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A survey of laboratory acquired infections in the United States 

• reported in 1951 by Sulkin and Pike tl) tabulates a total of 1,334 

I 

infections acquired in the laboratory. Filtration of exhaust air from 

ventilated bacteriological 1·w:::k hoods and from rooms or buildizl(;s used 

in the study o{ ·.highly ir{~ectious diseases •~ill therefore assist in the 

reduction of laborv.tor-.1 acquired infections. 

At the last Air Cleaning Seminar a paper was presented on the "Removal 

of Bacteria and Bacteriophage from the Air by Glass fiber Filters. 11 liention 

• 
was rr.ade at that ti.me that prelir.linary tests indicated a high filtration 

r 

efficiency of r,J.icroor5aaisms through £lass fiber paper filters. Since then, 

1
a n~uber of tests have been conducted on this type of filter media. 

During the past year filter manufacturers have devote? considerable time 

and effort to the development of ultra Iilicrofine glass fiber paper 

filters for removal of biological and radiolociical contn..u"1ination from. 

air sup?lY systems. 

The glass fiber filter originally developed jointly by the 

Department of the Navy and the National Bureau of Standc..rds is now being 

proc..uced commercially. This filter io as thin ao coarse paper ( 10 mils). 

· The fibers arc known comrncrcio.lly as type E Glass i~cro .F:i.b crs, have a 

mcltin& point cf 1450 F, 2nd an averace diameter of 0.5 to 0.75 microns. 
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~ 5 ,_!~0n•i n0;·1 t~·pc of i'iltc.r p.:.i.por i:'; boing developed by n rc~carch and 

1'his second type is composed of a .raixt..urc of 

(;'b.ss fib~rs nnd asbestos fiber.::;, Figures l, 2, and 3 show the fibers 

as they apf'C.:lr in the PF 105 spun cla::;s fiber pads and the two newer 

!~lt. ... ~r p.:i.pcrs. It is evident that the Type E filter material (fi0urc 3) 

h.:1s th(! most uniform fibers, It was rt:!ported at the 1952 meetine that 

two layers of PF 105 .::;pun el.ass exhibited an efficiency of 99 per cent in 

~c;:;oving ~.:_atia indico. from an air stream. Since that time, glass paper 

.filtci·s have been evaluated. 

Serratia indica a harmless eloneatcd bacterial organis;n, about one 

nicron in length and one half micron in thickness was used to evaluate 

the ~fficiency of the filter papers. The test equipment is illustrated 

in fit;ure 4. The organisr.is \'1ere atomized by a Chicago type nebulizer 

into a cloud cirnmber \'1here the cloud of bacteria was mixed vdth air, then 

passed into the pre-filter srunpling charabcr, through the filter at face 

vclociLics of 10 and 20 feet per minute in~o a post-filter sar.tpli..-ig char.mer, 

and finally exhausted by means of a blov1er to the out&.ide air. Biolo.:;ical 

material from this nebulizer is not always unicellular, because 

agblo~cration of organisms may occur during or after release of the 

aerosol. 

The air ·was slliil.pled in front of tho filter by l~quid ir.lpingers 

cof.st:-ucted •,·ii th a critical orifice which permitted air to be dravm 

throuch the collectine mcdiur.1 at approximately 0.5 cubic feet per minute. 

Tho collectine mr;diur.1 in the impinecrs consisted of 20 ml nutrient 'broth 

ar.d 6 t.o 8 drops of olive oil. One-tenth r.U. of the sa;nple was streaked 

. .. . . . .. ~ . 

.... ... ... . .. 
. . ., ............ _., _________________ _ 



f -
t 

I 
I 

I 
I 

I . 
t .. 
t 
! 

!· 
i. 
~ 
• 

·' 

.: 

L........:...-~.::...: 

FIGURE l. 
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PF 105-Spun Glass Filter I.!edia 
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FIGUH.E 2. Asbestos Glass Filter Paper 
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FIGURE J. Glass FD.tcr Paper 

Air Filtration Ttr.I Unit 

FIGURE l~. Ai~ Filtration Test Unit 
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on n corn steep acar plat,,c. In addition; one ml samples fror.l the liquid 

i.mpinccrs \·1crc scri-.Uy diluted and one-tenth ml sarilplcs of the dilutions 

wc~c streaked on plates for incubation and count.inc. Sieve srunplers 

containinc corn steep aear petri plates \'1cre used to sample air -after 

it had passed throu.:;h the filter. 

