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Abstract

The application of flow cytometry for sorting and analyzing pathogenic organisms poses significant
challenges, not only due to the difficulty of maintaining a sterile environment but, more critically,
because of improper handling and disposal of pathogen-containing waste. If viable pathogens remain
in the waste stream, they can present serious environmental risks. Conventional practice typically
relies on adding chemical disinfectants, which in turn creates complications for subsequent
autoclaving. In this work, we demonstrate an alternative approach using UV-C light for bacterial
disinfection prior to waste collection. A UV-C device was integrated just before the flow cytometer’s
waste chamber, ensuring that liquid waste flowing through the flow cytometry waste tubing was
continuously exposed to UV-C irradiation. To validate this approach, we analyzed three bacterial
species: Escherichia coli, Salmonella sp., and Klebsiella sp. to determine the efficacy of using such a
device in a flow cytometer. Samples from the waste stream were collected both before and after UV-
C exposure and plated on agar overnight. Our results showed complete inactivation (100% kill rate)
of two bacterial species (E.coli and Klebsiella sp.) and near- complete inactivation of Salmonella sp.
following UV-C treatment. This method provides a simple, chemical-free, and effective approach to
enhance biosafety and ensure safe waste disposal in laboratories performing flow cytometry with
pathogenic organisms.

Keywords: bacteria; flow cytometry; UV disinfection; waste sample disposal; biosafety

1. Introduction

Analysis and sorting of pathogenic organisms by flow cytometry, particularly in cell sorters, is
constrained by biosafety and waste-handling issues. For pathogen-related studies, flow cytometer
analyzers are typically placed inside BSL-2 biosafety hoods, which complicates handling of both
samples and the instrument [1,2]. Although many flow cytometer manufacturers offer instruments
designed for use in a BSL-2 hood, very few provide a fully integrated BSL-2 safety enclosure built
directly into the sorter. One notable example is Thermo Fisher’s Bigfoot Spectral Cell Sorter, which
features its own Class II biosafety cabinet and aerosol management system [3]. In our earlier work,
we used this instrument to handle pathogenic bacteria, including antibiotic--resistant strains [4].
While detailed protocols for flow cytometry instrument wash steps were provided in the paper to
prevent contamination, safe disposal of liquid pathogenic waste remains a significant challenge.

After sample analysis, waste collected in the cytometer’s waste tanks is often treated with
disinfectants such as 10% bleach to kill viable pathogens [5]. However, once treated with these
chemicals, the waste becomes non-autoclavable, making transport of large volumes of chemically
treated waste to autoclave facilities risky and logistically challenging. Moreover, most waste tanks
supplied with flow cytometers are not designed for direct autoclaving. This adds extra challenges to
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waste disposal and increases environmental risks, such as improper disposal of chemically
contaminated fluid, potential pathogen release, or chemical pollution [6,7]. Therefore, developing
alternative waste treatment methods is crucial to effectively inactivate pathogens, reduce
environmental impact, and ensure safe, compliant disposal practices.

A recent study by Kirsch et al. presented a UV-C flow-through method for decontaminating
sheath fluid in flow cytometric cell sorters, achieving a 5-log reduction in bacteria and enabling more
reliable aseptic cell sorting [8]. While our approach is similar and uses the same device, their work
primarily emphasized disinfecting sheath fluid before conducting flow cytometry experiments. In
contrast, the disinfection efficiency of the device has not yet been evaluated after the sorter has
processed samples containing pathogenic organisms, where potential carryover poses an additional
biosafety concern. Furthermore, the safe handling and disposal of waste samples containing viable
pathogenic organisms pose a significant challenge that requires attention beyond sheath-fluid
decontamination alone. The integration of the flow cytometers with a built-in Class II biosafety
cabinet, an autoclavable waste tank, and a UV disinfection device in the waste stream provides
continuous, layered protection. These features greatly enhance operator safety by inactivating
pathogens before waste is handled, ensuring infectious material is neutralized both during sorting
and after disposal. In addition, this system reduces chemical usage, minimizes the need for frequent
decontamination, and supports high-throughput workflows in BSL-2 environments while
maintaining strict biosafety compliance. A representative image illustrating the connection between
the flow cytometer and the UV device connected before the waste tank collection is presented in
Figure 1. In this work, we evaluate the efficacy of the UV device for effective decontamination of
pathogenic organisms prior to their release into the flow cytometer’s waste stream.
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Figure 1. Schematic and representative image showing how the UV-C flow shield device is connected to the

waste tank of the flow cytometer. Images are adopted from A.P.E flowShield User Manual [9].
2. Materials and Methods

