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Faceseal leaks on one brand of half-mask respirator worn by 73 human

subjeacts wearlhg were Identifl|ed by deposition of a fluorescent tracer
aeroscl during a standard quantlitative flt test. The Identifled leaks
were categorlzed according to thelr faclal locatlion and shape. The

distributions of those categorles were determined and the assoclatlion of
anthropometric faclal dimensions with leak sites were tested. It was
found that”aboqt 79% of all obsarved leaks occurred at the nose or were
‘multiple leaks which Included the nose. About 73X of all leaks
approximated thp shape 6f a slit rather than a round orifice. Males were
‘much more |lkely to have slit-llke .ieéks than females. slgﬁlflcant

assoclatlons were found for zéx-of the tests between faclal dimensions
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and~leak gite sﬁbsets. Only two significant associations were found for
the faclal dlmanslqns used to deflne the Los Alamos resplrator test

panel.‘ Gender was a factor In many.of the significant assoclations.

The amount of leakage through chin leaks was found to ba hligher than

Ieaksrat other sites. Significant correlation of facia! dimenslions and
fit factor was found for three facial d!menslions; none of which are used
to deflna the respirator test panel. Evidence of alr flow gtreamlining
within the faceplece was cbserved on 22% of the subjects. This study
indicates that gender Is a factor In how a resplrator flts, and that
other faclal dimenslons should be considered In defining a resplrator

test panel and selecting a resplirator for an Individual wearer.



INTRODUCT ION

While there has been extensive work conducted to qﬁantlfy
resplirator leakage, very [lttle has been reported on ths size and shape
of resplrator |eaks. Yet recent developments In-resplrator research
have been based, In part, on assumptlons about these parameters. Also,
a signlflicant assoclatlion of respirator leakage wlth faclal dimenslions
used to define respirator test panels has not besn supported In previous
studles. fhls would Indicate that other faclal dimenslons may be
critical In defining a good respirator faceseal. A better understanding
of this ralationship Is critical since NIOSH has proposed to I[nclude the
use of faclal dimensions test specifications for <certifying
(1)

resplirators. A'method-developed to ldentify respirator leak slitss

has been used to study these parameters for human subjects wearing one
brand of half-mask, alr-purifying resplirator.

7 Recentiy, several models to predict resplirator leakage have been
(2,3,4,5)

developed. in these modeils, protection factors are predicted

by the rat16 of total alr flow Intp the resplrator faceplece to air flow
through faceseal leaks. In general, alr flow through the leaks |Is
determined by the equation @ = K x P?, where G = fiow rate and P =
resistance. The flow coefficlent (K) represents the dimensions of the
leak .and varlous wunit converslion facfors; The exponent | (a)
character | zes the. type of flow and ranges from 1.0 for laminar flow to

0.5 for turbulent flow.




The values of both the flow coeffliclent and the exponent for a
given leak are determined py Its slze and shape. Thess parameters for
facesaeal leaks on humans are not known, but have been approximated by

(6,7,8)
caplllarles In some studies. A study using caplltlarias as

artificlal lIeaks found these models to be accurate wlithin the

rastrictions of assumptions about values of the coeffliclent and exponent

for laminar flow.(e)

In the landmark paper on sampling bias Iin the determination of
protaction factors, caplllarles were used as artificlal Ieaks.(7)
Locatlion of leaks was selected oniy on tha basis of experlence, and was
one of the factors found to have a signiflicant assoclatlion with sampling
blas.

Round tubeg and wires placed in the faceseal were used to represent

ieaks In a study to determine flow characteristics In resplrator

(8)

leaks. It was observed that pressure drop vs. flow rate through

these types of leaks was nonllnear, (ndlcating that flow wa§ changlng
from lam!inar to turbuient. Therefore, the value of tﬁe fiow exponent
was changing. These changes Qere attributed to leak path geometry.
They noted also that flow rate was strongly Infiluenced by leak size,
balng proportional to the 2.7 power of leak dlameter for @he leaks

testad.

