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ON THE ISOLATION OF AIR GERNS USING FINE.FORE FILTERS

Ewenfrisd Potras, Institutse

. f&re!dve ef mcmbio agﬂ of Aerchtiolsgy ef *he Fraunhefex _
55, 93109, 1966 Socdety for the Pruastion of App.led
Received on 3 Mey ' Ressarch, Ins, dMundch, in Grafsch-ﬁa
1966 ' Hochssunerlamd ,

The crtology of microorganisms floating freely in atmespheric and
extra-atmospherio space kaz 30 far been subject tc relatively little sys-
tematic investigation, For instance, we know very littie aboul the struse
" turee and mechanisms that ensble a whole sariss of wlorvorganivs types to
withetand long-lasting periods in the atmospheroe without any loss of vitels
11y, while other miaroorganisms, under the zame conditions, mostly lon '
‘thedir capability fw mltiply after a very short t.im o

To propare tho vay far investigations ia this field, umcd to
doteruine in this work jost exastly to what extemt filtration methods sre

suitatls for the isolation of air germs and What mmst de taken into mudm"

ation in the use of mch nethods, .

Filtration metheds, vithi,n ‘:’*a frameworiz of dcrobﬁ,ological amaol
analysis methodology, bave by far not been used in as manifold & fashion as -
in dust measurement technigue; impinger methods proved to be superior im =
nost cases to ths air germ ﬂ.x.tration methods tested so fcr, '

, Kruse {1948) isclated air germs with the help of me.brane filters
which he directly pleced on solid nutrient media, following the filtration -
process, without any further treatment, and which he then incubated until
~ the development of masroscopicslly recognizable colomies, This kimd of
method, at best, made 3t possible to determine the number of germ-laden
partieles contained in the air volume exarmined, Total germ oounts however
cannot be performed in this faskion (see Albrecht, 1957). By the way, the
wethod of Kruse cen be used in establishing only rehtivdy small germ
counts, in each csse, as is true of all of the othér direct mathods, Bk

cossively high germ cc mts give us occlony cverlaps [colony overleps result . '

in excsssively germ counts] and, under certoin oiroumstances, We sleo gat
antagonistic effacts; these: mcivoh kigh gorn oounts, wmev. cen
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produes considesadls sunjertive counting errors (Nismele, 1963). But it is

- precisaly in asrzol investigations that we masit have very voluminous rumere
$oel dats in order to got siatisticelly rslishle sxpsriments) results, In

. ordsr %0 convert the ?’x’uae @athod into en irdirect metied, Mwmphrey and

~ Gaden (1355) reduced the Pillars employed for filiretie: by meshenicel meanss
i Nachels and Spurny (1959) dissolved them with methylesllcsolve. &n atiempt
‘o va3 alse meds o wee veter-soluble filters for air gevm filtrstien (ose

o Wiedawes, 1957; Mitohell st 33.5 1954 Noller .m Speniiove, i?s&)e

The Gottingen mﬁw@ filter company has been producing mlubl&
' gal&tin filiare for & meber of years, Bsocsuss ihess Tilters ave maﬁy
: bandied ard do mot reguire any grest efford, it appesred a good Mu 0 k=

T mﬁgata their applicebilily timmughly

R Pitration, We used gelatin and mesbwuas flters Wity s du-

m of E m in opm ady Tiltration wits mede by the Gottingen Mewhrans

oo HMlter Company. m. membrane filter wis sterilised by boiling 3 times and

= mthmdrisﬂat% C. To msasure ti urmmgh-mhmmdmwm
= tobes mppnd by Placher md Pbrtm', Gottingen.

L Bissotution of (g 9 Lter. The gelatin m«;m wmn enuolvd,
"~ in osvh csse, in 30 mi 0. ZEP% solution, at 35%'00 €. The result.
: ; ant mwﬁom were stirred for about 10 minutes by means of sterils mg-
» netie s¥rring rods and they were then wholiy or filtered throush

sterdle merbrans filter MP 20 with grill network (grid]. The membrane file '
© ters wars then incubsted on peptons-glucose-aga: {ses below).,

2o _' %i. We usad midget impingare (adr thrmgh-pms 3,78

g'.a.

bettom = ‘30 a1 "AGIa-j)D"; air througheut: 12 1/win) and modified Pronn ime
piriger lupingers {ses Windi.oh, 1965; inside diamoter of inlst pipe about
"7 mw, nosale dismeter about 1 m: air throughput: 12 1/mn). mpﬂmar
. solutdon (40 xl per midgel iupinger, 30 ml per AGI wmdt, 65n1£er

o fmpinger) oonsisted of a vtery sclution of 0.24 gelatin and 0,4% anmu,

.. for uss in midget ~.u A4 undts, mostly with the additien of 0,024 silicon

" defoamar Beyer K - 0,018 Artifoam AF (Dow Cotming). The midget impingers

.. weare used in cosbination with the sequential saspler of the Gelman Instrument
.- Compeny, Chelsss, Michigan; Aeromit membrane pumps were used to oparate the.

