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A promising way to prevent spread of airborne infections with aerosol contagion and to reduce risks of healthcare-

associated infections (HAI) is to preserve clean air inside premises (including medical organizations) via performing activi-
ties aimed at disinfecting air, ventilation and air-conditioning systems and via switching to up-to-date ecologically friendly 
disinfectants and their rotation.  

Epidemiological hazards for patients and medical personnel in medical organizations are caused by pathogenic and 
opportunistic pathogenic microorganisms that can be found in the air inside premises and on various surfaces; such micro-
organisms are bacteria in their vegetative form (including tuberculosis agents), viruses, fungi that cause candidosis and 
dermatophytes, mold fungi, spore bacteria. 

Aerosol disinfection is a well proven technique for treating the air inside premises in order to disinfect it and to reduce 
risks of infections spread; this technique involves transforming a disinfectant into a fine-disperse state with a specialized 
spraying device so that an aerosol is introduced into the air inside a premise.  

To work out efficient air disinfection regimes that involve application of relevant equipment and disinfectants, it is 
necessary to apply such techniques and conditions that would secure the most efficient application of aerosol disinfection in 
practical conditions.  

The authors have outlined basic organizational and methodical approaches to an objective assessment of how efficient 
and how safe aerosol disinfection technique is when it is applied in different premises, including medical organizations.  

Key words: air decontamination, air disinfection, aerosol disinfection technique, Assessment of disinfectants effi-
ciency, disinfectant aerosol, examination of decontamination efficiency, airborne infections with aerosol contagion, aero-
sol chamber. 
 

 
 At present morbidity with respiratory in-

fections still remains high in Russia. In spite of 
more and more activities aimed at preventing 
infections, there are considerable risks of preva-
lence and growing morbidity related to airborne 
infections with aerosol contagion including 
healthcare-associated ones (HAI) [1-7]. In 2017, 
just like in previous years, acute respiratory in-
fections (ARI) took the first place among infec-

tious and parasitic diseases in the Russian Fed-
eration; they predominantly occurred in the up-
per respiratory tracts in multiple or unspecified 
locations. Over the last 6 years (2012-2013) 
morbidity with ARI has grown by 9.3% in the 
Russian Federation. In 2014 there was a slight 
decrease in it down to 19,506.00 per 100 thou-
sand people but then a gradual increase followed 
up to its previous values and even above [8]. 
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In 2017 21.66% of the overall country 
population had ARI, 79% of them being chil-
dren younger than 17. More than 31.77 million 
ARI cases were registered in Russia, and mor-
bidity amounted to 21,664.01 per 100 thou-
sand people. Children under 17 prevail among 
patients with ARI, with their share accounting 
for 73.16% in 2017 [8]. 

Air as a natural aerosol is a perfect me-
dium that makes for contagion of respiratory 
infections [9]. Vast quantity of microorgan-
isms in any room occur in a dust environ-
ment and tend to accumulate in it, concen-
trate in places that are hard-to-get; these mi-
croorganisms move together with air flows 
thus creating potential infection foci [10-12]. 

Dust particles can bear up to 95% of all 
microorganisms that occur in the indoor air. 
Since some infectious agents are rather resis-
tant, various places in the environment, espe-
cially indoors, that are hard-to-get become 
massively infected due to dust accumulating 
in them [13].  

Moreover, surfaces that can be found in-
doors usually have a lot of defects, such as 
pockets, cracks, capillaries and so called crypts 
(small craters). Any surface even if it seems 
ideally smooth has a lot of crypts which can be 
seen only under a high magnification; micro-
organisms are able to survive any chemical 
attack in these tiny craters and then reproduce 
themselves, return onto a surface and make a 
population grow.  

All the above mentioned causes and ele-
vates risks that infectious agents penetrate  
a body and makes it especially pressing to 
create and improve objective techniques for 
assessing efficiency of disinfectants, equip-
ment, and technologies applied for air disin-
fection.  

It is vital to find such a treatment tech-
nology that can guarantee disinfection in all 
hard-to-get places as it will eventually allow 
to prevent negative outcomes that microbe 

contamination in the indoor air may have, to 
reduce risks of biological emergencies includ-
ing those that can possibly occur in over-
crowded places [14, 15]. 

