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2:2zL'T 2S?.2 ~t ~.Sz2CE.Q2LJ'-T 72.-310-L-307, 1.966

012 -1--3 2=&,1 ALA T 02'S -:LR

oris a -Or - ')y-ort -
?ro~. ~.~:.-c~z1sDirector

-~ ~ or.~c~by 'ýxlstaX1C L. Lust.

It;sto be asmuz--d; that n.=:zrano a s nd otheir s~iJ.a~r fil~ters,
rhave a r~Z.- ' on prCt-OrCyp~r £Zep vt,.ý-%s 7'om air. T4his property
is notU Ibo.Ž t w-as 6;a6' tas'k ;A thae research projcýct to obtain
queqntitative data rxnit high capaci-;'y cff filterirn,' froma virus-acrosALS.
.Jso cjuarntitaiv -da ro irc ia:ded a~bouat the degree of ipresun~ably

s:.l)pa~ltrability oll thje 'ltr. .h iaost sensitive tests were
to be used 11to sho-.- thi:s.

Orur cour:se had to corisi dor th ciigPoints:
1) eez~iinjthe filter capacitýy, Z)?ossibilities for a sensitive

de..Zons-'tration of virus aero 5013, 3) Pceninpropertiz s of filters for
viruses i~n aerosols.

Z7. order to find a suitable experitraateJ. arrang-erment knozz1c, course
of aerosol, chanbar, etc. ) v-e undert ook a litcratur'e study at first.

.tthe same timea this was to inforn us., whe-ther other simidlar investiga~ions
weare al~ready in pro-ress.

z)Literature Stucitr:

'-'o could -.ot find any reports wtith quantitative data about the re-
tention Procperties of filters for filtering virus aerosols.

Spray nozzle: In the U.S.A. the 'Collis;mýa-Sprq'I i s used extensi.ve3,y1,
whchakos 80-85,"o of t'ha dro.nlets bet;:,.een 3.0 and 0.5 aiicrons. It is

also built into the IIHonderson AIerosol Apparatus"1, as mras descrtb ed by
hEoaderson in 195)1. Other a,'raxatuses to mikce siaoke (fog) found in the
warerican literature a:re d--scri~bed by Bar.-:i-n et al. iL1961). in the
rassiaa literature ~ro'sdustorl' is :%-ntioned frequently,, as for
exa-ple by Gaidzmovit'sch and Vlodavee 'ýl963). For us it v'as easiest
to obtain t4e nozelluibriozzle) 4'ron Drager L~u~oec k14218), where
particles are 13-7,j u-nder 0.7 micron, 3;5-7-6~9.9/- between 0.7 and 5 microns.
Only a very small percentage of particles are groater than 5 microns.
-,,is aozzle was siml.aar to the "Collis~n-Sp3rayll and was suitable for our
experimenw-,ts.

Apparatus for releasing and containinZ aorore.ols:

In the -`*terc.at-uro two -p; inciple - are deserb od:
a) dynamic systemi - aerosol is in contrast circular motion and new



aerosel replaces the used or released aerosol.

b) static systeo = aerosol is in =r-ge cha.ib .-'s and by re.movin,
sahplhs its stability, sedimentation aes, is studied.

Zhe dynioa systcwi is incorporated -Lu the Fonderson-app aratus,

which is well suited for studying infections vaa aerosols etib.r( anc'd
Goldberg 1947; a olfe 1961). Because of tare difficulat in olbtraisin d
it in the tiz allotted to this project, as escib as beyausi of its

h6,r00 price tag it bes not considered for tohese plannederi entmecase
A disadvantage of this eofaipment aapearad to be tshe possibility of
sterilization; the procedares for disinfectir.. the apparatus appeared
to be problematical to eno.

