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Abstract 
In the National Institutes of Health (NIH) Biosafety Policy for Cell Sorters, cell sorters are 
defined as instruments that perform analysis of cells or particles, and that isolate desired 
cells into droplets that are deflected electrostatically into open collection vessels. Cell 
sorters are known as stream-in-air or jet-in-air cell sorters, which describes the ejection of 
fluid from the nozzle into the open air. The likelihood of aerosol production by cell sorters 
is relatively high due to the possibility of fluid exiting a small orifice at high pressures 
impacting a hard surface.  The risk of aerosol production is highest if a partial obstruction 
of the nozzle orifice and subsequent stream deviation occurs.   
The objective of this assessment was to determine potential health and safety risks to 
employees and the environment from the MedImmune, LLC cell sorting operations and to 
identify possible aerosolization or other exposure incidents that could potentially 
contaminate other operations in the laboratory.  To determine the appropriate laboratory 
containment level suitable for the cell sorting operations conducted at MedImmune, LLC, 
this study assessed the following areas through Qualitative Aerosol Deposition testing: 

• The laboratory space, including general housekeeping practices as they relate to
operator health and safety and potential cross-contamination;

• Operation of the BD FACS Aria II including engineering controls for
minimizing operator exposures and cross-contamination; and

• Operator practices and procedures established to minimize operator exposures
and cross-contamination.

Conclusions 
The NIH Biosafety Policy for Cell Sorters and the International Association of Analytical 
Cytology (ISAC) biosafety standards discuss increasing the biosafety level of agents handled on 
cell sorters due to the potential for aerosolization. Under these  guidance documents, low risk 
human pathogens that are designated as Risk Group 2 agents handled under normal Biosafety 
Level 2 (BSL2) laboratory procedures and practices may be re-classified as requiring BSL2 
laboratory procedures with enhanced precautions because of the potential for aerosol and/or 
splash exposure associated with cell sorting.  Cell sorting is considered a laboratory procedure 
hazard under these guidance documents.  
Regarding the studies conducted on the BD FACS Aria II at the MedImmune, LLC Gaithersburg 
facility, no aerosol deposition was measured on surfaces outside the BD FACS Aria II contained 
within the Baker BioProtect or on the operator’s gloved hands or laboratory coat.  It was 
concluded that for the samples being routinely sorted on the contained BD FACS Aria II, BSL2 
practices would be sufficient; however, access to the area during a sort would be limited; and 
the operator was advised to don respiratory protection as an added precaution during loading 
and unloading of the sort chamber and if clearing a nozzle obstruction, since the greatest risk 
for exposure would be present during these steps.  
It is important to understand that the testing described here was conducted using a 100 μm 
nozzle operated with a sheath pressure of 27 psi. While these characteristics are 
representative of most sorting procedures on the BD FACS Aria II, conducting sorts using a 
different nozzle size and operating at a different sheath pressure may produce different 
results.   
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Test Methodology 
Equipment and Materials: 

Optimal Dye Concentration was determined by evaluating  the concentration at 
which fluorescent aerosols could be identified using a hand-held 365nm UV lamp.  Based 
on the flow rate of the sheath solution for the FACS Aria II, it was determined that the final 
dye concentration at the plate was 1:320. 

Filter Placement:  Filters were placed on horizontal surfaces at various locations 
throughout the laboratory, as well as on and around the BD FACS Aria II (Figure 3). 

Test Events: 
Each of the following operating scenarios of the BD FACS Aria II were tested using  a 100 
μm nozzle at 27 psi nozzle pressure.  For Tests A & B, 200uL of dye in the sample tube for a 
5 minute sort run was used, and for Test C, 200mL of dye in the sample tube with a 1 
minute sort run was used.  Note: The BSC remained ‘on’ during all scenarios: 

A.  Normal operating mode with collection chamber and BSC shield closed. 
B.  Normal operating mode with collection chamber and BSC shield open. 
C.  Failure mode (simulated an obstructed nozzle) with collection chamber and BSC 

   shield open. 

Materials & Methods 

 
 
 
 
 
 
 

Qualitative aerosol deposition testing was conducted to  
verify aerosol containment though the use of the integrated  
BSC on the BD FACS Aria II. The test plan was based on a similar  
study referenced by Holmes in which an ultraviolet (UV)-excitable dye (Clear Blue 
Fluorescent Water Tracer Dye (CBD); Risk Reactor, Santa Ana, CA, Order Code IFWB-C0) 
was used to distinguish aerosols originating from the cell sorter from ambient particles.  
The CBD tracer is “excitable” and fluoresces bright blue at a UV wavelength of 365 
nanometers (nm). The CBD was loaded into the sample tube. Paper fluorescence was 
measured using a hand-held 365nm UV lamp. Filters showing any visual fluorescence 
were considered “contaminated.”  In addition, the operator’s gloves and lab coat were 
tested for fluorescence following each test event. 

The objective of this assessment was  to focus  
on the extent of possible fugitive emissions and the 
distance they travel from the BD FACS Aria II 
contained within a Baker BioProtect biological safety 
cabinet (BSC). Therefore, it was determined that an 
easily implemented, safe, qualitative method for 
assessing aerosol deposition should be conducted.   
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Test C:  Simulated obstruction in the cell sorting stream with the collection 
chamber and BSC shield open. All collection sites were negative with the 
exception of next to and on top of the collection site.  

Figure 2: Test C: Simulated obstruction and fluorescent visualization of obstruction 

Test A: Normal operating mode with the collection chamber and BSC shield closed and Test B: 
Normal operating mode with collection chamber and BSC shield open.  All collection sites were 
negative (1) with the exception of next to and on top of the collection site (2 and 3 (Test A and 
Test B, respectively) 
 Figure 1: Representative negative (1) and positive  samples (2, 3) 

Results 
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Figure 3: Test events A, B, and C and resulting observations 
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