Aerosol disinfection is one of such tech-
nologies; it involves transferring a liquid dis-
infectant into a fine-disperse state and its in-
troduction into the air inside a room. An aero-
sol fills the overall space and deposits on 
surfaces of objects (walls, floor, equipment 
and devices). Aerosol drops partially evapo-
rate and thus penetrate all the cracks, holes, 
and notches; it makes for greater and more 
efficient interaction between a disinfectant 
and a microbe cell resulting in its death [16]. 

An ordinary drop which is not created 
with technological equipment can't penetrate 
tiny surface defects due to osmotic laws; it can 
only jam them for some time. Aerosol particles 
with ultra-small sizes (5-35 µm) can penetrate 
anywhere and it, due to adhesion and heat pre-
cipitation, allows them to fill all tiny surface 
defects thus covering this surface evenly and 
completely; they can also treat an air space 
where microorganisms migrate due to convec-
tion flows [12, 17]. 

Aerosol disinfection is well known to be 
successfully applied for disinfecting air and 
surfaces in medical and public organizations 
all over the world. Overall requirements to 
choice on equipment, chemical disinfectants 
and treatment technologies for air disinfec-
tion in medical organizations via aerosol 
spraying are fixed in the Methodical guide-
lines on aerosol disinfection in medical or-
ganizations1. However, the Guidelines don't 
fix any requirements to conditions and a pro-
cedure for an examination of equipment and 
substances which are to be applied for aero-
sol disinfection; and surely, such examina-
tions are necessary for working out efficient 
disinfection modes.  

It is vital to obtain objective assessment 
whether aerosol disinfection is efficient and 

__________________________ 
 
1 Methodical guidelines on aerosol disinfection in medical organizations: Methodical guidelines MR 3.5.1.0103-15. – 

М.: The Federal Service for Surveillance over Consumer Rights Protection and Human Well-being, 2015. – 11 p. 
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safe when applied inside various buildings 
and rooms, including medical organizations; 
to do that, the Test Laboratory Center at the 
Rospotrebnadzor's Scientific Research Insti-
tute of Disinfectology organizes and performs 
laboratory-experimental examinations aimed 
at determining efficiency and safety of disin-
fectants and specific equipment for spraying 
them (aerosols generators) as well as any 
other equipment used for disinfecting air and 
surfaces inside.  

It should be noted that any study on effi-
ciency of air disinfections under laboratory 
conditions is rather labor-consuming, both in 
terms of its organization and methodical sup-
port, and it requires strict adherence to re-
quirements fixed in various regulatory and 
legal documents and applied to laboratory 
rooms, equipment, and working procedures 
for handling microorganisms aerosols and 
chemicals. The existing experience related to 
aerosol disinfectants examinations indicates 
that efficiency of such substances to a certain 
extent depends on several factors, such as 
chemical structure of a substance (an active 
ingredient and its concentration in a  working 
solution of a substance), what quantity of a 
substance is spent per a unit volume and area 
in a room, aerosol dispersity, duration of a 
disinfection cycle and a number of cycles re-
quired, conditions for applying a substance 
(preventive disinfection, or focal disinfection 
applied to prevent different infections taking 
into account an infectious agent), persistence 
of an aerosol in the air. 

Our research goal was to substantiate 
and implement complex methodical approaches 
to organizing and conducting examinations 
on safety and efficiency of disinfectants 
aimed at solving tasks related to managing 
health risks.  

Data and methods. We applied micro-
organisms which were significant from a sa-
nitary point of view (Staphylococcusaureus, 

strain 906, АТСС 6538-Р) as our test ones; 
they were applied to artificially contaminate 
air so that it became possible to examine ef-
ficiency of disinfectants which were sprayed 
as an aerosol as well as efficiency of disin-
fecting equipment. We took Mycobacterium-
terrae, DSM 43227, to assess tuberculocidal 
effects produced by disinfectants. These mi-
croorganisms belong to III-IV pathogenicity 
category as per a classification used in the 
RF (SER 1.3.2322-08 "Safe handling of mi-
croorganisms belonging to III-IV patho-
genicity (hazard) category and parasitic 
pathogens"2, which is equivalent to the first 
pathogenicity category as per World Health 
Organization classification. It to a larger ex-
tent determines specificity and scope of re-
quirements to rooms, equipment, and work-
ing procedures for handling such microor-
ganisms.  

