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1

Subject of the study

The aim of the investigation was to test the reduction and inactivation of
airborne surrogate viruses (enveloped Phi6 bacteriophage with comparable
structure, particle size and environmental stability to SARS-CoV-2 [1], [2], [3],
[4], [5]) by the air purifier (device specifications see Table 1).

Table 1: Device specifications

Device name Freshair
Manufacturer OXYTEC air & water purification system
Device installation 6.10.20
Operation principle UV-C/Ozone circulating air technology
(1 x 8 Watt)
Device dimensions L 380 cmx @130 cm
Room size up to 50 m3
IBP internal check number E3413
Measurement period Week 45

According to literature [2], the natural half-life of airborne viruses is approx.
2 hours. Therefore, the tests were exclusively related to aerosols in the air.
The natural half-life must be taken into account when calculating the
efficiency of the device

The setup of the test was based on DIN ISO 16000-36 [6] to test airborne
bacteria, realistically adapted to the specific requirements of viruses. The viruses
were collected from indoor air in accordance with DIN ISO 16000-16 [7], the
filters were constructed in compliance with DIN ISO 16000-17 [8]. The number
of active viruses ("virulence") was determined in the laboratory using the plaque-
based assays method ([9], [10]).

Note: Viral activity testing on surfaces require a different method, as the
stability of viruses in liquids ("smear infection™) must be considered.
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2 Method

The experiments took place in a temperature and humidity controlled room
used for testing (room size: 45 m3) without additional air exchange.

The air purifier was positioned in the centre of the room at a height of two
metres (see Figure 1). The viruses were introduced into the room at a distance
of 45 centimetres facing the unit. The dosing was initially carried out without
turning on the device in order to achieve a high virus load in the room. Then
the dosing was stopped and the air purifier was operated for a total running
time of 24 hours. During the entire running time, the particle distribution in
the room, the temperature and humidity as well as the ozone content were
measured.)

D ==

Figure 1: The (test) setup consisting of the air purifier (Freshair), a dosing unit
and an air sampler in the testing room.

At certain times, the viruses were drawn to an air sampler (MBASS30 version 3
adapted for filter operation by the company Umweltanalytik Holbach GmbH,
Wadern, Germany) and subjected to a plaque assay test for microbial analysis in
the laboratory (see Figure 2).
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Figure 2: Microbial analysis.
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3 Results

The contaminated air was pulled in by the air purifier and passed through the
filter. Inside the device, viruses were inactivated when exposed to UV
radiation and the ozone that was formed. The maximum concentration of
ozone in the room itself remained low (max. 6 ppb). Figure 3 shows the
distribution of viruses in the room over the measurement period and the dates
of sampling:

- P1:1-2h, blank value before starting the dosing of the viruses
- P2:2,33-3,33 h, dosing of viruses

- P3:4-5h, corresponds to 15 min to 75 min when the dosing of the viruses
has been completed and the device is switched on.

- P4:5-6 h, corresponds to 75 min to 135 min when the dosing of the viruses
has been completed and the device is switched on.

- P5:6 -7 h, corresponds to 135 min to 195 min when the dosing of the viruses
has been completed and the device is switched on.

The two curves reflect the ranges of the particle measured by the measuring
instruments (p-Trak/TSI and Fidas Frog/Pallas). The p-Trak covers the nanoscale
range from 20 to 1000 nm, therefore mainly covers the range of individual viruses
(virus size (approx. 100 nm) in the air. The Fidas Frog covers a larger scale range
from 0.2 to 20 um and thus detects aerosol-bound viruses (approx. 1 to 3 um).
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Figure 3: Distribution of viruses in the room and the dates of sampling.
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The number of airborne viruses decreased along the curve (temporal
progression) due to sedimentation ("deposition"). Since the room air purifier is
based on the principle of inactivation of viruses, the level of inactivation or the
duration of inactivation was measured.

The sampling periods for airborne viruses are highlighted in the diagram. Their
activity measured in the laboratory, i.e. the extent to which the viruses are
potentially capable of multiplying, is calculated in Table 1. Included in the
calculation are the sedimentation and the natural half-life of the airborne viruses
which was determined during the tests [1-3]. The reference value for calculating
the reduction was based on the loss of activity of viruses in suspension in
relation to time (known from our own measurements) and the decay curve of the
particle measuring device (P-Trak). Concerning microbiological samplings,
each of which lasted one hour, all data of the particle measurement were
averaged over this period.

Table 2: Measurement of viral activity

Date of Measured Calculated Calculated
sampling reduction of viral | reduction rate R reduction rate R
activity without with
(measurement sedimentation sedimentation
data) *[H* *[Hx
[%]
P1 - - -
**k*
P2 0 - -
P3 57,94 0,5387 0,3535
P4 99,91 0,9962 0,9925
*k*k*k **kk*%k * k%%
P5 99,91 0,9958 0,9891
**kk%k *kk%k *kk%k

* Reduction rate R = 1-Ct/Ci (Ci for the air purifier not in operation

and Ct with the air purifier in operation).

** Taking into account the natural half-life of viruses in indoor air (according to
literature [2]), sedimentation coefficient was calculated using the decay curve in
Fig. 3.

*** P1 Blank value before the virus dosing, no evidence in the room.

**** pelow statistical detection limit of 12%. Reduction rate R greater than
0.88 or reduction rate greater than 88%.
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4 Study summary on the efficiency of the OXYTEC compact
indoor air purifier (Freshair) on reducing and inactivating
airborne viruses

An office with a size of 45 m3 was used for testing and was exposed to
surrogate viruses (enveloped Phi6 bacteriophage with comparable
structure, particle size and environmental stability to SARS-CoV-2) for
1 hour. Afterwards the air purifier Freshair (from OXYTEC air & water
purification system) was switched on. After less than 2 hours of
operation, the concentration of viruses in the room was reduced by
over 99 %.

A maximum ozone concentration in the air of 12 pg/m3 is measured in
this study. This represents only one tenth of the legal limit.The Federal
Immission Control Act sets up the ozone concentration to 120 pg/ms3 as
a safe limit (maximum target value). [11].
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