A method to estimate respirator fit by pressure decay ls_also based

on predicted alr flow through round Ieaks.(g)

In this study, the slzer
of resplirator leaks s predicted from the resplirator cavity volume and
the rate of pressure decay. Alr flow Into the faceplece Iis then

determined from flow equations using the same coefflcients and exponents

used in leak modeis. The authors acknowledge that flow Is dependent, In



part, on [eak shapes and addl;lonai work s needed to show the extent of

this dependence.

Anthropometrlec dimenslions area an Important consideration In the

deslign of respirator facepleces.(19) The effect of resplrator design

and faclal dimensions on reépirator leakage was recognlized by
researchers at Los Alamos.(11) From extenslve quantitative flIt test
data, they conclhded that one type or slze of faceplece could not be
expected to provide an adequate fIt for an entire working population.
As a result, anthropometrlc test panasls daflned by face length and liip
width were established for cbnductlng quantitative fit testing on half-

(12)

mask resplrators. Data from subsequent flt tests utlllzing these

panels were used to establish assigned protection factors.'?’

The relationship between thess faclial dimenslons and respirator fIt
was accepted but never valldated by assoclation with resplrator
leakage. The assoclatlion of these dlmenslqns with protection factors
was tested, and a signiflicant correlation for |ip width (p = 0.30) was
found but not for face langth.('#) However, the correlation coefficlent
was relatively low (0.22), and the findings probably were |Imited by the
assumption that diffarencas In faceseals dild not contribute
significantly toward varlance In protection factofs.

The assoclation of |ip wldth with résplragor leakages was also

tested as part of a study of workplace protection factors In a copper

(15)

smelter. No aslgnificant assoclation was found between this

dimension and the average protection factor for each worker. However,

this result was lIimited In that It was based on a gmall sample size (n =

9).



MATERIALS AND METHODS

The purpose of thls study was to’determlna the distribution of
faceseal leak slites on a group of 73 subjects wearing one brand of half-
mask respirator, and to test the\assoclat\oﬁ of the identifled leaks
Qlth the subjects' facial dimenslons. Each subject was tested one time
according to a protocol developesd to ldentl|fy Ieaks by the deposltlbn of
a fluorescent tracef asrosol at the leak slte.(16) The 1test protocol
" Included: 1) measurement of faclal dimenslons, 2) pre-exposure
photograph, 3) fitting with a resplrator and pressure check, 4)
performing a quantitative ftt test according to an ANSI recommended
method,(17) and 5) post-exposure photographs and classification of
observed leak sltes.

The resplrator used In the study was the U.S. Safety Serles 200
Half-Mask which was avallable'ln small, medium, and large sizes. The
faceplece slze was selected for each sub)ect according to thaelr face
length and I[p width. Tha respirators we;e cargfully fitted to assure
the best possible faceseal. Sublects who had faclal features which
would result In obvious leak sites or who could not attaln a protectton
factor greater than 10 ware not used In the study.

The faclal dimenslions I{lustrated In Figure 1 ware measured with
sliding and spreading calipers and steel measuring tape. ldentlflcatlon
of faclial landmarks and measurements were made by one Investigator
according to training provided by the staff of Anfhropometry Research
ﬁrojects, Inc. of Yallow Springs, Ohlo. Before any measurements were
made In the study, three sets of measurements of the 12 selected

dimensions wers performed on a panel! of 10 subjects. The purpose of



these measurements wasg .td develop experlence In Iocatfng faclal
fandmarks and making measurements, and to determlne the rellabliity of
the Investigator ‘s measurement technlques.