The research was accomplished in con-
formity with sanitary-epidemiologic rules 
SER 1.3.2322-08 "Safe handling of microor-
ganisms belonging to III-IV pathogenicity 
(hazard) category and parasitic pathogens". 
There is a great variety of existing disinfect-
ing devices used for creating aerosols with 
different technical and operating features as 
well as parameters that determine efficiency 
of air disinfection modes. Therefore, to ex-
amine efficiency and safety of such equip-
ment, we need to create conditions that are 
as close to its practical application as is only 
possible. Besides, functional peculiarities of 
various aerosol generators, namely their ca-
pability to treat rooms with different vol-
umes, made it necessary to construct several 
chambers with different volumes to test 
various pieces of equipment depending on 
their power and functions. 

The task was to examine efficiency of 
disinfectants (including aerosol tanks) aimed 
at disinfecting surfaces in a closed room with 
a limited volume (for example, inside a car 

__________________________ 
 
2 Safe handling of microorganisms belonging to III-IV pathogenicity (hazard) category and parasitic pathogens: Sanitary 

rules SR 1.3.2322-08. – М.: Rospotrebnadzor's Federal center for Hygiene and Epidemiology, 2009. – 75 p. 
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cabin). To solve it, we applied an aerosol 
chamber with its volume equal to 1 m3, which 
was actually a confined box belonging to the 
III biological safety category; such a box pro-
vides protection for a researcher, a product 
and an environment. The chamber was equip-
ped with an exhaust ventilation driven me-
chanically via a rigid air duct. It had HEPA-
filters belonging to H14 category for fine air 
purification as well as necessary operating 
holes for air inflow under pressure in order to 
create microorganisms aerosol and subse-
quent air sampling to assess how efficient air 
disinfection was (Figure 1). 

 

 
Figure 1. The aerosol chamber for examining 

efficiency of disinfecting aerosols  

Our goal was to examine efficiency of 
disinfecting equipment applied to disinfect  
air in rooms with great volumes; to do that, 
we used room-chambers with their volumes 
up to 120 m3, specifically equipped with 
technical devices necessary for handling mi-
croorganisms belonging to III-IV patho-
genicity category. A room-chamber used for 
the above-mentioned purposes with its vol-
ume being 120 m3 is a box which can be 
hermetically sealed and which is equipped 
with a mechanic supply-and-exhaust ventila-
tion system with HEPA-filters belonging to 
H14 category for fine air purification in-
stalled both at an air supply point and an air 
exhaust one. The chamber inside is finished 

with specific covering materials which can 
withstand systematic treatment with disin-
fecting aerosols containing aggressive active 
ingredients. Open bactericidal irradiators are 
installed along the perimeter of the chamber 
which are applied to disinfect working  
volume air after experimental work with mi-
croorganisms is over. Safety for a researcher 
was provided with an obligatory kit for indi-
vidual skin protection (protective overalls, 
rubber gloves, a cap) and respiratory organs 
protection (respirators or masks), first aid 
means, as well as alarm system buttons in-
side the box and in the forebox with the light 
and sound alarm system being brought out 
into the corridor (Figure 2). 

 

 
Figure 2. The chamber for examining  

efficiency of disinfecting aerosols  

Another task was to determine bacteri-
cidal doses of impulse ultraviolet irradiation  
in a continuous spectrum that could provide 
90–99.99 % efficiency when disinfecting air 
and surfaces contaminated with S. aureus bac-
teria [18]; to solve it, we applied specialized 
rooms in order to assess efficiency of disinfec-
tants and disinfection equipment. 

Research on efficiency of air disinfec-
tion with an aerosol generator involved cre-
ating a microbe suspension that was evenly 
distributed over the overall volume of a 
room with a ventilator. Preliminary series of 
experiments confirmed that contamination 
with an air suspension was stable during the 
whole experiment. Initial air contamination 
amounted to 1.46–4.80×105 CFU/m3. Air 
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samples were taken with an aspirator that 
was pumping air through Drexel bottles 
filled with sterile tap water; the water was 
then evenly applied on Petri dishes and 
poured over with 10 ml of meat-peptone 
agar which had been previously melted and 
then cooled down to 45 °С. The results were 
estimated after 24-48-hour incubation under 
37±1 °С. The same measurements obtained 
from air which had not been irradiated with 
impulse ultraviolet flows were used as con-
trol samples.  

