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SIGNIFICANT FINDINGS

This study resulted in significant findingswgrelatedlttOWfthe»

correlation of faCial dimenSions and respirator fit the‘distribution of

leak Sites and shapes,,faCial‘dimenSIOn differences for subjects with

specific types of leaks, and‘the,persistence of streamlining patterns—atc

elevated.breathinghratesm‘ Although'seven facial dimensions were found
to haye‘significant‘correlatiOn coefficients with respirator fit they
were poor . predictors of fit in both linear and’ logistic regreSSion
'models. Correlation was found to be strongly affected by gender. of the
‘dimensions currently used to define‘the half-mask respirator test panel,

only face length was found to be signifiCantly correlated to fit. Also,

‘neither of the dimensions were included in any of the linear or logistic

models for predicting respirator fit.

Analysis of leak site data found a very high proportion of cheek

leaks and multiple leaks that included the cheek, and a high proportion
of nose leaks.. The‘distribution‘of‘leak sites was not affected byd

gender,h respirator‘ brand, or fit test 'repetition There was no,

Significant difference between leak shape distributions for gender

respirator‘brand, or -fit test exercise.

Facial dimensions for subjects in leak site. categories=were -

significantly different.in,only‘one dimension for all subjects and
' females;'however ten dimensions were significantly different for males
There were few Significant differences in the two- way comparisons of

dimenSions for subjects in a leak site category and their comparison

dgroups. Logistic regression analySis found that subject, test

repetition, and respirator brand were not significant in any of the

models to predict the probability of a leak at any of the primary sites[

and gender was only significant in the model for cheek‘leaRSﬂ



The fit tests on a mannequin fitted with a half-mask respirator
over a range of work rafesf'and corresponding;inspiratory«flowurates)_
resulted in less developed visual streamlining patterns -at the hlgher
rates. In addltlon bias associated with in-facepiece sampling was found

to signlflcantly decrease as inspiratory flow rate increased.

USEFULNESS OF FINDINGS

IThe results of this‘study will contribute to the understanding‘of
the distribution of respirator leak sites and shape, and will have both
‘theoretical and practical_applieations. Knowledge of these parameters
'may'vcontribute‘ to more accurate theoretical modeling' of respirator
leakage. | Determlnatlon of the pers1stence of streamllnlng flow at high
breathlng rates may partlally explain the lack of correlatlon between-
1aboratory and workplace fit . factors Based on the ‘results. of the
-association of anthropometric dlmen31ons w1th leak 51tes and resplrator‘
fit observed in thlS study and in our previous work it appears that the;
facial dimensions currently used to deflne half mask resplrator test
panels needs to be re-evaluated. These‘assoc1at10ns could be useful to
respirator program administrators in theVSelection‘of a model or size of
respdrator for an-indiﬁidual wearer.““TheY‘may also- contribute-to. the
improvement of facepiece design, thus providing greater protection to the

user.
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ABSTRACT
The pgrpo#qdof'this study _was_to determine—if-tﬁe-distribution*of'
-respirator‘leak sites and shapés on half-mask respiratbrs-were affected
by respirator brand,‘fepétition of fit test, by‘fit test.exeréise, or by
gendef;,to aetermine_the association these study factors‘and facial
dimensions witﬁ respiraﬁor fit, and to determine if air flow streamline
. patterns persist at eleVated breathiné fates. This was accohplished by
~developing an exposure system for a fluorescent tracer aerosqi,
conaucting 329 quantitativeifit tests on human subjects wearing three
 differént-brands ofthalf-mask_réspirator, and‘conducting 44 tests on
subjects performing‘bne of the five fit test exercises. Tests with the
.fluorescent aerosol were performed on axnanhequin fitted with a half-mask
respirator at a range of -breathing rates. At the conclusion of these
tests, the respirators were removed and leak sites and‘evidenégg@f
streamlining were viéuélly ‘identified. Iﬂfereﬁtial‘ aﬁd regreséion
statistical methods were used to tést the effect of the study factors and
. facial dimensibns on the distribution of the obsérved-léak siteé;énd
shapes and respirator fit. Only one of ﬁhe'facial dimensioné used to
~define the respirator_test panel was found to be significantly correlated
‘to fit; and neither of the dimensions were included-in regression mbdeis
to predict fit. About 67% of the observed leaks occurred at the cheek
‘kof multiple sites which included the cheek. Point leaks accounted for
only 38% of the leaks. The distributioﬁs of leak si;es and shapes were
found not to be affécted‘by gender, respirator brand, test repetition,
or teétvexerciSer‘ Few of the comparisons of facial dimensions for
subjects in leak categories‘were found to be significant, and regression
models found thaﬁ none of the study factors had a significant effect on

the probability of a leak occurring at a specific site. Evidence of

vii



streamlihing was observed on about 44% of the test subjects, and
mannequin tests _ind”i"c_atj.gdn_‘t_hai_:r_s_g;;eanf_l_]_.\:'_L__n_ing,patt_e;rns decayed as,breathing

rates increased. The results of this study indicates that leak sites and

shapes do not vary between genders, among respirator brands, or among.

repeated fitting of a respirator. Facial dimensions were found to be
poor predictors of respirator fit, and that dimensions other than those
currently used may be more appropriate to define test panels whose fit

is intended to be representative of worker populations.
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PURPOSE

- The purpose of thlS reseefch pro;ect was to study factors whlch may‘

affect leak site and shape on half-mask respirators, and’alr flow
patterns within the respifator‘facepiece.‘ This was'accomplished by
performing respiretor fit‘tests on human subjects uSiﬁg a fluorescent
tracer aerosol to identify faceseal’ leak.vsites and . shapes:  The

fluorescent aerosol was also used to observe - the persistence of

streamlining deposition patterns on a mannequin headform at increased .

breathing rates. The‘visual evidence of streamlining on the mannequin
wes supplemented.by'measuring samplingtbias at different breathing rates.
Specific objectives of the study”Qere to: 1) determine the intra-subject
variability of leak sites and shapes by performing multiple tests on the
same subjeet wearing the same‘respirator; 2) determine the variability
‘of leak sites and shapes for different respiratotseby'perfotming mu}tiple
‘tests with different respirators‘on>the same.subjects, 3) determihe-if

leak sites and shapes change between the exerc1ses of a fit test 4)

confirm characterlstlc facial dlmen51ons of subjects who are ldentlfled-

with the streamllnlng phenomenon, and 5) determine if streamlining

persists at higher breathing rates.