Data for each dimenslion were analyzed.by a two-way analyslis of

varlance (two-way ANOVA).(18)

As expected, the between-subject.
varlatlion was slgﬁlflcant for ‘all dimenslons. There was also
significant betwsen-test variation for blectoorbitale breadth (p =
0.049), subnasale-nasion length (p = 0.013), and Ilp width (p = 0.042).
A braph of the resliduals for these dimensions Indicated that, In each
case, one subject had observations which deviated from the mean more
than any of ths other subjects. These results were coﬁsldered adequate
relative to expected Inter;observatlon ‘variablllty identiffed In

anthropological studles. (18,29

Measurement consistency was also evaluated during the study by
measurements of the 12 dimenslions performed on a control subject at
selécted Intervals. These observatlions were plotted on Shewhart Quality
Contro! graphs, and no trends or valuoé outside the two standard
. devlailon control limits were notod.(18)

ldentifled lsaks were classifled according to thelr locatlon and
shaps. Leak slté categories were around the nose, on the cheeks, under
the chin, or a comblnatloﬁ of more than one of those sites. There were
elght possible categortes of single or multiple Ieak gites. Leak shapes
woere eolither point or dliffuse: point {eaks were whose on which the
aesrosol was deposited on a smali cross sectional area (less than 1
cm.)of the face, and QIffusa leaks wore‘thoso where the aeroso!l was

deposited over a large area (greater than 1 cm.)



Data recorded on each sub)ect Included respirator size, subject
demographlc Information, faclal dimenslons, quantlitative flIt test
results, and leak slte and shape classiflcations. Data were entered
Into a spreadsheet, and appropriate parametric and nonparametric
statistical analysis pear formed usling True Eplstat Statlistical

(18)

Software. Two-talled tests of hypothesis were performed uslng an

alpha vailue of 0.05.

Deslignation of leak sltes was conslidered as a multinomlal random
variable. fhe sample distribution was compared to the multinomlal
distribution using the chl-square goodness-of-flt test with the null
hypothesls that each of the elght leak slte. categories was equar!y
llkely to occur (pl = 0.125 for i -1,2,.---,8). 21 With 73 sublects, a
minimun difference of 0.115 could be detectad between ths nuli
proportion and an obsearved proportion of one type of leak shaps at an
aipha value of 0.05 and a power of 0.85. Glven that a leak occurred,

leak shaps was a dichotomous varlable whose distribution was assumsd to

be binomlai.

RESULTS

SubjJects |Included university students, staff and faculty who
. volunteered to participate In the study, Their average age was 3ols
yoars, and ranged from 21 to 50. Ten of {ho subjects had experlisnce In
wearing resplrators In workplace settings. The gender and race
distribution of the sampie i{s shown In Table I,

Flgurd 2 ls a plot df the dispersion of test subjects according to
thelr face {angth and |ip width relative to the Los Alambs resplrator

(12)

test panei. Atthough lt_follows the same general pattern, faclal



dimension distributlion of the sample Is skewed to the upper right of the
.test panal. This dlfference could be attributed to true differences

betwsen the populations used to establlsh the panel and the sample

populatlion, or to systematlic differencss In measufement technique by ths
investigator.

Table !l summarlzes observed resplrator leak slites for all sublects
and gender subsets. Statistical analysis of race subsets was not
conslidered approprlate bacause of the small number of sgb}ects In these
groups. |t Is very obvious that, for all ﬁﬁbjacts, the leak catogories
with the highest proport]ons were those at the noss and those which were
multiple leaks Involving the nose and chin. Tha chl-sguare goodness-of-

tIt test verifled that ail categorles were not equally Iikely to occur

(18)

(p < 0.0001). Frequencles for ail other categorles were less than

thelr expected values. About 79% of all subjects tested had leaks at
the nose or multiple leaks which Included the nose. Approximately 51X%
of the subjects had leaks at the chin or multiple leaks that included
the chin. Only about 19% of the sub)ects had leaks at the cheek or
multiple lsaks which Included the cheek.

The lsak site distributlions for males and females also were tested
by the chl-square goodness-of-fit test.(1s) As ln-the overall fesults,
significant differences exlisted In the categorles of nose leaks and
nose\chin leaks. Male and female leak slite distributlions aiso were
compared to each other uslﬁg an extended Flsher‘s exact test and were
(22)

found not to ba significantly different.

