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Abstract

Sustained noise exposure has a negative impact on
people’s health, ability to concentrate and performance.
A major part of the noise level in a lab is emitted by differ-
ent types of equipment like smaller centrifuges, various
power supplies and thermal cyclers. This application note
evaluates the noise level generation of six thermal cyclers
in 3 operational states. The obtained values reveal that
the new Eppendorf Mastercycler® X40 stands out among
its competitors both in terms of emitted noise levels and
potential annoyance by tonality.

Introduction

The development of work processes in modern laboratories
has led to an increased usage of electronic equipment emit-
ting noise. The diverse negative effects of noise pollution
on humans have been investigated in numerous scientific
articles [1-4]. The WHO Environmental Noise Guidelines
for the European Region delivers substantial evidence that
connects environmental noise exposure to adverse health
outcomes [5]. Hence, noise levels should be considered
when comparing standard lab equipment such as thermal

cyclers within the same market range. This application note
evaluates both the absolute noise levels and an additional
factor, the tonality, which can contribute to a perceived an-
noyance, of six thermal cyclers. A noise is tonal if it contains
a recognizable tone for the human ear, that stand out from
the average background noise [6]. The presence of such
tone is perceived as annoying by most people [71. All six de-
vices were measured by the independent technical inspec-
tion association TUV NORD under 3 different operational
states.


http://www.eppendorf.link/mastercycler-x40
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Material and Methods

The sound power level was determined by TUV NORD in
A-weighted decibel [dB(A)] for six thermal cyclers listed in
Table 1 in accordance with DIN EN ISO 3744.

Table 1: List of thermal cyclers under examination

eppendorf

All measurements were performed using an inserted 96
well PCR plate (high profile unskirted Eppendorf twin.tec®
PCR Plate 96). The plate positions of columns 1, 3, 5, 8, 10,
12 were filled with 30 pL H,0 each, thus filling 48 of the 96
well positions. The plate was sealed with Eppendorf Heat
Sealing Foil using the HeatSealer 200 from Eppendorf to
prevent evaporation.

Table 2: Settings of the used Standard 3-step PCR program

__ 105 °C

Eppendorf Mastercycler® X40
Bio-Rad® T100™

VWR™ XT%¢

Himedia® Prima-96™
Applied Biosystems® SimpliAmp™

Bioneer

AllinOneCycler™

The measurements were taken at the following three opera-

tional states:

1. Idle state: Thermal cycler switched on, temperature
control of block and lid turned off, with no application

running on device.

2. Continuous (hold step) temperature control of the block

at 4 °C.

3. Standard 3-step PCR program shown in Table 2.

Eppendorf Energy-saving
Header Settings mode Standard

Temperature
mode

3-step PCR Denaturation 95°C/15 s

program

Annealing 60 °C/15's
Elongation 72 °C/30s


https://www.eppendorf.com/de-de/eShop-Produkte/Spitzen-Reaktionsgef%C3%A4%C3%9Fe-und-Platten/Platten/Eppendorf-twintec-PCR-Plates-p-PF-8180
https://www.eppendorf.com/de-de/eShop-Produkte/Spitzen-Reaktionsgef%C3%A4%C3%9Fe-und-Platten/Platten/Eppendorf-twintec-PCR-Plates-p-PF-8180
https://www.eppendorf.com/de-de/eShop-Produkte/PCR/PCR-Verbrauchsartikel/PCR-films-and-foils-p-0030127854
https://www.eppendorf.com/de-de/eShop-Produkte/PCR/PCR-Verbrauchsartikel/PCR-films-and-foils-p-0030127854
https://www.eppendorf.com/de-de/eShop-Produkte/PCR/PCR-Zubeh%C3%B6r/HeatSealer-p-PF-94436
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Result and Discussion

AllinOneCycler™ emitted a comparable high sound power

The six tested cyclers emitted different sound power levels
in the three tested operational states (idle, PCR run and

level of 54.2 and 57.7 dB(A) in the idle state, respectively. In

human sound perception, an increase of sound power level

4 °C). In particular, the average noise level of the Mastercy-
cler X40 and Prima-96™ during idle state (Figure 1) were

by 10 dB(A) means a doubling of the loudness [8, 91. Hence,
the generated noise in the idle state of both cyclers is per-

30.2 and 30.1 dB(A), respectively. These values are too low

ceived more than 4 times stronger than noise emitted by the

Mastercycler X40, and Prima-96.

for relevant differentiation of the operating noise to the sur-

rounding sound level. However, thermal cyclers T100™ and
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Figure 1: Sound power levels of the thermal cyclers during three operational states. Measurements with tonality indicated with purple lines.
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Figure 2: Exemplary medium surface sound pressure level in a 1 m distance in dB(A) from
thermal cycler XT?%. A tonality detected at 315 Hz during a continuous hold step

at 4 °C is indicated with a purple arrow.

During a standard 3-step PCR program (table 2) the cy-
cler XT?¢ and Mastercycler X40 generated comparable low
sound power levels of 39.3 and 40.5 dB(A), respectively.

As the following passages will pay attention to sound power
levels and sound pressure level, the difference of both terms
is explained shortly. The “sound power level is the acoustic
energy emitted by a source which produces a sound pres-
sure level at some distance. While the sound power level of
a source is fixed, the sound pressure level depends upon the
distance from the source and the acoustic characteristics of
the area in which it is located” [10].

