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* Abstract
1

The efficacy of readily available materials, such as cotton fab-
,

rics, toweling, a surgical mask, and a single-use respirator, for
providing emergency respiratory protection was evaluated by
determining the filtration efficiency as a function of aerosol
particle size over the size range ot 0.001 to 5.0 nm and as a
function of filtration face velocity. Filtration face velocity
was set at 1.5, 5.0, and 15.0 cm/s. This . report describes the
equipment and procedures used to obtain efficiency measurements
for particles 0.5 ym in diameter and smaller, and summarizes
the results of all three phases of this research. Particles with
diameters from 0.10 to 0.50 ym proved to be the most difficult
sizes of particles to remove. . Particles smaller than 0.10 ym

; were removed due to diffusion while particles larger than 0.50 nm
were removed due to inertia and gravitational settling. Deposi-
tion of the smallest particles was favored by the use of low face
velocities. A fractional efficiency curve was determined for
each material at each velocity for comparison. Values of the,

quality factor, [-In(penetration]/(pressure drop), were calcu-
! lated. Quality factors were less for wet materials than for dry;

less at high velocities rather than low; and best for'the single-
use respirator mask, next best for the surgical mask and often
third best for the toweling (washcloth).
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i Introduction

*
8. Testing of six materials has been continued from earlier work , where the efficiency of each

{. material for removing aerosol particles as a function of particle size and face velocity was meas-

ured for acrosol particles 0.40 to 5.0 pm in diameter. The present work was carried out in two
;

parts. The Grst part involved the use of a forward-light-scattering laser instrument (Particle
:

hicasuring Systems Inc., Boulder, Colorado), similar to the instrument used in the earlier work,

but capable of sizing aerosol particles over the range of 0.10 to 1.0 pm in diameter. In the second
!

part, particles 0.001 to 0.10 pm in diameter had their size distributions and concentrations deter.
?

! mined by using a diffusion battery device in conjunction with a condensation nuclei counter.
!
'

The earlier two phases of this project included investigation of the effect of humidification

on acrosol removal for several materials. Ilowever, due to time constraints this effect was only
,

J

investigated in the first part of the present work.

! A description of each material tested is shown in Table 1. The lower quality toweling

reported in the earlier work was replaced by use of the Johnson & Johnson surgical mask in the<

present work. Thus, the data for particles from 0.40 to 5.0 pm in diameter were collected at this
!

| time for the surgical mask.
i

i
: % ..

dM
1 -

) Experimental Appaestus
!

i

Part I: Particle diameters from 0,1 to 1.0 pm.
!

! To determine the penetration of aerosol particles 0.10 to 1.0 pm in diarieter through each
;

material, the Dynamic Aerosol Test System (DATS) was used as done in the previous work.

Shown in Figure 1, DATS consists of a main test chamber where the test acrosol flows past a 47-

mm open faced 6!ter holder containing a test material. Total air How through the DATS was
,

J
,

; monitored by a calibrated ori6ce meter, while separate exhaust and supply blowers along with a
t

*
i purge line provided sneans for running as a closed loop system or exhausting up to 10006 of the
i

; How, Ily partially exhausting the system flow, one can maintain the test chamber at arnbient

,

:

.
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static pressure, thus preventing leakage of particle laden air into or out of the system. For experi-

ments done at 0506 relative humidity, the purge line provided a means to introduce steam gen. .

ersted by an electric steam generator (CIIRONiALOX, Wiegand Co., Pittsburgh, PA; 5 kg/hr
.

j capacity).

Upstream of the test chamber, a port directs the mineral oil aerosol (Arco Prime 200 oil)

generated by a Devilbiss #40 ochulizer into the clean air stream. A 90-degree sampling probe

located parallel to the filter holder was used as the upstream sampler for monitoring the acrosol

concentration in the test chamber. To determine acrosol penetration through the test materials, a

downstream sample was taken from the air drawn through the filter holder and compared with

the upstream sample Samples were analyzed using the PhtS Active Scattering Aerosol Spectrome-

ter Probe (PhtS model ASASP-X), which sired and counted particles 0.09 to 3.0 ym in optical

equivalent diameter.

Each 6ttering material was cut into 47.mm diameter circles to fit inside the filter holder and

enough layers were placed to give a resistance of about 0.40 inch of water (0.40 inch water = 1.0

cm water == 100 Pa) at a face velocity (volume air flow per unit filter face area) of 5 cm/s. The

single-use 351 respirator and the Johnson & Johnson surgical mask were tested using only one

layer, since a single layer would be the normal usage. The wash cloth (toweling) thickness

bs prevented layering more than two layers in the filter holder. Pressure drop data for the materials

at the three face velocities for the dry conditions are shown in Table 11 and for the wet conditions

in Table Xil. An experiment consisted of sampling for five one. minute periods, starting with the

upstream sample and alternating with the downstream sample, to give a total of three upstream

and two downstream measurementa. This procedure was done to improve the precision of the4

penetration measurement by lessening the effects of changes in the challenge aerosol concentration;

i

during the duration of the experiment (approximately 20 minutes). Penetration is defined as the
:

ratio of downstream to upstream concentration. Flow through the DATS was set at 160 cfm -

8(0.075 m /sec) to provide adequate dilution of the aerosol generated. Air flow through the test
,

materuts was set at face velocities of 1.5,5.0, and 15.0 cm/s using a calibrated rotameter. Pres-

2
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sure drop across the filter material was measured using an inclined water manometer. A Wang

2200 computer system facilitated data storage and performed the computations for determining.

aerosol size distributions and fractional penetrations from the particle counting and siring data.
.

For the high humidity conditions the DATS system air was raised to 97% * 3G Ril by

injecting steam. After equilibrium was reached, testing of each material was done in the same

manner as for the dry conditions.

Part 2: Particle diameters from 0.001 to 0.1 pm.

Penetration measurements for aerosol particles in the range 0.001 to 0.10 pm were per-

formed by using a diffusion battery (In-Tox Products, Albuquerque, N.M., Alodel 02-1900) in con-

junction with a manually operated condensation nuclei counter known as the Pollak counter. Fig-

f ure 2 shows the set-up: room background aerosol was drawn from a 90-m exposure chamber thats

was also being used in a study on the efficiency of various air cleaning devices for the removal of

attached radon progeny found in atmospheric dust. Although the size distribution and concentra-

tion of the aerosol from the chamber changed week to week, due to the use of different air clean-

ing devices, sufficient concentrations of particles were present to challenge the test materials. The

advantage in using the aerosol from the exposure chamber was that its concentration was found

to be quite constant (i109) during the course of an experiment; in contrast, the general room air

aerosol in the laboratory was found to vary considerably.