. impinger solution or a oxrtain portion thereof was in esch ouse filtered
_'th-mum“mmmwmao ﬁthgﬂdm. wb:lch"u thminm- .

w« Oabﬂt gluooss 0,5% Wacl o.jﬁs haq‘.nzo
:mm: u em of um mm medias w 1.55. p! ?.w.&.

nterval belween nozsie opening amd container [vessel]

,':' 2 other impdnger. types. After completion of the oollection phase,the entize
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herosol Chennel [Canal, Ducll., bYe ussd an sevesol duot Duilt aceurde
ing to verbal information from Goetz, Pasadens. This channel [duct] was
7.35% m jong 4n v experiments (without atomiser mouth), It consisted of 8
glass pipe with an outside dissetsr of sbout 60 mm ard 2 wall thickness of
about 1.5 ., We stomiged with metal-rozzls atoudsers provided the Heyar
Company of Bad fms, with sir *hwroughput of mostiy & 1/win, Right after the
atomizer, an sdditional € lite. s of air per minute wors added to the duat
a8 supplemsntary air, through 2 J-vice F-yigned by Gosts., This additionel
air contributed to the dovelopment of &~ almoct laminar flow., The micro- :
organisn sells thus sach time spent about 1 minute 27 secowds in the aerossl
duct, To dose the sir volume flowing into the duet, we ussd measurament
pires by the Fischer and Porier Company with nsedls valve. The volume of
suspengion atomized per experimont wes determined mesily by means of welight
difference deterrdnation. Daring the last experiments, we used an stomizer
¥hich was provided with a contimsl {esd system sand a calibrated mesasursment
pipe [tube]. The supplementary air, which in soms of the experiments hed
besn pre-filterad ihrough MP 30, came from compressed-air bottles [tanks],
The sstablishment of isoxipetic flow conditions did mot sppear %o be abiol-
utely requirsd in our imvestigations., Surplus 2erescl could leave the duct
practically without sry stagnation, _

Test Orranisms, The test organisms used in the experiments with the
aerosol duct wers Serratis meprcescens, Strain 1334, from the Tnstitute of
Mleroblology of the University of Gottingen, as well as Bacillue sudblilis var
piger (Becillus Globdgi’), ATCC Strain 9372, after at least 8 days of prier
cultivation in peptone-glucose mutrient solutien (100 ml in 00 ml-Erlenmeyer -
flasks) ([1] Bscteria cells {rom growing culturss tolerate stomization exe
tremely poorly; sea Goodlow and Leonsrd, 196i), To kill the vagetative
cslls, the cell suspensions of Bsc subtilis var niger were dippsd in boliling
water fcr 30 seconds, The corcent aticn of cells capable of wltiplying was
deterained with the help »f dilution serles, filtration tlwough MF 30 with
grid network and incubetion on peptone-glucose-ager, by countire the manro.

' soopically recogniszable colonias. As Uehleke (1953; sse also Ushleke and
Foetachie, 1957) wers able to determine, this method is cleerly superior to
the plate-casting [plate~pouring] method.,

Er2¥ otion of Experiment. The sxperiment 7as svaluatsd partly ty
counting the coloniez thet became macroscopically visible and parily as s
result of microscopic investigation of stained membrane filters that hed
been rendsred transparent, '

To facilitats the macroscopic count in prsparations with predowinen: iy
coloriess microorganism ~olonies, contrast staining with 0,014 wetery mala-
chite-green solution was performed in accordence with the datz in the
Miilipore Application Dats Menual {(ADM.4O; 1961).