MATERIALS AND METHODS

."This work was completed by constructing an aerosol generation system

and exposure chamber, and evaluating the size distribution and

concentration characteristics of the aerosol. After selection of the
fluorescent test material and evaluation of the exposure system, exposure

studies on human subjects were initiated using the following protocol:

1) prospective subjects reviewed the respiratory questiennaire and

~informed consent forms, 2) facial dimensions of selected subjects were.

measured with sliding and spreading anthropometric salipers and metal



tape, 3) a pre test frontal photograph of the subject was taken, 4) the

subject was fltted w1th the approprlate size of resplrator 5) a

quantitative fit -‘test (QNFT), using a forward light-scattering

photometer, was performed with the fluorescent tracer aerosol, 6) after

the test the resplrator was carefully removed, leak sites 1dent1f1ed and

measured, and a. post exposure photograph taken . The protocol was

approved by: the U2ZB Instltutlonal, Review Board, and a detailed

description is given in Appendix I. The‘facial dimensions measured are

illustrated in Figure 1.

A. Biectoorbltale Breadth F. Subnasale-Nasion Length
B. Bizygomatic Breadth ~ (Nose length)
- (Face Width) Blocular Breadth
'C. Bigonial Breadth . Nasal Root Breadth - ,
"D. Menton-Naslon Length' ‘Nose Width- =~ —7
(Face Length) Lip Width - _
E. Menton-Subnasale Length Bitragion-Menton Arc
(Lower Face Length) ‘Bitragion-Subnasale Arc

FrRETIO

FIGURE 1. - Facial Dimensions
Observation and documentation of leak sites was performed under

ultraviolet lighting. The subjects’ skin was pre-treated with sun screen

to lower natural skin fluorescence to improve the detection of some.

light, diffuse leaks. Identified leaks were classified into the leak
site categories given in Table I. Leak shape were classified as either

point or‘diffuse; point leaks were those on which the aerosol was
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'deposited on a small cross-sectional area (less than one centimeter) of
the face, and diffuse leaks were those .where the-aerosol was deposited

over a wider area of the face {(greater than one centimeter).

TABLE I.- Leak Site Categories
Leak 7
Category Description
0 No Observed Leaks
1 Nose Leaks Only
2 Cheek Leaks Only
3 Chin Leaks Only
4 Nose & Cheek Leaks
5 . ‘Nqse-& Chin Leaks
6 " | Cheek & Chin Leaks
7. Nose, Cheek,‘& Chin Leaks

Steps 3 through 6 of the protocol were also performed for'the“
‘mannequin tests to observe the persistenee‘of streamlining parterns.‘HIh'
addition, a series of fit tesrs was performed on the mannequin fitted:
‘with ene'brand of‘respirator to‘meaeure eémpiing-bias‘at the differeﬁE‘
breathing rates. These tests were performed with a condensation nuclei
counter fit test device whieh used room,aeresols as the test agent.
The effects of: intraesubject fic veriability"and respirérérf
eonfigﬁratioh on leak sites and‘shapes was determiﬁed-by eonducting three
tests with the same subject wearing one size of three different‘brands
of halfemask‘respirators; resuiting in a total of nine fit tests. This
approaeh follows that of daRoza et al. (1983) The respirator brandsf
selected were the AO 5-Star Serie5°, The North 7700 Series°,,and the
Survivair Series 2000° respirators. FEach test ‘consisted of the six-
exercise sequence of normal brearhing, deep breathihg, meving the head
from side-to-side, moving the head up-and-down, talkiﬁg, and normal

breathing. The effect of fit test exercise on leak site and shape was
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evaluated by conducting a series of five:tests in which the subject
repeated one of the above exercises throughout each fit test with the
North fespiratdr. This sequence resulted in five_tests on each subject.

Breathing rate tests were performed on a hahnequin headform fitted
~with the North half-mask respirator. The headform was plumbed to breath
through the moﬁth only, and . was cohnected to é NIOSH-type breathing
machine. ‘The'machine is designed to simulate breathing patterﬁérat
various work‘fates.‘ Work .rates and corresponding minute volumes and
maximum inspiratory flow rates whicﬁ were initially tested are shown in

Table II. (Nelson et al., 1972) Leaks were simulated by a 1 X 10

millimeter slit, positioned at the nose, cheek, and chin.

TABLE II: Work Rates and Inspiratory Flow Rates
Work Rate Breathing Rate Minute Volume Max. Inspiratory
(kgem/min) 7 (resp/min) ' (liters) Flow (l1/min)
Sedentary ' 15 10 , 40

208 21 21 70 .

41§ 23 _ 30 ‘ 94

622 23 37 . 114

830 30 55 152

1107 40 75 185

Sampling bias determinations were made on the mannéquin fitted with
the North respirator, but wi;h leaks simulated by 20, 18, and 14 gaﬁge
hypodermic needles located at the nose, cheek, and chin. Particle counts
were measured in the mannequin' (C,), inside the respirator (&,), and
outside‘the respirator (C,); bias was calculated as the difference between
C; and C; divided by C;.

Data collected from the human subject tests were entered into a
computer spreadsheet and organized into ﬁhe gene:al data categories: 1)

- demographic information, 2) -anthropometric data; 3) leak site
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classifications and size, and 4) fit test data. The data.analysis was

performed using S OLO® and EPISTAT® statistical software ~Two-failed tests

of hypothesis_was‘used at an alpha value of 0.05.

Prior to analysis, basic summary statistics were calculated for all
variables.. Aftermakingappropriatetransformations differencesbetween
protection factors (PFs) of subjects with a 1eak type and those Without

' the leak was tested by parametric and.non-parametric‘two-sample tests and

2-way ANOVA. Correlation between facial dimensions and FFs was

determined by parametric correlation coefficients and dimenSions With‘

Significant correlations were modeled us1ng step wise multiple linear
regression. The categorical distribution of leak sites and shapes by

gender and respirator brand was tested by two-way chi—squared or exact

tests. The categorical distribution of leak shapes by exerCise was also .

tested by an exact test.

For the primary‘objectives of-the study, conditional‘logistic

regreSSion was used to test for the effect of intra- subject variability,

between respirator variability, and facial dimenSions on the probability"h
of obserVing a leak. The probability of observing a leak (i.e., outcome

= leak at a site; YES or NO), was modeled using the independent‘variables

respirator brand, subjecty test'replication (1,2,3), and other important
factors such as gender and facial dimenSion This methodgwas applied to
test the independent variables on the probability of observing a‘leak

shape (point or diffuse) and‘streamlining (yes or no).

RESULTS AND DISCUSSION
Aerosol and Exposure Chamber
Tinopol CBS-X® was selected as the test agent in this‘study. This

compound is water soluble, non- mutagenic, non- carCinogenic, and of low

toxicity. It also has a much higher fluorescent effiCiency than the
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coumarin-type used in our previous studies (Oestenstad et al., 1990a) and

providéd better definition of leak sites. -Tinopol CBS-X''s squbiiiE}‘(ﬁé>ﬂuﬂﬁ-

to 2.5%) allowed sufficient flexibility in controlling the particle siie
of the test aerosol, for the output size characteristics of the Liu-
nebulizer (Liu and Lee, 1975) used in the aerosol generating system.