Aerosol chambers were described by hibesr and uendirson (1th7), s
Harper tcal. ti967), e od t1963) and e arlich etral. a1964). g
thorough overall view about e various typýns is describeod by holfe
(1961); several good descriptions aiso by Geoldborg et al. (195)) Cli t ao
Zhahlko-Titarenko (U960). ;The chambers are :Ln part .otatLia,, dmrs 0-nd

are rather large (up to 1600 liter)o , b acrosol cthaeber in which a von utx
subject can be exposed to aerosols was described by Griffith (19i3). These
chariobrs appeared to bde nost holly suited for our experLacnts beCause of
aintntial loss and m nogra of the aerosol.

M-rethoe s for dem-onstrating virus in aerosols:

i Bacteria have been hoting to be os abrosols for many years (arills
1933, •tinlten et al. 1943). Various techniques are used in thise nethods.

tOf particular interest is the "Anderson-S ler" wh~c h also gives separetion
of particle size (Anderson 1956). Two principles are found ria the
literature for demonstrating viruses in aerosols. a) Collecting the aerosol
in liquis. or via adsorption-aerosols,, b) collecting the aerosols on

filters.

Collectvor of aerosols in liquids is carried out eitho iaeinfoners ofvarious kinds and was described comprehensively by 'Drler and Chipe %195")

and in the Public Health oonograh tNo. 666 (1959). In the english litera-
ture the OA3.1-Glass-Impinger" is used extensively, in the rassian literature

othe 3Jak1n9w-62,aratus" (Vlodavec, 1957, 1958; Gafoudvitsch n tal. 1qi 59)
is used primabo lc. Co llecting aerosols by adsorption on a sico. aerosol
is the princple used in the collector of llecomens17r described in t~he russian

2 eliterature (also Gaidamovitsch 1963), as well as in the latom:zer-swiple"of Yo-lton (Albrecht 1955). Uelatin'tilters are mentioned pri.•arilV as

filters forevirutes.

Several leads as to the performa•nce of va2ious methods are found inthe 2ubi:c'Ic '.ealth N~omograph l-'blication E6o. 686 (1959), and .?ublication
211. 953 (1962). and in Vlodavea (1957, 10•). Il•e found no quantitative
results about collectizeViuses-from Air.

2) Testing the materials:

In order to av'oid mp)eri4mental errors because of residual viruss



or i_ this was a.),-ided bj .dizinfcctentc, tnen the chemicals, we chose to
utltilize a pt=1 ap5-_aU3 the ivi•-_dual com-,ononts of which could
b- st'erilized by autoclaving. The vessels wuaere of glass, connectors

!G tubinZ, the nozzle of nickel silver (0er,,aan silver), the filter
,A.o_, _-.g.ca~ of ;aetal. The filter was of sjnthetic aterials and could
be us:d cnly once.

b:e becs.n t cx-•era':n:s witha bacteriopha:e. Col :)Ihage T3 was
,itable, it. mac~e laje "naas as an indicator strai.n L. coli B. This

_a__ especialy -_"full, since we ,.:Pnted to der-nstrate bacteriophages on
-i~e fýier by : z o-;' bacterial strain. The bacterial grorwth was to

d3velo)i on these fil.Crs.

,rona the larg'e nc2er of .......... we ch.ose the Dfjahonotyi-Apparatus
:.-.enrtiod in the rassien literature wr"is was made by glass blowers ac-
cording to desc'iptions in the literature , as well as the All-G0ass-
.L~7inger' ,mentioned i the english literatue k-A-l GLass !nc, Vineland,
17. jo). J: added 1-2 drops of difoazr L 1:O0 (Silicon emu.sion Farben-
arxi:n Bayer, Leverkusaz) 'e used 5 :f. 3acto !3utrient broth for the

