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1. Preliminary remarks

UV-C radiation is ultraviolet radiation in the wavelength range from 100 to 280 nm. It is very
energy-rich and is strongly scattered in biological tissue. Its germ-reducing effect has been
described since the beginning of the 20th century (Barnard and Morgan. The physical factors
in phototherapy. British Medical Journal 2. 1903; 1269-1271) and is clearly proven. Its use
for the disinfection of water and in food processing is already widespread. The effective
disinfection of air (bioaerosols) by means of UV-C radiation is being further developed and
discussed. (See Cutler und Zimmerman. Ultraviolet irradiation and the mechanisms
underlying its inactivation of infectious agents. Anim Health Res Rev. 2011 Jun;12(1):15-23.)

2. Test item

The test object for the intervention on the airborne microbial content were two UV-C based
air sterilisers from the company RZB Rudolf Zimmermann, Bamberg GmbH.

Specifications (according to manufacturer):

Model RZB MINAK M

Lamps 1x TC-L 95 W

Lamp lifespan 9000 h

UV-C-Peak 254 nm

Volume flow three-stage 100 m³/h / 150m³/h / 225m³/h

Fig.. 1: RZB Minak M - 871010.982.79 with identification plate

Model RZB MINAK XL
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Lamps 2x T16 75W

Lamp lifespan 9000 h

UV-C-Peak 254 nm

Volume flow three-stage 350 m³/h / 850m³/h

Fig. 2: RZB Minak XL - 871009.752.79 with identification plate as  engineering sample

3. Airborne germ measurement

3.1 Material
Air samplers of the type Impaktor FH6 from Klotz GmbH are used to check the germ content
in the air. The current calibration was carried out on 14.04.2022.

The cultivation of the airborne microorganisms is carried out on 90mm Stacker™ plates with
Columbia Agar, manufactured by BD Difco™ with 5% sheep blood, which allows the growth
of all clinically significant and facultative anaerobic organisms. anaerobic organisms.

Composition:

Pancreatic Digestion of Casein 12.0 g / l
Peptic digestion of animal tissue 5.0 g / l
Yeast extract 3.0 g / l
Beef extract 3.0 g / l
Cornstarch 1.0 g / l
Sodium chloride 5.0 g / l
Agar 13.5 g / l
Sheep blood (defibrated) 5%
pH value (25 ° C): 7.3 ± 0.2
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3.2 Methods

The air samplers are operated with a volume flow of 100 l/min according to the impaction
method. Three measurements with a volume of 1 m3 are carried out for each volume are
carried out to determine the the airborne microbial situation of the room (cf. Fig. 3).

Fig. 3: Settings of the air sampler
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Fig. 4: Experimental room and installation of the air samplers

The room does not have a technical ventilation system and can be supplied with fresh air via
several window openings. It is used for training and corresponds to a real application
location for the test units as intended by the manufacturer (cf. Fig. 4). For the room volume
of approx. 170 m³ , 4 test units of the type MINAK M or one unit of the type MINAK XL are
installed according to the manufacturer's recommendation. For the investigation, the
ventilation situation was not adjusted and there was no additional window ventilation during
operation. Samples are taken at three measuring points in the room. For the air samplers,
locations are chosen where people typically stay in the room (cf. Fig. 4):

= Location of MINAK M

= Location of MINAK XL

=  Location air sampler

A = 52 m²

V = 168 m³

Fig.  5: Schematic representation of the measuring locations and the installation of the UV-C decontamination devices

Nine measurement scenarios are examined:

1. before commissioning of the test units / the test device (background 1).

2. before commissioning of the test devices / the test device operation after 45 min of
regular room use (background 2).

3. 15 min after window ventilation (background 3).

4. during operation of the test units Minak M at medium level (150 m³/h) after 45 min
of operation.

5. during operation of the Minak M test units at low level (100 m³/h) after 45 min of
operation.

6. during operation of the Minak M test units at low level (100 m³/h) after 45 min of
operation during simultaneous regular room use.

7. during operation of the test unit Minak XL at high level (850 m³/h) after 45 min of
operation.
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8. during operation of the Minak XL test unit at low level (350 m³/h) after 45 min of
operation.

9. during operation of the Minak XL test unit at low level (350 m³/h) after 45 min of
operation during simultaneous regular room use.

After 48 hours of incubation at 35°C, the grown colonies are counted. The number of these
colony-forming units (CFU) on the plates before the test equipment is put into operation are
compared with the number at the respective times after commissioning.

Assumed level of significance:

ns P > 0.05
* P ≤ 0.05
** P ≤ 0.01
*** P ≤ 0.001
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4. Results

4.1 Measurement before operating the test equipment

Measuring point Agar plates without operation,
without Use of space

Agar plates without operation,
without Use of space

A

Colonies 131 323

B

Colonies 143 319
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C

Colonies 135 332

Average
CFU/m³

136,3 324,7

The measurements show an average germ load of 230.5 CFU/m³ for the room.

4.2 Measurement after the use of the room

Measuring point Agar plates without operation,
with Use of space

Agar plates without operation, with
Use of space

A

Colonies 228 374
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B

Colonies 222 324

Colonies 221 389

Average
CFU/m³

223,7 362,3

After every 45 minutes of room use, the bacterial count increases to a mean value of 293
CFU/m³.