An impulse ultraviolet irradiation gen-
erator was put in the center of a chamber with 
its overall volume being equal to about 30 m3 
(length equal to 3.1 m; width, 2.4 m; height, 
4.0 m) and switched on an irradiation mode 
from 1 min 31 sec to 5 min 6 sec [18]. 

When examining how efficient disinfec-
tion was in case of surfaces, we applied test 
microorganisms on the following materials: 
plastic (disposable Petri dishes with their di-
ameter being equal to 85 mm), metal (metal 
plates sized 50×50 mm, made of stainless 
steel), and tile (tile plates sized 50×50 mm).  

We additionally applied 40% inacti-
vated serum on a preliminary contaminated 
plastic surface to imitate its further organic 
contamination; it was done to examine in-
fluence exerted on efficiency of disinfection 
in case of organic contamination on irradi-
ated surfaces.  

 All examined test-objects were irradi-
ated with impulse ultraviolet irradiation from 
2-meter distance. The generator was placed 
in such a way that allowed to exclude any 
influence exerted by a reflecting surface on 
bactericidal flow value on an irradiated sur-
face (Figure 3). 

Test surfaces were contaminated with a 
suspension, its initial contamination being 
equal up to 2.0×107 CFU/cm2. 0.25 ml of the 
suspension were put on samples surfaces 
with a micro-pipette and then evenly spread 
with a spatula and dried in a thermostat. Av-
erage microorganisms quantity on control 
plastic samples (which hadn't been irradi-
ated) amounted to 1.0×106 CFU/cm2;  metal 

 

Figure 3. A scheme showing disinfection of test 
surfaces contaminated with S. aureus, with an 
impulse ultraviolet irradiation generator [18] 

samples, 3.7×105 CFU/cm2; tile samples, 
2.77×104 CFU/cm2. The obtained test-samples 
were exposed to ultraviolet irradiation for a 
period from 1 to 32 minutes. After the test was 
over, 10 ml of sterile water were put into irra-
diated and control plastic samples (disposable 
Petri dishes), microbe cells were washed off 
surfaces with a spatula and evenly distributed 
in washout liquid. Then 10 ml of meat-peptone 
agar which had been previously melted and 
then cooled down to 45 °С were poured into 
Petri dishes. We examined two groups of con-
trol surfaces. Microorganisms were washed off 
the surfaces in the first group before the ex-
periment started (before the suspension was 
dried a little); in the second group, after the 
experiment (3 hours after). Overall microor-
ganisms quantity in washouts from the control 
surfaces was taken as an average before and 
after the experiment. All the experiments were 
repeated three times.  

Results and discussion. Table 1 contains 
the results of our research on efficiency of dis-
infecting air contaminated with S. aureus in a 
specialized chamber with an impulse ultravio-
let irradiation generator. 

Volume bactericidal doses that can disin-
fect air with 90% efficiency are equal to 
14 J/m3, and with 99.9%, 47.5 J/m3. 100% 
disinfection efficiency is reached after an ex-
posure that lasts for 5 minutes 6 seconds.  

We examined efficiency of disinfecting 
plastic test-objects with impulse ultraviolet 
irradiation in a continuous spectrum with dis-
posable Petri dishes in tow series of experi-
ments (Figure 4). 
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T a b l e  1  
Efficiency of disinfecting air contaminated 
with S.aureus with an impulse ultraviolet 

irradiation generator [18] 
Efficiency Volume 

of an  
experi-
mental 
box, m3 

Irradia- 
tion  

period 

Control, 
CFU/m3 

Test, 
CFU/m3 % lg 

5 min  
6 sec 4.8×105 0 100.00 5.6

3 min  
3 sec 1.46×105 80 99.95 3.230 

1 min  
31 sec 1.63×105 2.4×103 98.50 1.8

 
Figure 4 represents a survival curve built 

up after two series of experiments taking into 
account all the previous research [18]. The 
survival curve is a typical 2-component one. 
99.99% disinfection efficiency is reached even 
after 1-minute exposure to irradiation from a 
2-meter distance.  