Observed lesak shapes are summarlzed In Table 1ll1. A total of 110

Jleaks were observed on 73 subjects. When more than one leak pccurred on
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the same subject, the shape of one was found to be Indepsndent of the
other leak by Fisher's exact test (p = 1.000).'®) For air subjects, It
was found that the proportlion of diffuse leaks (0.727) was significantly
greater than 0.5 by the one-sample blnomial test (p < 0.0001). '8 The
proportion of diffuse leaks for males was 0.822 ahd for females was

0.630. However, only the obseryed proportion of dlffuse leaks on males
was signiflcantly different than 0.5 (p < 0.0001). A chl-square test

for Independence found that that males were significantiy more llkely to -
have dlffuse leaks than females (p = 0.041).'8

Subsets were formed of subjects with a primary leak type ]n
common., All of the subjects without the leak site(s) of Interest were
combined to form comparison subsofs. Because of small numbers, scme
subsats wara not tested, and only limlited tests could bs performed on
others. The leak site subsets tested are |Isted In Table IV,

A subset of subjects with alr flow streamlIning was added to the
faceseal leak site categorles.- Streamlining was hypothéslzed by Myers
et a/. as baing the cause of the bias which they had ldontlfledrln their
mannequin study of In-faceplece sampling factors.(Y) Visual evidence of
streamllnlng was found from aerosol deposition patterns on 18 subjectﬁ
Iin this study (i3 femajes and 3 males). Ail but one of the streamlining
leaks wers nose leaks. These pitterns orlglnatodlat the faceseal l|eak
gite and followed relatl#elymstralght Ilnes to the subjects’ ncses or
mouths. §ubjects with fhese patterns were treated as a ssparate subset
because of the Implications of thls phenomenocn on the valldity of In-

faceplece sampling for the determination of flt factors.
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The means for each faclal dimensien of subjacts In a leak slte
subset were compared to the mean of all other subjects using a Student's

t-test'® or wilcoxin's Rank sum Test.!'®

In additlion a two-way ANOVA
was performed for each dimension using gender, leak site, and thelr
Interactions as the Independent varlables, and faclal dimenslon as the

depandent varlable.(18)

By deductlion, It was assumed that a difference
In a dimensicon was attributed to gendar If a significant dlfference_was
found In the two-sample test but not In the two-way ANOVA. The results
‘of these analysis are shown In Table V.

Bacause of smal |l sample numbers, race was not Included In the
analysls. Howevar, an extended Flsher's exact test found that race
distributions were not slgnlflcgntly different for any of the comparl!son

(22)

subsets. Therefore, It was assumed that race would not affect the

outcome of the two-sampie tests or the two-way ANOVA.'

In summary, only nose width was found to be significantly different
In the comparisongs of the single leak subsets of nose only, chesk only,
and chin only. Noses width was fqund to be significantiy different In
four of the alght comparisons. Slignificant differences In thres sats of
comparisons were found for blectoorblitale breadth, blzygomatic breadth,
bigonial breadth, bitraglon-menton arc, and bltraglon-subnasale arc.
Only two significant differences ware observed for the twp dimenslons
used to define the Los Alamos respirator test panel.'?) Face (ength
(menton-nasion length) was found to be significant In 6n|y' two

comparisons, and |Ilp wldth was not slignificant In ‘any of the

compar lsons.
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Of the 24 significant differences observed, 17 were attributed to
dlfferences In gender. These results would Indicate that gender Is an
Importanf factor In the locatlon of resplrator leak sltes. IH most
cages, the significant dimension was smaller thus Indicating the
difference was related fo female dimenslons.

Measured flt factors were recorded for eaéh subjJect as part of the
quantitative flt test and exposure to the fluorescent asrosol. Observed
values ranged from 21 to greater than 50,000 with a geometric mean of
3060. The distributlon of these values was found to be log-normal by
the-KoImogorov-Smirnov one-sample test.(18) These data Indlicate that
the sﬁbjacts were able to obtain axceptlonélly good facesealé and In all

cases tha values oxceeded the assigned fit factor of 10.(23) However,

interpretation of these data are cond!tlonal because of the possibility
"of blas In fiIt factor measurements due to aserodynamlc sfreamllnlng

Identifled by Myers et al.(7) and the evidence of that phenomenon

observed on some suﬁ]ects In fhls study.

