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Dr. Ieving g, 851iko££
Environme oratory

spltal School of Medicine
nd Sth Awenue #
N, ¥. 10029 :

Dear Irving:
Enolosed is my. poreion of. oux paper on “"Fibrous _
o Dust Respirator Prctection". -RAe 8oon as you have
an opportunity to xead it, please call ma.. The
figuras in the gaper (Figuxe 1, ‘Electron Mic:ograpb
of "Standard" Pibroug nust, and ¥1gure 2, General

View of the Face ‘Magk) will be :eady in a day or
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The following sgaclfic cxiteria wexa @stabliahed for the
"+ -design of & faﬂe mask which would gain a high ﬁagrea of

o

o aceeptance on the part- of workerS°'._ .
. 1. The mask had.to ba. effsctiVe ggainat hoth particulate
i .:- '..and sibroua dusts,,and it h&d to maet the Eur@au of Minas
’:;3; ' ‘:'zequirements for approval ugdar Sohedule 218(16). ;'T'J_h-

¥ .
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. - .- 2,. The mask was to be designed to &a used for one day and

,'then it was to ba discarﬁéd.-;??ere are a number of - . %
masks on the market t;dgﬁ which uﬁilize a dispusabla X
ifilter element whieh fits into & more or less pexmanent
_.:  ~ face-plece that is used over .and over, klthcugh sone .
J . of these masks are’ relgtively effective, unfortunately
.;:tha most effeceive aﬁea have gained only modest accept—-
~="'_~'i.tf3anee on constxuction site jobs.’ There are several LS
- "ZJ': ?-reaaons for this low éaterf us#geev Unleas a jobwsitn

R i_:facility is p:ovided to repair, xeplace, and maintain the

=t e !~|\..

,Kface-piaces, they quickly hecama di:ty and vary unappealing
¥ -l from the wearex s p@tng;af,éiéw.‘ In genarul job«site

[} s e-,
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b :apaix ané.an&ntaan&ea tasilltiux for face masks ars not

apgee ey 2\ 98 0 ‘.-*\‘W\'{

probldn vaa g uéﬁlgh ah éiﬁaétl?a nask wiilok ueulégt
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3. Yhe mask had to n;&e a low preseura drcp across tha

filter element to minimiza braathing rasistenca dur=
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':ing ﬂay=long uae."3
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O ';'4. . The worker had to be abla to talk ahrough tha mask
o el and bes underatqou at a distange og si 1east 5 feet.-
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wili T o B N\the mask had to bs comfortable ‘o wear, and it had to
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'if”’ﬂg~ £1¢ maze than 90’ 993 cent Of the various facial types.:

that would be encounteredh -4 _V .”;J
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ltﬁﬂx.' xn developing a filter medium that w¢uld ‘be effeutive against

*

) ‘;5;7*3Q‘ fibrbus dusts, it waa necessary Iixlt to develop a standard"

-
-

e fd. fibrous dugt,. In general, the available standard testa for the
B ../: eftiaiency of face mash filters against dusts utilize a’ .
. ‘;.} standard particulate silica dust ©or an aarosol dispersion

v of spherical liquid droplets.; *or the most part At has been

2 anes
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assumad that filter medi&.which are. effactiva against

: ‘. 1>

B 1f%f particulate dusts are alao effective againat fibroua dusts.
- _fzftt However, the airﬁlow characteristicsaand particle dynamics of

xfith“ﬂ particlag atg knnﬂn to dlifer from the characteristics
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, of more ot lesg’ spheriaally shapad‘pareiales. Tharefore, it
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was impox tant in thisfstuéy 3 - $easuze di:ectly *he effective-.