The challenge aerosol was drawn through a charge neutralizer before entering the test filter

holder, where a test material was placed. Since the diffusion battery was calibrated at 8.0 liters

per minute, it was used at this flow rate and air was supplied to or exhausted from the aerosol

stream in order to vary the total air flow rate through the filter holder (to vary the face velocity).

A calibrated rotameter was used to monitor the addition or removal of air to insure that the.

total flow through the system was correct. Along the diffusion battery a series of sample ports
.

were located to allow one to draw the air stream into the Pollak counters to measure the acrosol

concentration. The diffusion battery stage configuration is described in Appendix A. The

3
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mechanism of collection and penetration for each stage was described by Cheng and Yeh * By

measuring the particle concentration at each of the stages of the diffusion battery and applying *

the mathematical solutions available for determining the penetration of an aerosol flowing
,

through the screens, one can determine a size distribution and number concentration. The test

apparatus had a single diffusion battery, so it was necessary to run a set of measurements with

the test material placed in the 61ter holder to determine a downstream size distribution and then

remove the material from the filter holder to run another set of measurements to determine an

upstream size distribution. To insure that the conditions did not change during the course of the

experiment and to enhance the precision of the penetration measurement, a repeat of the down-

stream measurements was done. Each measurement was done using two Pollak counters operated

in parallel, which gave paired measurements of the particle concentrations for determining the

aerosol size distributions.

Data Analysis

Part I: Particle diameters from 0.1 to 1.0 pm.

For measuring the particle sizes from 0.12 to 0.50 pm, the PhtS ASASP-X forward-light-

scattering probe was used. The measuring system is capable of sizing particles of diameters from

0.09 to 3.0 pm in 45 non-overlapping channels. A problem was encountered in sizing the acrosol

generated by the Devilbiss #40 nebulizer (at 4 psig) operated under the same conditions as in the

previous study of penetrations of particles 0.3 to 5.0 ym in optical diarneter, sized using the PhtS

Classical Scattering Aerosol Spectrometer Probe (PhtS CSASP-100). The aerosol concentration

was found to be so high that a coincidence error was found to influence counting of the smaller

particles. At high number concentrations small particles tend to be interpreted as larger particles
-

8due to limitations of the scattering collection optics. Ilinds calculated that the number concen-
.

tration giving a 506 coincidence error is 2700 particles per cubic centimeter. The approach used

here was to determine a concentration generated by the DeVilbisa nebulizer, operated at the same

4



pressure of 4 psig (so as to not to change the size distribution), which would not cause a coin-
.

cidence error. Thit was achieved by drawing off a fraction of the nebulizer aerosol for use in ebal-

lenging the materials. It was found that under the stated operating conditions, drawing off 7.0*

liters per minute of the total output by use of a tee fitting located on the exit tube of the nebu-

lizer, a particle concentration of 6250 particles per cubic centimeter was challenging the test

materials. liigher concentrations demonstrated significant differences in the fractions of 0.12 and

0.25 pm present in the distribution, indicating coincidence problems. Lower concentrations did

not demostrate significant differences.

For analysis of the data, only particles from narrow site intervals were selected. The basis

of selection was to choose the smallest size particle from the Phis nectrum which had little

influence from electronic noise from channel switching. Then this sire was doubled for the next

selected size and the resulting size doubled for the next. We selected three particle diameters

(0.12,0.25, and 0.50 pm). Therefore, on RANCE 3 of the PhtS ASASP-X, channels 4 and 5 were

combined to give an average diameter of 0.12 pm; the next sire, 0.25 pm, was obtained from

channels 10 and 11 of RANGE 2. Finally, channel 7 of RANGE 1 was selected, which gave a par-

ticle diameter of 0.50 pm. Above 0.50 pm the number distribution of the challenge aerosol was

too low to give a useful count within the time limit of sampling. A typical upstream size distribu-

tion is given in Appendix B. From analyzing the data from the PhtS ASASP-X unit, we con-

cluded that the problem of electronic noise might have been present in the analysis of the earlier

work done with the PhtS Classical Scattering Aerosol Spectrometer Probe (CSASP-100) which

sized and counted particles 0.32 to 20.0 m in diameter. On this basis, the earlier data were re-

analyzed: instead of combining many channels that might include problemmatic channels and

then reporting a mid-point diameter value, we selected one or two channels that corresponded to

the previous mid-point sites. The re-analysis determined that the 0.51 size range was influenced
.

by the first channel of RANGE 3 which contained spurious counts. By selecting channel 7 of
!

RANGE 3 to give an average site of 0.51 pm, we believe that a better estimate is obtained for*

the counting of this size particle. Similar selections were done for 1.1,2.1, and 4.4 pm diameter

particles. A typical size distribution from the earlier work along with the two methods of analysis

i

5



are gisen in Appendices B and C.
.

For all of the data, sampling was done in a fashion where upstream sample and downstream

"

samples were alt (rnated until three u'pstream and two downstream samples had been collected for

cach material at each of the three face velocities. Background counting in the DATS before and

after each test determined that only the mineral oil aerosol was present during a test. Several

tests were done without a test material in the Siter holder to determine any difference octween

the upstream and downstream sampling lines and whether the material support screen was remov-

ing a significant fraction of the aerosol. Results indicated agreement between the upstream and

downstream particle counts. Once selected, the material was tested at each of the three face velo-

cities, chosen to be random. This only partially random procedure was selected because great

effort was needed to place a test material into the filter holder and determine that there was no

leakage past the material. Replicate experiments were done for selected materials to obtain an

estimate on the experimental variability.

From the PMS data, we combined counts from the selected particle diameter interval for
,

the three upstream samples to determine an average upstream count and then the same technique

was carried out for the two downstream samples. Penetration for each of the selected particle

diameters was calculated by dividing the downstream average by the upstream average.

Part 2: Particle diameters from 0 001 to 0.1 pm

la sizing particles of diameters smaller than 0.12 pm, we used an eleven-stage diffusion bat-

tery device capable of classifying aerosol particles of 0.001 to 0.20 pm in diameter. By measuring

the total number of particles penetrating each of the screened stages with the Pollak condensation

nuclei (CN) counters and comparing the results with the theoretical penetration based on the

geometry of the collecting stages, one can infer the size distribution of the aerosol. Cheng and
.

