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Bioaerosol samples can now be analyzed using molecular and immunological techniques such as 
enzyme-linked immunosorbent assays (ELISA) and polymerase chain reactions (PCR).  These techniques 
are faster and less labor-intensive than culture or microscope-based methods, and provide high levels of 
sensitivity and specificity.  To facilitate the processing of samples, NIOSH has developed a series of one- 
and two-stage cyclone-based personal bioaerosol samplers that collect airborne material in standard 
disposable plastic centrifuge tubes.  Our one-stage bioaerosol cyclone sampler (BC 112) collects aerosol 
particles in a 1.5 ml centrifuge tube and on a back-up filter.  Field trials of this sampler have shown that 
it efficiently collects fungal spores and that it compares well to conventional samplers.  The two-stage 
BC 221 sampler collects aerosols in two 1.5 ml tubes and on a backup filter.  The BC 221 is able to 
separate airborne fungal spores from fungal fragments, which is of great interest in the evaluation of 
fungal aerosol exposure.  Our most recent two-stage cyclone sampler, the BC 251, collects aerosols in a 
15 ml centrifuge tube, a 1.5 ml tube and on a backup filter.  At 3.5 l/min, the BC 251 conforms to the 
ACGIH/ISO criterion for separation of respirable and non-respirable airborne particles, which is widely 
used in health-related aerosol measurements.  The BC 251 has been successfully used to collect airborne 
influenza virus in healthcare facilities and from the coughs of influenza patients.  All of the samplers can 
be operated with commercially-available personal air sampling pumps.  This design could also be 
adapted to make larger samplers for atmospheric and indoor air quality sampling.  The NIOSH bioaerosol 
cyclone personal samplers are covered by US Patent # 7,370,543 B2 issued May 13, 2008. 
 
 
 
 
 
 
 



How a cyclone aerosol sampler works 
 

 

A cyclone sampler works by pulling air into a 
round chamber and swirling it around like a 
cyclone. Particles in the air are thrown 
against the wall of the chamber by centrifugal 
force, where they collect.  In the NIOSH 
sampler, air and particles are first pulled in to 
the sampler through the inlet on the right.  
Large particles (4 µm and larger) collect on 
the wall of the first tube.  The air and 
uncollected particles flow out and into the 
second tube.  Because the second tube has a 
smaller radius and smaller inlet nozzle 
(resulting in faster air flow), smaller particles 
(1 to 4 µm) will collect here.  The smallest 
particles (<1 µm) pass through this tube and 
collect on the filter. 

 
 
 
Collection efficiencies for the NIOSH cyclone personal samplers 
 
Sampler flow rate 

(liters 
/min) 

1st stage 
50% cut-off 

size (µm) 

1st stage sharpness 
(geometric standard 

deviation) 

2nd stage 
50% cut-off 
size  (µm) 

2nd stage sharpness 
(geometric standard 

deviation) 
one-stage 
BC 112 

1 3.7 1.45 -- -- 
2 2.5 1.67 -- -- 
4 1.5 1.42 -- -- 

two-stage 
BC 221 

2 2.7 1.43 1.5 1.74 
3.5 1.9 1.37 1.0 1.56 

two-stage 
BC 251 

2 4.9 1.48 1.7 1.68 
3.5 4.1 1.51 1.0 1.59 
10 2.1 1.44 0.41 1.56 
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NIOSH samplers in use 
 

 
 

Two NIOSH samplers are shown on a tripod in 
a healthcare facility.  The black case on the 
floor contains two sampling pumps that pull air 
through the samplers. 

 

NIOSH sampler worn by a healthcare worker.  
The sampling pump is in the backpack behind 
the worker.  The black box on the left shoulder 
turns the pump on and off.  The yellow button 
pauses the pump for 60 seconds and then 
automatically starts it again.  This feature is 
used by healthcare workers when they need a 
very quiet environment such as when using a 
stethoscope.   
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For more information about the NIOSH bioaerosol cyclone personal samplers, please contact: 
 
Dr. William G. Lindsley 
National Institute for Occupational Safety and Health 
1095 Willowdale Road, M/S 4020 
Morgantown, WV 26505-2845 

Phone:  (304) 285-6336 
Fax:  (304) 285-6394 
Email:  wlindsley@cdc.gov 

 


