
Respirators were modified to include a mid­
line sampling probe between the nose and 
mouth for quantitative fit-testing with a 1517 
PortaCount7. A second modification included 
the introdudion of a shortened 14-gauge intra­
venous catheter at .the bridge of the nose. The 
fixed leak was designed to produce- fit factors 
<100 when unplugged, with an average fit fac­
tor of 67 among 26 respirator wearers. A com­
plete fit-lest was not performed, since one pur­
pose 01 this study was to determine the ability 
of respirat('lr wearers to deted a known fixed 
leak during a single nonnal breathing exercise, 
without introducing unknown and potentially 
variable sif,e: leaks. Sensitivity threshold screen­
ing included a placebo and n>quirement to cor­
rectly ·characterize the taste of the agent used. 
1his step was introduced after a separate field 
study of emergency room personnel provided 
unreliable responses to sensitivity threshold 
screening with saccharin. 

Quan titaHve fit factors without leaks ranged 
from 96 to >20,000 and 22 to 160 with the leak 
present. Twenty-four of 26 subje<:ts had fit fac­
tors <100 (92%) when fixed leaks were induced. 
All subjects correctly detected Bitrex with fixed 
leaks (sensitivity = 100%). Nine of 26 subjects 
(35%) were unable to detect saccharin in the 
presence of a known fixed leak even though the 
average fit factor for these subjects was 77. 
When the two subjects with fit factors >100 
were exduded, saccharin only identified 16 of 
24 respirators with known leaks (sensitivity = 
67'Y.). 

There were several important aspects of OUI 

study design worth noting. induding the intro­
duction of a placebo during sensitivity thresh­
old test, limiting the subject response time to a 
single maneuver,. using a higher concentration 
of Bit rex than reportedly used by others, and 
requiring the subjects to characteriz.e the taste 
of the qualitative test agent In conclusion, leak 
detection was correctly identilied with Bitrex, 
but not saccharin. 

281 
FIELD PERFORMANCE MEASUREMENTS OF 
HALF-FACEPIECE RESPIRATORS CORRELA­
TION BElWEEN WORKPLACE PROTECI10N 
FACTORS AND FIT FACTORS. Z. Zhuang, C. 
Coffey, NIOSH, Morgantown, WV; W. Myers, 
West Virginia University, Morgantown, WV 

Current standards, regulations, and recom­
mendations regarding the selection and use of 
respirators require that individual users be fit­
tested as part of the selection process. However, 
no correlation between workplace protection 
!actors (WPFs) and quantitative fit factors (FFs) 
has been preViously reported. A series of field 
studies was conducted to collect ambient and 
in·facepiece samples on workers in foundry, air­
craft-painting, and steel-manufacturing opera­
tions to evaluate the protf'('\lon provided by 
negative-pressure, half·facepiece respirators. 
Protection was assessed by WPFs (i.e., the ratio 
of ambient concentration CrY to in-facepiece 
concentration" Cj and reported previously. As a 
part of these studies, quantitative fiHests were 
perfonned on workers wearing elastomeric res­
pirators. A worker could wear a respirator only 
if he or she met the fiHest pass/ JaIl criteria 
(FF=lOO) with that particular respirator. A sys­
tematic correlation analysis of CrY Cit WPF, and 
FF data was conducted to identify any correla­
tions and evidence supporting the standards 
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and regulations. The log-transformed WPF data 
and C j data were strongly correlated in aU three 
operations (p-values are <0.01 and Rl values = 
0.42,0.54, and O.SS). The log·transformed WPF 
data and Co data were signHicantly correlated 
in two operations (R' = 0.11 and 0.28). The log­
transfonned C j data and Co data were signifi­
cantly correlated in two operations (Rl = 0.24 
and 0.26). No significant correlation was found 
between WPF and FF when all data were ana­
lyzed and lit factors (averaU 6t factor and fit 
factors for each exercise) were the only inde­
pendent variables. However, significant correla­
tions between WPF and FF were found in some 
facility-respirator combinations (Rl ranged from 
0.18 to 0.82). Both positive and negative correla­
tion coefficients were found. It is concluded 
that WPFs were correlated with FFs when fit 
factors, facility, and respirator were indepen­
dent variables. 
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A NEW METIl.OD FOR FIT-TESTING RFSPI­
RAlORS USING SIZE SELECTED AEROSOL. 
T.G. Halvorsen, 1'51, Inc., Shoreview, MN 

A new method has been developed for quan· 
titative fiHestingN95 respIrators using the par­
ticle counting method. This technique avoids 
the problem of counting particles that penetrate 
the respirator media and mix with particles 
coming from face-seal leaks. By limiting the 
particle counts to a size spectrum where the fil~ 
ter media is inherently very efficient, this 
method results in a more accurate measure of 
fit factor. Two aerosol samples, ambient and 
mask, first pass through a differential mobility 
classifier before being counted by a CPC. The 
classifier is set to operate at 0.04 microns, a size 
where even the least efficient of the N95 respi­
rators are greater than 99.5% efficient. The 
quantitative fit factor calculation now becomes 
a comparison of 0.040 micron aerosols. 