Yeh 8 have developed a theory for the multiple-screen diffusion battery, and a detailed explana-

tion that describes the experimentally determined characteristics for the device is available*, -

The diffusion battery.does not separate particles perfectly into sharp diameter (mobility)

categories, but the fraction (by number) of the aerosol found in a particular stage Y, can be

6
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approximately related to the true fraction X,(by number) of the aerosol in a size range associated
-.

with that stage by use of an integral equation'that can be approximated by a set of simultaneous

*
linear equations:

Y, = 6,i i + 6eY: + . . .X

or

N

Ys " b 0 Y).er
Jun|

The b values are determined by calibration of the difusion battery and by approximation of the
u

integral equation. Calibration errors and these approximations, combined with errors in measure-

ment of the Y,, can cause problems when the set of simultaneous linear equations is solved to

determine the X;. Unphysical values (X; <0 or X; >l) for the size distribution components some-

times arise. There is a voluminous literature on the solution of such "ill-conditioned" inverse

problems. The two major approaches (e.g., Cooper and Spielmans)' are 1.) to solve a slightly

di5crent set of equations, made diferent by the incorporation of an adjustable " smoothing"

parameter of one sort or another, or 2.) to solve the equations through a search procedure that

limits the search to acceptable values of X;. The variant of smoothing that we employed was

" ridge regression" (RR) (Draper and Smith)". We were not able to and values of the smoothing

parameter that were readily defensible beyond an appeal to the plausibility.of the distributions

that resulted, and we did not like the fact that the values that appeared best for the smoothing

parameter ranged over an order of magnitude. We settled on the use of a non-negative least.

squares search procedure (LSNN) that limited the search to physically possible values of the parti-

cle sire distribution variables X;. This gave answers that were generally plausible when used on

our data and gave the correct answers when used on simulated data. See Appendix D.

.

For a typical experiment the size distribution was determined twice for a downstream sam.

ple and once for an upstream sample taken between the two downstream samples. The sire distri.

'
t

i
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bution was determined by using the Pollak CN counters to measure the particle number concen- |

.

tration after each of the eleven stages on the diffusion battery. Three total count samples of the

particle concentration upstream from the diffusion battery were taken: as an initial measurement, -

as a repeat after the 5th stage (mid-way), and as a final sample, to give an indication as to the

consistency of the particle concentration during the measurement period (15 minutes). For deter-

mining the three size distributions for an experiment the total elapsed time was approximately 2.5

hours. Analysis for the size distribution resulted in a number concentration in four particle size

ranges, the mid points of which are reported : 0.0015,0.0059,0.023, and 0.10 pm.

Results

Penetration measurements have been combined from the three phases of experiments (see

also our earlier reports)I to determine a penetration-versus-particle-diameter (fractional penetra-

tion) curve for each material at the three face velocities. Tables ill through Vill detail the pene-

tration measurements for various particle diameter and face velocities for each of the six test

materials listed in Table I. Figures 3 through 20 are fractional penetration curves corresponding to

the results outlined in Tables III through VIII. For example, Table ill outlines penetration meas-

urements for the handkerchief material, and the data are plotted for each face velocity in Figures

3,4, and 5 respectively.

Tables XIll through XVI detail the penetration measurements for three face velocities for

four materials listed in Table Xil tested under wet conditions (95"6 relative humidity). Figures 3

through 8 and 12 through 17 are the corresponding fractional penetration curves for each face

velocity, plotted along with the dry condition data for comparison.

.

Discussion

.

The influence of face velocity is seen for three selected particle size ranges in the test

results. From aerosol physics theory, particles 0.001 to 0.10 pm are largely removed by diffusion,

8
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which effect decreases as the face velocity increases. Particles 1.0 to 4.4 pm in diameter were col-

lected due to impaction, interception, and gravitation, primarily. As velocity increases, impactione

increases, interception changes little, and sedimentation decreases. Particles 0.10 to 0.50 pm are
.

collected most inefficiently since diffusion, impaction, and gravitation are not strong in this parti-

cle size range. liere interception is the major method of particle removal that would be relatively
,

independent of face velocity. The trend of decreasing penetration as velocity increases for parti-

cles 0.10 to 0.50 pm is probably due to the increase in impaction. Other forces contributing to

particle collection, such as electrostatic forces, we believe not to have had a significant role.

Handkerchief:

Table III details the penetration results for the 10 layers of the handkerchief tested under

dry conditions (normal humidity: 20 to 40Fo Ril) for particle diameters 0.0015 to 4.4 pm at the

three face velocities 1.5,5.0, and 15.0 cm/s. IIere and elsewhere, the use of many decimal places

does not indicate that there are many signi6 cant digits; more likely, there are two. Plots of these

data are given in Figures 3,4, and 5 respectively. In general, for each of the velocities tested, par-

ticle penetration is relatively low for particles 0.0015 to 0.023 pm, increases to a maximum for

particle diameters frem 0.10 to 0.50 pm, and then decreases again for particle diameters from 1.0

to 4.4 pm.

In detail (from Table Ill), penetration of particles 0.0059 pm in diameter was fairly stable,

from 0.0190 to 0.0296, while penetration for 0.023 pm particles increased from 0.0203 to 0.1668 as

face velocity increased. The same trend was noted for particles of diameters 0.12 and 0 25 pm,

where penetration increased from 0.5371 and 0.5600 to 0.7532 and 0.7519 respectively as face

ve'ocity increased from 1.5 to 15.0 cm/s. Insufficient data were collected to determine a penetra-

tion trend for particle diameter as a function of face velocity for particle diameters 0.0015 and

0.10 ym.
.

A discrepancy exists in the penetration measurements for particle diameters 0.50 and 0.51
.

pm. These measurements represent the overlap of the two PMS laser probes. An explanation of

the disagreement would be a lack of sensitivity for counting 0.50 m particles by the ASASP-X

9
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probe due to low number concentrations. Both the ASASP-X and the CSASP-100 probe were cali- ,

i brated at several points by generating single-size particles (polystyrene latex spheres) and found .

| to be within i1006 for sizing. The results from both probes demonstrated an increase in penetra- ,

! t.

tion as face velocity increased from 1.5 to 5.0 cm/s but a decreme in penetration as velocity I

increased from 5.0 to 15.0 cm/s. Since the change in penetration as the face velocity is changed is

on the order of 10"c,0.5121 to 0.5679 and 0.7667 to 0.8291, an argument could be made that the

penetration did not statistically have signi6 cant change. Perhaps, the actual penetration for this

size particle is between the two extreme measurements, from 0.512 to 0.829, as the increaseda

penetration with increasing face velocity and the disagreement between the two instruments can-

j not be expldned esily,

l- For particle diameters from 1.0 to 4.4 pm, penetration decreased as face velocity increased

and particle diameter increased. An exception is the 5.0 cm/s measurement of 0.6179 for 1.0 pm

which is greater than the 0.5776 penetration for the 1.5 cm/s meuurement, but perhaps identical

lwithin the experimental error,
i

! i

! Sheet:

The penetration results for the sheet material are presented in Table IV and Figures 6

through 8. The same trends for particle size removal as a function of velocity are noted here as

for the handkerchief. The penetration values reported for the 0.10-pm diameter,1.873 and 2.386,

E were unrealistic since penetration > 1.0 is not possible and thus were excluded from the graph
i

shown in Figure 7. The particle counts for the upstream and downstream measurements were

found to be low, which could give higher downstream counts than upstream counts due to either
,

;

j counting errors or a change in the challenge particle concentration during the period between the t

i -

I upstream and downstream mesurements. Experiments without materials in the filter holder and
!
;

! no aerosol demostrated that particles forming from condensation wss not occuring.
j *

;

}

i Shi Respirator'
,

:
1

i

!

| 10
!

