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Our previous studies demonstrated that precoating of filter
fibers with biologically active tea tree oil (TTO) enhances physical collection efficiency of conventional heating, ventilation, and
air conditioning (HVAC) filters, and provides cost effective and
rapid inactivation of captured bacterial and fungal particles on the
filter surface. The main aim of this study was to investigate the
antiviral activity of two natural disinfectants, i.e., TTO and eucalyptus oil (EUO), against the influenza virus captured onto the filter
surface. It was found that both tested oils possess strong antiviral
properties when used as fiber coating materials, capable of inactivating captured microorganisms within 5–10 min of contact on the
fiber surface. The antiviral activity of TTO was also successfully
challenged in aerosol form by mixing viable airborne viral particles with oil droplets in the rotational aerosol chamber. The results
look very promising for further development of virus inactivating
procedures and technologies for air quality applications.

INTRODUCTION
Due to considerable impact on human and animal health, biological aerosols are becoming an increasingly important subject
of research investigations all over the world. Removal of microbiological particles from the ambient air with their following
inactivation would be one of the most efficient ways to minimize
risks of direct exposure to airborne particles or particles reaerosolized from collecting surfaces. Since filtration remains the
most efficient method of the airborne particle removal, it is commonly used for purification of air from microbial particles on its
own, or in combination with additional procedures and technological modules enhancing the process efficiency with minimal
alteration of the filter hydrodynamics. Such filtration enhancing
procedures include utilization of unipolar ions (Huang et al.
2008), electrostatic charging of the filter media (Raynor
and Chae 2004), coating of fibers with liquids (Agranovski
and Braddock 1998; Boskovic et al. 2007), and others.
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Considering the fact that collected microbial aerosols remain
on the filter surface, some possibility of their following detachment and re-aerosolization back to the gas carrier could not be
neglected. The re-aerosolized particles could still be alive causing substantial risks for residents and environment. This issue
could be addressed by adding disinfecting agents into the gas
carrier or undertaking some inactivation procedures directly on
the filter surface, making microbial particles inactive in the cases
of potential re-aerosolization.
There are some technological approaches available for microbial disinfection. They include photocatalytic decomposition
of microbes on titanium oxide surface irradiated by ultraviolet
(UV; Vohra et al. 2006; Grinshpun et al. 2007), infrared (IR)
radiation-based thermal decomposition (Damit et al. 2011), using chemicals directly injected into the air carrier or applied
onto the filter surface (Pyankov et al. 2008; Huang et al. 2010),
and others. Among variety of various disinfectants, some natural oils look promising due to low or nontoxic nature, especially
in diluted form (Carson et al. 2006). During the last decade, a
variety of essential oils from plants have been screened to assess
their antimicrobial activity (Reichling et al. 2009).
The potential use of oils, such as tea tree oil (TTO) and
eucalyptus oil (EUO), as disinfectants was clearly showed
in recent in vitro studies regarding antibacterial (Wilkinson
and Cavanagh 2005; Carson et al. 2006; Salari et al. 2006;
Hayley and Palombo 2009), antifungal (Hammer et al. 2000;
Oliva et al. 2003), and antiviral activities (Schnitzler et al. 2001;
Cermelli et al. 2008; Garozzo et al. 2011). In addition, it was
shown that essential oils are heterogeneous mixtures, with considerable batch to batch variation of constituents, depending on
growth conditions at the plantations (Kawakami et al. 1990;
Moudachirou et al. 1999). The antimicrobial activity of TTO
is attributed mainly to terpinen-4-ol (35–45%) and 1,8-cineole
(1–6%); however, other components such as a-terpineol, terpinolene, and a- and c-terpinene are also often present and potentially contribute to microbial disinfection (May et al. 2000). The
EUO from different Eucalyptus species contains 1,8-cineole, apinene, and a-terpineol as major common compounds (Jemâa
et al. 2012). A pharmaceutically graded EUO is commonly enriched up to 70% concentration of 1,8-cineole.
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Recently, we suggested a technology based on coating fibrous filters by TTO, and reported the results of feasibility studies on the disinfection of bacteria (Pyankov et al. 2008) and
fungal spores (Huang et al. 2010). In these studies, the TTO was
used as both, filter efficiency enhancing media and disinfectant
on bacterial and fungal aerosols captured on the filter surface.
Considering current strong interest toward influenza related research, the present study is logical continuation of our previous
investigations with the focus on the assessment of antiviral activity of essential oils (TTO and EUO) on inactivation of airborne
influenza virus.

