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Smoke generated from a fire consists primarily of 

ultrafine particles.(1) Exposure to combustion aerosols 
may cause various adverse health outcomes, including 
respiratory problems and impairment of cardiovascular 
function.(2-4) The Filtering Facepiece Respirators (FFRs), 
including N95-certified ones [filter efficiency ≥95%, i.e. 
penetration <5%, according to the National Institute for 
Occupational Safety and Health (NIOSH)] are 
commonly used for protecting the wearers from various 
aerosol exposures, including smoke. The filter 
performance of these respirators is usually determined 
using conventional aerosol challenges such as charge-
equilibrated NaCl particles.(5) However, it has not been 
examined how well the data obtained with these 
challenges represent the actual protection offered by an 
N95 FFR filter against combustion aerosols. 

The objective of this study was to evaluate the 
penetration of combustion particles of different sizes 
through an N95 FFR filter under different flow rates and 
exposure time conditions and compare the data to the 
corresponding penetration values obtained using the 
charge-equilibrated NaCl particles. The study was 
carried out using the University of Cincinnati’s 
Respirator Evaluation Facility. The tested N95 FFRs 
were fully sealed on a breathing manikin and challenged 
with a specific aerosol being evaluated. First, we used 
NaCl particles generated by a Particle Generator (TSI 
Inc.) and passed through a Kr85 particle equilibrator. A 
constant inhalation flow (Q = 15, 30, 55, and 85 L/min) 
was established, and the aerosol concentrations inside 
(Cin) and outside (Cout) of the respirator were measured 
size-selectively with a Nanoparticle Spectrometer (PMS 
Inc.) at time points of 0, 30, 60 and 90 minutes. The 
filter penetration was calculated as Cin/Cout. Second, the 
same respirator was exposed to one of the three 
combustion aerosols generated by burning a specific 
material being tested. The experiments were performed 
with plastic, wood and paper. The first measurement 
(time t=0) was conducted after 15 minutes of active 
burning to allow the aerosol system to stabilize. 

The experimental results showed that penetration 
curves produced with both NaCl and combustion 
aerosols did not change dramatically during the 90-min 
exposure period. Additionally, the most penetrating 
particle size (MPPS) for both NaCl and combustion 
aerosols was found to be in a range from 30 to 40 nm, 
suggesting that the MPPS was not significantly affected 
by the characteristics of a challenge aerosol.  

It was found that the combustion particles might 
penetrate the respirator filter more readily than the NaCl 
challenge particles. This was especially pronounced for 
plastic aerosol with a particle sizes below 100 nm. Under 
some conditions, the penetration exceeded 5%, which is 
not expected for an N95 respirator filter. This finding 

can be partially attributed to the influence of highly 
charged combustion particles on the pre-charged filter 
media fibers, which may inhibit the efficiency of the 
filter. The other explanation involves the combustion-
originated vapors that may condense on the electret filter 
material and thus affect its properties. 

Overall, the results suggest that the performance 
data obtained with the well-established NaCl aerosol 
challenge may not accurately predict (and rather 
overestimate) the protection level provided by the N95 
respirator filters against combustion aerosol particles. 

The outcomes of this pilot study call for a more 
extensive investigation of the interaction between the 
combustion aerosol particles and different filter materials 
using a study design that is capable of accounting for 
various aerosol properties and filter characteristics. The 
data will be useful in an effort to enhance the present 
NIOSH respirator testing and certification program. 
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