!
!
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;

i
j The single-use 3hi respirator results shown in Table V,r'igures 9 through li demonstratedg

the lowest penetration for all particles at all face velocities for the materials tested. Again, the' *

same trends are evident. including the discrepancy between the 0.50 and 0.51 pm measurements.
.

Even this NIOSii-approved respirator did not efectively remove particles between 0.10 and 0.51

ym. Penetrations were as high as 0.6659 for 0.12 pm particles at 15.0 cm/s.L
J

f

Shirt:,
;

Penetration results for the shirt material are presented in Table VI and Figures 12 through

14. These results are in line with results for the handkerchief and the sheet.

Wark Cloth:

|

Results for the wash cloth shown in Table VII and Figures 15 through 17 show that the
l

penetrations for this material were lower than the other fabric materials for the majority of the
>

; measurements. An "nrealistic mesurement, 6.121 penetration for 0.0234 pm at 5.0 cm/s, is
I

reported but is excluded from the graph shown in Figure 16. Again low counts are assumed to

| have given such results.

I
Surgical Mark:

The last material reported on is the surgical mask respirator have results shown in Table VII

] and Figures 18 through 20. Although it can be classi8ed as a type of respirator, it is not designed
,

,

| to be as high a quality respirator as the (N10Sil-approved) 3hi respirator. Penetration results are

lower than those for the wash cloth material as well as for those for the other fabric materials but

signi6cantly higher than the single-use 351 respirator.

:

Quality Factor:

i To compare efectively each of the tested materials from the results of the penetration meas-

urements for each particle site and face velocity is a diftleult task.1,ower face velocities favor*
,

.

small particle removal due to difusion while higher velocities favor large particle removal. Pres-
.

I

sure drop across the material is a factor to consider, since a benent of decreased particle penetra-

: tion at high velocities is ofset by a penalty of increased resistance to Bow. The number of layers

i
J

11-

!
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of material used must also be taken into consideration, since pressure drop would increase as the

number of layers used increues. A measure that incorporates these factors must be used so that
,

an overall comparison of each material can be done: a " quality factor' has been calculated for
.

each material for each particle size at each face velocity. The quality factor, as defined, by Fuchs'

is

-tr(c/e,)
'" AP

where:

q = quality factor, Pa'i1

e/c, = ratio of downstream to upstream particle concentration

AP = pressure drop across material, Pa

4

The rationale for this calculation is as follows: the penetration for a layers of the same

"

material would decreme as (c/c,)* while the pressure drop would increase as n times the pressure

drop of one layer.The quality factor depends on the material, the particle sire, and the face velo-

city, but not on the number of layers. Tables IX through XI detail the calculation results for the

quality factors for the materials tested under dry conditions. These quality factors can be used to

predict the penetration of the materials at any chosen pressure drop for the particle diameter and

the velocity tested. The higher the quality factor, the less penetration at a given pressure drop

or, equivalently, the less pressure drop for a given penetration. Where penetration was measured

as zero the quality factor is reported as an uterisk, since the logarithm of zero is ill-defined. A

penetration of 1.0 would result in a quality factor of zero. The quality factors have been plotted

in Figures 21 through 23 for the three velocities as a function of particle diameter for all materi-

als. Clearly the NIOSil approved, single-use 3M respirator performed best followed by the surgical -

mask and then the wash cloth. The remaining fabrie materials were quite similar in comparison
.

to each other but significantly lower in quality factor than the wash cloth.

12
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For a given face velocity (thus pressure drop), the quality factors follow qualitatively the
e

same particle size dependence as does collection efficiency. At a given particle size, the quality

*

factors tend to diminish as velocity increases, in agreement with predictions (Cooper)8 This

means that the use of large-area masks is favored over the use of small-area muks, if the leakages

are the same and the number of layers is adjusted to give the same pressure drop. In practice,

however, it may be found that holding the material over the mouth and breathing only through

the mouth may give a better seal to the face than trying to cover both mouth and nose.

*
Wet Materials:

Each of the fabric materials were also tested under wet conditions where the test material

was wetted and the test air Bow was kept above 95C#o Rii to prevent drying to determine if parti-

cle collection could be enhanced. The single-use 3M respirator and the surgical n uk were not

tested wet, as the pressure drop would be excessive. Penetration measurements were done for par-

ticle diameters from 0.12 to 4.4 pm using the two PMS laser probes. Penetration measurements

for the handkerchief are shown in Table XIII and plotted in Figures 3 through 5 for each of the

face velocities and include the data from the dry condition experiments to facilitate comparison.

In general, the penetration results are lower for the wet conditions for particle diameter greater

than 1.0 pm. However, note that for particle diameters from 0.10 to 0.50 pm penetration is higher

under the wet conditions. Results for the sheet, shirt, and wash cloth are similar, in that the wet

penetrations are higher for the 0.10 to 0.50 pm and lower for the particles greater than 1.0 pm as

compared to the dry condition penetrations. Penetration decreases with increasing face velocity

for particles larger in diameter than 0.50 pm, as was also seen in the dry condition results. The

highest penetration values were foand for particles 0.12 pm in diameter, and there is evidence

that penetration of these particles increases with increasing face velocity. Particles 0.25 pm in

*

diameter seem not to have been in8uenced by face velocity. Calculated quality factors are shown

in Tables XVII through XIX for the wet condition tests and plotted in Figures 24 through 26.,

Table XX shows some details of the calculation of the mass fraction of a hypothetical aero-

sol expected to penetrate face masks made of toweling. (This material is presented to illustrate

13
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.

!

i

i

the calculational technique and should not be relied on as an example of predicted performance.)
~

. .

j The aerosol is assumed to have a lognormal particle size distribution, with a mass median diame-
;

ter of 2 ym. equal to its aerodynamic mass median aerodynamic diameter (the particle density was -

schosen to be that of water,1 g/cm ), and with a geometric standard deviation of 2.0. The masks

are assumed to be held to the face with nylon hosiery and thus have a leakage fraction of STc',

comparable with that found for handkerchief material held onto the face of a manikin with nylon

hosiery '. It is assumed that the number of thicknesses are adjusted by the wearer to give sub-

stantial but not uncomfortably high Row resistance, taken to be a pressure drop of 50 Pa. It is
1

! assumed that the area of the mask is chosen large enough to cover nose and mouth and that the

breathing rate is appropriate for moderate exertion or less, giving a face velocity between 1.5 and
i

j 5.0 cm/s, so penetrations are calculated for both these values. Mass penetration is determined by

Sading the acrosol fraction by mass in a size interval and multiplying this fraction by the average'

t

1

of the penetrations calculated for the upper and lower size limits of the size interval, then sum-
,

!