The significance of differences between fit factor geometric means
gof varlous ﬁroup. were tasted hy student’s t-tllt.(18) There were
differences bestwsen the ﬁeomotrlc means for males and females, subjects
with point leaks and those with dlffuse leaks, and subject§ with alr
flow streamlining and those wlthout, but none were significant.

Results of comparlsonslof mean flt factors for subjects In the
various Isak site subsets are shown In Table VI. The geomatric méans
for the chin leaks only and nose/chin leakg were significantly Iower
than the]r comparison subsets. Thig would Indicate that asrosol

penatration through chin leaks Is much greater than through leaks at
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other sftes. These results are similar to those found In a study of
particle sl|ze-dependent Ios;es at leak sltes.(24)

| The asscctatlion of each faclal dimension and filt factor was
measured by Pearson’s or Spearman’'s correlation coefflclents.(te)
Coefflclents wers calculatéd for all subj)ects, by gender, for subjects
with alr flow streamlining, and for all of the leak site subsets.
Coefficlents which were signiflicantly diffarent from 0.0 were_found In
only slix groups. Those results are summarized In Table VII. Menton-l
subnasale langth and nasal root‘braadth were found to have slignificant.
coesffliclents In four groups. It Is noted that no significant
correlations were found for the dimensions used to define tha Los Alamos
(12)

resplrator test panel.
DISCUSSION

AResults of this study Indicate that about 79X of all supjects
wear lhg ons brahd of half-mask respl!rator had fﬁceseal leaks at the nose
or multiple leaks which lnéluded the noée. About 51X of all the
sub)ects tested had leaks at the chin or multiple leaks which Included
the chin, while only about 19% had leaks at the chesk or multiple loais
which Included the cheek. The distribution of leak sltes on'male and
female subjects were not signlflcantly different. Approximately 73% of
leaks on all subjects were diffuse, although females were found to haVe
a signlflcantly smaller proportion of diffuse leaks than males (83% vs.
. B2%). | |

The assoclation of the 12 measured faclal dimensions with elght
leak slite subsets were also tested. Statistically slgnlflcant

assoclatlons were found in 24 of the 96 tests. Of these dimenslons, 75%
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ware smaller than their comparison groups. About 71X of the sligniflicant
differences were attributed to differences In gender. About 58% of the
dimensions with signlficant assoclation were face wldth measurements,

about 17% were face length measurements, and about 17%‘ were arc
measurements.

Of the two dimensions used to define respirator test panels (face
length and !ip width) only face length was significantly assoclated wlth
two léﬁk site subsets. This iIndicates that these dimensions may not be
good criterla for selecting resplrators or predicting respirator
leakage. Previous studlies also failed to Indlcate an assoclatlion
between resplrator leakage and these dlmenslons.(14'15) |

The pravalence of nose leaks observed !n this study (78%) followed
the Ilimited observations d}‘ two previous studles which Identl)fled
(25,26)

faceseal leak sglites by other mathods. In additlon, nose

dimensions (subnasale-nasion length, nasal root breadth, and nose width)
comprised 25X of the signiflcant assoclatlons of faclial dimension to
leak slte category. MNasal root b?eadth alsc had sligniflcant correlation
coeffliclents with flt factors for fbur groups of subjactﬁ. These
resuits would Indlcate that nasal dimensions should be conslidered In
defining respirator test panel!s and In the sl2ing and selection of
respirators for Individual wearers.