The aerosol generating and‘exposufe system consisted of foqr Liu-
type nebulizers connected in a parallel configuratiqh, a heated drying
tube, two diffusion drying tubes in series, a distributién plenum, and

®

a‘Air Techniques‘System, Model TDA-71, 2.5 m* exposure chamber with air
lock. The test aercoscl introduced into the exposure chamber had a mass
median aerodynamicldiameter of 0.9 um and a geometric standard deviation
of 1.2. By optimizing nebulizer and chamber opefating parameters,.
chamber aerosol‘concentrations in the range of 15 to 20 mg/m’ were
achieved. |
-Descriptive Statistics

Initially, 67 subjects were admitted to the.study}‘howéver, 26 were
droéped because they had failed‘té complete any or éven a portion of Ehé‘
required tests. This attrition not only reduced the absolute number of
‘subjects inciuded in the study, but also cohsumed time and resources
which could have been better utilized.on more cooperative subjects.

The resﬁlting‘sample used in the analysis included 20 white females
and 21 white males. Some of these subjects did not complete all of the
tests required for the inter-respirator (n = 9) or the inter-exercise
variation evaluations; however, the statistical teéts utilized would
-accommodate unequal numbers of tests for each subject, so they were
retained in the analysis. A total of 329 tests were performed for the
inter-respirator evaluation, and 44 for the inter-exercise evaluaﬁion.

The age rangevof the subjects was from Zd to 55 years with an

~average of 30 years. The facial dimensions measured for the subjects in
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this study are shown in Table III, and é plot of“their distributidn on
the half-mask test panel (Hackr;E§“M¢Conville,}197aj~is shown in‘Figﬁfé
2. . As expecgéé; Ehééé data were normally disﬁributed{ énd most
dimensions-fbr‘females wére‘significantly shaller thén those for males
(McConville et al., 1972). ‘Figuré l'indicatéS'that the subjecté weré
within1the» face length and lip width size ranges thought by Hack and

McConville‘(1§78) tOlbé represeﬁta;ive of a working population.

TABLE III - Facial Dimensions of Test Subjects

Mean
o (Standard Deviation)
‘ , ‘all Subjecté Females Males

‘FACIAL DIMENSION (cml (n = 41) | (n = 20) (n = 21)

Biectoorbitale Breadth (BIECTO) 11.13 (0.82) 53 (0.72)
Bizygomatic Breadth (BIZYGO) = - .| 13.34 (0.73) 68 (0.48)
Bigonial Breadth (BIGON) 10.23 (0.58) .41 (0.47)
Menton-Nasion Length (MEN_NAS)® 11.84 (0.64) .11 {0.52)
Menton-Subnasale Length (MEN_SUB) 6.95 (0.51) 6.81 (0.46) 7.11 (0ﬁ525
Subnasale-Nasion Length (SUB_NAS) : ,5-24'10-38) 5.16 (0.38) } 5.32.(0.37)
Biocular Breadth ({BIOC) '8.73 (0.38) (0.38)
Nasal Root Breadth (NAS_RB) . - 1.59 {0.16) {0.13)
Nose Width (NOS_W) . 3.39 (0.34) (0.35)
Lip width (LIP_W)? ° ‘ 4.96 (0.37) {0.31)
Bitragion-Menton Ar¢ (BIT_MEN) 29.06 (2.63) (2.19)
Bitragion-Subnasale Arc (BIT_SUB) | 26.42 (1.47) (1.39)

1 - Face Length: used to define half-mask respirator test panel

2 - Lip Width: used to define half-mask respirator test panel

3 - Significant difference between genders for this dimension.
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FIGURE 2 - Distribution of Teat Subjects on Reapirator Test Panel

The protection factors (PFs) for all of thé tests for intér;
respirator variation (n:=_329) ranged from 6‘to 39820 with a median of
2005. These data were not normally distributéd‘ (Hintze, 1991);
therefore, a log—;ransfofmation was performed to achieve normality.
However, thé goodness of,fit test found the natural logarithms of the
protection factors (LN_PFS) were not normally ‘distributed. An

examination of the histogram of these data showed that the data followed
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a‘nérmal distribution function, but were truncated bn the right, i.e.
appéared»t0whave én"uppér limit. ThemphOtometér"bﬁtﬁﬁt fr6h—tﬁéﬂffi>
tests was.aﬁaIYZed to determine the maximum PF.that could be determined 
givenivthé limit df ‘deﬁectioﬁ of the instrument .and the chamber
concentrations during the fit tests. The average maximuﬁ PF was found
to be about 33580. Sinée this vélue approximated the upper‘limit of Ehé
-measﬁred PFs, it was concluded that the tfuncation in the‘data was due
tovthé detection limit of the photometer and that the trué'dis;ributién
of LN;PFS could be assumed to be normal. v

The log-transformed‘data haa a geometric meaﬁ of 1210 with a
geohetfic standard deviation of 6.81. Aﬁtwo-éample‘t—tést (Hintze, 1991)
found the mean LN_PF for femalés of 6.854 (geometric mean = 950) wés
éignificantly lower than the mean LN_PF of 7.334 (geometric mean = 1560)
“for males. A oné-way ANOVA and Newman-Keuls post-hoc test (Hintze,;}gﬁl)
found that the mean LN;PF of 7.708 (geometric mean = 2225) for thé Nofth
respirator was significantly greater'than~the meaﬁ‘LN;PF;of 6.824
(geometric mean = 920) for the SurVivéir'respirétor,-ana the meén‘ﬁﬁ:Pé‘
Of‘6.750‘(gedmetric mean = 855f'forithe AQ respirator,

Association Between Facial Dimensions énd‘Fit-

The correlation matrix for the measured facial dimensions and LN_PF .
1s shown in Table IV. Bizygomatic breadth, menton-nasion length, menton-
subnasale length, nasal root breadth,.nose‘width, bitragion mentonarc,
and bitragion subnasalé>arc all had sighificaﬁt positive correlation
coefficients with LN_PF; these results are similar to those we found in
Qur previous study. (Oestenstad and Perkins, 1992) It was noted that of
the two dimensions used to define the respirator test panel (Hack and
McConville, l978),;‘0nl?  féce lehg;h (MEN_NAS) - héd a significant
ébrrélation coefficient with LN_PF. ‘Howevé:; a number of the facial

dimensions were also highly correlated. Multicollinearity between faéial_
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dimensions 1limits the interpretation of individual variables in
subsequent regression models. Therefore:"fééié1"5iméhsionsmﬁotvfﬁaiaaéd
in those models should not be interpreted as.not necessarily being

related to fit.