] ming these products. (This is equivalent to " trapezoidal rule' numerical integration of the product
i

j of penetration and aerosol mass size distribution.) The penetrations are determined from the qual.

i ity factors by raising the b'ase of the natural logarithms, e, to the negative power of the product

of the quality factors and the pressure drops:

e

i Pn - exp (-q AP)
:
>

i

i The total penetration for the wash cloth at 1.5 cm/s is calculated to be 0.15 and for the wash
i,

; cloth at 5.0 cm/s it is calculated to be 0.54. Thus, between about one-sixth and about one-half of

the aerosol would be expected to penetrate. Other conditions can be explored similarly, and any
I

such predictions should take into account the range of pressure drops and face velocities (and par-
<

ticle size distributions)likely to be encountered in practice.
-

1

l

! *

|

'

L
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J

I

Summaey
* .

The material presented in this report allows calculation of fabric penetration from the qual-
.

i ity factors. Combined with the leakage test results from the Phase 11 report, these results can be

used to estimate the efectiveness of such materials for use as expedient methods of respiratory
4

. protection in accident situations.
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s TABIE I
: ..-

I

! Materials Tested For This Report-

t

Material Composition Thread Count Manuf. Code

i

Wash Cloth 88% cotton. . lady Pepperell
12% nolvester dacron Grandeur

i Handkerchief 100% cotton 57/in X 64/in RN#16810
8(121/in )

Shirt 40% fortrel polyester, 40/in X 45/in.,

| 60% cotton (91/in )e

!

Sheet. 100% entton 87/in X 74/in 50030 31

8
| (161/in )

i 3M Respirator #8710

Johnson & Johnson Non-glass HRI 8137-00
Surgical Mask

Barrier-Surgikos

a

1

s

n

7

!

!

*
,

,

. .

'

17
i

i

I

_ . _ , . , . . . - _ _ _ . . . . . . . . - . , . _ _ ... ,. - ..,_ ,,_- , . - _ _ - _.



m -. . _ _ _ _ .. . _ . . . _ . . . . _ _ _ _ _ . - ~ . . _ _ _ _ . . . .__ _

:) ^
,

|

TABIE H t

*
<

4

Pressure Drop of Dry Materials. Pa -

i
;

MATERIAL Face Velocity (cmM

1.5 5.0 15.0

3M Respirator (1)* 11 37 120

f'
'

. Sheet (12) 37 123 420
4

.

Shirt (B) 26 89 321
!

j Wash Cloth (2) 15 47 159

Handker-
chief (10) 35 119 418

,

Surgical
Mask (1) 10 32 109

|
1

|,

Nurnber of layers in parenthesis*
,

4

; .

I
i

I

,

.

.

..,

I

a

18s-
'
.
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1

TABIE lil
*

,

Penetrations for Handkerchief . Dry Condition
'

.

Face Velocity (cm/s)
e

Diameter 1.5 5.0 15.0i

(ym) *

.0015 .0006 .0020 ***** '***** ***" *****

.0059 .0268 .0190 .0107 .0126 .0284 .0296 I
,

.023 .0203 .0229 .0880 .0831 .1668 .1534

.10 .5448 .5700 ***** ***** ***** *****

.12 .5371~ .7032 .7532
,

.25 .5600 .7019 .7549

I .50 .5121 .5679 .5262

.51 .7667 .8294 .8182

4 1.0 .5776 .6179 .3972

2.1 .5263 .1852 .0000
;

4.4 .1333 .0000 .0000

!
i

4

!

Upstream concentration negligible*

,

0 1

!

,

b ~

i .

4

4

19
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TABI.E IV
.

Penetrations for Sheet . Dry Condition
.

Fece Velocity (cm/s)

Diameter 1.5 5.0 15.0
(ym)

.0015 .0092 .0057 .0000 .0000 .0000 .0095

.0059 .0000 .0008 .0013 .0050 .0161 .0000

.023 .1136 .0640 .0609 .0492 .4653 .2932

.10 .3006 .3314 1.873 2.386 .3960 .6399

.12 .5237 .6731 .8266

.25 .5648 .6709 .7326

.50 .5180 .6300 .5042

.51 1.000 .8560 .7701

1.0 .7091 .6281 .5598

2.1 .5000 .3200 .0000

4.4 .1000 .0000 .0000

.

.

20
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&

i
i

!

|

: TABl.E V i

. -

Penetrations for 3M Respirator #B710, Dry Condition
,

'

Face Velocity (cm/s)

Diameter 1.5 5.0 15.0

(um)

.0015 ***** ***** ***** ***** .0030 *****

|^
; .0059 .0002 .0002 .0000 .0000 .0014 .0000

.023 .0000 .0027 .0038 .0030 .0741 .0718-

.10 ***** ***** ***** ***** .3826 .4051
,

4 i

.12 .1665 .4127 .6659 -

.25 .1468 .3036 .5009
;

.50 .0542 .1257 .2203

I .51 .1475 .2513 .2897
i

1.0 .0403' .0692 .0549

2.1 .0000 .0000 .0000
;
..

1

4.4 .0000 .0000 .0000
.

:
i

!
.

* Upstream concentration negligible
;

i i

1 t

i

,

;-
i

.

r
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TABIE VI
.

Penetrations for Shirt , Dry Condition
.

Face Velocity (crn/s)

Diameter 1.5 5.0 15.0
(Jan)

.0015 .0078 .0080 ***** .0709 .0000 *"**

.0059 .0000 .0000 .0091 .0083 **"* **"*

.023 .0000 .0098 .1430 .1464 .2474 .2396

.10 .5169 .5027 .6077 .5051 .5994 .5858

.12 .5817 .6536 .8013

.25 .6191 .6834 .7551

.50 .5653 .6395 .5409

.51 .6990 .8182 .9381

1.0 .7094 .6574 .4342

2.1 .3000 .2000 .0000

4.4 .2778 .0455 .0000

Upstream concentration negligible*

!

!

|
-

t

!

.

!

22
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TABLE VII
.

Penetrations for Wash Cloth , Dry Condition
.

Face Velocity (cm/s)

Diameter 1.5 5. 0 15.0

(wn)

.0015 .0781 .0519 .0006 .0038 .0259 .0272

.0059 .0000 .0000 .0000 .0000 .0105 .0000

.023 .0861 .0976 6.121 .7102 .5224 .4782

.10 .3812 .3553 .3296 .3584 .5874 .6022

.12 .5644 .6610 .7932

.25 .6528 .7466 .7830

.50 .6155 .6924 .6802

.51 .6316 .8232 .8477

1.0 .4734 .6129 .5144

2.1 .2308 .1833 .0508

4.4 .0455 .0000 .0000

|

| .

l

.

|

23



. . _ . . --- . . - . -. . - . . _.._ -- . . . . _ , . . - - -. .. . ..