. Por the microsoopic contrasting of the preparations, we tried methyl.
ene blue steining (Jannasch, 1953, 1958), motiylens blme-fuchsin staiming
(¥.114pore Application Data Manual ADM-00), metlyléne blue-carbolerytirosin
staining (Sujiowa, 1959), csrbolerythrosin stairdng (Riemels, 1965) es well

as Gram staini~g MM ard agsno, 1956), -




The ‘~ansparency of the membrave filters neceszary for miemsaopi@

7. dnwestigations wes schieved either by soaiing with immersicn oil ci by the -
‘7, Uasolution of the pore strusturs ulth methyleellosolve, respectively, with
77" absolute eleohol and ether vapor (Rosi, 1965),

¥hen the latter two methods ave used, the mtlims af the nmwl

" . droplets, sbsarbed on the filters, are caussd to disappear, along with the

pore strusture. These droplets can therefors bo o" ~erved oniy vwhen we use

. the imereion ot method.

The first gelstin flter lots, procured from the Membrane Filter Co,

" revealed 1ittls uniformity with respect %o their propertiss. In cormection

; with the absorption of perticles stomized from & 2§ Congo Red suspension

7 4% was found that only about hslf of all the filters examined wers covered
- on the front side with & hoiogensous red-brown dyestuff layer and that they
C simsltaneously retairnsd an unstained revarse side., The others elther vere
. Mghly resistant against the air current and revesied bright strips after

V' filtretion, indicatin, Luat there had been no filtration sffect at all hers,

72 7: op thay had pores of such wise that their reverse side likerise vas defimites

)y stained, These gelatin filters wers watly considerably thicker than the
nembrans filters (the latitsr are only about 150 millimicroens thick) but they

Lo revenled comsiderable thicknesses also among themselves, Messurements on
7 40 f41ters geve us thioknesses betwean 210.%25 millimiorons in the border
© . moms and 260-435 willimdorons 4n tho middle reglon,

Couiter Counter mmaumata reverled that the nonhomogensity of the

" filters vas due not only to thcir thickness but elsc to the nonhomogenelity

.. of the ¢elstine used,

. n the basis of these findings, the gelatin f1lter production methed

- Was isproved so thai we pow have gelatin filters of quite wniform filtre.

o tion effeciivenses svailable. These Milters ars not ss thick and the thick.
:: ness fluctvations .lkevise sre smaller, Neasurements conduct~d with 8 Ml.

. ters “rom a lot [daliversd] in Ootcber 1965 geve us thicknessus between 200.

L 200 sdllitoreons in the bordoer cone and 190-290 millimtcrons in the wdddle

U region., ThHimmer fiiters (150-135 millimicrons) likewise prover useful in
- laboretory vxperiments, With the help of the Ruyco Perticle Cowu..er and

7 theough the evaluation of slsetirun-smicroscope pleiures it was discoversd

S that all gelatin filters suitabls for air germs flltration have an efficiwncs
- of tlmost twi for htu arfl Corgo Red serosol perticles with s diameter of
.5 willixdorons,

Bperimnts intended t0 datsraine the officdency of the gelatin ﬁlte

ﬁth mm to beoteris serosols were conducted with the balp of W&
war giger in the swresol duot. Here 2 fllters wers superpossd and

ummmmme qﬁmudfwn&uﬁmwﬁﬂudmt
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,exit: in front we had the filter whose parmeabllity was to be tested ard
after that we had ons gelati~ fllter. Overlooking the mumber of becteria
oells passing through the sscomd filter, »e obtained the folicwing psrmesns
bility percentage for the filter tested:

X, H?
100 E:—Wi (3}

L I

respoactively, en effisdency percentage of

K, - 10%)

& == -
HLU Af s 1%/s).

whereby
= mmber of cells capeble of rsproducing on the forward filter and
K, = number of cslls capable of reproducing on the rear filiter.
In the computation of the permeability of the MF 500 and MF 100 mem.
brans filtaras tested, we tock the valves for K} which wors determined in come
nection with the tasting of the gelatin filters, : .

The dependmce of tgo Bevalues cn the filtration speed in the rargs
between 2 and {2 cm ¢ mec™: is shown in ioure 1, As ve can res, the effi.
clancy of the ~elatin filtears examined 1. between that of the MF 500 and
HF 100 nenbrane filtere., This 4# in koeping with the resulis of the above.
mantioned imvestigations with Congo Rad and latex aaeroscls,

P 5 ) 5008
\\* ‘&ﬂ*ml ey (F %
3 Nl Y (a) Lo t
"“\ A5/ o Mot §
o S\ 4 \\Efb) ’
o S et 090
+ \}\ \.:;

£ (%
Y n, =
/
®

3
d
H

P H i ,_»L H ﬁm
4 4 N £ omeged

WA’WW {c)