Correlation between measured facial dimensions and LN_PF for all

subjects and by gender are compared in Table Y. Inspectioﬁ of this table
shows that the dimensions with significant»éoffelationslfbr females
closely matcheé those for all subjects; indicating that gender is an
important factor in the assoéiation.between’facial size and fit. These
results support the findings of Johnson (1987) aﬁd‘Grqss and Horstman
(1990) . | |
| It is also apparent from Téble V that -the sign of fi&e of the
coefficients is different by genaer. Females have positive coefficients
for BIGON; MEN_NAS, SUB_NAS, BIOC, and BIT_MEN while those for males are
negative.‘ These results would indicate‘thét'respirator fit improves for
females as ﬁhese‘dimensiﬁns get larger, and fit for méles deteriorétes
as they get 1érger. This observation and the fact>that the meah LN;fﬁ
for females was significantly lower than that.for males_wouid suggest
that, despite being in the same cells of the respi:atér test panel;‘the
size df‘the-respirator facepieces used in this study were too lafgé“fbr
the females. This outcome again is in‘agréement with Johnson’s. (1987)
~observation of the imqutaﬁqe of differences in facial dimensions for
fémales and maleé in the same cell. |
The association between facial dimensions ahdvfit was also teéted
by linear and logistic regression models. Multiple 1iﬁear regression was
perfdrmed by the forward, stepwise method, using LN_PF as the dependent
variable and the 12 measured facial dimensions as the dependent

variables. (Hintze, 1991) This method assigned weights to outlying
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points to ‘reduce their effect on the estimation of regression

coefficients by iterative procedures: it then utilized a heuristic
algorithm to select the variables that ‘resulted in the 'highest
coefficient of determination (sequential R?) value fﬁr.the regression
model. The regression coefficients for thé dimensibns retained in'the

models developed by these procedures ‘are summarized in Table VI.

TABLE VI - Linear Resgression Coefficients |

Independent Dependent Variable = LN_PF |

Variable All Subjects I Females Males |

BIECTOC

BIZYGO

BIGON

MEN_NAS

MEN_SUB

SUB_NAS

BIOC

NAS_RB

NOS_W

LIP_W

BIT_MEN

BIT_SUB

Adjusted R? 0.30 | 0.40 ) 0.31

* - Regression coefficient = 0

The results for all‘subjects was very similar to our previous work
(Oestenstéd and Perkins, 1992); it included cbmmqn facial dimensions and
the R? was about the séme. However, unlike the previous work, the R? of
the gender-specific models in this study did not substaﬁtially improve.
,Aéain; the facial dihensions used to define the respirétor test panel
(Hack and McConviile, 1978) were not included in ény of these models.
These resﬁlts would indicate that facial dimensions are not highly

predictive of respirator fit for either gender.
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Correlation and linear‘regression are limited to analysis,of data

that_laré in .an. interval scale. " - Thereforej “ébhdifibnal logisﬁic
regression was utilized‘ﬁo'test for the effectrof-thé‘categorical
variables of génder, respirator brand, respirator size, and test and the
interval variables of facial dimensions on the probabi1ity that PF woﬁld‘
be aboVe some critical value. (Hintze, 1991)‘ Since lqgistic regression
requires a dichotomous depeﬁdént variable, the measufed‘values of PF were
classified aé‘beingl above or below 2000; i.e.;‘if PF < 2000;‘théﬁ Ponbo
= ojahd. if PF > 2000, then PF2000 = 1 . The critical value of PF = 2000
was chosen because it'was‘very close to the median of the measured‘PFs,
and‘would,provide apprOXimaﬁely the-same number of observations‘above énd
below that valué. - | “

The results of the conditional logiétic regression analysis ére
-~ shown in Table VII. Of the categoricai;yariables; pniy respirator size
:was‘ included iﬂv the model‘ for all  subjects. . This would“§eem
contradictory to the observaﬁidﬁ that LN_PF was”significaﬁtly‘diffefgnﬁ
between'genderS'énd'among respirafor‘brands. It’waS‘aisb nb:ed éﬁ$t"
BIECTO, BIZYGO, NAS_RB, and NOS_W‘were:fécial dimenéiohs common to both
the linear and logisﬁic models. ‘pr' all of these models, the
coeffiéientsvbf determinationf(seéuential R*). and the efficienéiééxﬁéfg
very low; indicating that fit was correctly classifiéd by the independénc

. variables only 61‘tQ 66% of the time. (Gustafson, 1991) -
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TABLE VII - Logistic Regression Coefficients

"Dependent Variable = PF2000

Independent All

Variable Subjects Female Male

Gender . i - -

Test

Respirator

Size 0.322

BIECTO

'BIZYGO

BIGON 0.846

MEN_NAS

MEN_SUB

SUB_NAS

BIOC

NAS_RB

NOS_W

LIP_W 1.000

BIT_MEN

BIT_SUB

Model R? 0.120 0.1l68 . 0.1238

Efficiency’ 0.611 0.669 0.650

1 - Gender was not included in these models
2 - Coefficient = 0

3 -Proportion of predicted PF2000 being

o correctly classified in cgmﬁgriéon éo

observed values

Respirator Leak Sitea and Shapes

Faceseal leak sites which were visualiy identified.after the fit
test were classified as‘tb their site ‘and shape as previously defined.
The observed distribﬁtion of leaks for all subjeéﬁs and by‘gender.is
illustrated in Figure 3, and the data are summarized in Tablé VIII. The
distribution of observed leak sites for all subjects was found to be
significantly different'from the uniform distribution by the Chi-square

gocdness-of-£fit test. (Gustafson, 1991)
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FIGURE 3 - Diastribution of Leak Sites by Gender
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TABLE VIII - Leak Site Distribution by Gender

Leak Category
Gender 0 1 ] 2 3 4 s 3 U ‘Total
Female 5 23 32 11 38 24 22 14 169
Male 4 24 . 33 ) 4 44 ) 15 18 18 160
Total 9 47 €5 15 82 39 40 32 . :329
X’ = 6.58 < x' ., = 14.07, therefore accept H,

From Figure 3 it is obvious that the largest proportion of leaks

were those at the nose and cheek (Leak Category 4), leaks at the cheek

was the next ﬁost prevalent category (Leak Category 2), followed by nose

leaks (Leak Category 1). About 67% of all the tests‘resulted,in leaks



16

at the cheek or multiple leaks which include the cheek; while about -61%

of the tests resulted in leaks at the nose or multiple leaks. which.- - -

: included'the'ndsé) The hiéﬁ péféeﬁ£ége of cheek leaks or multiple leaks
which included the cheek is the converse fo_what was observed in er
previous work. (Oesténstad‘et al;, 1990b) A Chi-square test (Gustafson,
1991) found the leak site distributions by gender not to be significéntly’
different. |
Leak site categories werevalso‘sorted by respirator brand as a test
of the variation of leak sites among respirators. - These dis;ributidns

- are illustrated in Figure 4, and the data afe summarized in Table IX.
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FIGURE 4 - Diastribution of Leak Sites by Respirator Brand

Inspeétion of Figure 4 would indicate that the observed frequencies in

each leak categories was fairly consistent among the three respirators.
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" A Chi-square test found the leak sites not to be signifiéantlQ'different
among the thréee reépirétéYéT;“H6WevefI’this*fgéult méy’sé’gﬁspéEifﬁéééﬁéé”
the‘expected count in some cells was less thaﬂ five. (Gustafson, 1991)

An exact test would have been more appropriate in this analysis, but was

not. included in the available software.