A

k

1

i

!
.

; |

$ TABLE Vill !
.

t

Penetrations for Surgical Mask Respirator , Dry Condition
.

,

Face Velocity (cm/s)

Diameter 1.5 5.0 15.0'

(Jan),

i

.0015 .0000 .0038 "*" *"" *"" .0000

.0059 .0045 .0000 .0001 .0000 0056 .0079.

.023 .0228 .0252 .0014 .0027 1173 .1144. ,

.10 .3780 .3729 ***** **"* ***** *****

'

.12 .4790 7170 .8291.

1 .25 .5395' 7049 .6985.

!

) .50 .4272 4383 .4664.

i

i .51 .4138 6290 .6388.

.i

.; 1.0 .2788 3747 .2924.

!

| 2.1 .0811 0526 .0000 ;
.

4.4 .0250 .0000 .0000

|

|

!,

* Upstream concentration negligible

4

!
-

i

O

t

i

1

1
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TABI. MIX
.

Quality Factors for 1.5 cm/s Face Velocity,

Materials

Diameter Handk Sheet 3M Shirt Wash Surg
( m) Resp Cloth Mask

.0015 0.1899 0.1324 0.1862 0.1822 0.6266

.0059 0.1079 0.2115 0.7743 """ """ 0.6097

.0234 0.1096 0.0654 0.6007 0.2046 0.1592 0.3730

.1027 0.0167 0.0311 0.0259 0.0666 0.0980

.12 0.0178 0.0175 0.1630 0.0208 0.0381 0.0736

.25 0.0166 0.0154 0.1744 0.0184 0.0284 0.0617

.50 0.0191 0.0178 0.2650 0.0219 0.0324 0.0851

.51 0.0076 0.000 0.1740 0.0138 0.0306 0.0862

1.0 0.0157 0.0093 0.2919 0.0132 0.0499 0.1277

2.1 0.0163 0.0187 """ 0.0463 0.0977 0.2512

4.4 0.0576 0.0622 """ 0.0493 0.2060 0.3689

- Upstream concentration negligible

* Penetration measured as zero

.

O
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TABIE X
.

Quality Factors for 5.0 cm/s Face Velocity
.

Materials

Diameter Handk Sheet 3M Shirt Wash Surg
(pm) Resp Cloth Mask

.0015 "*"* 0.0297 0.1302

*""* 0.3095.0059 0.0374 0.0468 """ 0.0533

.0234 0.0207 0.0236 0.1536 0.0217 0.0073 0.1934

.1027 -0.0061 0.0066 0.0227

.12 0.0030 0.0032 0.0239 0.0048 0.0088 0.0104

.25 0.0030 0.0032 0.0322 0.0043 0.0062 0.0109

.50 0.0048 0.0038 0.0561 0.0050 0.0078 0.0258

.51 0.0016 0.0013 0.0373 0.0023 0.0041 0.0145

1.0 0.0040 0.0038 0.0722 0.0047 0.0104 0.0307

2.1 0.0142 0.0093 """ 0.0181 0.0361 0.0920

0.0347 ****** ******4.4 ****** ****** ******

- Upstream concentration negligible

* Penetration rneasured as zero

.

1 *

|
|

l
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TABlJ: XI -
.

Quality Factors for 15.0 cm/s Face Velocity
.

Materials

Diameter Handk Sheet 3M Shirt Wash Surg
(um) Resp Cloth Mask

.0015 0.0127 0.0484 0.0228

.0059 0.0065 0.0115 0.0605 ---- 0.0330 0.0459

.0234 0.0044 0.0023 0.0218 0.0044 0.0044 0.0198

.1027 0.0016 0.0078 0.0016 0.0033 ----

.12 0.0007 0.0005 0.0034 0.0007 0.0015 0.0017

.25 0.0007 0.0007 0.0058 0.0009 0.0015 0.0033

.50 0.0015 0.0016 0.0126 0.0019 0.0024 0.0070

.51 0.0005 0.0000 0.0103 0.0002 0.0010 0.0041

1.0 0.0022 0.0014 0.0242 0.0020 0.0042 0.0113

2.1 ****** ****** ****** ****** 0.0187 ******

****** ****** ****** ****** ****** ******4.4

- Upstream concentration negligible

* Penetration measured as zero

.

.

I
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TABLE X11
.

Pressure Drop of Wet Materials, Pa ,

MATERIA 1, Face Velocity (cmM

1,5 5.0 15.0

She et(12)* 3535 - 3559 4032-4132 4456 - 5152

Shirt (8) 597 - 1817 2489 - 2589 2688 - 3360

Handker-
chief (10) 3037 - 3136 3933 -4306 5078 - 6571

Wash Cloth (2) 2514 - 2788 2315 - 4107 1170-4729

* Number oflayers in parenthesis

.

0
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TABIE XIll
.

Penetrations for Handkerchief , Wet Condition.

Face Velocity (cm/s)

Diameter
(um) 1. 5 5.0 15.0

0.12 .7626 .8514 .8537

0.25 .8100 .8301 .5185

0.50 .8020 .7098 .0140

0.51 .9508 .9891 .3898

1.00 .7914 .4108 .0149

2.10 .3333 .0000 .0000

4.40 .0714 .0000 .0000

.

e
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TAB 12 XIV
.

*Penetrations for Wash Cloth , Wet Condition

Face Velocity (em/s)

Diameter
(ym) 1.5 5.0 15.0

0.12 .9067 .9410 .9205 .9370

0.25 .7580 .7333 .8353 .8358

0.50 .1905 .1749 .1202 .2496

0.51 .3333 .2018 .1565

1.00 .0473 .0358 .0179

2.10 .0000 .0000 .0000

4.40 .0000 .0000 .0000

.

e

30
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TABLE XV
..

Penetrations for Shirt , Wet Condition*

I Face Velocitv(cm/s)

Diameter
(ym) 1.5 5. 0 15.0

0.12 .9384 .9387 .9949

0 25 1.036 .8271 .8785

0.50 .7090 .2505 .3460

0.51 1.077 .7480 .6151

1.00 .2374 .2007 .0707

2.10 .0000 .0000 .0000

4.40 .0000 .0000 .0000

.

e

| 31
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TABIE XVI
.

1

I

| Penetrations for Sheet , Wet Condition *

i

i

i Face Velocity (cm/s)

| Diameter
'

i (pm) 1.5 5.0 15.0
1

0.12 8121 9455 1.007. . .

I 0.25 7298 9220 .8777. .

\ t

0.50 3381 4272 .1799. .,

. 0.51 8271 8453 .%27. .

1.00 7343 3578 .1930. .
,

a; 2.10 1867 0000 .0000. .