A sample of N95 respirators were quantita­
tively fit-tested. under no-leak conditions. 
Simultaneous fit-tests were conducted using 
both classified and unclassified aerosol. Very 
efficient N95 respirators showed less discrepan­
cy in the two methods, with classified aerosol 
producing lit factors in excess of 7000, and 
unclassified aerosol yielding fit factors around 
2500. Less efficient N95 respirators had the 
same classified fit factor of 7000. with an 
unclassified. fit factor of approximately 150. 
ControJled leakage studies across a range of fit 
factors produced a 1:1 correlation between the 
two methods. The particle classification method 
resulted in more variability, however, due to 
lower counts. At an ambient concentration of 
8000 pt/cc, the classified concentration was 
approximately 250 pt/cc, and had a standard 
deviation three times that of the unclassified. 
The classification method clearly avoids the 
unfair bias from filter penetrating particles. 
Statistical limitations suggest the method 
should be limited to fit factors not to exceed 
200. 
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PRELIMINARY DEVELOPMENT AND TEST­
ING OF A PERSONAL SAMPLING SYSTEM 
FOR MEASURING RESPIRATOR WORK­
PLACE PROTECI10N FACTORS FOR GASES 
AND VAPORS. W.A. Groves, C. Conrad, S. 
Reynolds, University of Iowa, Iowa City, IA 

A sampling system for measuring respirator 

workplace protection factors for gases and 
vapors was investigated. Methods for measur­
ing the concentration of contamination inside 
respirators have previously been described; 
however, these studies have typically involved 
continuOUS sampling of aerosols. Our work 
focuses on the development of an intennittent 
sampling system designed to measure the con­
centration of gases and vapors inside the respi­
rator during inspiration. This approach 
addresses two potential problems associated 
with continuous sampling: biased results due to 
lower contaminant concentrations in exhaled 
air, and high humidity. The system consists of a 
pressure transducer circuit designed to activate 
a pair of sampling pumps during inspiration 
based on differential pressure measured inside 
the respirator. The circuit assembly measures 
approximately 2.5 x 2.75 x 1.75 inches, weighs 
less than 6 oz., and draws 20 rnA of current, 
yielding more than 8 hours operation from a 9 
VOlt-battery. Two Sipin7 model SP-I personal 
sampling pumps were modified to allow the 
traru;ducer circuit to tum the pumps on and off. 
One pump draws air from inside the respirator 
while the second samples outside air. Sample 
volumes are determined using the pump 
stroke-counter. Solid granular adsorbent tubes 
are used to trap the contaminant making the 
approach applicable to a large number of gases 
and vapors. Preliminary testing was performed 
using a respirator mounted on a head form that 
was connected to a breathing machine produc­
ing a sinusoidal flow pattern with a peak flow 
rate of 25 Llmin and a period of 3 seconds. The 
sampling system was adjusted to activate the 
pumps when the pressure inside the respirator 
was less than 0.1 inch H 20. Results showed that 
the system quickly and consistently activated 
the sampling pumps during inspiration, thus 
demonstrating the feasibility of using this per­
sonal sampling system to measure workplace 
protection factors. 
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PROBABILITY OF OVEREXPOSURE AND 
ADEQUACY OF THE ASSIGNED PROTEC­
TION FACTOR FOR HALF·FACEPIECE RESPI­
RA TORS. Z. Zhuang, NIOSH, Morgantown, 
WV; W. Myers, West Virginia University, 
Morgantown, WV 

A number of field studies have been conduct­
ed over the last 10-13 years to evaluate the 
worker protection provided by negative pres­
sure, hali-facepiece respiratoni. Protection was 
assessed by workplace protection factors 
(WPF). The appropriateness of the assigned 
protection factor (APF) for negative pressure 
half-mask respirators has generally been evalu­
ated based on the fifth percentile estimate of a 
WPF distribution. No evaluation has been 
based on the comparison of in-facepiece ron­
centration and an exposure standard. A new 
approach based. on probability of overexposure 
was developed to use the combined WPF data 
published in peer-reviewed journals to evaluate 
the appropriateness of the APF for half-face­
piece respirators. The new approach first uti­
lized a graphical representation of WPF data 
and hazard ratios (ambient concentration divid­
ed by permiSSible exposure limit). The adequa­
cy of the APF was then evaluated from binomi­
al statistics based on the number of successes 
(no overexposure) and failures (overexposure). 
In the studies reviewed, the probability of over-
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