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PREFACE

The work described in this report was authorized under Project
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except with permission of the Commander, U.S. Army Chemical Research,
Development and Engineering Center, ATTN: SMCCR-SPS-T, Aberdeen Proving
Ground , Maryland 21010-5423. However, the Defense Technical Information
Center and the National Technical Information Service are authorized to
reproduce the document for U.S. Government purposes.
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A POTENTIAL FIELD EXPEDIENT TEST
FOR FACE MASK INTEGRITY

1. INTRODUCTION

In the battlefield situation, soldiers must don their protective
masks when a chemical or biological threat is suspected (Figure 1). Once ihe
soldier has donned his mask, proper fit is essential for maximum respivitory,
eye, and skin protection in contaminated environments. Therefore, inc assurance
of proper fit after mask donnfng is of primary importance, In the Taluratory
evaluation of the protective masks, the leakage of a challenge .crouoi i-
quantitatively measured using very sensitive detection instrumentatior.,. The
protection offered by a mask is usually expressed in terms of the Protection
Factor (PF) which is defined as:

Ca ///

PF = . Jﬂl (1\-
: Cs o~
where: 30!475\\
-

PF = the protection factor,
Ca = the ambient challenge concentration, and

Cs = the concentration of the cnhallenge that has penetrated inside
the mask,

Cs should be very small compared to Ca; and hence, the PF must be
large to assure proper protection for soldiers in the field.

The present methods used in the battiefield to evaluate the sk
integrity are the negative pressure method and the challenge vapur metned
(coversation with CPT Charles Bass, U.S. Army Chemical Research, Develgpment
and Ergineering Center (CRDEC), 1986). To implement the negative pressurc
test, the soldier dons the mask and covers the inlet opening of the canister
with his/her palm, The soldier then inhales, causing the mask to collapse
slightly (negative pressure). If the mask remains collapsed while the soldier
holds his/her breath for approximately 10 sec, thea no leakay+ 1y apparent;,
and the fit is considered good.l4 This test is carried out during inhalation
when leakage would normally occur, However, the negativc pressure test s
highly subjective. The test is not completely reliable as it tcnus to et
the mask against the face, thereby minimizing leakage potential,® f. the
challenge atmosphere xechnlque the standard military challeng vapor 104

is isoamyl acetate, commonly known as barana 011, A few crups of thys cho ol
are poured on a piece of cotton or cloth and passod gently arcurs the e ober,
of the mask (Figure 2) while breathing normally. Ine smell Gf tooany oder
inside the mask would indi-ate leakage.® The mask would then v ceriive s

The banana oil test, even though somewhat les: >UL;l Tl b
the negative pressure test, lacks convenience in a field situai' il lae
banana oil test offers a protectlon factor of derOATWU'él e e
with Mr, R, F. Hughes. CRDEC, 1986).7 A much higher pro*:cction fa tor
the order of 10,000) is desirable to insure maximum fieic¢ pro-- .t ..
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Figure 1, }M40 Mask, C-2 Canister and Mood
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Figure 2.

Face Mask

pcriphery: A Potential Source for Leakage




Therefore, there is a need to develop a highly sensitive, relfable, and
rapid field method to test the integrity of the face mask,

The ideal qualitative field fit test should have the following
characteristics:

o Test material must be veadily avatladle,

o Detection should be easy.

o Detectior at very low concentrations.

¢ Test material must be nontoxic and nonhazardous.
¢ Tests can be performed quickly.

o Test does not require specfal equipment,

o Test can be conducted without additional training or technical
knowledge,

The present study was initiated to evaluate how well tobacco smoke
satisfies the requirements of a field expedient challenge, The initial findings
of this study are presented in this report,

An extensive literature survey was conducted during this study, and
the important findings are discussed in the following section, This follows a
discussion of a qualitative estimation of the threshold detection value of
tovacco smcke odor and an estimation of the magnitude of the PF offered by
thts new challenge. The report concludes with suggestions for continuation
of this work. An extensive bibliography is included.

2. LITERATURE SURVEY

Tobacco smoke is a hijhly concentrated aerosol consisting of several
thousand compounds.8-14 The smoke that enters the smoker's mouth is the main-
stream smoke, Sidestream smoke is emitted directly to the ambient a¥r from
the burning end of the cigarette. Mainstream smoke and sidestream smoke '
consist of a particulate phase and a vapor phase. S . e

The emission factors per cigarctte for a number of these substances
are given 1n Table 1. The aerosol concentration in tobacco smoke vavies
between 108 to 10% particles/cm3.16 The size distribution of particles was
investigated extensively in the past;16-18 particle size in tobacco smoke |
ranges between 0.1 um and 1 pm (Fioure 3), which is the ideal range for
maximum penet-ation for the mask leakage studies.l9