Based on observed deposition patterns, diffuse leaks were
consldered to approximate slits, and point leaks to approximate round
holes. These shapes would have Implications on the leak flow equatlons

used In respirator leak models,‘2:3:4:5)

faceseal Iaaks.(g) Due to the high prevalence (73%) of diffuse lesaks,

and the pressure decay through
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approprlate equatlons may be thoss that represent flow through silits
rather than round holes.
A signiflcant observation In this study was the presgncquof very
heavy aerosol depos!tion along alr fiow streamline pattergsﬁggfab;ut 22%
of the subjécts tested. All of these patterns_orlglnated from point
laaks and followed a rélatlvely gstralght Illna to the subJécts‘ nostri!
or mogth,, and all but one were nose leaks. it Is not known |If
streamiIning does not occur with diffuse leaks or, If [t does, that the
test was not sensltive encugh to detsct It. Subjects with stream!iining
leaks were signiflcantly smalfer In 10 of the 12 faglal dimenslions

measured, and 81X were female. Streamiining was hypothesized as causing

blas In the measurement of fIt factors In laboratory mannsquln

studles.(7) This study confirms that this phsnomenon oc¢c¢urs on human
subJscts.
Certaln condlitions known to affect the faceseal feakage of

raesplrators were not addressed In this study. These conditions Iimit
conclusions which can be ﬁade from this study and should be addressed In
further resaarch; Conditions which may affect leak locatlon or shape
are: 1) dlfforent' brands and models of half-mask resplrators, 2)
intrasubject leak varlability, and 3) subject breathing rates at higher

work rates.




16

REFERENCES

"Notlce of Proposed Rulemaking: _NIOSH Revislon of Tests and
Requirements for Certlification of Permissiblility of Resplratory
Protection Devices used In Mines and MInlng" Federal Regl/ster 52:

(27 August 1887). p. 32416.

Willlams, F.T.: An Analytical Method for Respirator Performance
Prediction Utilizing the Quantitative Fit Test. J. /nt. Soc. Resp.

Prot. 1:109-125 (1883).

Cooper, D.C., W.C. HInds and J.M. Price: Common Materlais for
Emergenéy Respiratory Protectlon: Leakage Tests wlith a Mannequlin.

Am. Ind. Hyg. Assoc. J. 44:720-726 (1983).

Campbell, D.L.: The Theoretlical Effect of Flliter Reslstance_and
Flliter Penetration on Resplrator Protection Factors. J. Int. Scc.

Resp. Prot.42:198-204 (1984).

Hinds, W.C. and P, Bellln:»Performance of Dust Resplrators with
Faclal Seal leaks. !l: Predictive Model. Am. /nd. Hyg. Asscc. J.

48:842-847 (1987).

Iverson, S.G., S.K. Rudolph and H.E. Mulfilns: "Development of a New
Quantitative FIt Test." Paper presented at the Amerlcan industrilal

Hyglene Confarence, Las Vegas, May 1985,



10.

11.

12.

17

Myars, W.R., J. Allender, R. Plummer and T. Stobbe: Parameters that
Blas the Measursment of Alrborns Ceoncentratlion Within a Resplrator.

Am. Ind. Hyg. Assoc. J. 47:106-114 (1986).

Hinds, W.C. and G. Kraske: Performance of Dust Resplrators wlth

Faclal Seal Leaks. |: Experimental. Am. Ind. Hyg. Assoc. J. 48:B36-
841 (1987).
Carpenter, D.R. and K. Willeke: 'Noninvasive, Quantitative

Resplrator Fit Testing Through Dynami¢ Pressure Measuremsnt. App!.

Ind. Hyg. 3:4B5-491 (1888).

McConville, J.T., E. Churchili and L.L. Laqbach: Anthropometry for
Respirator Sizing. (fimal report, Contract No. HSM-099-71-11,

DHEW/NIOSH). Washington: Government Printing Offlce, 1972.

Hyatt, E.C., J.A. Pritechard and C.P. Richards: Respirator
Efficlency Measurements Using Quantitative DOP Man Tests. Am. /Ind.

Hyg. Assoc. J. 33:635-643 (1972).

Hack, A., E.C. Hyatt, B.J. Hald, T.0. Moore, C.P. Richards and J.T.
McConville: Selecflon of Respirator Test Panels Representative of
U.S. Adult Si/zes,(LASL Report LA-5488). Los Alamos Sclentific

Laboratory of the University of California, Los Alamos, NM, 1974.



13.

14,

15,

16.

17,

18.

19.