;
'

4.40 0667 0000 .0000. .

t

f

4

5

4

4

!

!

|
,

i

i

i
j |-

i
!

'
<
f

< . ,

32
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TABld: XVII.

Quality Factors for 1.5 ern/s Face Velocity (wet)-

Materials

Diameter ilandk Sheet Shirt Wash
(gm) Cloth

0.12 0.00009 0.00006 0.00005 0.00004

0.25 0.00007 0.00009 -0.00003 0.00010

0.50 0.00007 0.00031 0.00028 0.00063

0.51 0.00002 0.00005 -0.00006 0.00041

1.00 0.00008 0.00009 0.00119 0.001151

2.10 0.00036 0.00051 """* "*""

4.40 0.00087 0.00076 "*"" *"""

Penetration rneasured as zero*

.

O

33



TA131.E XVIII
.

Quality Factors for 5.0 cm/s Face Velocity (wet)
.

Materials
,

Diameter Handk Sheet Shirt Wash
(ym) Cloth

0.12 0.00004 0.00001 0.00002 0.00002

0.25 0.00005 0.00002 0.00007 0.00010

0.50 0.00009 0.00021 0.00055 0.00054

0.51 0.00000 0.00004 0.00011 0.00050

1.00 0.00023 0.00026 0.00063 0.00104

2.10 ******* ******* ******* *******

4.40 ******* ******* ******* *******

Penetration measured as zero*

.

9

34
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TABLE XIX
.

Quality Factors for 15.0 cm/s Face Velocity (wet)
.

Materials

Diameter Handk She-t Shirt Wash
(gm) Cloth

0.12 0.00003 -0.00000 0.00000 0.00003

0.25 0.00011 0.00003 0.00004 0.00010

0.50 0.00073 0.00036 0.00035 0.00057

0.51 0.00016 0.00001 0.00016 0.00063

1.00 0.00072 0.00034 0.00088 0.00136

2.10 ******* ******* ******* *******

4.40 ******* ******* ******* *******

Penetration measured as zero*

.

9

35



- . . . . .. -. . . - - . . _ - - - . _ = . - . - _ .

- I

h
'

TABLEXX
; . ,

! Predicted Penetraticns for Toweling at 50 Pa Pressure Drop and with a 5% Leakage
!

*

! Particle Quality Factor Fabric Penetration Total Penetration *
Diameter

(#m) 1.5 cm/s 5.0 cm/s 1.5 cm/s 5.0 cm/s 1.5 cm/s 5.0 cm/s 14

0.0015 0.182 0.130 0.000 0.002 0.500 0.052 ;

!
| 0.0059 0.000 0.000 0.050 0.050--

0.02 0.159 0.007 0.000 0.704 0.050 0.754
i

| 0.10 0.067 0.023 0.035 0.317 0.085 0.367.
i

0.12' O.038 0.009 0.150 0.838 0.200 0.688!

,

0.25 0.028 0.008 0.247 0.740 0.297 0.790

j 0.50 0.031 0.006 0.212 0.740 0.262 0.790

1.0 0.050 0.010 0.082 0.607 0.132 0.657
i i

2.1 0.098 0.038 0.007 0.165 0.057 0.215 :

4.4 0.206 0.000 0.000 0.050 0.050,

j

i
!
1

:

,
Assumes that leakage would be b% of flow, comparable

! to that found for the handkerchief held to manikin
face with nylon hosiery material. ;

!
:
1

I

!,

,

i

i!

'
.

t

G
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MAKE-UP
AIR

-ABSOLUTE
FILTER

: ,

AEROSOL DIFFUSION EXHAUSTNEUTRALIZER BATTERY
i
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. . . . . . . . . . . .

HOLDER
c
2

.
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2
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,

:

:

1 FIGURE 2 : 0.001-0.10 MICROMETER PARTICLE DIAf1ETER
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FIGURE 8 : PENETRATION VERSUS PARTICLE DI AMETER FOR SHEET (12) 1S.0 CH/S
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APPENDIX A : DIFFUSION BATTERY
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APPENDIX B (CON'T);
'

FREQUENCY FER CHANNEL- ;

! NON-0VERLAPPING B ;

TINE 9: 25 '

'

, OhTA RATE 2

) 3 CYCLES !

*

1 ?RC MIN mat COUNT FRE0/W TV

| __. ... ___ ..... .........

i 93 1 0.320 0.349 1029 35492.75 ,

i 93 2 0.349 0.378 633 21927.59
i 93 3 0.379 0.407 SSE 20275.96
| 93 4 0.407 0.436 375 1293!.03 ,

93 5 0.436 0.465 419 14445.27.'
i B3 7 ).494 ~0.494

.33E ;3032.H i93 6 0.465
0.523 346 .1*3. 03 i

| 93 9 0.521 0.552 293 475*.62 \
| 93 9 0.55? 0.591 1 99 6927.5: '

i 9310 0.591 0.610 174 6000.00
9311 0.610 0.639 169 592'.55,

} 9312* 0.639 0.669 193 665?.P.
,

) 92 2 0.650 0.800 W5 663T. 33 t

! 92 3 0. 6,'3 0.950 932 55 3 .66 :
I B2 4 0.950 1.100 985 6596.i6 i

i 92 5 I.100 I.250 155 S233.33 i
; 92 6 1.250 1.400 200 1 D3.33
i 92 7 1.400 1.550 59 196.6t I

| 92 9 1.550 1.700 41 273.33 !

t B2 9 1.700 1.850 30 200.00 i
i 9210 1.950 2.000 33 220.00 ;

& 2 11 2.000 2.150 }2 346.66 ;'

| 9212 2.150 2.300 50 U3.33
i 9213 2.300 2.450 73 496.6i '

i 9214* 2.450 2.600 Ti 446.66 ?

91 3 2.500 3.250 209 279.66 |}
.

91 4 3.250 4.000 56 74.66 i>

91 5 4.000 4.750 H 21.33<

'
B1 6 4.750 5.500 4 5.33 L

i 91 7 5.500 6.250 ~0 0.00 |
\ 91 9 6.250 7.000 Q 0.00 I

l 91 9 7.000 7.750 0 0.00
b 9110 7.750 9.500 0 0.00 '' 9111 9.500 9.250 0 0.00

9112 9.250 10.000 0 0.00
'9113 10.000 10.750 0 0.00

} 9114 10.750 1I.500 0 0.00 ;

9 1 15 * !!.500 12.250 0 0.00
'

B0 9 !!.600 12.900 a 0.00 t

| 9010 12.900 14.000 0 0.00
1 9011 14.000 15.200 0 0.00

9012 15.200 14.400 0 0.00.
;

i 9013 16.400 17.400 0 0.00 '

t 9014 17.400 19.900 0 0.00
9015 19.900 20.000 C 0.00'

,
.