Downloaded by [124.120.25.224] at 18:57 13 August 2014

MATERIALS AND METHODS
Cells and Virus
The Madin–Darby canine kidney (MDCK) cells, from the
American Type Culture Collection (Bethesda, MD), were
kept in a humidified 5% carbon dioxide atmosphere at
37◦ C, and grown in Dulbecco’s Modified Eagle Medium
(DMEM) High Glucose 1× medium (GIBCO, Grand Island, NY, USA) supplemented with 15 mM Hepes (pH
7.4), 10% heat-inactivated fetal calf serum (FCS), 2 mM
L-glutamine, 1 mM sodium pyruvate, 100 U/mL of penicillin,
and 100 µg/mL of streptomycin.
Influenza virus A strain NWS/G70C (H11N9) (Air et al.
1987) was obtained from Commonwealth Scientific and Industrial Research Organization (Melbourne, Australia), and was
propagated in MDCK cells in virus maintenance medium composed of DMEM containing 15 mM Hepes (pH 7.4), 2 mM
L-glutamine, 1 mM sodium pyruvate, 100 U/mL of penicillin, 100 µg/mL of streptomycin, and 1 µg/mL of tolylsulfonyl phenylalanyl chloromethyl ketone (TPCK)-treated trypsin
(Worthington Biochemical, Freehold, NJ, USA).
To prepare viral suspension for aerosolization, the MDCK
cells infection was performed with virus at a multiplicity of
infection of 0.05 per cell. After 1-h of adsorption at 37◦ C, the
cells were washed twice with phosphate-buffered saline (PBS),
placed in medium, and then incubated at 37◦ C with 5% CO2 .
Virus was harvested when the cytopathic effect was visually
evident, usually 3–4 days after inoculation. The virus working
stock solution was prepared as cellular lysate using virus maintenance medium, sonicated 5 min in ultrasound bath, and then
centrifuged (5000 × g for 30 min at 4◦ C) at concentration 5 ×
107 plaque-forming unit (PFU)/mL. Final suspension was diluted to 5 × 106 PFU/mL, and placed into a Collison nebulizer
(BGI Inc., Waltham, MA, USA) for aerosolization.
Oils
Three types of oil were used in the present study for evaluation of the influenza virus survival rate under influence of
potentially disinfecting and biologically inactive material. The
TTO and EUO were chosen as potentially active antiviral materials (Schnitzler et al. 2001). The light mineral oil (LMO)

was chosen as a negative control due to its biologically inactive
nature (Cat.: M3516, Sigma Chemicals, MO, USA).
The TTO (Felton Grimwade & Bosisto’s Pty. Ltd.,
Oakleigh South, Australia) is originated from Melaleuca alternifolia strains (native to New South Wales, Australia). The
TTO has a multicomponents nature, and it is generally considered to possess a low toxicity (Carson et al. 2006), especially in
dilute form. Pharmaceutically graded EUO (Felton Grimwade &
Bosisto’s Pty. Ltd., Oakleigh South, Australia), originated from
Eucalyptus polybractea (Blue Mallee), containing more than
70% cineole (eucalyptol), was also used in the experiments.
All oils have similar density (0.86–0.91 g/cm3) and viscosity
(2.2–4.6 cP), which ensure similar physical behavior when applied onto the filters surface, leaving biological activity solely
for comparison of the results.
Experimental Setup and Procedure
Two series of experiments, i.e., inactivation of collected
viruses by oils on the filter surface and inactivation of airborne viruses by aerosolized oils were undertaken. The laboratory setup used for the first series is shown in Figure 1. Four
38 mm diameter filters were installed in parallel in a specially
made filter holder and hermetically sealed in the aerosol chamber ensuring no air bypass. A polypropylene fibrous filter with
the fiber diameter of 12 µm, thickness of 2 mm, and packing
density of 29% was used in this investigation (Figure 2). Relatively high filtration efficiency was required to maximize the
quantity of bioaerosols accumulated on the filter surface during
the shortest possible time of the bioaerosol generation equipment operation. Identical quantity of collected material on each
filter was achieved by using critical orifice on each filter line

FIG. 1. Laboratory setup for experiments with oils coated filters.
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FIG. 2. ESEM image of uncoated fiber.

