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B(n) is the Boltzmann distribution: 

where k is the Boltzmann constant (1.38 dyn cm/K) 
and T is the absolute temperature (298 K in our calculations). 

Experimental Material and Methods 

Eight filtering facepieces of different category (1 nui- 
sance dust, 4 dust-mist, 2 dust-mist-fume and 1 HEPA) were 
challenged with corn oil aerosol for 8 hours to study the load- 
ing effect. A dynamic measurement system (discussed further 
below) continuously measured the effect of loading on the 
pressure inside and aerosol penetration through the filtering 
facepieces. 

Three filtering facepieces made of the same filtration ma- 
terial were chosen to study the cumulative effect of multiple 
filtration layers: a dust-mist respirator (MSHA/NIOSH ap- 
proved) with one filtration layer; a CEN P2 respirator (used in 
Europe, regulated by the European Committee for Standard- 
ization) with 4 filtration layers; and a HEPA respirator 
(MSHA/NIOSH approved) with 6 filtration layers. The filter- 
ing facepieces (made by the same company) were sealed to a 
mannequin to measure the air resistance and the penetration 
of aerosol particles. 

We chose the best and the worst dust-mist filtering face- 
pieces, based on our previous study,'" to investigate what 
makes respirators (of the same defined category) perform dif- 
ferently. Either isopropanol (class 1 B, Fisher Scientific, Fair 
Lawn, NJ) or static guard (Alberto- Culver Company, Melrose 
Park, IL) was applied to the facepieces to reduce (or mask) the 
fiber charges. The respirators were immersed in either of 
these chemicals for one hour and were then dried naturally for 
24 hours. A portion of each filtering facepiece was installed 
in a filter holder (model 2200, Gelman Sciences, Inc., Ann 
Arbor, MI). The effective filtration area was measured to be 
approximately 13.2 cm2, The air flow was adjusted to a face 
velocity of 10 cm/sec, corresponding to an instantaneous in- 
halation flowrate of about 100 L/min. A Collison nebulizer 
was used to load the filter with corn oil aerosol having a count 
median diameter of about 0.6 pm and a geometric standard 
deviation of about 1.8. Each filter was loaded with up to 40 
mg/cm2 of corn oil, assumed to coat the fibers uniformly. 
After loading, the respirator piece was weighed using an ana- 
lytical balance and was then placed in the test chamber (held 
in the same filter holder) to measure the aerosol penetration. 
This process was repeated until the filter became clogged. 

Two corn oil aerosols were used in this study: A loading 
aerosol and a challenge test aerosol. The loading aerosol was 
produced with the Collison nebulizer to coat the fibers as de- 
scribed above. The challenge test aerosol was used to mea- 
sure the aerosol penetration through the filter. The design and 
characterization of the challenge aerosol generation and sam- 
pling system used in this study have been described in detail 
elsewhere."" A newly developed size-fractionating aerosol 

delivered the corn oil test aerosol with a select- 
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FIGURE 1. Aerosol penetrations of 7 filtering facepieces. 
ND: nuisance dust respirator. DM: dust-mist respirator. 
DMF: dust-mist-fume respirator 

ed size distribution. The aerosol was neutralized to Boltz- 
mann charge equilibrium using a 10 mCi Kr 85 radioactive 
source. Filtered dilution air flow carried the aerosols to the 
test chamber. The aerosol concentrations before and after fil- 
tration were sized by an Aerodynamic Particle Sizer (model 
APS33B, TSI Inc., St. Paul, MN) and a Laser Aerosol Spec- 
trometer (model LAS-X CRT, PMS Inc., Boulder, CO). The 
optical particle size recorded by the latter instrument was 
converted to physical size by calibration with an Electrical 
Aerosol Classifier (model 3071, TSI Inc., St. Paul, MN) and 
then into aerodynamic size through knowledge of the density 

PREDICTED BASED 
ON HEPA DATA 

EXPERIMENT 
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FIGURE 2. Effect of the number of filtration layers on 
pressure drop across filtering facepieces. DM: dust-mist 
respirator ( I  filtration layer). P2: respirator regulated 
by European Standard ( 4  filtration layers). HEPA: high 
efficiency respirator (6filtration layers) 
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