Dj akono., appratus, and 20 nl for the ,Zl-Class-Z7TirnZcr. Antifoamzr.
was added after we had satisfied ourselves that iu had no inactivating
effect on shagcs. 'is could not use the a.ginate filters because of their
extro.aly low ability to -ass air. ;de used 3 kinds of filters: 1)
gelatin filters ki2 gelatine) k50 =.) from the ienorane Filter Co. of
Gottingen, 2) =enbrane filter 12 10, 12, 15 k5o m..) saer com-uaV as in
kl) and V? 10 k47 :L_1) HA T.h5 (37 r~a) from iJllipore Filter Corp.,
Bedford iLass., 3) Licrosorbane filters k50 rv.) from Dflbag Air 2ilter
GoT..=y, Berlin. 's filter su;,porvs we used those of the loribrane Filter
Co.? ani the CIlnical ILnitors of synthetic material uhich come with
the i"LUpore HM V.45 filters. As -we observed the ability of filters
to pass air, we concluded that perhar the acrosol passes through the

,ilter in the support area. .Je therefore also used tlater) a high
pressure filter holder (2.llipore Coar.), %hich circumvented this danger,,
in large part.

3) Testing of the conditvon3:

1'ron the litteraturc it was seen that the obst physical conditions
for aerosols are present when one uorks in tie dynaiaic systemu (flolndug).
Ie therefore wanted to dknlicate these conditions in our trials. Thus
far this ;is not been wholly successful; technical difficulties arose
in that the pressure and suction made an si•-l=aneous aerosol channel
which could only be directed to tUe indicator system after all c onditions
and equilibrated (stablizad).

Initially we started preliminar-y oxýeriuents with a mi;ed d'nanic static
system rwith which w• did not have these difficulties (Figure 1). the aerosol
..as made unde- constant pressure, which cane from a compressed air tank via
a reduction vL-e. The aerosol -was carried via connecting tubing to a
chamber k2+6 Liter glass jars) and there it introduced through a flow moteo

3.



to 2 c," 3 i:mpinmers LFischor and Porter Corp., Gottingon). T.e ch-abor
thusly fifled with aerosol. After auspray time,' of 4 or 6 tninutos this
part of the trial was stopped. The taik uo and rel ase vanves (Solidex
Smm of th. aerosol chamber were closed and the aerosol wias sucked
over 2. impin ,s or 2 filters via a third valve with a r x..Z in tre sccond
part of the excrinent. The physical disadvantages of this nethod lie
in the fact that :igh density of aerosol in the fir3t part ind in the
lowering air pressu-e in the second. ?Le latter effect may alter the
vapor pressure of the aerosol and consequently perhaps ch1nuZo the particle
size. We thought we co,ld begin the exieriments because the air temperature
was 220-2hVC and relative humidity of the room was 256-h45. An Advantage
of the method was that the transient static conditions of the aerosol in
the chamber aid in establishing equilibrium with the course dispe.sion
(the chambers were 2 or 6 liters). Two or six liters of acerosl could
be siphoned off and the results could be compared on a basis of pcr
liter of aerosol.

It became apparent that a constant diamater of aerosol were desirable
in the system, and no sharp deviations core allowable. in all places
where aerosol came in contact with objects a settliUg occurred. We 1:ept
the width of 5 mm in the glass tubing and 7 ma, in the PVC tubing. This
aspect of the trial virus was checked with the aid of "colored-aerosols."

Methods

1) Impineer experiments (see also Fg. 1)

Ze compressed air is introduced aA. a constant 1.5 atm via a PVC
tubing into the nozzle. The nozzle is placed into the glass vessel so
that the level of liquid is below the nozzle. The liquid to be aeroholized
is sucked up thru a short piece of tubing. In this way the larger aerosol
droplets fly against the wall of the container and flow back into the
phage suspensions. Only the finer droplets of loaded aerosol reach the
aerosol chamber.

At the beginning of the oaqeriment valves I and 11 of the chamber are
opened. The source comes via tap I, thru I! the take off over impinger I
and 32. A flow meter is attached after the impingers. The "spray time"
is kept constant at 4 or 8 minutes in order to standardize the method.
The nozzle delivers 6 liters of aerosol per minute under those conditions.

After stopping this part of the experiment the air pressure is cur-
tailed by closing valve I and II. Tap III is opened and the 2 liters
(or 6) inside the chamber are sucked up over inpingers III and IV. The
mmnber of phages so collected on the tipingers is a measure of the con-
centration of the phage in the aerosol chamber.