 

Figure 4. Efficiency of disinfections applied 
on plastic test-objects under various exposure 

to impulse ultraviolet irradiation  

Figure 5 shows the results of research on 
influence exerted by a surface material and 
occurrence of organic contaminants on disin-
fection efficiency [18]. The research revealed 
that when test-objects were exposed to 2-mi-
nute irradiation, disinfection efficiency was 
not less than 99.99% on all examined surfaces 

or, in other words, it corresponded to an effi-
ciency criterion fixed for the process. Disin-
fection was the most efficient on plastic and 
tile test-objects, and the lest efficient on metal 
ones. Biological contamination (biological 
burden) on a plastic surface doesn't have any 
substantial influence on attainable efficiency. 
The discrepancy between disinfection effi-
ciency for plastic surfaces with biological bur-
den and without it doesn't exceed 10 minutes 
under any exposure (from 2 to 8 minutes). 

 

Figure 5. Influence exerted by a surface material 
and organic burden on efficiency of disinfection 

with impulse ultraviolet irradiation  

As regards examining efficiency of che-
mical aerosol disinfectants, the greatest effi-
ciency in terms of surfaces treatment was re-
vealed for substances based on hydrogen per-
oxide with various additives, chlorine dioxide, 
and cation surface-active substances, and it is 
well in line with previously obtained data [19]. 
Substances were discharged in quantities wit-
hin 10-50 ml/m3, disinfection exposure lasted 
from 60 to 240 minutes, aerosol dispersity var-
ied from 5 to 30 µm ("dried" and "moistened" 
spray). We should note that if a substance is 
discharged in greater quantities or exposure 
lasts longer, the efficiency also grows; but if 
aerosol dispersity and active ingredient con-
centration in a working solution go up, it 
doesn't necessarily lead to a positive outcome. 
An aerosol reached its maximum efficiency 
when particles size was 10-20 µm ("mois-
tened" spray) for most examined substances.  
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Softer modes are more efficient for air 
disinfection (both in terms of substance dis-
charge and exposure duration), but surfaces 
disinfection requires harder ones; it is due to 
different physical and chemical interaction 
between disinfectant aerosols and microor-
ganisms in the air and on surfaces. 

Taking into account multi-factor impacts 
exerted by parameters determining disinfection 
efficiency in a laboratory on an actual disin-
fection taking place in practical conditions, 
and bearing in mind, that efficiency of such 
activities is the most important epidemiologi-
cally in rooms inside medical organizations3 
that belong to A class of purity (the purest 
ones), we should make an environment inside 
a chamber for examining how efficient aerosol 
disinfection is as close to that existing in real 
life as its only possible.  

When we model an environment inside a 
chamber and equip it with relevant pieces of 
furniture or medical devices, it allows to cal-
culate standards for disinfectant discharge 
properly, taking into account not only a vol-
ume of a room but also total surfaces square 
which becomes greater due to objects placed 
inside it. The latter should be calculated 
when creating efficient modes for surfaces 
disinfection with aerosols. Besides, if we use 
real model objects made of the same materi-
als as medical furniture and devices, it al-
lows us to achieve high precision in creating 
efficient modes for surfaces disinfection in 

rooms inside medical organizations that be-
long to A class of purity (the purest ones). 
When doing it, we should try to obtain mini-
mal efficient concentrations of active ingre-
dients in order to provide maximum possible 
safety of disinfection procedures for medical 
personnel and patients as well as to reduce 
aggressive impacts exerted by disinfectants 
on treated surfaces and to preserve their op-
erational properties.   

Conclusion. When examining and assess-
ing efficiency of equipment and disinfectants 
applied for aerosol disinfections, one should 
envisage both proper methodical support for 
research and competent experts as well as 
relevant technical support in a laboratory pro-
vided with specialized validated test equip-
ment which can be applied for a complex dis-
infectiological examination. 

So, we have developed and tested me-
thodical approaches to assessing efficiency 
of disinfectants and equipment applied for 
aerosol disinfection; these approaches allow 
to work out efficient modes for air treatment 
and eventually to make disinfectant activities 
more efficient in practical conditions thus 
reducing risks of airborne infections with 
aerosol contagion, including HAI. 
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