TABLE IX - Leak Site Distribution by Respirator Brand

| Respirator ) : Leak Category ‘
Brand 0 R 2 3 4 .5 6 | 7 Toral
a0 3 ‘16 19 .5 28 14 C1a 10 109
North 4 17 25 9 21 C 14 12 | s 111
Suﬁivéir 2 14 ' 21 1 1 33 i1 . 14 1'3‘ ' 109
Total . 9 a7 65 © 15 82 319 | a0 32 329
x? = 12.28 < x* ., = 23.68, therefore accept H, May be suspect because expected count < 5

Leak site categoiies.were alSo sorted‘by test asEa measu;e Qflﬁhé
' variation of leak sites émong the three repétitions of fit”fests wiﬁhrﬁhe
three brands of respiratprs; These distributions are illustfatediin
Figuré 5, and the data are suﬁﬁatized iﬁ Table'x; Again, Eﬁis fesulzﬁﬁa§ 
be suspect because the expected count in éome cells was less than‘fivé.
(Gustafson, 1991)
I‘nspection ‘of Figure 5 ‘again" indicates that the observed frequencies
in each leak categoriés was fairly consistent‘among the three fit testé:
A Chi-square test found the distribution of leakisites not to be
significantly differenﬁ among the three tests. However, this fesult may
be suspéct because the expected couﬁt-in some cells was‘less than five.

{Gustafson, 1991)
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FIGURE 5 - Leak Site Distribution by Fit Test
TABLE X - Leak Site Distribution by Fit Test
o Leak Category
Fit Test 0 1 2 3 4 5 6 7 Total
T .0 18 24 3 27 16 18 11 117
2 3 13 ' 19. 5 27 13 14 12 106
3 6 16 22 -7 28 10 8 - 106 .
Total 9 47 " 65 15 82 39 a0 32 329
x* = 13.78 < x>, ,, = 23.68, therefore accept H, May be suspect because expected count < 5

Leak site categories were summarized for the fit tests in which

subjects repeated the same exercise throughout the test as.a measure of

- the variation of leak sites among the exercises within a fit test; these
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results are shown in Figure 6. The very low frequencies in the cells

. area result from the fact that-only 4-of the-41 -subjects comblétéd*ﬁhy"‘w‘Wd»"

of the five single-exercise tests. The problem of subject cooperation
and attrition was been previously discussed. No comments or statistical -

tests are presented because of the very small numbers in this part of the

study.
COUNT
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FIGURE 6 - Leak Site Distribution by Fit Test Exercise

Observed léak shapes wére classified by gender, respiratér brand, -
and fit test exercise; the data are summarized in Tables. XI, XII, éndl
XITI. It should be noted that for the gests‘to measure intér—respirator
variation, there were 545 leaks‘obserﬁed on 41 subjects because many of
the subjects had more than one leak site, ile. nose and cheek (Leak

Category 4), nose and chin (Leak Category 5), cheek and chin (Leak .
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Category 6), ahd nose, cheek, and chin (Leek‘Cetegory 7).v In the tests
_to- measure~«exereisem»variationp" there weére 58 “léaks observed on .4
subjects. The.shape of individual leaks wae assumed to be independent
oﬁ subjects with multiple leaks.

Leak shape distributions for all subjects and each gender‘were
tested;by the one-sample binomial test. (Guetafson;‘199l)‘ The proportion
of point‘leeks of 0.387 for all subjeets was found:to be significahtly
less ehan 0.5 (p < 0.001). The binomial test on the data for females
found‘the proportion of point leaks of 0.358 to be significantly less
than 0.5 (p < 0.001); and the test on the data for males found- the
'proportion of point leaks of 0.416 to also be less than 0.5 (p = 0.007).
A Chi—square test found the distributions of‘leak:shapes for females and
‘malesvshown in Tabie XI not to be significantly different. (Gustafson,
1991} These resglte differ from_;hdse in our pre#ious work (Oesteneted
et al:, 1990b) in that the proportions of‘point'leaks for both genderev
was sighificantly different from 0.5, and in‘this;stgdy‘there was nqe a.

significant difference between'genders in the preportion of point leaks.

TABLE XI - Leak Shape Distribution by Gender
- Gender

Leak Shape Females Males Total

Point 99 112 211

Diffuse 177 157 334

Total 276 269 545

x' = 1.674 < x* ., , = 3.841, therefore accept H,

The distributions.of-leak ehapes by respirator brands shown in Table
XII were tested by the one-sample bihomial‘test (Gustafson, 1991), and
‘the 'éroportions of point leaks ’for all brands were found to‘ be
significantly less‘tﬁan 0.5. Differences ameng the shape distributions

among the three brands were tested by the Chi-square test and found not
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to be Significantly different The distributions of leak shapes by

mrepetition of fit test for each brand were also tested by the Chl square'

test, although.the

and none were found to be significantly different:
calculated Chi-square value for the three tests on the AC brand was very

close to the critical value resulting in a p-value of 0.056.

. TABLE XII - Leak. Shape Distribution by Respirator Brand

Respirator Brand
Leak Shape AO North Survivair Total
Point 73 63 - 72 208
Diffuse i 105 107 114 - 328
Total - K 178 170 186 534

x* = 0.578 < x? = 5.991, therefore. accept H
a5, 2 P 5

Despite the small number of observed leaks, the distributions of

N (‘JJ‘

leak shapes by fit test exercise were: compiled and are shown 1n;Table

XIIT.

each exercise to be s1gn1f1cantly different from 0. 5 (Gustafson‘

However, this may have been due to the small numbers of trials rather

‘than the true distribution of leak shapes. Distributions of leak shape

for the exerCises was tested by an extended exact test

(Freeman and

Halton, 1951) and found not to be Significantly different.