1, Efficiengr of MF 500, MF golatin and MP 100 for atowization from
asrosols of _&m_u_. var ¢ Prepared from 2 B854 XaCl solutdon, odw-

peted for It specdso.!" G-11,95 om « pee=t,
Kuy: &, lHessuremant velues L Pi1tration spaed :
b, Averwge of moasvremsnd vklues }ﬁ
. 5
ARSI o e




. Infortunziely, ethylene oxide sterilisation causes 2 gradeal reduction
. in the filter solubility., Fresh gclatin filters or gelstin filters that were
~ 0 enly a fer months old, on the othsr hand, can be used under almost all cone

.77 ditdons, for instance, alsc in case of minwaz temperatures; only aerosols
~. . with 8 very Mgh moisture content can impalr the sfficlency of the filters
C by sultenivg and enlarging the pores.

, {{2) Tha spesd of perfiration and the sizs of the holes resulting
. can be determined very msﬂy by taking a membrane filter which has been
* placed mder the gelatin filter during aeroscl filtration and then staining
. 4t sseording to Sujkows (1953) and sxamining it urder the microacope after
. vwking in immecaion oil,)

R 2, Alp Germ Yield Resulting from the Use of Gelatin Pilter Muthods

Flgure 2 shows us the dissdvantages of the Xruse membrane filter
... method: 4in macro-coloeny counts, we can never determine the total number of
" the micsoorganism cells that reached the filter because in many cases only

. one single maaro-colony becomer recogrnizable in places vwhere several micro-
" orcandsm cells hsve hit the filter. The error due to such overlap e..oots
. grows as the density of the wicroorganism cells absorbed on the membrane
v f4lter increases; indeed, it grows very rapidly, up to s point at widch
L., mecPo-oclony counts bLecoms meeningless, The use of the abovementioned gel-
o atin Nlter wothod hovtover doss not involve these diffisulties because in
“ . this cass it 1s poszible tc produce any desirabls dilutions and to reduce the
1 lsyger partisle sggregates quite extonsively.

SR Corpared te the 6yxying effact, connected with the filiration process,
T the mormal comvonents ¢f the nstuvsl sir mloreCore ars so vesistant that
thalir vitalily 1s ol lmpaired o any grost extent as & vesult of this,
{[3] The situation Lowever is ciffsrent with respect lo ths significancs of
the drying «ffect in the wothods of impaction on selld mutrdent media smu~
facs2, Bars we gst wostly relatively hgh flow speeds and there iz 3 possi-
bﬁ&ty that the struotore of the nuitrient medium might be slterad unfavoravly
Jue to the drying-out proesss,) Ii. the coursa of comparative genarsl exper-
4ments in the vieirily of tha Instituts ol Aercbiology it vas thersfore pos-
- giblg, with tae belp of the gelatin Tiltor method, to establisi in most csses
. MOF« gorws per Wil of air volume than when we use an AGL-3C impinger. The
petio botwesn t5¢ mawber of growing bacieria and ysast colonies and the
. pusber of wold fungus and actinomycete colonies diffared hardly from tha
yeide determined in parellel etperiments with Koch's plsts wethod,

v {[#] A detailed publication on this suojs~® 1is schedulsd for s latar

Investigatione conducted on bocrd boats in the G(u1f of kaples (elevi

 %ior aboat 1 m above sea lsvel) on the other he:d revealed ocons’derably

' emaller parcentages of bugteris snd yeast colonles in the galatin filter
o asthod, then in the plate method, Obvicusly, mery sensitive maritime bao-

S taeda hed fallem viotim to the'drylsg actim. ({51 rhess investigations
O [retults so fer wpublisbed ) et sonducted’ with ﬂm mwmt of the Gerwan
" Resssreh Associsbice.)
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Fleure 2. Adr germ yisld rssulting from use of Kruse membrans filter mathod
(a, MF 30 with grid, boiled in distilled water for 3 - 10 min, and dried 4n
steriie Patri ?shes) and from gelatin filter method (b) in the rabbit hutch
of the Institute of Asrobiology (midgc*-iminger values = 100%, wmostly be-
tween 15 2id 80 colonies per aiter of air). In each case we filtered {2 1
of alr per mimute, The germ content fluctustions were generally considerw
ably smaller in the alr of ths rabbit hutch than on the outside but the
hutech sir appeared to contain relatively meny germs tha? -ers sonsitive to
longer fMltration, This migh% partly explain ‘he rather considarable initisel
drop in {k» curve at b, Ths rathsr strong iniltdal rise in curve a seems to
be due to *hs properties of the membrane filtei~. WYhen the 1. and Z2-minute