controlling the flowrate passing through each filter at the level
of 12 L/min. Prior to discharge to the atmosphere, each filter line was equipped with the high-efficiency particulate air
(HEPA) filter eliminating any possibility of the airborne virus
escape to the laboratory space. Undiluted oils used in particular
experiments were delivered onto the filter surface by a Collison nebulizer (BGI Inc., Waltham, MA, USA) over 30 s of the
device operation. This time interval was found to be sufficient
to ensure efficient and uniform fiber coating, which was visualized by a FEI Quanta 200F Environmental scanning electron
microscope (ESEM). The advantage of the ESEM compared to
the conventional scanning electron microscope (SEM) is based
on its capability to operate at multiple pressure limiting apertures separating the sample chamber from the column, enabling
oily nonconductive samples to be examined in their natural state
without modification or preparation.
Airborne virus was generated by the collison nebulizer from
a liquid suspension with the concentration of around 5 × 106
PFU/mL, prepared according to the procedure described previously. The nebulizer operated at a flow rate of 6 L/min of dry
and filtered compressed air. Before the entry into the aerosol
chamber (length 30 cm, diameter 12 cm), the virus-containing
stream from the nebulizer was mixed with 42 L/min of make-up
stream of dry and HEPA-filtered air to maintain a flowrate of 48
L/min, required for the aerosol chamber operation. Aerosol particles were then neutralized to a Boltzmann equilibrium charge
distribution using a neutralizer (model 3012, TSI, St. Paul, MN,
USA). A total quantity of viral aerosol captured by each filter was monitored by a fluorescent dye (fluorescein sodium salt,
C20 H10 Na2 O2 , Fluka AG, Buchs, Switzerland) added to the viral
suspension in the nebulizer at the concentration of 0.5 mg/mL.
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It was used as a physical tracer to monitor quantities of virus
loading on the filters (Agranovski et al. 2006).
The air temperature and humidity were continuously monitored and controlled throughout the entire experimental program
(T = 23–25◦ C and RH = 45–55%). Uniformity of particle concentration and size distribution in the aerosol chamber were
continuously monitored throughout each experimental run by a
real-time optical aerosol spectrometer (Model 4705, Aeronanotech, Moscow, Russia) to trace any unfavorable variations in
aerosol supply.
Three experimental runs were undertaken for each oil used in
the present study. The same number of repeats was undertaken
for the negative control scenario, when no oil was supplied onto
the filter surface prior to the bioaerosol supply. The following
procedure was used for all experimental runs. Four filters were
installed in the holder and hermetically sealed in the aerosol
chamber. Oil supply was provided for 30 s coating all fibers
by the films. The viral suspension was then aerosolized by the
nebulizer for 2 min time period ensuring sufficient amount of
viral material collected on the filter surface. The nebulizer was
then shut down and the filter holder removed from the chamber.
The first filter was immediately removed from the holder and
placed into a vial with 20 mL of DMEM-based virus maintaining medium and sonicated in the sonic bath for 5 min. This
step was required to dilute oil from the filter surface, which
stops its antiviral action enabling the identification of timerelated inactivation efficiency of the oil for any particular time
interval. Then, the remaining three filters were removed with
15 min increments, and placed into identical vials containing
similar quantities of the virus maintenance medium. This procedure allowed identification of time-related pattern of the oil
efficiency on inactivation of viable virus on the filter surface.
On completion of the entire experimental run, all vials were
placed into a sonic bath for another 5 min to create maximum uniformity of the suspension with following collection
of aliquots for determination of virus particles remaining infective.
Infectivity of the virus stock and virus yield in the experiments was determined by a plaque assay technique. Briefly,
freshly prepared 24-well plates with 100% confluent of MDCK
cells were washed twice with PBS to remove FCS, and then
inoculated with 10-fold virus dilutions on virus maintenance
medium. After 1 h of adsorption at 37◦ C, the inoculum was
removed; the plates were washed with medium to remove virus
suspension and oils, and then overlaid with solid agar medium
(virus maintenance medium supplemented with 0.8% agarose).
Three days after incubation at 37◦ C, cells were fixed with 10%
formaldehyde solution, then stained with 1% crystal violet dye
solution, and thereafter the plaques were counted. The final results were presented in PFU/mL.
The second series of experiments was focused on evaluation
of activity of aerosolized TTO against airborne influenza virus in
the ambient air. A laboratory setup used for this series of experiments is shown in Figure 3. A rotational toroid shaped 200 L
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FIG. 3.