TABLE XIII - Leak Shape Distribution by Fit Test Exercise

The binomial test found none of the proportions of p01nt leaks for-

Test Exercise
.Normal Deeb‘ Side- Up-
Leak Shape Breathing Breathing to-Side and-Down .Talking Total
Point 6 3 L2 5 4 20
Diffuse 8 9 9 5 7 38
Total . - 14 12 11 10 .11 S8

Exact test p-value = 0.529,

therefore accept H,
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Association of Facial Dimensions and Leak Sites

An objeétive of this study was to determine if there were

significant differences between the facial dimensions of subjects in a

speéified leak sité category and those not in that category, and to
determine if subjéct,‘gender) respirator brand, or‘fit test‘repetition
would affect the probability of observing leaks at .the thrée primafy
sites, i.e. the nose, cheek, or chin. Each dimension for éll subjecﬁs
and gender subsets was initially’tested for aifferences among the seven
leak site cafegories by'ﬁhe Kruskal-Wallis ANOVA. (Hintze, 1991)

Differences among facial dimensions of subjects in a leak category and
those hot in that category were tested by two-way ANOVA and two-sample
t—tests. (Hintze, 1991) Since the ANOVA allows compafisons to .be

adjusted for the effect of gender, it was assumed that a difference in

a dimension was attributed to gender if a significant difféfencefﬁas

found in the t-test but not the ANOVA. The affect of sﬁbject, gehdety
respirator brand, fit test repetition, and facialvdimensionssbn #pe
probability of’observihj'a‘leak‘at the'ﬂose,zcheek; or chiﬁ was“;iéo
modelled by conditional logistic regreséion.

These tests were also performedtfof subjects with aérodynamic
vstreamliﬂing. Visual evidehce of - this phenoﬁeﬁén was found from
' fluoreécent aerosol deposition pattefns‘on 18 subjeéts after one or more
of their fit tests. These patterns originated at leak sites and followed
relatively straight lings‘to the subjects’ nose or mouth. Myers et al.
- (1986) hypothesized that this‘phehomeﬁch‘contributed‘té in-facepiece

sampling bias for the determination of protection factors. Subjects with

these patterns were treated as a separate subset because of the

implications on the validity of in-facepiece sampling. Streamlining was
observed on about 19% of the subjects in our previous study (Oestenstad

et al., 1990b), and about 44% of the subjects in this study.. The
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prevalence of subjects w1th streamllnlng observed in this study is

e e e e o

thought to more accurately reflect real usage condltlons "since this study

involved repeated tests on the same subject.

The results of the comparisons of facial dimensions between the leak

site categories are-summarized in Tables XIV and XV.

It was interesting

to note that for all subjects. the Kruskal-Wallis ANOVA found 51gn1f1cant

variation for blectoorbltale breadth,

and for females only subnasale—

nasion length; while 51gn1f1cant variation was found among males for all

dlmen51ons,except bigonial breadth and 1lip w1dth.

that subseqﬁent analysis might be affected by gender.

TABLE XIV - p -Values for Kruskal-Wallis ANOVA of Facial

Dimensiona by Leak Category

Fac;al ~All

‘Dimension Subjects Females . Males
BIECTO - 0.269

' BIZYGO 0.780 0.280

BIGON 0.202 0.559 - °

MEN_NAS 0.159 0.108

MEN_SUB 0.142 .222

SUB_NAS 0.063

BIOC 0.127 -

NAS_RB 0.391

NOS_W 0.115

LIP_W 0.284- 0.272 0.334
BIT_MEN 0.056 0.725

BIT SUB. 0.323 0.162

in the seven leak site categories

EE Significant variation of this dimension among subjects

‘This would suggest

The results of the two-sample t-tests and two-way 'ANOVAs for

subjects in leak categories and their comparison groups are summarized

.in Table XV.

found to’be significantly different.

Facial dimensions in only 16 of the 108 comparisons were

As expected, when differences were

\
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affected by gender, the subjects in the leak category were always smaller °

~than those in the compafison ‘gréup. In fact, for all but three cases,
subjects in the leak category had dimensions that weré significantly

smaller than the comparison group.

TABLE XV - Differences Between Facial Dimensions of Subjects in Leak Categories

Facial Leak Category -

Dimension 0 1 2 3 - 4 5 [ 7 Streamlining

BIECTO

BIZYGO

BIGON

MEN_NAS

MEN_SUB

SUB_NAS

BIOC

NAS_RB

NOS_W

LIP_W

/BIT_MEN

BIT_SUB

< Dimension of subjects in Leak Category significantly less than comparison group

> Dimension of subjects in Leak Category significantly greater than comparison group

G Difference affected by gender

Biectoorbitélé biéaath (BIﬁéTO)‘nas significantly'different in four
of the nine comparisons, .ana bitragion-menton arc (BIT_MEN) was
'significantly.différent‘in three; while biocular breadth (BIOC), nasal
root breadth (NAS_RB), and bitragion-subnasale arc (BIT_SUB) were not
significantly‘different in any of the comparisonsi It was noted only
three dimensions were significantly different for subjects which had
streamlining when compared to those who did not. This was not expected
because our previous work (Oestenstad et al., 19§0b) found significant

differences for ten‘of the twelve dimensions.
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The results of the logistic regression analysis are shown -in Table

XVI: The dichotomdus Variables included in these mo

dels were: 1) Gender,

subject, fit test repetition, respirator,bfand,,and respirator size. Fit

.test repetition was intended to‘be a measure of variation of leak site

on an individual over repeated tests (intra-subject variability).

"Respirator brand was a measure of leak site variation among respirators

(inter-respirator viability). Coefficients of ‘the variables which the

TABLE XVI - Logistic Regression Analysis

Independent

Variable

Dependent Variables

Nose Leak

Cheek Leak

Chin Leak

All

Female

Male

All

Female

Male

All

Female. Male

Gender

0.542

1

i

i 1

Subject

Test .

_:-0:340.

Respirator-

. 0.227

1.062

Size

BIECTO

BIZYGO

BIGON

MEN_NAS

MEN_SUB

0.691

SUB_NAS

BIOC

0.823

NAS_RB

2.150

NOS_W

1.143

LIP_W

-0.694

BIT_MEN

observed values

BIT_SUB 4] 0.155

Model R? I 0.106 '0.104 0.095 0.155 0.087 0.039 } 0.175
Efficiency’l| 0.641 | 0.657 | 0.644 || o0.684 0.633 | 0.750 0.643 | 0.562 0.744.
1 - Gender was not included in these models

2 - Value of coefficient was‘significantly different from zero

3 - Proportion of correct prediction of leak at the designated sige in compariéon‘to
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computer program (Hintée, 19915 retained in the iogistic regression model
are shown in the table; those whicﬂ afemﬁi§ﬂi£§HEéa'ind&qéEQVEEE”CEIEéé
that were‘sigqificantiy different from zero; or variables which had a
significant affect on the probability 'of"observing a leak at the
designated site.