" f4ltration experiments were repeated several times, W ~blained avsragee
whick did not sasentially differ from thoss given hera; the distribution
{spread’ of the in'ividusl messurement dais howevsr wes quit= sonsidarahle
in moat cases, OGreeler messursment sccuracy oouil be schisved ¢.7_ ‘n oase
of filtration cperiments laating at least 4 mimites,

msarccolionias var 1 of aiv after
macroocionies per 1 of alr after
b, mesrcrement values

¢, &averdge of measuremant vilues

é. duration of filiration

Keew: a.

Yiold = ltta 3
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mm:xt st ﬁlt‘ﬁf-‘ii.ﬁ speads of 60 ca oo

the norwal componsnts of the air microflers can withstanu memy dage
of sdheprence to gelatin Mllters wiihout o .igndficent vitality loss (saw

v Hms 3). It 49 thersfore possidle to alliw a relatively lorg intarval of

. tiwme o pess botween the oo” .setion phase ard the laboratory imeeﬁga“on
. a8 marh,

P
a :
AL mme,

1 . i i i

MM?&'W;@MW#M%N

Figure }. Colony yleld as a function of the duration of tims intsrval de-

" twsen air germ filtration ard dissolution of the filtars, The #ir germ file
‘tration was porforusdi in the redbdt hnish of the derobiology Institute

{mddgetoinpinger valuee: 86,9-113.0 colonise per 1 of air). Jare.don of

 oolleation phazer 5 wimutes, Collection ocutput: 42 1 of si~‘mimive. The
gelatin Mltwrs wers plmsd in starile Potri disiss, after ths flitrailen

phess, at about 20°

Tield e ..}n“&:t 53 - e 1 MMQ&M £ 109

mmarocolonief ber 1 of alr sfter impinging
b. Medsurement vilues
8. Aversge of seazuressnt values
L d, Time intervsl bstween air gera filtrstion and diszolution of
gelatin Dilters
&, Hodrs

In sividlar investigations, the :imao%dzsg sffect pz*g\)red to oe hardly
(B2es Figtre &},

o ({57 The ixdtisl rise in the curvs is wostly sxplained hy the fact

S ) 1 m garorol filtvetion squipmsnt in thets experiments wes installsd with

. the openlig fecing downamrd 6o thal the euetien on the filter vorked agelinst
. m m twmj ié@dmt&m }
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Plgure 4. Colony yleld as a function of the fil‘ration speed. Alr germ
filtration perforrad in rabbit lwtch of Aerobdology Instituts (midget.
impinger values: 15,0.69.2 colonies rer liter of air), -nllection output ~
5, 10, 15, 20, 30, 50, and 60 iiters of air, A total of 0 1 of air wers
filtered psr experimert,
Key: [&, b, c, same as Figures 2 and 3)

d. Flitraiicn speed

Mcroorganisms, which lose their reproduction capability after a
relatively s. ort stay in the atmosphore, ars alsoc sensitive with respect to
the filtratic.. process. Table i shows uvs the resuits of a tyricsl asroscl
experixent for the couparative determinition of the vields of reproducible
cells of Serratia marcescens when we usc the filtration ard the impinger
methods, A mmber of 2imilar expsriments revealod that the yleid in terms
of Serratia cells capabls of rer:oducing - 2 yield to be obtained through
filtretion expeariments -~ increased as the water conter® of Lhe serosol in-
creased and that it dropped as tho alomized vater volume decrsasad, The ratie
between the filter yleld and the impincor yield in comnection with the atoms-
ization of cslls from growing cultures was reduced in size by whole powers
of ten,

Censidersbly different findings rosulted from axperiments in whioch
sporos ¢f Bac subtilis var piger were atomired (see Table 2), Here, filtrs.
tion produced larger colony ylolda than impinging, On the basis of *he faot
that the aeroscl contained a larcer mmber of agrregations consisting of
soveral cells, Table 2 in pertictlar illustratss the sdvantsge of ueing
water-goluble filters which tacil tatss the comdnution of a considerahls
part of the cell szgregations, " nen surface-active substancez are uaed
the colony yleld 1 such cases will prosumably incresse sven further (see
Jmoa and Jarmasch, 199). The error margine piven in Tsbles ! and 2 ocxn

probebly be cut back considerebly throwrh improvems:ts irn the experimental
-oundoh:u. partiralarly in sxpeariments with suoh sensitive becteris as