. ‘jz‘..' . - \ .--;’ b - 1'\“. v’ & P-l'-l‘

tha % neaa of various f&lte::madia against a fibrous dust such as
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It‘waa found that a:satisfactory‘"stnndard‘ £1b:oua dust could“
ba p:eparea by mic:opulvarizing and a1r~jot-mi111ng a ,f ' »3'1
specially claanad sourca ot chryuotile aabastou fiber (17).,;.;".
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.The fibzoua dust prepaxed in.this &ay was'predominantly of
respirable size with most 0f the fibers less than 10 miarons
long and 1ass Jthan l micyon in -di ameter (Figure 1), This
duat could be dispersed 1n a satisfagtory Janner with the

3ilica dust apparatus and feed machanism described in _Bureau
. of Minaa ‘8tandard Methad No. n-sus) '

\ -

Essentially this apparatus and methad sonsist of aapirating
. the. dust intn an airutream, and then paesing thea dust '
"through a cyclona to dxcp out the larger particles before
' the dust~-laden air is paased into a large chamber (8 ft by
8 £t by é £t) in which the face mask and filter are- cenented
Iiover & port. Air is drawn through the mask at the rate of '
‘32 liters/minute. In the ‘case of flbrous dusts, the.air -
h;.which has pasged through . the mask is silterad through an
MSA §1106B glass fiber filter backed uP with a Millipore
' filte:. These filters were weighed befoxe and after.the
tast to determine the amount o£ bxeakthrough in the mask under .
tent. In seve:al cases - the filtara waxe examined with an
alactron mieroscopa to detect any aabostos prosent in quantities

too small to be deeected wlth tha waiqhing proce&ure.
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. Tests of magk filter medln a ainst aahestos dust :_r=f:‘
... W

A nunbar ot commercially availabla maﬁkn vere tasted against
. the “standard" fihruus duzt along with the JMS prototype maak
dev010ped as part o£ this pxojeot.;‘rha :eault of thesa tests«

‘ia shown 1n Table 11, Al_ﬂgheumaskgivpxqept ona, were ge1a-'“
tlvaly efficient in remc»«'a cthsotila asbestos from the’ alr, ;" -
Y9LY eificient i ;
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. Even though a number of° the masks. tested wera lass than
99 per cent efficient against standa:d ailiaa dust, with

the one exception nated thay were all _moxe than 99 par

: cent efractive against chrysotile asbestos dust.~ The

“ 'r

&thar media uaed 1n the maaks tested rnnged fxrom rosin

or synthatic fibers to open~ce11 urethane toam. Tha

R ” Y

:fﬁ%. lattar was least effectivé against the ashestoa duat.

Y, .'p

';{. sased on the:e xeaults; ih.appaaraathat ;inely disparned
gy chrysotile aahestos may be more eanily filteraa out of

B0 airstrean than very finely divided paxticulate dusts L

sueh as silica. It must be’ pointed.out, howaver, that
e . B e

theae results aPply only to chxysoeile"

and crocidoltte asbestoa hawe n;t heéﬁ ﬁested 1n éhia way, -
‘ ” and aince theae £i£;;;—;;;;w;;~¥reag down Anto xelatively
;;:? ”-,‘xQSIE: s;iuule-like fibers. tﬁé}ag;y ehow a diffarent £11-
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- tration behavio: than does the rélattvel flexible
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Faca mask deaign 7 3,-‘%n§ it % z?'“" R .
S ! o l. *I'Uf ,n,a Yook 40"_-,? S deo L

sl o mhe mnat difficult yart o£ face :anpirator dasign 18 the

:q¢e £:ame Ltself. 'Ii the inca z:ama doas not provide a’

‘n.

2 J«!;

.‘;E}iﬁ"~ tight, non-leaking saal againat the face. 1t raally does ﬁj;,ﬂ"

;nﬁ n..not.matter much whether 1t is attached to a 99 9 per cent

ita,

.eftiq§ent tiltex medium ox a 95 0
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wool through mixtuxes of zina glaas fibers with celluloae , i?
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i : The JMS prototypas mask utilizas a rubber compound face=piece
: with an aluminum yiza insart.. Tha purpose of tha wire insert
is to permit shaping cﬁ tha faee-pieee to the contours gf-