According to the recommendation of ISO 11690-1[11] the
sound pressure should not exceed 45 dB(A) for meeting
rooms or tasks involving concentration.

Since the here presented sound power levels were deter-
mined in an essentially free sound field above a reflecting
plane, a correction factor of 8 dB(A) was subtracted (as
recommended by the TUV) to obtain the sound pressure
level in a 1T m distance. A sound source will produce a higher
sound pressure level in a small reflective room than in a
large acoustically dead room [10].

The sound power levels of the cycler T100, Prima-96,

SimpliAmp™ and AllinOneCycler ranged between 54.9 and
59.4 dB(A). Thus, these values represent corrected sound
pressure levels between 46.9 and 51.4 dB(A) which are not
recommended for tasks involving concentration.

Similarly, these four cyclers reached noise pressure values
over 45 dB(A) during continuous temperature control of the
block at 4 °C.

The intensity of the operational noise power level under dif-
ferent states for each thermal cycler varied within the range of
approximately 1 (T100) and 27 dB(A) (Prima-96). Hereby, the
biggest span is detected between cyclers that have very low
noise when idle to being loudest when cooling at 4 °C, such as
shown by thermal cyclers XT% and Prima-96 (Figure 1).

During all operational states the Mastercycler X40 did not
exceed a sound power level of 41 dB(A). All other cyclers
exceeded a sound power level of 55 dB(A) in at least one of the
operational states. The AllinOneCycler generated the highest
noise emission of 59.6 dB(A) during all three operational states.

Even if the here detected noise power levels do not lead to
hearing hazard they can cause stress and can be perceived
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as annoying. To evaluate potential additional annoyance
generated by cyclers even during activities below a hear-
ing hazard-causing noise level, the presence of tonality

was tested according to Norm DIN 45645-2 2012-09[12].

A sound is tonal when sound components are clearly au-
dible and their presence by a third-octave analysis can be
demonstrated [6] (see an example for tonality in Figure 2).
Consequently, cycler SimpliAmp and AllinOneCycler are tonal
during all operational states (purple lines in Figure 1).
Furthermore, tonality was detected for cycler Prima-96
(PCR, 4 °C) and cycler XT?¢ (4 °C). The Mastercycler X40 as
well as the T100 showed no tonality.

It must be noted that the above data reflects the noise levels
from a single thermal cycler. In a lab where there is usu-

T100™ 28

XT? I] 1

Prima-96™ 40

SimpliAmp™ 36

eppendorf

ally more than one cycler at different operational states, the
cumulative noise generation would be significant. Figure 3
shows the number of Mastercycler X40 devices which are
theoretically needed to generate a comparable noise level as
the other evaluated cyclers. Since cycler XT? showed a similar
sound power level than the Mastercycler X40 during the PCR
run, one Mastercycler X40 device is needed to emit a compara-
ble sound power level. 28, 40 and 36 Mastercycler X40 would
have to be used simultaneously to emit a comparable noise
level as the cycler T100, Prima-96 and SimpliAmp,
respectively. As an extreme example, 78 Mastercycler X40
would be needed to reach the sound power level of one
AllinOneCycler.

AllinOneCycler™

78

0 20 40

60 80

Number of Mastercycler® X40 devices

Figure 3: Number (rounded to 1) of the Mastercycler X40 devices needed to generate a
corresponding sound power level of the other tested cycler during a PCR program.
10 cyclers correspond to a doubling of the sound power level due to the logarithmic

relationship of both parameters.

Conclusion

During all operational states the measurement results pre-

sented here show that the Mastercycler X40 did not exceed
a sound power level of 41 dB(A). Furthermore, no potential
annoyance by tonality was detected for the Mastercycler X40

and the T100 in any operational state. In contrast, the cycler
SimpliAmp and AllinOneCycler emitted higher sound power
levels (up to 59.6 dB(A)) and tonality was detected in all
operational states.
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Ordering information

Description Order no.

Eppendorf Mastercycler® X40 6381000018
Eppendorf twin.tec® PCR Plate 96 (unskirted, 250 pL) 0030 133 366
Eppendorf Heat Sealing Foil 0030127 854
Eppendorf HeatSealer S200 5392 000 005

Your local distributor: www.eppendorf.com/contact
Eppendorf SE, Barkhausenweg 1, 22339 Hamburg, Germany
eppendorf@eppendorf.com - www.eppendorf.com

www.eppendorf.com

Prima-96™ is a trademark of HiMedia® Laboratories Pvt. Ltd., India. T100™ is a trademark of Bio-Rad® Laboratories Inc, US. AllinOneCycler™ is a trademark of Bioneer, Bermuda.

SimpliAmp™ is a trademark of Applied Biosystems®, US.

Eppendorf®, the Eppendorf Brand Design, Mastercycler®and twin.tec®are registered trademarks of Eppendorf SE, Hamburg, Germany.

All rights reserved, including graphics and images. Copyright © 2023 by Eppendorf SE, Hamburg, Germany.

Eppendorf SE reserves the right to modify its products and services at any time. This application note is subject to change without notice. Although prepared to ensure accuracy, Eppendorf SE assumes no liability for errors,
or for any damages resulting from the application or use of this information. Viewing application notes alone cannot as such provide for or replace reading and respecting the current version of the operating manual.