Laboratory setup for aerosolized oils experiments.

FIG. 4. ESEM image of TTO-coated fiber.

aluminium aerosol chamber (650 mm diameter and 600 mm
long) was designed to keep materials in airborne form over extended periods of time of up to 48 h (Pyankov et al. 2012). The
optimal rotation speed was found to be around 7 rpm. The axis
was designed to be stationary, enabling to host pipelines used
for aerosol charging and monitoring. The TTO was used as a
disinfectant and natural virus inactivation in the air was used for
control purposes (no oil was added to the chamber). The following procedure was used for experiments. First, the chamber was
preloaded with oil aerosol for 30 s by the Collison nebulizer.
Second, the viral aerosol was aerosolized from the suspension,
according to the previously described procedure, and supplied
into the chamber over 2 min of the nebulizer operation. Similarly to the previous procedure, the fluorescent dye was used
as physical tracer to control viral concentration in the chamber throughout the entire experiment. The aerosol samples were
taken by a ‘‘bubbler” type personal bioaerosol samplers (Agranovski et al. 2005) over 1.5 min of sampling time. Sampler’s
flow rate was 4 L of air per minute. Sampling was undertaken
at 5, 15, 30, and 60 min time periods counted from the completion of the virus aerosolization event. Considering that at each
sampling point 6 L of air were removed from the chamber (200
L) and replaced with HEPA-filtered air of the same quantity, the
following equation was used to correct each particular result:
Ct = CMt × 1.031n

[1]

where Ct is corrected virus concentration at time t, CMt is the
actually measured virus concentration at time t, and n is the time
related point number (at 5 min, n = 0; at 15 min, n = 1; etc.).
Aliquots of collecting liquid (virus maintenance medium)
from the samplers were taken for virus plaque assay and fluo-

rescence measurements, enabling the identification of microbial
decay as a function of time of TTO exposure. All control experiments were undertaken according to the similar procedure with
no oil supplied into the chamber. At least three repeats were
undertaken for each experimental run.
Considering the fact that biologically active materials are capable to destroy cells used for plaque assay procedure, a series
of experiments identifying maximal concentration of TTO and
EUO safe for the MDCK cells was undertaken. The procedure
was as follows: according to the experimental requirements, the
maximum time of direct contact of active oils and MDCK cells
was up to 1 h during viral inoculation event. Then, the wells were
washed and rinsed removing all extraneous materials including
oils from the MDCK surface. Based on this requirement, serial
two-fold dilutions of oils in the DMEM viral culture medium
were prepared and added into the wells containing monolayer
of MDCK cells and left for 1 h. It was found that both TTO and
EUO exhibited clear cytopathic effect on MDCK cells at concentrations higher than 0.2% (v/v) in culture medium over 1 h
exposure time (data not shown). In contrast, the concentration
of LMO in medium did not affect the cells viability over the
concentration range of up to 0.5% (v/v).
RESULTS
The photograph of the oil coated filter is shown in
Figure 4. No difference in coating efficiency or film characteristics was observed for all three oils used in this project. As
is seen, oil coats fiber uniformly with no uncoated surface observed. This is especially important as it ensures collected viral
particle always remaining in the close vicinity to the oil, enhancing inactivation efficiency of the process. The thickness of
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FIG. 5. Particle size distributions of aerosolized oils and virus suspension.
Error bars represent standard deviation of at least three experimental runs.