T~c e.ff iciency o.f the filter paper was dot.ermined by sa.mplinc the 

cloud concentration before and after the filter. The results of the test 

are shown in ficure 5. At an air flow of 20 linear feet per rrinute penetra-

tion of §. indica through the type E glass filter paper vias two organisms 

from each 100 million test organisms recovered in front of the filter. 

At an air flow of 10 linear feet per minute the penetration \·ias one 

organism. With the asbestos-glass paper, at an air flow of 20 linear 

feet per rai.nute, the penetration 'llas 28 organisms per 100 million test 

organisms. When the air flow through the asbestos glass paper was 
• 

reduced to 10 linear feet per minute the penetration increa~ed to 140 

organisms. The increase in penetration from 28 to 140 prob~1bly results 

frora the lesser impingement of the organisms on the fibers at the lov1cr 

velocities. 

Since steam is frequently used in BtLfety cabinets for biological decon-

tamination pur:poooo) teats were conducted to determine whether the :passage 

of atow::l through tho type E glneo filter niutorial would have en offect on 

the filtration efficiency. Free 1lowing atoam was po.seed through a 100 CFM 

type E glass pleated filter for a total ·of three hours. The results of the 

t.ests indicatcci that there \"W.S no apparent chant:;e in filtration e.fficiency • 

., . .. ... .. 
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EFFICIENCY OF GLASS AND GLASS-ASBESTOS FfLTERS 
IN REPv10\IAL OF S INDlC/~\ FR0~~1 AN AIR STREAi\~ 

I 

I - AIRFLOV·J 
i FILTER MATERIAL (linear RESISTANCE NUMBER OF 

feet per (inches of FILTERs·X4 

-EVALUATED I minute) 
water) EVtl.LUATED 

.GLASS PAPER -
FILTER 

I 
TYPE E 20 3.2 

I ' 10 
7 

1.5 5 

jASBESTOS-GLASS 
PAPER .. 20 3.1 5 

10 1.5 5 

:i:E och filter w~s tested a minimum of ten limes. 

FIGUl1E 5. Efficiency of Glass and Glass Asbestos Filters in 
Removal of .£ indica From an Air Stream 
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CONCLtl~HONS 

' 
The d<\ta obtained on the r'iltcrinL; efficiency of the filter pads and 

pap~rs arc r.1ost pror.1isin£;, -.i.nd indicate posnibilitics for wide practictl 

applicat.ion. Results of our earlier ;vork showed that t\·10 ~ inch pads of 

·l.28 r.iicron size spun glass at a linear air flow of 20 fpm removed an 

averat;e oi' 99 per cent ol' the bacteria and virus organisms. It was felt 

that this tJrpe of air' filtration syste:1 would be satisfacto:::-y for general 

buildine exoaust supplies such as in hospitals and in industrial concerns. 

ttO\~ever, in specialized circumstances such as in the case of some research 

institut.:,ions \mere oreanisms may be handled in large nu:.1.bers or in 

apparatus in l'lhich sienificantly infectious bacterial aerosols are 

accident&lly or deliberately created, a greater arrestance is necessary. 

There is now available a hithly efficient mineral filter paper that 
I 

can be easily used at hfeh temperature; is fire resistant, does not 

disinteerate when wet, and can be biologically decontaminated by heat. 

A non-cor.lbustiblc filter 1·rz....11e for th~ all-glass fiber filter is being 

developed cor.~":lcrcially ~figure 6). The filter made ,of asbestos fibers and 

glass fibers is also ap~roachin3 co~nercial availability. Industrial 

installations, hospitals and research laborntories Y1ilich require re:novo.l 

of biological, rndiolo3ical or other particulates ~rom an air strca:n, now 

·have access to a hi.chly effective,. fire resistant. and chemical \except 

hydrot;cn fluoride and alkalies) filter. Frcq_ucntly, such a filtration 

syste!f, may be used in lieu of a costly incinerator. 

. .. 
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GLASS PAPER FILTER 
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FIGURE 6. "GU.SS PAPEtt FILTER 
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Survey of Labor.J.t:..ory Acquired Infections,_ Sulkin, E. s. and Pike, R.M. 

American Jl. of Pub. Health, 1951, Vol. hl, pp 769-781. 
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