curves for smoke deposits from fungicides
botran, dichlone, dodine and phaltan, paralleled
those of the parent fungicides applied through
conventional methods (Lockhart, 1963).
Similarly, two species of fungus namely Candida
albicans and Aspergillus brasiliensis were shown
to be inhibited when disinfectant actives 3.5%
glutaraldehyde and 7% ortho-phenylphenol were
dispersed using a smoke under dirty conditions.
The dirty condition replicated a regular field
use of the product. The dosage was 1 gm of the
formulation per 2 cubic metres of space and
the exposure of the test was kept at 24 hours
(unpublished data). In addition to fungicidal
activities, the same formulation and method
of application showed bactericidal properties
against several species of bacteria namely
Pseudomonas, Escherichia, Enterrococcus, and
Staphylococcus (unpublished data). This data
proved that surface disinfection by smoke as a
dispersant is a suitable method of treatment for
fungal and bacterial pathogens.
In another scenario, a study was conducted to
control avian influenza virus (AIV), and Newcastle
disease, these are highly contagious poultry
diseases that can be transferred on poultry
equipment such as skid steer loaders and other
mobile equipment. Equipment are extensively
used during depopulation and disposal.
Movement of contaminated equipment has
been implicated in the spread of the diseases in

previous outbreaks. A directly applied fog using
glutaraldehyde liquid disinfectants by a thermal
fogger was found to be an effective method for
control of virus on outdoor equipment (Alphin et
al., 2020).
There is adequate research available to prove
effectiveness of smoke as an effective dispersant.
In addition, the best reason why smoke could
be a useful tool for decontamination is its dry
nature, it is self-generating, leaves none or few
residues, and uses less disinfectant active than
conventional methods. This method could also
find its utility in sensitive operations including
places such as post office and mail sorting centres
where paper and prints inks are involved, banks
with currency stocks, libraries and museums with
sensitive documents, among others. 
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