2.1. Bacterial Sample Preparation

Three bacterial species: Escherichia coli ATCC 25922, Salmonella typhimurium ATCC 14028, and
Klebsiella pneumoniae ATCC 13883 were obtained from ATCC and cultured separately on Tryptic Soy
Agar (TSA) plates for 24 hours at 37 °C in a Fisher Scientific Isotemp incubator. To prepare TSA agar,
40 g of agar was dissolved in 1 L of sterile water. Agar suspensions were autoclaved and cooled
before pouring onto an empty agar plate. From each overnight culture, colonies were inoculated into
phosphate-buffered saline (PBS), and bacterial concentrations were adjusted based on the initial
optical density (OD) measured with a WPA Biowave CO8000 cell density meter. The final working
concentrations for E. coli, S. typhimurium, and K. pneumoniae used in flow cytometry experiments were
7 %107, 6 x 106, and 5 x 106 CFU/mL, respectively. High inoculum levels (210° CFU/mL) were chosen,
as this is the recommended cell concentration for flow cytometry applications. Concentrations were
determined by performing serial dilutions of the OD-adjusted suspensions, plating on TSA agar, and
back-calculating from colony counts. Colonies were counted using Image] 2 software.
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2.2. UV-C Device

The UV-C flowShield unit (APE Berlin) was installed immediately upstream of the tubing leading
to the flow cytometer’s waste streams. The UV light operates at full power (delivering a dose of 40
J/cm?) in a reactor maintained at 17 °C, with an emission wavelength range of 200-280 nm. A complete
user manual for the UV-C flow shield, including the specifications and working principle, can be
accessed from A.P.E. flowShield Berlin [9].

2.3. Flow Cytometry Experiments

The water and the empty waste tanks for the Bigfoot Spectral Flow Sorter (Thermo Fisher) were
sterilized by autoclaving at 250 °C for 15 minutes. After sterilization, the waste tanks were allowed
to cool to room temperature for about 4 hours (per the manufacturer’s recommendation) before being
installed in the cytometer. Following routine QC, bacterial samples in PBS were run with 600,000
events/sec per species at 50% flow rate. Using an FSC-A vs SSC-A scatter plot, bacterial clusters were
identified. The scatter plots shown in Figure 2 were plotted using FCS Express 7.0 software. The
cytometer performs a double nozzle wash after each sample. Samples collected from the waste
chamber were autoclaved again before starting experiments with the next bacterial species. The
manufacturer advises against autoclaving the sheath fluid, so the sheath fluid was instead sterile
filtered (0.2 um pore size) and plated on TSA agar to verify sterility.
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Figure 2. Schematic representation of the workflow for assessing bacterial disinfection using a UV-C device
integrated into the flow cytometer waste line. Prior to the experiment, the water and waste tanks (1 and 2) were
autoclaved and then connected to the flow cytometer. A known concentration of bacteria was prepared in sterile
PBS and acquired through the instrument. Waste samples from tanks 1 (with UV-C exposure) and 2 (without
UV-C exposure) were collected, plated on TSA agar, and incubated for 24 hours at 37 °C.

3. Results and Discussion

The schematic in Figure 2 illustrates the workflow for evaluating the efficacy of a UV-C device
for bacterial disinfection in the flow cytometer’s waste stream. After sterilization, both the waste and
water tanks were installed in the flow cytometer instrument. A known bacterial concentration was
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inoculated into sterile phosphate-buffered saline (PBS). As the cytometer analyzed the bacterial
suspension, waste fluids were collected into two separate tanks: one tank received waste without UV
exposure (control), while the other tank received waste continuously exposed to UV-C light just
before entering the tank. These waste samples, both UV-exposed and non-exposed, were then plated
on TSA agar to assess bacterial viability.

