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Executive Summary
Does it make a difference if cell cultures are incubated on
the top shelf in the incubator or on the bottom shelf? Well,
it certainly should not! But depending on the incubator
you are using, it may not be a good idea to put sensitive
cells near a circulating fan. Even if your incubator does
not have a fan causing vibrations or increased evaporation
of the culture medium, the incubator should provide a
homogeneous temperature distribution throughout the
complete chamber.

A CO2 incubator is the safe haven for your cells providing
optimal atmospheric conditions. Sensitive primary or stem
cells are especially susceptible to temperature increases and
will react in adverse ways. When you are planning a complex experiment, or use the cells for a certain application,
you want to be sure that the location of the culture vessel
inside the incubator has no impact on the cells and experimental result. Just imagine if the temperature on the upper
shelf is 37.5°C while it is 36.5°C on the lowest shelf.

Temperature homogeneity in CO2 incubators
(according to German DIN 12880:2007-05 norm)
In CellXpert® CO2 incubators, the temperature homogeneity, or
the spatial temperature deviation, was verified based on a test
method that is defined in a German standard for ovens and incubators (DIN 12880:2007-05). In this test, a set-up with not less
than 27 temperature probes is used for measuring the temperature at different locations inside the incubator (Figure 1).

Fig. 1: Measurement set-up according to DIN 12880:2007-05 – 27 temperature
probes placed at different locations on three shelves inside the CO2 incubator
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The results of the test according to the standard
DIN12880:2007-05 proved that CellXpert CO2 incubators
provide a reliable and homogeneous temperature distribution throughout the complete chamber. Applying the same
27-point temperature measurement to other incubators

revealed much higher variations in temperature depending
on the location in the incubator (Figure 2).
Taken together, your cells are exposed to the same stable
atmospheric conditions in CellXpert CO2 incubators no matter where the culture vessels are located.
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Fig. 2: Spatial temperature distribution in different CO2 incubators verified by measurement according to DIN12880:2007-05.
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Does 1 °C difference matter?
Example: Effects on induced pluripotent stem cells (iPSCs)
One example is the atypical morphology developed by human
iPS cells grown at 38 °C compared to optimal temperature of
37 °C (Figure 3). But even if you set the temperature to the 37 °C

desired in most cases, not all incubators provide uniform spatial
distribution of temperature. So, placing the culture vessels on
different shelves or different positions on the shelf can make a
difference depending on the incubator you are using.

A

B

Fig. 3: Human induced pluripotent stem cells incubated to illustrate differences in morphology. Appearance of atypical cell morphology highlighted in pink. hiPS cell
incubated at 37° (A) predominantly show typical morphology of high nuclear-to-cytoplasm ratio, prominent nucleolus and densely packed colonies. Incubation at 38
°C (B) increases the appearance of less densely packed and more shiny cell colonies with less pronounced nucleoli.
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The technology behind – multiple sensors, individually
controlled heating circuits, and no fan
Most incubators are equipped with one temperature probe
mounted on the back wall of the inner chamber. Thus, temperature is measured locally at one spot inside the incubator.
A second temperature probe is often included to avoid harmful
over-temperature, but not to control for spatial homogeneity. A
quick recovery of temperature and gas levels after door opening
is often achieved by an internal fan. This fan-assisted heating
technology leads to a forced airflow inside the incubator which
may cause multiple issues, like spreading of air-borne contaminants, vibration on the shelves, and evaporation of the culture
medium.

CellXpert CO2 incubator offer three-dimensional regulation
of the temperature achieved by several sensors placed directly
at the different heating circuits surrounding the chamber and
the door. This 3D temperature control and the direct heating
technology result in highly uniform temperature distribution
throughout the whole incubator. In addition, the temperature
control system leads to quick temperature recovery after door
opening (under 5 min without temperature overshoot). Thus,
CellXpert CO2 incubators provide optimal conditions for cell
cultures independent from their location on the shelves.

Want to learn more about the new family of Eppendorf CO2 Incubators and compare
with other manufacturers?
Video: Easy cleaning and reliable contamination prevention with the new CellXpert CO2
incubators
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Executive Summary
CO2 incubators provide an optimal cell growth environment by maintaining a humidified atmosphere with
temperature and carbon dioxide control. These conditions
not only promote cell growth, but also the growth of
contaminants, like bacteria, yeast, molds and other fungi.
The contamination-reducing features of an incubator’s
functional design and the effectiveness of its self-decontamination system must be considered in choosing an
instrument. In this paper, we compare various strategies
for preventing contamination in CO2 incubators, from
the functional design of the device to self-disinfection
programs. We also give some useful tips to prevent
contamination when using CO2 incubators.