18

Hyatt, E.C.: Resplrator Protectlon Factors, (LASL Report LA-608B4-
MS). Los Alamos Sclentific Laboratorles of the Unlversity of

califernlia, Los Alamos, NM, 1976.

Llau, Y.H., A. Bhattacharya, H. Ayer and C. Mlller: Determination

of Critical Anthropometric Parameters for Design of Resplrators.

Am. Ind. Hyg. Assoc. J. 43:897-899 (1982).

Moore, D.E. and T.J. Smlth: Measurement of Protectlon Factors of
Chemical Cartridge, Half-Mask Resplrators Under Working Condltlons

In a Coppar Smelter. Am. /nd. Hyg. Assoc. J. 37:453-458 (1976).

Qestenstad, R.K., J.L. Perkins and V.E. Rose: Identlfléatlon of
Faceseal Leak Sites on a Half-Mask Resplrator. Am. /nd. Hyg. Assoc.

J. 49: (1989).

Amer lcan Natlonal Standards Instlitute: Amer/can Nat/onal Standard

Practices for Respliratory Protection. 288.2-1980l New York: ANSI,
1980,

Gustafsen, T.L.: True Eplstat. 2nd ed. Rlchardson, TX: Eplstat £

Services, 1987.

Jamlson, P.L. and S.L. Zsgura: A Unlvarlate and Multivarliate
Examinatlion of Measurement Error In Anthropometry. Am. J. Phys.

Anthrop. 40:197-204 (1974).



20.

21,

- 22.

23.

24,

25.

19

Spleiman, R.S., F.J. daRocha, L.R. Weltkamp, R.H. Ward, J.V. Neel
and N.A. Chagnon: The Genetlc Structure of a Tribal Population, the
Yanomama Indlans, VI!. Anthropometrlic Differences Among Yanomama

Villages. Am. J. Phys. Anthrop. 37:345-356. (1972).

Dixon, W.J.: Introduction to Stati/stical Anaiys/s. New York: McGraw-

HIll, Inc,, 1983, p.314.

Freeman, G.H. and J.H. Haiton: Note on an Exact Treatment of
Contingency, Goodness of Fit and Other Problems of Signiflicance.

Blometrlka, 38:141-149 (1851).

Natlonal Institute for Occupatlional Safety and Heaith: Guide to
Industrial Resplratory Protect/on by N.J. Bollinger and R.H. Schutz

(DHHS/NIOSH Pub. No. B7-116). Clne¢lnnatl: Government Printing

Offlce, 1087.

Holton, P.M., D.L. Tackett and K. Wllleke: Particle Slze-Depandent
Leakage and Losses of Aercosols In Respirators. Am. iInd. Hyg.

Assoc. J. 48:848-854 (1987).

Adley, F.E. and D.E. Wisehart: Methods for Performance Testing of
Resplratory Protective Equipment. Am. [nd. Hyg. Assoc. J. 23:251-

256 (1962).




20

26. Cohen, H.J.: Determining and Valldating the Adequacy of Alr-
Puflfylng Respirators Used In Industry. Part Il: Development of a

New Resplrator Fit Test. J. Int. Soc. Resp. Prot. 2:305-312 (1984).



TABLE |

Gender and Race Distribution of Test Subjects

Race Male Female Total
Aslan 7 ’ 2 9
Black 3 6 9
White, 25 25 50
Other 4 1 5
Total 39 34 73

L ]
The race category of "Other" Included Hlspanics
and Aslan Indlans,




Observed Resplirator Leak Slites for All Subjects

and Gendsr Subsets

Gendar

Leak Slite SubJects (X) Male (X) Female (X)
Nose 24 13 (33.3) 11 (32.4)
Cheek 6 4 (10.2) 2 (5.9)
Chin 6 3 (7.7 3 (8.8)
Nose & Cheesk 4 3 (7.7) 1 (2.9)
Nose & Chin 26 1 (28.2) 15 (44.1)
Cheek & Chin 1 1 (2.6) 0] (0.0}
Nose, Cheek & Chin 4 2 (5.1) 2 (5.9)
None Daetected 2 2 (5.1) 0 (0.0)
Total 73 9 34