Three bacterial species, Escherichia coli, Salmonella typhimurium, and Klebsiella pneumoniae, were
selected for analysis. The volumes of waste collected from the tanks ranged from 17 to 50 mL. Despite
using the same initial sample volume and analyzing the same number of events, collected waste
volume varied due to sheath flow dynamics, aborted or deflected drops, automatic flushes, and the
aerosol management system, which is typical in flow cytometry [7].

Figure 3 illustrates the resulting colony growth for each species under the two conditions (with
and without UV exposure). For each species, waste samples were collected from both tanks, plated
onto three sets of TSA agar (n =3 per species), and incubated for 24 hours. The SSC-A vs FSC-A (488
nm laser) scatter plots are shown for each species to visualize and verify the cell populations analyzed
in the flow cytometer. In the absence of UV exposure, all three species formed colonies on TSA agar
plates (Figure 3A). Both E. coli and K. pneumoniae showed no detectable colony growth after UV-C
exposure, confirming complete (100%) inactivation under the experimental conditions (Figure 3B). In
contrast, S. typhimurium exhibited one or two surviving colonies.

A) With out UV B) With UV
Set1 Set 2 Set3

Figure 3. Effect of UV-C exposure on bacterial viability. Three bacterial species, E. coli, S. typhimurium, and K.

Salmonella
typhimurium

w0 10?
488 FSCA

Klebsiella
pneumonia

pneumoniae, were tested for viability before and after UV-C exposure using waste samples processed by flow
cytometry. (A) Three replicates (n=3) per species grown on TSA agar for 24 h without UV exposure showed
expected growth from samples collected in the waste tank. Corresponding FSC vs SSC scatter plots for each
species are also presented. (B) Three replicates (n=3) per species grown on TSA agar for 24 h after UV exposure
showed complete inhibition of E. coli and K. pneumoniae, while one or two colonies of S. typhimurium were

observed, indicating partial survival.

4. Discussion

The UV device disinfection approach demonstrated high efficacy for E. coli and K. pneumoniae,
achieving complete inactivation under the tested conditions. The partial survival of S. typhimurium is
likely attributable to the inherent tendency of Salmonella sp. to form small aggregates or clumps,
which can shield some cells from UV light. Such species-specific variations in UV susceptibility have
been widely reported in the literature [10-12] and highlight the importance of considering microbial
aggregation and flow conditions when implementing UV-based disinfection strategies.
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It is important to note that while the volumes of waste collected varied between 17-50 mL due
to due to routine operational variations and fluidic dynamics inherent to flow cytometry, this did not
affect the interpretation of results. The high initial bacterial concentrations ensured that any viable
cells remaining after UV-C exposure would have been detected on TSA plates, confirming the
robustness of the disinfection.

This approach demonstrates that integrating UV-C disinfection into the flow cytometer waste
stream is a chemical-free, effective method to inactivate pathogenic bacteria. It has applications in
high-throughput laboratories, core flow cytometry facilities, clinical diagnostics, and research
settings handling antibiotic-resistant or high-risk pathogens. The system also reduces chemical use,
minimizes operator exposure, and simplifies waste management in BSL-2 and BSL-3 environments.

5. Conclusions

This study demonstrates that integrating a UV-C disinfection unit into the flow cytometer waste
stream provides a simple, chemical-free approach to enhance biosafety during pathogen analysis.
The system achieved complete inactivation of E. coli and K. pneumoniae and partial inactivation of S.
typhimurium, highlighting strong yet species-dependent efficacy. It should be noted that the fluid line
transporting waste from the cytometer to the waste collection unit is not typically exposed to any
decontamination process, which can allow viable microorganisms to persist within the tubing and
downstream waste. When combined with the Bigfoot Spectral Cell Sorter’s built-in Class II biosafety
cabinet, UV-C disinfection unit and autoclavable waste tanks, the setup provides continuous, layered
protection, reduces chemical usage, and supports high-throughput workflows. Limitations such as
bacterial aggregation, fluid opacity, and uneven UV exposure may prevent complete inactivation for
some species, indicating that further optimization and validation under varied experimental
conditions are needed, which will be addressed in future studies.
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