the film was approximately 4 µm (Figure 4). The rest of the oil
was usually drained from the fibers under action of gravity.
Size distributions of all aerosol particles used in experiments
are shown in Figure 5. As is seen, both TTO and EUO show
almost identical trends in size distribution with most of particles ranging between 0.4 and 2.7 µm and the peak diameter at
around 1.5 µm. The LMO has a slightly larger peak diameter of
approximately 1.8 µm with majority of particles lying between
0.4 and 3.2 µm. A significantly different size distribution was
observed for aerosolized virus suspension with the particle peak
diameter of about 1 µm. Also, vast majority of particles had
sizes below 2.2 µm.
Figure 6 shows the results on the influence of different concentrations of TTO and EUO, directly added to the viral suspension, on the viral plaque formation on the MDCK host cells.
The error bars show standard deviations of at least three experimental runs. In these experiments, the LMO was used as a
biologically inert material with similar physical properties to the
biologically active oils. Some decrease in the number of PFU at
concentrations of up to 0.1% (v/v) for TTO and EUO could be
observed, however, it was not statistically significant compared
to the numbers obtained for lower concentrations of both oils, as
was confirmed by a single factor analysis of variance (ANOVA)
test (p > 0.05). The lowest concentration causing statistically
significant virus inactivation was at the level of 0.2% (v/v). For
the biologically inert LMO, statistically significant decrease of
the influenza virus plaque formation was not observed over the
entire range of concentrations used in this research.
Based on this finding, along with the previously discussed
results on the influence of the active oils on the MDCK cells,
the amount of the elution medium (DMEM) for the first series
of experiments was estimated to be 20 mL enabling to minimize/eliminate any influence of the active oils on the cells and

FIG. 6. Inactivation of influenza virus by oils in liquid medium. Error bars
represent standard deviation of at least three experimental runs.

viral materials beyond the required time point. Such estimate
was based on the assumption that the total quantity of the oil
supplied onto the filter surface should not exceed 0.1% (v/v)
concentration after dilution in the elution medium to meet the
requirements for both viral materials (0.1%) and MDCK cells
(0.2%). It was also found that 5 min of vigorous shaking (using
orbital shaker at 250 rpm) with consequent sonication for 5 min
in the sonic bath are sufficient to transfer entire amount of viral
material and oil from the filter into the bulk of elution medium
(data not shown).
The relative fluorescence of the material captured by filters is
presented in Table 1. Considering that similar quantities of dye
were added to similar volumes of the suspension, the discrepancy between readings were not very large, which is reflected by
relatively low standard deviations representing all experimental
runs used in this project.
The results of the viral inactivation on the filter surface are
shown in Figure 7. All results were corrected according to the
TABLE 1
Reference fluorescence of the material loaded onto the filters.
The data cover all experiments with filters
Relative fluorescence (RFU)
Exposure time (min)
0
15
30
45

Mean values

Std. Dev.

55,010
57,283
53,824
57,279

7059
6337
6428
5947
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TABLE 2
Relative survival of influenza A virus on the filter surface,
treated with oils
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Relative survival (%)
Exposure time (min)

LMO

EUO

TTO

0
15
30
45

87.03
75.58
66.85
55.45

1.26
0
0
0

0
0
0
0

reference fluorescence level of the material loading on the filter.
The error bars show standard deviation of at least three experimental runs. As is seen, the inactivation of virus on the dry filter
and in presence of biologically neutral LMO shows very similar
trends. Over the initial 15 min of the experimental run, the viral
inactivation in the ambient air reached 40% with following decrease of the number of live virions over the remaining 45 min
of the experiment. The final inactivation of viral particles was
around 95% over the entire experimental time. Similar trend
was observed in the case of the filter treatment by LMO (47%
of inactivation for 15 min and 97% for 45 min interval). For both
cases, statistically significant inactivation was observed for all
time intervals and confirmed by a single factor ANOVA test
(p < 0.05). Relative viral survival values were also calculated
as a ratio of viable virus concentration on the surface of oil
coated filter by the viable virus concentration on the surface of
untreated filter for each experimental time point. The results are
shown in Table 2.
Much more efficient inactivation was observed in cases of
active oils treatment. No live particles were observed even at
the first time point in the case of the filter treatment by TTO,
showing very high efficiency of this material as an antiviral
agent. In the case of fiber treatment by EUO, some very low
titer of virus was only observed for the first time interval with
no evidence of presence on viable particles on the filter surface
identified for all remaining experimental points.

FIG. 7. Inactivation of influenza virus by oils on the filter surface. Error bars
represent standard deviation of at least three experimental runs.