‘ Thé R?* for the analyses was very low in all cases and the
efficiencies were only'marginal, indicating that'the modeis.wefe'not véry
good predictors‘of the occurrehce of a leak at the designated site. Of
‘all the dichotomous variables, only gender had a‘significant coefficient
in the model for predicting cheek leaks on ali subjects. This indicatéé
that leak location does not significantly vary between genders, among
sﬁbjects, among the respirator brands, or among repeated tests on the
same individual. These results confirm the previous Chi-square analysis
of ﬁhe 2 X k tables. Of the dimensiohs usgditoﬂdefine the respiraﬁor-
tést ?anel (Hack and McConville, 1978), face length (MEN;ﬁAS)'had
significant coefficients in five bf the niﬁe models; whi1e lip wid;h
(LIP_W) had a coefficient in thermodellfor éhinlleaks on females bﬁéHQAé
not significaht;

Effect 6f Breathing Rate on Streamlining.

The effect of breathing‘:rate 6n’~éefodyﬁéﬁicw streamlin{ﬁgmfﬁés
evaluated‘qualitatively and quantitatively. The qualiﬁative method was
to obéerve aerosolrdeposition patterns indicating‘streamlining on a
mannequin headform after fit tests in which a breathing macline was
operated at different breathing‘rates. ‘The quantiﬁative method was to
measure sampling bias during fit tests on the mannequin while the
breathing machine was operated at different breathing faﬁes. The tests
and breathing rates were described earlier.

Visual streamiining patterns were classified in three categories.

according to the extent of their development: 1) None - aerosol
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deposition patterns at the leak site only;‘2) SIight - aerosol deposition

at the leak-site- -and some - ev1dence of "a’ streamllne formatlon extendlng"

from the leak, and.3)‘Developed - unlform aerosol dep051tlon from the
leak site to the mouth of the mannequin. The results of the
classification of deposition patterns from 21 mannéquin fit tests are

‘summarized in Table XVII and illustrated in Figure 7.

TABLE XVII - Classification of Mannegquin Aerosol Deposition Patterns
Work Rate " ' Aérodynamic Streamline Development ’
' (Kg-m/min) 4'[ None ‘ Slight Developed Total
Sedentary 0 , 0 5 5
208 o 0 o ‘ "9 7
622 3 - 2 . o ‘ 5
830 ' 3 ' 1 , o "
Total = || 6 3 ‘ 12

-0.869; (Gustafson, 1591) 1nd1cat1ng' that as the breathlng

increased, the streamlining patterns became less developed. An

aﬁproximate‘randomization test for contingency tables also found the two

variables to be highly related (p <0.0001). (Gustafson, 1931)‘ These
results would indicate ‘that sfréamlining patterns are‘more;likely te
develop at low breathlng rates. |

Three quantltatlve measurements of bias were performedkn/the method
previously described for each combination of leak sites and leak
locations at the work raﬁes listed in Table II}'resultihgvin,a total of
162 tests. The data}‘which‘ére Summérized in Table XVIII, 'were analyzed
bf a general lineér médel‘ANOVA (Hintze, 1991)1 That analysis found the
sampiiqg bias measufed at‘the four‘loWest wbrk rétes were significantly

lower than those measured at the two highest rates.. The mean and 95%
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FIGURE -7----Observed Streamlining Patterns at Different Breathing Rates’

,confidence interval of bias measured at each wérk‘rate.are shown in
Figure 8. It was noted'thaﬁ as the work ;até increased, the means
followed a tfend toward lbwer‘values while the confidence intervals
tended to become wider.

It is hypothesized that these phénomenon are a result of the air
flow within the facepiéce becoming more. turbulent‘ at the highef

inspiratory flow rates. (Hinds, 1982) As air flow becomes more turbulent

there is greater mixing of the aerosol in the facepiece, and a sampling

probe at this location collects a sample that is more representative of
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the true concentration. The turbulent flow may also cause the measured

. concentration-to-be-more variable becailse of the instability of air flow

~ patterns at higher velocities.

TABLE XVIII - Sampling Bias

Factor ‘ . Mean std Dev
All ‘ ) 86.5 - - 8.02
-Run
1 86.5 8.26
2 ‘ 87.4 , 7.14
3 ) 85.5 ‘ .8.62
 Work Rate Ins Flow Rate
(kg-m/min) (L/min)
Sedentary 26.2 © 89.1 ; 4.40
208 : 47.1 " 90.4 . 5.98
415" 64.1 87.4 " 6.54
622 o o eso . 7.68 '
830 : 112.5 : 83.0° ‘ 8.66
1107 154.6 . ‘ 81.0 " 9.78

Leak Size

20 ga : B o . 87.5 5.26
18 ga - . . ‘ 82.8 \ ) 10.70
14 ga 30.4 ‘ 3.27

Leak Location ) . ‘ o ) R R [ | FE =

Nose C 69.8 4.12

Cheek _ : 89.1 o]l . 5.39

Chin ' o 77.8 o 5.21
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FIGURE 8 - Sampling Bias

CONCLUQICNS*’ ’ ‘ T ST T T T

Significanf Findings | |

o This .study resulted in significant findingsv reléted to the
Correlation 9f facial dimensions and respiratpr fit, thé distribution‘éf
leak sites and shapes, facial dimension differénées for‘subjects.with
specific typés of leaks, and the pefsisténce of streamlining patterns at
elevated breathing rétes. Although seven facial dimensions were found
to have significant correlation coefficients with féépiratdr fit, they
were poor predictors of fit in bdth‘linear and logistic regression

models.. Correlation was found to be strongly affected by gender; females
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had seven facial dimensions that were‘correlated to fit while males-only

"had one. =~ Of" the dimen51ons ‘currently used to define the half- mask
;respirator test panel (Hack and McConnville, 1978), only face length was
found to be significantly correlated to fit. Also, neither of. the
dimensions were included in any of the -linear or logistic modelsifor
predicting respirator fit. These‘results support our pfevious-findings. :
that these dimensionS'may not be apptopriate to define test groups nhose
fit is‘intended to be representative of worker populations. (Qestenstad
and Perkins,'1992)' |

Analy51s of leak site data found a very high proportion of cheek
leaks and multiple leaks that included the cheek.  This result
contradicts our previous observation of a low proportion of these types

of leaks. (Oestenstad, et al 1990b) However, this study also found a

high proportion of nose leaks as was found 1n -the prev1ousmwﬁ’k‘

(Oestenstad, et al., 1990b) This study found that the distribution of

leak sites was not affected by gender, respirator brand, or flt test,
repetition.' This would indicate that leak sites would be con51sten, or
all brands of half-mask respirators; and would not vary among repeated

fittings of the same respirator on.an individual.