The odor producing components of tobacco smoke were examined in !
several recent investigations.20-22 yaglow and Witheridge?! noted that ‘
in a ventilated room, long after the cigarette was extinguished and the visible

smoke cleared the air, the odor level remained high., Additionally, removal of

more than 90% of the particulate matter vy filtration and electrostatic

precipitation did not have any noticeable effect on the odor of tobacco smoke

fn a test chamber.22 These test results indicate that gaseous components of

tobacco smoke are primacily responsible for the scnsory impact. It is
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possible to simulate tobacco smoke odor by combining 32 of the 5,000 components

present in cigaraotte smoke (conversaticn with Dr. Daniel B. Kurtz, R, J
Reynolds Company, 1986).20

Table 1. Emission Factors for Mainstream and Sidestream SmokelS

Mainstream Sidestream

pg/cTgarette pg/cigarette
PARTICULATE PHASE
Total suspendod 36,200 25,800

particulate matter

Tar (chloroform extract) <500-29,000 44,100
Nicotine 100-2500 2700-€750
Total phenols 228 603
Pyrene 50-200 180-420
Benzo( )pyrene 20-40 68-136
Naphthalene 2.8 40
Methylnaphthalene 2.2 60
Aniline 0.36 10.8
Cadmium 0.13 0.45
Nickel 0.08 .-
Arsenic 0.012 ==
2-Naphthylamine 0.002-0.028 0.08
GASES ANL' VAPORS
Carbon Monoxide 1000-2¢,000 25,000-50,000
Carbon dioxide 20,000-60,000 160,000-480,000
Accsaldehyde 18-1400 40-3100
Hydrogen cyanide 430 110
Methylchloride 650 1,1300
Acetone 100-600 250-1500
Ammonia 10-150 980-150,000
Pyridine 9-93 90-930
Acrolein 25-140 55-300
Nitric oxide 10-570 2300
Nitrogen dioxide 0.5-30 625
Formaldenyde 20-90 1300




Number per .033 mm Segment X 104

EXPERIMENTAL DATA
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The question as to whether cigarette smokers have a lesser olfactory
sensitivity when compared to nonsmokers is not yet settled. However, most of
the available data indicate that cigarette smoking can have an effect on
olfaction.23:24 The exact nature and extent of this effect is not clearly
understood at the present time,

From the 1iterature survey and discussions with experts in the areas
of tobacco smoke research and olfactory measurements (Bibliography), the
human nose appears to be exceedingly scnsitive to tobacco smoke odor. Although
no absolute number is availadle on the odor threshold concentration of cigarette
smoke, this value appears to be part per billion (ppb) [volume-to-volume ratio
(vv)] or lower. Furthermore, researchers do not know which compounds in tobacco
smoke are responsible for the odor. Tobacco odor is a complex mixture of
many odor-producing compounds, Devising a simple instrumental test to monitor
tobacco smoke odor inside the mask in battlefield sfituations would be extremely
difficult. Thus, an olfactory measurement (i.e., odor sensing) is an attractive
alternative.

3. ESTIMATION OF THE PROTECTION FACTOR

Due to the the U. S. Army policy on smoking and the use of human
subjects for testing no experiments were performed on humans to measure the
olfactory sensitivity to tobacco smoke odor. The estimations of the detection
threshold and PF were from cursory observations.

One of the authors observed a standard mask leakage test, using
1soamyl acetate (banana oil) for olfactory detection of the leak. The person
wearing the mask was unable to detect the odor of banana oil and reported a
"tight fit". Another person, holding a 1it cigarette, approached the test
site. The person wearing the mask reported that he could detect tobacco
odor, After tightening the mask, that person reported that he could no
longer detect the odor of tobacco smoke,

Prior to the project's initiation, while the principal author was
in his office, a student holding a 1it cigarette entered and stayed in the
room for approximately 1 min, After the student left, several other people
entering the office said that they could smell cigarette smoke. The office
room had a volume of 72 m3. Assuming that the average molecular mass of
cigarette smoke is 400 and also assuming that tobacco smoke is a gas, we can
make a rough calculation on the olfactory threshold,

A cigarette weighs approximately 1 g and takes about 10 min to
smoke. Therefore, in l-min, approximately 1/10 g or 100 mg of tobacco has
been burned and converted into gaseous form., The concentration of the smoke
in the room is therefore 100 mg/72 m3 or 1.4 x 10-3 g/m3. The approximate
value of molecular weight is 400 for tobacco smoke, We can say that 1 mole or
400 g will have 22,400 cm3 at standard conditions of temperature and pressure,
Using this relationship, we find that 1.4 x 10=3 g of smoke = 7.8 x 10-2 cm3,
We have, therefore, 7.8 x 10-2 cm3/m3 = 0.1 cm3/m3 or 0.1 ppm (same as 100 ppb).
This 1s the magnitude of smoke odor that was detected by the students in the
office. Dr. Dan Kurtz of R. J. Reynolds Tobacco Company recently pointed out
that 0.1 ppm may be high, and the actual odor threshold might be much lower
than 0.1 ppm for tobacco smoke,