TOTAL COUNT IS 9274,
,

'
,

) |-

;

I
i
j 66
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Appendix C: Phase I vs. Phase 111
(Handkerchief,5.0 cm/s, Dry Condition)*

*
a

Particle Particle
Diameter Phasei Diameter Phase 111

(pm) (ym)
;

0.4070 .7930 0.51 .6294

0.5810 .8300 1.0 .0179

0.8840 .6630 2.1 .1652 '

1.4000 - .5650 4.4 .0000

1.9300 .1840

2.3000 .1500

3.2300 .1110
4

4.7500 .0130

i

!

i
i

:

I

I

! .

e

r
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j Appendix D: Comparison of Data inversion Methods RR and LSNN

i .

{ Surgical Mask
i
i

!
i

! Face Velocitv(cm/s)
! Diameter 1.5 5.0 15.0

(um) ISNN RR ISNN RR IENN RR

.001s .0000 .0038- .00c0 .0030 ' " " ' " " .0000 .0000 ""' .0000 .0001 .0016

.0069 .0045 .0000 .0070 .0000 .0001 .0000 .0002 .0002 .0056 .0079 .0104 .0218

| .0234 .0228 .0202 .0410 .0430 .0014 .0007 .0021 .0024 .1173 .1144 .0531 .0636

| .1027 .3780 .3729 .3130 .3100 ' " " ' " " " " ' " " ' ""''"" " " ' " ' "
;

1

i

i

3M Respirator

1
|

Face Velocity (em/s)

| Diameter 1.5 5.0 15.0

(um) ISNN RR I.SNN RR ISNN RR
!

{ ,o015 n... ..... ..n. ...n ..... ..... ,no34 ,ooes ,ooso un. .0000 .0028

j .00S9 .0002 .0002 .0002 .0003- .0000 .0000 .0006 .0003 .0014 .0000 .0100 .0000

.0234 .0000 .0027 .0001 .0012 .0038 .0030 .0032 .0031 .0741 .0718 .0470 .0482

.1027 "'" "'" ' " " " ' ' ' " " ' " * " .1116 .1081 .3826 .4051 .3256 .3228

|
1
e

i
|

| Handkerchief

:
.

Face Velocity (cm/s)
i

1 Diameter 1.5 5.0 15.0 .

| (um) ISNN RR ISNN RR ISNN RR

!* .0010 .0006 .0020 .0021 .0027 " " ' ' " " .0804 .0284 ' " " " " ' .0177 .0184

| .0069 .0268 .0190 .0070 .0009 .0107 .0126 .0257 .0267 .0284 .0296 .0300 .0413

.0234 .0203 .0229 .0383 .0386 .0880 .0831 .0651 .0648 - .1668 .1634 .0005 .0666*

.1027 .5448 .5700 .3472 .3489 ' " " ' " " .4216 .3868 " " ' ' " " " " ' " " '

!

! L

'

,
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*Appendix D (cont'd)
:

.

Sheet

4

.

Face Velocity (cm/s)
Diameter 1.5 5. 0 15.0

(um) I.SNN RR LSNN RR ISNN RR
I

: .0015 .0092 .0057 .0011 .0013 .0000 .0000 .0000 .0000 .0000 .0095 .0000 .0225

) .0059 .0000 .0008 .0009 .0020 .0013 .0050 .0000 .0120 .0161 .0000 .2142 .'0414
'

.0234 .1136 .0640 .0165 .0185 .0609 .0492 .0368 .0335 .4653 .2932 .4510 .3071 ,

, .1027 .3006 .3314 2.305 1.170 1.873 2.386 .7376 .6643 .3960 .6399 .4043 .5934
2

;

! <*
.

| Shirt
T

|

; Face Velocity (cm/s)
t Diameter 1. 5 50 15.0
; (um) LSNN RR I.SNN RR ISNN RR
!

i .0015 .0078 .0080 .0050 .0047 '"" .0709 .0037 .0123 .0000 ""' .0000 '""

j .0059 .0000 .0000 .0004 .0004 .0091 .0083 .0309 .0318 " " ' " " ' .0000 2.053
.0234 .0000 .0098 .0057 .0133 .1430 .1464 .0946 .0964 .2474 .2396 .4345 .3949,

.1027 .5169 .5027 1.803 1.446 .6077 .5051 .4418 .4097 .5994 .5858 .5863 .5737

i
4

i

Wash Clothi

t

1

Face Velocity (cm/s)
4

Diameter 1.5 5.0 15.0
(um) LSNN RR 1,SNN RR LSNN RR

_

.0015 .0781 .0019 .0097 .0105 .0006 .0038 .0018 .0033 .0269 .0272 .0170 .0145
*

.0059 .0000 .0000 .0142 .0151 .0000 .0000 .0052 .0079 .0105 .0000 .0206 .0164 ;

.0234 .0661 .0976 .0718 .0826 6.121 .7102 .1339 .1310 .5224 .4782 .2155 .2408
. .1027 .3812 .3553 .3376 .3170 .3296 .3584 .5368 .5199 .5874 .6022 .6507 .6543 +

v

i

>
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* Appendix D

.

Program Test Data Analysis with Hypothetical Aerosol Distributions

Diameter Actual LSNN RR
(um)

.0015 2500 2501 2495

.0059 2500 2498 2497

.0234 2500 2501 2500

.1027 2500 2500 2500

.

e

'
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Appendix D e

Program Test Data Analysis with Hypothetical Aerosol Distributions -

Diameter Actual 1.SNN RR
(um)

.0015 36 35 35

.0059 2264 2266 2265

.0234 6600 6599 6599

.1027 1100 1100 1099

.

0
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The efficacy of readily availablekmaterials, such as cotton fabrics,
toweling, a surgical mask, and ( single-use respirator, for providing
emergency respiratory protectipn wa( evaluated by determining the filtra-
tion efficiency as a function /of aerosol particle size over the size
range of 0.001 to 5.0 um and is a fur % tion of filtration face velocity.
Filtration face velocity wasfset at 1.5., 5.0, and 15.0 cm/s. This report
describes the equipment andjprocedures used to obtain efficiency measure-
ments for particles 0.5 p.njin diameter and smaller, and summarizes the.
results of all three phases of this reaeadch. Particles with diameters
from 0.10 to 0.50 um provdd to be the most* difficult sizes of particles
to remove. Particles smdller than 0.10 um dere removed due to diffusion
while particles larger than 0.50 um were remdved due to inertia and gra-
vitational settling. De' position of the small#st particles was favored by
the use of low face velocities. A fractional e3ficiency curve was deter- -

mined- for each material at each velocity for comparison. Values of the
quality factor, [-In(penetration)]/(pressure drop)i, were calculated.
Quality factors werepless for wet materials than fhr dry; less at high
velocities rather thhn low; and best for the singleiuse respirator mask,
next best for the sdrgical mask and often third best:for the toweling.
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