In this experiment the quantity of phage-suspension in the 4 or 8
mnute spr were also determinamd gravinstrically. An average valve
was 0.6-1.2 ml. If this volume is converted to the concentration in

, •= ._ 4.



-l ;s--)rz.o na-,c",an

-.sczz :)3 ~ cotac " I ~ozi collitc--d b~y t~e or , Tac dif~ference
~ n.~c~c-,ct~d of~c 7ha_-as z (:U, 's t physi Cal

.Lan~>o~ z c~cctd dieci.ly-o a floi
:;ietir ofa Ln'a 0&, z r w_.L an tap III Is co~nnctecd to a 'i2lter

ho1~Lr. '. ~. nentis aZ'-"in don,- in t':.o parts. Tocabri
Lx-; *L co-,e'-r ar,: -oheri ztck- _' :,v,:: a Lte.One znust- differentiate

enaý us~ao c oluble ilts wlaich can c7_va quantitative diata sixa2JZ
to theiLrs b use o' fao-no~I ilter wchonly yield
q~uatitativa r '.-is w~it-, nio - ý conc ý.tz-etions. At high concentrations

oao can or-ly -LiJli" thL rtr. uion:L pr ries.
Gr up a) G'lain22.e:s. _Cy alho-.i air to pass k2.7 liters per

-. nn cI at a ~ezr -ni1o~(O~~~ cod o the supplier)
a:-d an:e i-.a-ter -,", zec:lywca the oolution, is ;.-.arznd sonewhat.

ahy a're w~ai n.eaarlnkn::~u x r4 t succeeded -,:nere the
iL~ters ciLd not breakc. G:;!tin Nlt(_z'z are available 'IfCia"& arnducoarsell. 4

~ns su.-nosaal-y (su:2p2.ior) cnrrasponds to a "porosity of; coarse 2.0 nzicrons
':aýcn-3o- *seiille cand 3.0 nic -ins by 2.z3rcury intrusion phcnomenon; fine
0.6 micoras and 0.45 ricrons _-uspactivaly .

.auscd coar-se L§ters naizDly, since the fine filters were technically
di ficult to make. The use of thqe gelatina filters was sim~ilar to that

ci'i~nn~rs.hir" afte)r usa the gela-in 'ilters were dissolved in
5.o -a,- Bacto 2 ýroth at 370C. Solution is cVlete after 20 minutes.
The solution was subseq~uently titrated and worlked up.

Group. b) ý.-ane filtars IZIO, 12, 15, VP' 10j, Z"A o.,45. According
to the suo'~lier these filters hold back materials on their upper amrface.

The- rzicroz~or'oanefilters are also water-soluble, but are not made
according to the principle of t-La m~rue filter. They fi~ er by a deep-
iltration action.

The supirlists th3 pore sizcs as- 1-2 10 by HaGen-?oiserille
0.1 hirn;by Xginrz.-=ion 0.01 --acron; 1-:5' 12 0.3, + 0.0oS 1.L715 0.27
+ 0.15; VY? 10 10 1 2 -n-icron, M'. 0.45 0.45 microns (t .2) No pore size
iras list.ed for microsoxrbaoe filters.

* filtars wo,-re usad as follows (exccept minirosorbane);- right after
tLh1 trial the filter.s were placed, bottonm s-*da down, on a dried agar platecand ovo;rlayed -;ewith enouCgh Coli-B3ouillon t~ovwnilglxu cultures 2 hr. culture).
Lao filter is then dried, wi-t~h the lid open, for 20 minutes in an incubator.

m: orning the courntinZ of phag.es and other calculations are made*

5..V
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isfirst filter can only be used at low phage concentration, since
b 101/. c=%fluent lysis is observed. The retention properties of the

first filter are chocked with tho aid of a second filter in the rour.

A6cz'ooorbane filters could not be used with the agar plate method
because of their special 'construction. With those filters the retention.
properttes (capacity) were merely investigated.