The results of the second series of experiments related to
antiviral activity of the most effective antiviral oil (TTO) against
influenza virus in aerosol form are shown in Table 3. Samplers
were charged with fresh collecting liquid for each sampling
time and operated for 1.5 min at the flowrate of 4 L/min. As
is seen from the table, statistically significant inactivation of
the airborne influenza virus was identified for all four sampling
points. The inactivation was relatively rapid over the first 15 min
of run reaching 60%, with following decrease to steady state
with around 12% of viral particles remaining viable at the end
of the experiment. For the experiment with TTO, the chamber
was initially preloaded with TTO aerosol with the concentration
of around 0.5 µL per liter of air. Then, virus was aerosolized
into the chamber and sampled according to the same protocol
and at the same time intervals as for the previous case. The mean
results along with the standard deviations of four repeats are also
shown in Table 3. As is seen, viable virus was detected only at
the very first time point with no live particles detected over the

TABLE 3
Inactivation of airborne influenza virus by aerosolized TTO
Viral concentration (PFU/mL)
Exposure time (min)
5
15
30
60

w/o oil
150 ± 45.46
60 ± 18.25
40 ± 8.16
20 ± 8.16

ND – not determined.

TTO

Relative fluorescence (RFU)
w/o oil

TTO

Averages and standard deviations of four experimental repeats
5 ± 1.82
26, 900 ± 2332
20, 360 ± 1997
ND
21, 100 ± 1980
19, 830 ± 1985
ND
18, 220 ± 1865
18, 760 ± 1735
ND
14, 620 ± 1267
14, 520 ± 1389

INACTIVATION OF INFLUENZA VIRUS BY NATURAL OILS
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remaining experimental points. Some decrease in fluorescence
units over time is explained by minor settlement of aerosolized
material in the chamber over the experimental run. All virus
concentration results presented in the table have been corrected
by taking settlement of aerosol into consideration.
DISCUSSION AND CONCLUSION
As was mentioned in the introduction section, essential oils
possess a disinfecting activity in vitro against broad range of
microbial, fungal, and viral species. Our previous findings on
disinfecting activity of the TTO showed effective inactivation
of captured fungal and bacterial aerosol on the filter surface
(Pyankov et al. 2008; Huang et al. 2010). Proposed technology
of the filter coating with TTO increases the filtering efficiency,
and minimizes any risk of re-aerosolization of live bioaerosols
back into the ambient air of industrial and residential dwellings.
In the present study, the antiviral activity of two essential oils
(TTO and EUO) was investigated for viral bioaerosol filtration
application. This is the first study of inactivation of live influenza
virus on the filter surface.
A range of tested oil concentrations was evaluated for cytotoxic activity on MDCK cells used as a test-system for the
influenza virus plaque formation. It was found that both TTO
and EUO batches exhibit no cytopathic effect at concentrations
of up to 0.2% (v/v). This number is higher compared to the data
reported by Garozzo et al. (2011), where TTO had no adverse
effect on MDCK cell cultures only for the concentrations below
0.025% (v/v). However, Garozzo et al. used much longer exposure time periods (up to few days) at entirely different experimental conditions (no aerosol related experimental runs were
undertaken). In addition, the oil composition varies from batch
to batch and depends on growth conditions at the plantations
(Kawakami et al. 1990).
The antiviral activity of aerosolized test compounds were
studied in experimental series with virus loaded onto filter surface. At the tested conditions, the use of TTO has revealed
complete virus inactivation. As seen from Figure 7, the virus
plaque formation was completely inhibited (even for time 0
point). Comparing to the results of using EUO, the last one
showed strong antiviral effect, but with less efficiency. The utilizing LMO did not reveal any antiviral activity, as it has the
similar trend of the viral decay with case of absence of any
oil. Resuming all above, the two used essential oils possessed
strong antiviral activity at the conditions tested. These oils could
be successfully used as effective disinfectant in bioaerosol filtration applications.
Additionally, the present study evaluated the antiviral activity
of essential oil in aerosol form. Reasonably, the more effective
TTO was used in such kind of evaluation. As was found in
aerosol form, the TTO possessed the strong antiviral action as
well as on the filter surface.
The concentration of aerosolized virus in all experiments
was kept at the maximum possible level, which was achieved
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by relatively high virus titer in the initial suspension prepared
for aerosolization (∼107.5/mL). Use of heavily concentrated
bioaerosol stream enabled acquisition of more than 103 virions by 1 mL of the collecting liquid (varied slightly in different
experiments), which provides opportunities for evaluation of the
process efficiency within three orders of magnitude, enabling to
identify the inactivation efficiency at the level above 99.5%.
These findings look very promising for the implementation
of such aromatic substances in filtration applications to control
the harmful bioaerosols, and further improvement of the indoor
air quality. Such type of essential oils could be successfully
utilized as effective disinfectant against of broad range of microorganisms as well in aerosol form as in form of filter coating
substance.
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