! 5,,. ' the 1ndivi&ua1 wearer'a face. ?h; ‘overall appearance of the
' mask is illustxated Aa Eigura 2. The wire insert is dis-

cantinuous 20 that the gaea—piece has. in effect, a hinge

'@*;u on saah side of- tha weare:'s mouth.’ The hinge facilitates

ey 4
-~

SN 1'the fitting of tha:msk to the inaividual, and it aleo accomao-

dates movement of the mouth when the wearer speaks,

R

tin soms of the sa*ly pxotatype masks, a bead of apacial
siliccne gum was an integ:al part of the face-piece. The
puzpose of this gum was to form a semi“liquid seal between
the face-piace and the waarer'a faoa. Howevex, tests of

‘l' ""-

the efficiency of the p:otctype mask agsemblxes d4id not

4 . —— - — = a — ——
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show any particular advantage fram the use of the silicone

gum, and it was not used in the fiald trials of the mask
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Field tests of the JMS mask
M

A series of. z-day fiald txials ot the mask wus conduatad
¢ ‘w.'.-~ o
with the ccoperation!offthe;In&ernationq} Raat and trost :.._

xnaulatora and Asbeatéa bekoxa paion anq Rrand Znaulﬁtfppa,

&t\qn A htm\\mm\ dmwmeom &hm e-,ypes of mm weze
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: Bix groups of six men ware eelacted to teat the wasks. The
workers in each group wore _each maak bnt ip a difterant
Jv:,_';f'&'aeguenca, Thig was done to remove any timn or, aaquence
, Hif E depandence fxom tile’ test. Each rorker wora a qiven mask
B fov half a day (approximately fiva hours) and then he com-. .
pletad the type of questionnaire nﬁown 1n Tahle 12. It is *

pl’-

@zf; interesting to note that pxior to the tests many of the -

-f."

men on this construction aite sad been using a nuisance—typ
\”"\______/,.1

dust mask whichlfglthough it was nn; particularly effective égg

against reSpirable particles and fihe:a. was comfortable.

l
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‘q“. In rating the masks,- the workers showad a deﬂinite preference

>

for Type A as the best mask. This preference appeare& to B
.fg-- be associated wieh the uae of an exhalation valvo in the

mask. Type B and Type c maaka;ware pre!erred the 1east by

' approximately aqua‘ numbers oE workers., This lack of

?ﬁ I preference for or against B relﬁtiva to c indicates that
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breathing resistance was not a serious tactor in thaae‘maaks.._Z
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»:;' hi. Two major objectiona were raigeq to. all the maakn regaxdless T
..?iﬁﬁ'.;.of type. Eirat. the‘coﬁfort cf'x;t,'particularly around the

ﬂi”ﬂfi bridge ot the nose, was a pro 1em.-,Second. the bulkiness oz

i | the mask 1nter£ere§ wlth dcwnwarduviaiona andrit 1ntetfered .f .
wirh glaases when these wsn= worn by tha wurkcr. These

o

objections are serious enough, we balinve, to require some‘

radeaign of the face-pigce and thn shapa ot the filter element

fl\.' ..

‘y 'l'.

-;f:fﬂﬁ‘ before the magk will meet the design critoria eatuhlished ki '91':

’
. al .'-; i MO
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tor 1t. However. we are convtnccd that 1t iu pousibla to
& 3 ke 4 k.
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aevelop an acceptable face :espirator~maak whieh 13 hithy Ef:; 1:,9

5 affactiva against £1brous dusts 'fﬁﬁah-a mask pxobably can
inaorporate 'throw~away“'or

e -' Y

.:'

"diaposable“ !aatures which ?577‘:3 A e

catures
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i Wa wish to aeknowledga" ' i:_ﬁafle

Bureau ot Hiaes.
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FILTER EFFICIBNCY AGJ\ZNS'E CHRYSOTILE ASBEBTOS DUST -

ie pira.tor Masks
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Avg. Ziber. dondentration
? (iﬁg]mafi-'-
Total fiber challenge'
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