13
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Next, we calculate the ambient smoke concentration that can be
produced within the hood volume (Figure 1) with one puff of cigarette smoke.
The 1iterature search revealed that the volume of one puff is approximately
35 cm3, and that it contains about § mg of smoke.25 Thus, the concentration of
the smoke before dilution with air would be 5 mg/35 cm3 or 0.14 mg/cm3. Assuming
that a 1:10 dilution took place inside the hood volume, the smoke _gncentration
inside the hood would be 0.01 mg/cm3, This is equivalent to 10 g/m3. Assuming
the smoke mixes with air completely and the mixture is in gaseous form, we
can convert grams per cubic meters to parts per million as shown before,

This conversion yields a value of 560 ppm. Reducing this by a factor of 2 to
allow for our various assumptions, the concentration of smoke inside the hood
with one puff would he about 3 x 102 ppm.

The PF, using the hood to contain the challenge, can be estimated by
taking the ratio of the ambient concentration to the minimum detectable smoke
concentration inside the mask.

3 x 10 (2)
10-1

If the tobacco odor threshold is actually much lower than 10-1 ppm
(as suggested by experts in the tobacco research field) and if one could
admit more than one puff volume of tobacco smoke inside the hood volume, then
the PF could be still higher. In comparison, a PF of 300 or less can be
detected with isoamyl acetate (conversation with F. P. Hughes, CRDEC, 1986).
Thus, at least an order of magnitude of imprcvement (i.e., a PF of 3900)
can be obtained by using tobacco smoke.

The findings of this study were presented to the CRDEC Senior NCO
Advisory Committee. The comments of the committee are included in the Appendix.

4. CONCLUSIONS

Calculations given above are not based on any quantitative data;
however, they are instructive. Note that a relatively high concentration of
tobacco smnke can be produced under the hood easily and rapidly. The high
concentration of tabacco smoke coupled with the low required detection levels
for tobacco smoke, affords identification of extremely small leaks and suggests
a high PF for the soldier. A1l of this combined with the ready availability
of tobacco products in the field, makes tobacco smoke a potentially good
field expedient challenge for testing the integrity of the face mask after
donning.

Tobacco smoke offers all the characteristics required for an ideal
field expedient challenge. Therefore, this concept merits further investigation,

The Department of Defense (DoD) recently issued a directive related
to heal*h promotion. which_establishes policy on smoking in DoD occupied
buildings and facilities.2’ oQur ideas are not in conflict with this directive,
In fact, both the directive and the concepts pursued here address the improvement
and protection of health. Presently, examination of the potential use of
cigarette smoke in testing face mask integrity is meant for field expedient
situations and only for the short-term while alternatives evolve from research
and development.

14
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5. RECOMMENDATION

Previous discussions indicate the possibility of developing a
methodology of testing face mask integrity by human sensory perception (e.g.,
smell). At the final stages of writing this report, we learned that the 3-M
Company of Minneapolis, MN, filed a patent application for using a spray of
aqueous solution of Sacharin for testing face mask integrity. Presently, no
further information is available. This methodology can, potentially, provide
the soldier with better chances of surviving on the chemical battiefield. We
recommend that further studies be conducted to develop a standard test method
to test face mask integrity. Such a study should be conducted in two phases:

e Phase 1: Determine the PF that can be obtained by using tobacco
smoke odor. In this study, regular smokers and nonsmokers should be tested
to assertain whether there is a Jifference in olfactory perception between
these groups.

o Phase 2: If Phase 1 indicates that significantly increased
PF can be 2chieved by this methodology, developed a Standing Operation Pro-
cedure (SOP) to conduct this test in the field.

A human use protocol is being prepared and will be submifted for approval.

15
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2. The committee reviewed a proposal to use tobacco smoke &s a mtkod of mask
fit testing (recommendations and copy of proposal attached).
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Proposal: Use of Tobacco Smoke to Validate Mask Fit
Presented By: Dr. Poziomek
Evaluated: 9 March 1987

1. This committce has reviewed the proposal for the use of tobacco smoke to
validate mask fit and believe that it is a valid concept. If adopted it should

provide a readily available means of field testing that imposes almost no logis-:
¢ tical burden.

2. The only question that the committee has is whether olfactory desensitization
of smokers or others exposed to strong odors over a period of time would allow
for valid testing to a desired protection factor.

3. Recommend that human use testing be done to validate this concept and that
both smokers and non-smokers be included in this testing to determine any dif-
fareaces- that may exist.

THOMAS P. HILL
MSG, USA
Chairman
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