4.3 Measurement after window ventilation

Measuring point Agar plates after window
ventilation

Agar plates after window
ventilation
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A

Colonies 71 189

B

Colonies 74 154

C

Colonies 72 166

Average CFU/m³ 72,3 169,7

After 15 min of window ventilation, the measurements for the room show a mean value of
the germ load of 121 CFU/m³.

4.4 Comparison of the operating levels 4x MINAK M (100m³/h vs. 150m³/h)

This document was translated into English by RZB, the original report of the HTK Institute in German can be found here:
https://www.rzb-care.de/pages/erwiesene-wirksamkeit

10

https://www.rzb-care.de/pages/erwiesene-wirksamkeit


Measuring point Agar plate (100 m³/h) Agar plate (150 m³/h)

A

Colonies 27 17

B

Colonies 36 24

C

Colonies 32 21

Average CFU/m³ 31,7 20,7

After 45 min of operation of the MINAK M test devices, the measurements for the room show
a mean value of the germ load of 31.7 CFU/m³ at operating level 1 and 20.7 CFU/m³ at
operating level 2.
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4.5 Comparison of the operating levels 1x MINAK XL (350m³/h vs. 850m³/h)

Measuring point Agar plate (350 m³/h) Agar plate (850 m³/h)

A

Colonies 115 72

B

Colonies 109 73

C

Colonies 100 67

Average CFU/m³ 108 70,7
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After 45 min of operation of the MINAK XL test device, the measurements for the room show
a mean value of the germ load of 108 CFU/m³ at operating level 1 and 70.7 CFU/m³ at
operating level 2.

4.6 Effect of the MINAK M (4x) and XL (1x) models when using space

Measuring point Agar plate MINAK M
(100 m³/h)

Agar plate MINAK XL
(350 m³/h)

A

Colonies 42 269

B

Colonies 38 219

C

Colonies 37 178
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Average CFU/m³ 39 222

After 45 minutes of room use and simultaneous operation of the MINAK M (4x) and MINAK
XL (1x) test units at the lowest operating level, the measurements for the room show an
average germ load of 39 CFU/m³ for the MINAK M and 222 CFU/m³ for the type MINAK XL.

4.7 Plate checks

Agar plate zero 1 Agar plate zero 2

Agar plate zero 3 Agar plate zero 4

Average CFU/m³ 0
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Agar plates checked for sterility in each case. Incubated with each of the experimental
plates.

5. Evaluation and summary
The test data collected on the airborne microbial situation when using the RZB Minak M (cf.
Fig. 1) and Minak XL (cf. Fig. 2) test units from RZB Rudolf Zimmermann, Bamberg GmbH
can be summarised as follows:

The investigations were carried out in a room comparable to a typical classroom, without a
technical room air system with exclusive ventilation via window surfaces. At three
measurement locations where people were present when the room was used, both types of
unit showed a significant mean reduction in the measured airborne germs.

The use of four MINAK M units led to a mean reduction of 82.6%. (cf. Fig. 6).

Germ reduction during room use MINAK M

Fig. 6: Representation of the germ reduction during operation of four MINAK
M units (100 m³/h) according to room use.

Accordingly, a MINAK XL device led to a mean reduction of 38.2% (cf. Fig. 7).

Germ reduction during room use MINAK XL
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Fig. 7: Representation of the germ reduction during operation of one MINAK
XL unit (350 m³/h) according to room use.

Compared to a 15-minute window ventilation in the room, the MINAK M (4x) units showed a
significantly higher mean reduction of CFU to 23.2% after 45 minutes of operation, while the
reduction of a MINAK XL unit led to a mean reduction to 33.3% of CFU (cf. Fig. 8).

Percentage comparison of germ reduction

Fig. 8: Comparison of germ reduction with window ventilation.

A comparison of the three different sampling locations in the room showed no significant
difference (cf. Fig. 9). Thus, a regional effect of the test devices is not in the foreground in
the selected application scenario is not in the foreground.

Comparison of the measurement locations in the room
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Fig. 9: Comparison of the three sampling sites.

Similarly, under the test conditions, there was no significant difference in germ reduction
between operating levels 1 (100 m³/h) and 2 (150 m³/h) of the MINAK M unit type (cf. Fig.
10), nor between operating levels 1 (350 m³/h) and 2 (850 m³/h) of the MINAK XL unit type
(cf. Fig. 11). (cf. Fig. 11).

Comparison of the operating levels MINAK M

Fig. 10: Comparison of the reduction of CFU of the operating levels 1 (100
m³/h) and 2 (150 m³/h)

Comparison of the operating levels MINAK XL
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Fig. 11: Comparison of the reduction of CFU of the operating levels 1 (350
m³/h) and 2 (850 m³/h).

This could be due to the corresponding dose reduction in the unit when the air circulation is
increased. could be due to this. Based on this result, the lowest, quietest level was chosen
for the tests. chosen for the tests.

If you have any questions, please do not hesitate to contact us.

Bamberg, 20 May 2022

Michael Rauer

Engineer and technical project management

Bamberg, 20 May 2022

Dr. Marcus Grohmann

Microbiologist and scientific project manager
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