A significantly low proportion of point’ leaks was found for all S

subjects and for each gender. Unlike our previous results, (Oestenstad,
et al., 1990b) this study found no significant difference between the
gender leak shape distributions. It was also found that there was no
significant'difference among the leak shape distributions by respirator
brand or among the fit test exercises.

The tests for differences among facial dimensions for subjeots in
leak site categories found only one dimension to be significantly
different for all subjects and‘fot females; however,‘ten dimensions were

significantly different for males. Of the 108 two-way comparisons of
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subjects in a leak site category and those withrvisual evidence of
..streamlining- to- their ''comparison"“grotip'z-:{,'~ only 16 were found‘_t_o_#ge__
significantly.different. In all but three of‘these cases, the dimension
of subjects in the leak site category were significantly smaller than the
comparison group; and only seven were affected by‘gender. Logistic
regression anaiysis found that subject, test repetition, and respirator
brand were not significant in any of the models to predict"“the
probability of a leak at any of the primary sites (nose, cheek: and
chin); and gender was only significant in the model for cheek leaks

The fit tests on a mannequln fitted w1th a half-mask resplrator
" over a range of work rates, and correspondlng inspiratory flow rates,
resulted in less developed visual streamlining patterns at the higher

rates. In addition, bias associated with in-facepiece sampling was found

to 51gn1f1cant1y decrease as 1nsp1ratory flow rate 1ncreased

thought that these phenomena are a result of 1ncreas1ng ‘turbulence and

better mixing in the faceplece at the hlgher flow rates

Usefulnesa -of: FindingS*
' The results of this study will contribute‘to the understanding of
the distribntion of respirator‘leak sites and shape? ‘and will have both
theoretical;and;practical applications. Knowledge of ‘these parameters
‘may contribute to more accurate theoretical modeling of respirator:
ieakage. Leak location, shape,'and size have been shown to affect leak
flow, yet are subject to assumptions in prominent leak models. Leak size
and shape or both also be important factors in the methods used to
predict respiratOr'fit'by facepiece pressure decay rates. Determination
of‘the persistence of streamlining flow at high breathing rates may

partially explain the lack of correlation between laboratory_ and

workplace fit factors.
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Based on the results of the aSSOC1atlon,Of anthropometrlc dlmen51ons

: w1th leak’31tes and resplrator fit observed in thlS study and 1n our

previous work, it appears that the facial dimen51ons currently used to

deflne half- mask resplrator test panels needs to.be re- evaluated Also,

these assoc1at10ns could be useful to resplrator program admlnlstratorsp-

in the selectlon of a model or 51ze‘of resplrator for an 1nd1v1dual

wearer. Theylnay also contribute to the 1mprovement of faceplece de51gn,

thus prov1d1ng greater protectlon to the user
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APPENDIX I - TEST‘PROTOCOL

"Human subjects “were used in tests to determlne the effects of test
exercise, 1ntra-subject variability, and respirator brand on tnef
distribution of respirator ;eak sites and shapes. -Paid volunteer .
subjects fcr this study inciuded‘white females and.males between the'ages~?‘
of 21 and 60, recruited from the student and staff populatlon of the UABJ;'
Medlcal Center. A detalled description of subject part1c1patlon in thenn*
" study follows.

1. Prospective subjects were asked to complete a questionnaire to
determine if they had any pre-existing condition wh-ic__h might prevent -
them from- being able to wear a.'respirator. during the test.
Individuals who did not satisfactcrily complete the questionnaire

were not used in the study.

2. Prospectlve subjects were - screened to determlne if they h"{

facial features whlch.would result in obv1ous leakage while wearlng‘.”

a resplrator Such features mlght 1nc1ude creases or folds i ’he'

4

sk1n scars or sunken cheeks Ind1v1duals w1th these features were .

not be used in the study.

3. An informed consent. form was be reviewed and signed by all subjectsﬁ

accepted ‘intd the study

4. Measurement ' of key facial dimensions was made with anthropometrlc
sliding and spreadlng_callpers and a metric tape. Those dlmens1ons‘
were: 1) biectoorbitale breadth, A2) biz\ygomaticbreadth, 3) bigonial |
breadth, 4) nenton-nasion length, 5) menton—subnasale length, 6)
subnasale-nasion 1ength, 7) biocular breadth, 8) nasal root
breadth, 9) nose Width, 10) lip width, 11) bitragion—menton,arc, and
12f bitragion~subnasale‘arc. |

5. A pretest frontal»phbtograph of the subjects’ faces were obtained

under illumination from longwave ultraviolet lamps with a spectral
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range of 300 to‘406 nﬁ and maximﬁm emission at“365 nm Irradiance
“was” about 1. 8 mw/cm The subjects"eyes were closed at all times
while the lamps are on.
The subjects was fitted with a.probed half-maskl air-purifying
respirator equipped.w1th.high effic1ency'part1cu1ate filters They
were observed to ensure that they were able to breath w1thout,‘i
difficulty while wearing the respirator before proceeding with thej
-test. | | |
The'subjects‘entered the test chamber and connected the sample line
for in—facepiece measurements. Before beginning the-test,Jthe
aerosol concentration beneath‘the respirator‘was:meaSured to ensure

that the penetration 'did not exceed 10% of the chamber

concentration. The subjects were asked to‘perform appropriate head

and fac1a1 exerc1ses which 1nc1uded one or all of the follow1i
‘normal breathing while holding the head still 2) deep breath ng

while holding the head still 3) normal breathing whlle turning the

‘head from Slde to 51de, 4) normal breathing while mov1ng the"
up and down, 5) normal‘breathing while holding the head still and
talking and 6) normal breathing while‘holding‘the head still.
Aerosol concentrations’ were measured ifiside the resﬁiratoridnringl
these exercises. ’Theb test was terminated 'if the aerosoi
‘concentration inside the‘respirator exceeded 10% of the chamber
concentration for more than.lsvconsecutive seconds. |

At the conclusion of the test the‘subjects exited the test chamber
and the respirator was carefully removed. A'post4test frontal
photograph of the subjects’ face was taken while illuminated with
ultraviolet light.

Steps 5 through 8 were repeated for each test in which the subjects

participate.



“ It—is~ anticipatéd the papets on the following topics wili>be‘

38

LIST OF POSSIBLE PUBLICATIONS

published from the data generated by this study:

1.

The effect of gender respirator brand, and test repetltlon on

the assoc1atlon of resplrator fit w1th fac1a1 dimensions. An

additional tOplC in thls paper will be the lack of assoc1at10n'

of the fit test panel dimensions (MEN_NAS and LIP_W) with fit.
The effect of gender, respirator brand, exercise, and test

repetition on leak site and shape distributions.

The decay of streamlining patterns and the decrease df,in—»

facepiece sampling bias with increasing breathing,rates.