Introduction
Sources of contamination
Contamination is a major cause of frustration when culturing
cells. There are many sources of contamination, either direct
or indirect. Direct sources are contaminated reagents, media
or seed culture. Media and reagents from reputable suppliers
are rarely delivered contaminated nowadays. New cell lines
can introduce contaminants into the lab, especially when
they are given from lab to lab. They should be quarantined
before culturing with the rest of the cells. Direct contamination can be prevented by stringent testing. Indirect
sources of contamination include lab surfaces, equipment
and personnel. Germs are spread predominantly by crosscontamination. This can be prevented by good aseptic
techniques, regular cleaning, and disciplined adherence
to scheduled maintenance programs for equipment. Good
functional design of equipment and regular use of automatic
self-decontamination programs can further help
to minimize contamination.

How do contaminants get into a CO2 incubator?
The CO2 incubator may become an indirect source of contamination. Unlike a biological safety cabinet, an incubator
cannot prevent the influx of airborne contaminants, as the
door must be opened during routine use. The incubator
chamber can also be contaminated by carelessness in aseptic
techniques, and unnoticed splashes from cell culture vessels.
Some CO2 incubators use a HEPA filter to remove microorganisms from the air in the chamber, but if the filter is not
changed regularly it can harbor and spread the germs. In
addition, a HEPA filter is no protection against mycoplasma
contamination as these microorganisms are only 0.1-0.3 µm
in size and therefore are not filtered out.
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Executive Summary

The purpose of a CO2 incubator is to maintain an
optimal environment for cell growth, by providing
carbon dioxide control in a humidified atmosphere
with constant temperature. Modern CO2 incubators
offer specialized solutions for contamination
prevention, limited lab space, and even specific needs,
like support of hypoxic applications. In this guide we
give you some best practices and tips to choose the
best incubator for your needs.

Selecting the appropriate model
Selecting a CO2 incubator used to be considered a routine
administrative decision, often based on what was used in
the past. Now, facing a wide range of specifications and
specialized features, it is worthwhile to consider your needs
and choose your incubator with careful analysis. This guide
will help you with that process.

the pH. The most commonly used CO2 - bicarbonate buffering system depends on a chamber atmosphere of 5 - 10 %
CO2, providing a pH of 7.2 to 7.4.

In-chamber atmosphere control
Controlling temperature and levels of CO2 and humidity in
the incubator is critical to the health and growth of cultured
cells. For the majority of mammalian cell lines the optimal
growth temperature is 37 °C. A humidified atmosphere of
approximately 95 % avoids desiccation of the cultures.
CO2 is needed as part of the media buffer system to regulate
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Executive Summary
CO2 incubators are required to maintain an optimal
environment for cell growth, by providing carbon
dioxide control in a humidified atmosphere with
constant temperature. In this guide we give you some
best practices and tips, ranging from installation and
daily operation to the maintenance required to keep
a contamination-free environment for reliable cell
growth.

Setting up a new incubator
When the decision for a certain incubator model has been
made, the next step is installing the device in the cell culture lab. For gassed incubators a risk assesment should be
performed. A recommended measure are gas detectors that
issue an alert when critical gas concentration is reached in
the laboratory. In addition, a ventilation system ensures air
exchange both during normal operation and in case a critical gas concentration is reached. When gas cylinders are
used they should be clearly labeled and securley anchored
in suitable safety cabinets. The tubing connecting the incubator to the gas cylinder or the central gas supply should
be appropiate for the pressure of the gas used to avoid any
leakage of CO2 which can cause suffocation if the concentration in the air is too high. This guide will help you with
general tips on installation, set-up, and care of your new CO2
incubator.

Visit www.eppendorf.com/co2-incubators
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About Eppendorf
Eppendorf is a leading life science company that develops and sells instruments, consumables, and services for liquid-,
sample-, and cell handling in laboratories worldwide. Its product range includes pipettes and automated pipetting systems,
dispensers, centrifuges, mixers, spectrometers, and DNA amplification equipment as well as ultra-low temperature freezers,
fermentors, bioreactors, CO2 incubators, shakers, and cell manipulation systems. Consumables such as pipette tips, test
tubes, microtiter plates, and single-use bioreactora vessels complement the range of highest-quality premium products.
Eppendorf was founded in Hamburg, Germany in 1945 and has more than 3,300 employees worldwide. The company has
subsidiaries in 26 countries and is represented in all other markets by distributors.

Your local distributor: www.eppendorf.com/contact
Eppendorf AG · Barkhausenweg 1 · 22339 Hamburg · Germany
eppendorf@eppendorf.com · www.eppendorf.com
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