Results

1)Dose of sprayed bacteriophages:

Two sets of exp~eriments were onployed so that we would not have to
measure the dose of phage to be sprayed. Mhe nozzle was used at constant
air pressure for 4~ and 0 minutes. The sprayed volume of bacteriophage
suspension was therefore determined gravimetrically. The nozzle and
tubing wore simply weighed befcre %empty) and when full with pluge sias-
'pension. We found that a spray time of 4 minutes used an average volume
of 0.6 =1 to make spray- for 8 minutes the average 'sprayed-volwms"

'%Ws 1.2 A2 tenes table 11.

Therefore br' keeping the conditions constant we could asuea that
*- In our further e~q riments the dose of sprayed bacteriophage was constant*

.2) Recovery of bacteriophages:
Of the s prayed phages an averago of 257 were recovered in the im-

* piger Theb greatest quantity was found in iminger Ij impinger UI only
reevd17% of that of I; Ismingor Ila about 44, of 3:1 tsee table 2,9 3&

and 3b),* I 'ere was no apparent difference between the Djakonow-Apparatus
adteAll-Olass-Lspingere The phages recovered from thesefthIber were

oralya Suafpercentage of the total recovered; at the 4minute spray
time In a 2 liter chamber was about 0.85% cC the.-sprayed phagos (see

*table 2). In imspInger IV about t42" of impinger IIX was still found toes0
table 2o 3as 3b).* The reainhpbetween the doese of sprayed phages
and the total recovered was rolatively constant,

*3) Number of phages In the chamber aerosol&

It was Important to determine the number of phaeos in the aerosol in
the clamber in reference to the cucpoalments with water-soluble filters
s91noo this was imsportant tocalculate the filter capacity. As already
mentioned t2) the number of phages recovered on impingier MI and IV and
In the chamber were in a relatively constant relationship with the amount
of sprayed phages, when tho spraV-tcime and the volume of the chamber were
oonstantj O.85% of the sprayed phages wore then recovered in the chamber&
%an jha sprq-Aims was doubled and a 6 liter chamber this relationship

* nwt* chang according to the ratio 3:2. This was the case. The phages
*recovered from a'6 liter chamber with an 8 minute spray time wre" l.3 of

* ~the sprayed plhages (Table 3& and 3b), In this case the Djakonow and A31-
Olam-UpIntgew gave the same vAluoes The results obtained with i~mpingers
was cmpared with those of golatin filters. If the sme results wore
*tAmned by using Aw d.ffrent star1tine principles the ocombnalons can

me ausmsd wId posater Cewinty.

a ~ 6.



C;CWzT.owz rm'-tr covaratin fata 1.51r cýa~

-CO~ c~ h~~Woa L.- ~ozi cl&-a.,O-.r. in f i,-ure
2 it n a~ . L. I:.r r-ýlac. c:is- foir a.ine s te;.2.-

cL n;,Ira%ýaton t--- stti- c., ~ ~o. cenrc.atiný-d h.aonS-Si-

LiStx-aiuad .:as a .o2.

-th 'YCO:~ tnt: -,on... -'-I- c&.c--- roolcý- abhs a~pC out

SactuV - aI cmcr~ctl-atiofl n t chI~z.Ier. a;rr~ sa.
2..~. ~~ ~(~.ci~c~so)a~bout thaO 0:tent of teca-)acity of the

;..~c- thou-a ~. 4 11- c~ontecn-*s of theO aeorocol , -~~ arc conducted.

Ther sesivitr of- &Lfcere-nt na` hod ýor co:.o-ns-trat bacterio§'.ages
io;acy-osols:

n re2 o;,,e can al oo ssee- the =e--haa; of thue ph-ages rernai-nin.g
L-.r~ ~; to hedosae of teseay1 hae in t'ha dififerent r-othods.