TABLE 111

Observed Lsak Slte Shapes

Leak Shape
Subset Polnt (%) Diffuse (%) Total
All Subjeacts 30 (27.3) 80 (72.7) 110
Male 10 (17.8) 46 (82.2) 56
Female 20 (37.0) 34 (83.0) 54
Black 2 ((18.2) g (81.8) 11
Ooriental 3 (23.1) 10 (76.9) 13
White 24 (30.0) 56 (70.0) 80

Other 1 (16.7) 5 (83.3) -]




TABLE 1V

Leak Slte Subsets Tested for DIifferences in Faclal Dimanglons

Leak Slites
. Included In the Numbsr of
Test Subset Subsets Sub)ects
Nose Leaks Only Nose 24
All Nose Leaks Nose 56
Nose-Cheek
Nose~Chin
Cheek Leaks Only Cheek 6
All Cheek Leaks Cheak 15
Nose-Cheek
Cheek-Chlin
Chin Leaks Only - Chin _ &
All Chin Leaks chin 37
Nose-Chin
Cheak~Chlin
Nose~Chin Leaks Nose-Chin 26
Streamiining Subjects with 16

Asrodynamlic Streamlining

)




TABLE V

Facla! Dimensions with Significant Assoclation with Leak Sites

25

Nose Al Chesk All Chin All Noss- Stream-
Leaks Nose Leaks Cheek Leaks Chin Chin 1linling
Dimenslon Only Leaks Only Leaks Only Leaks Leaks Leaks
Blactoorbitalas ‘ G2 62
Breadth
Blzygomatic o G2 G2 G2
Breadth
Bigonlal A1 62 G2
Breadth 1 5
Msnton-Nas lon - G G
Length 5
Menton-Subnasale ‘ ‘ G
Length 1 '
Subnasale-Naslon A
Length , . 5
Blocular ' G
Breadth ‘ 2
Nasz| Root G
Breadth
‘Nose Width Al a2 g2 a2
Lip Width
Bltraglon-Menton G1 A2 G2
Are . ' _ 1 2 2
. Bltraglon-Subnasale G A A
Are

A - Significant difference for all subjects I'n tha test group.

G - Significant difference for sublects In the test group affected
by gender.

1Dlmenslon In tha test group was significantly larger than the
compar Ison group.

2Dlmenslon in the test group was significantly smaller than the
compar lson group.
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TABLE VI

FIt Factor Geometric Means of Lsak Site Subsets

Subset Compar Tson
Number In Gaometric Suhset t-test
Subset Subset Mean Goometric Mean p value
Nose Leaks Only 24 5210 2360 0.066
All Nose Leaks 58 2640 5460 0.148,
Nose/Chlin Leaks 26 . 1590 4400 0.015
Cheek Leaks Only 6 4020 2980 0.659
All Chesk Leaks 15 2830 2830 0.998
Chin Leaks Only 6 2930 - 3080 0.950,
All Chin Leaks 37 , 1810 : 4580 0.019
Streamlining Leaks 15 . 1410 3si0 0.148

Significantly different at « = 0.05




TABLE VI

"Faclal DImensions with Significant
Correlatlion Coeffliclents to FIt Factors

27

Nosé ATT ATT
All Lsaks Nose Chin
Faclal Dimenslion Subjects Males Females Only Leaks Leaks
Menton-Subnasale 0.322 0.431 0.290 0.381
Length
Blocular 0.234 0.250
Breadth
Nasal Root 0.285 0.336 0.467 0.306

Breadth
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A. Blectoorbitale Breadth F. Subnasale-Naslon Length

B. Bizygomatic Breadth (Nose length)
(Face Width) G. Blocular Breadth
C. Bigonial Breadth H. Nasal Root Breadth
D. Menton-Nasion Length . Nose Width
(Face Length) J. Lip Width
E. Menton-Subnasale Length K. Bltraglon-Menton Arc
- (Lower Face Length) L. Bitragion-Subnasale Arc

Flgure 1 -~ Faclal dimensions.
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