.:i~hr cncntrtinsof startin,7 cor~cont-ra"-ions the .-eý,atir- filters
s.o;eoe~attoepha-ses in the c'.a:7b:!r than the third L:7 *i:ngor; at low

conccntratiunlz the reverse was true. Z Te devciations are too smnall. to be
able to cra-,w f-arther conclusionas. Zia relationshi'ps -2ouJld be cL-,'fercnt

if te ~fuI~r~rr~ovd~ reL. ervtre inclulded and th.air phage count
addia d L. .7zte-r MIou'l C-Morane Iiltors -described cairlier- are less
so-nsitiv-z i:r. ':ý.aonstra'ýing pha~os in aerosols than atre J:noingL-ers and
,gel-atin filtcrxs. B--causa of the cimra)licity of evalution (placing- tlno
filters on aý-ar .- atcs and reading, -' ques directly) theýy ara vary iifll
su~tc at lo-;7 aerosol concentratýions. They are also suited to use as a
control Z3or a few,, paagos.

1hs~ay The 'r etresults show-ed that th3 instrtmnentation -and
-7etaocls are capabh1 - of yiclcing; useful an orduil esls e uee
able to start~ ex-'eriraents about reteontion prolperties of different filters.
T~he results are not copeeas yet'U. 7his willI be referred to in a sub-
sequent report..

H. Broadis
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Jravir.z .risho ~e e o d:r vercprayten Phagen-

s r a y z e i t

4 .:.i ' 3 n

Versuch lir.1 0,55 1,30

"It to 2 0,6o0 1,55

"3 o,65 i,2o

It to 1,2o

" " 4 0,64•I,2

"I It 6 0,61 1,10

" "I 7 0, 54 1,15

" 8 0,55 1,10

" 9 o,65 : 1,10

" Io niach. durchgefoUhrti 1,25

i-,• t elIw e t a'e r
Versuche i-lo 0,6o 1,21

9.
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HwBUPFWV13efatenhuoeinez, Ye~iolkuzmer von 6 Liter Ih~
pha,-e - Vreprayseit 8 min,) apari 8 md~xteS

Phnggrlcasp-Versprayte D ja kon ow A p p a r a
.I~iter / ml1 Pha.~endosis iI 1

5,6 X 10 !1,2 ml -6,7 xilo 1,4 x 102  2,o x 101 11 6

S.1o x 10 99 , o , 6

1,1 x i12 7,o x 101o 14 5

9,9 x 10' :1.2 ml =1,12 x lo ~ 0, a' , 2,1 x lo ~ 9, o

*2,3 x l 4 3x 103 2,o x Ia' 5t~o x10

391 x io 3::: x l 291 x lo' 11to x l

03,0 x l 403 x lo' 3,o x 1o- ,

* 3,1 x 10 40 x lo~ 293 x lo' 7,o x l

498 x 10 1,2, ml. 5,8 x lo 4,8 x lo6 .* o x lo6  5,6 x lo 3,o x lo~

5, x 10o 2,1 x l 8,0 z 1o0 4,o x l

II6,1 x lo6 4,6x lo~ 503 x lo' 390 oz

6,~'-'x 108 1,2 ml -- 7,2 x io'8 1.1 x 1 ,811 x 07,71 x io6  5# x o

It. 195 x10 197 x 10 505 x o 4#3x lo6

it 1, x ios 3t2 x l7 5,2 x .1o6 Its x 106

- -~ e.. 6~.. .

19 o 18 o 45x o 2oxl



Taloulle 4

~rc~bi~semit tGelatinefi'2tern
~Aeroc ol'ari-mor von 6 Liter inha't) ~~c ~
(V:rsp'rayrzeit 8 rmi.) " tim. d3 rfn,:-

phago
UcJ~aLincfilter c.taitoitr /mi anr,-clie von. zt~ha o i~ :

5, 6 x 102I~ x lo

-. ~~~ 1 00~ ~ _ _

6,7 xlo 8  
., 1,x 1

1,0 x 1o

* -1,5 x l

8, 7

0,7 x o

-~ o,6x~ 7

-- 1,7 x l

-- -.-.... I ... 7I, 1
13.

i,5 x lo.



Concentration of Colleotd phges

KONZENTRATION DER AUFGEFANGENEN PHAGEN
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