Ssretia mroosoms.
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[ Contimuation of Teble i, pagse 107

Experiments] corditdons, Atomizod suspensions 05,000 cells capable
¢f reproducing in 0,388 =L of 0.85. NaCl solution par mimate, Air sepplisd,
totals 15 1/min, A4r welw.s suctioncd in through collectiry equipment:
1261/5331, saoh time, Durstion of evporimont: 2 min, each time, Teaperaturs:
20° G,

Gf the suspansions resultins from the dissolution of the gelatin
fiters, 507, in eash cese ard of the impinger solutions, iG¥, in sach case,
wers ussd for expsriment avaluation. The muzsber of coloniss to be counted
on the foliowing day, per prepavation, was betwzan 335 and 1,084, 4s 2 re.
sult of the asrly count {melschitfe-zreen mesthod) there were no insccuracies
due to overlap affects, '

The sll-zlass impingsr, desigrated as AGI-30, waz the commerciaily
aveilable egnipment unit produesd by the Mllipere Filter Sorp.  The raiz-
tively large scatter of messurement values obtained here was mainly = 3o
ihe faet that the impinger solution 348 net centein any antdfecs zi2iiion.

The impinger scocrding to Rronn essentlally wes dasel oz dala of
Windisek {1965}, The inside ddsmwetar of 1is intake [inlet] pips was barely
7 mm and the nozsie dlameter was { mm. In this uwdd, ths ssvosol particles
ars ispinged in a tangentizl direstion, similar to the Shise tmpinger (aee
 Sidps, Tyler and Chapman, 1959; Tyler, Ships and Padniac, 19%), whersty the

eulntion &s given & retating motien, . -
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Aftor atonisation, cells of Serratia marcsscens lose their rafst:oducm -

tion capacity relstively quickly not only curing Lhedr gstay in the stivs. |
pheve but also during the filtretion nrocess; thay telerate pressrvation im
gelatin filters quite poorly. Since their rapid mortality is essentially .
due to the drying action, we can incroase their survival eapability by add-
ing substances whish more or less slow down the process of call deving or
wnioh preserve the cells against desth due te drying 4n =ome other faah:t@ne

({71 Wabd {1560) ass ned that meso-Inosit and other mbstances, on
the basis of thelr steriec confipuration, are im a position to raplace the
water molotules within the cells and thus to ymtm the albumirn struotures,
On the sther hand, bowsvsr, Zimmermann (1962) found that atomined ;S_g_%
celles are protected considerably better by those suger molecules which do
not pass through the cytoplasm membrane than by means of sugar mwlecules
that have good permsation propertiss.)

Flgure 5 1liustrates the infiucnce of various substances &\\,msed
slong with the becteria upon the survival capetdlity of the celin, after
absorption on gelatin filters, Cslls atomized from distilied welsr died
off sxtreordinerily rapddly hers and atomization from 0,85% KeCl wolution .

produced & mortality cwrwe that is typical for monomclecular ressctisas with .
& K11 rate of shout 3.65%/mimte. (f8] In mortelity curves with the form

C, = C, ot the Idll Pate per mimute is-100{s -e‘i‘—"“""').wharoby
- G = germ concentration at t;he start of the curve amd
| C: * gere concentration after time t (min) (see Deedbe, 1399}, )

On the other hand, aﬁdit.‘lom t powdered okim nd.l, msso-Inoeit, and
- edliocn ol produced a ooneidaublo tongation of the lifeiine of soms
of the isolated Mo S : '
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mtm 5. Colowy y:hld as s nmct:lon of the curation of the time ﬁmtwnls
Detwesns air germ Mltretion and dissolution of the filters. Aerosol duct |

' with Serratdie cens, atomized from distilled weter, from .
Q.gg %l selution, from 0.% silicon oil smlsion, from 0.i% powdered
skin milk suspensicsi, and from 7% mesc-Inosit solution, In each cuse, we
filtered for 2 mirmte. with & suotion output of 12 1/minute, For space
rocsens, wo did not sbhow the individual messuroment vaiues in this 11lus
mm mnmmttwum;masmrm.nmz. ' ,
mt a. MMnlﬂnulk o @, nald '
' be Silicon ol j d, Time intervsi bohvm earosol
' - - fAliretion and dissolution of
ﬁltera..

Moordim te eloctmn-ulmsoepe imrest.tgations (Pronum- and
P~iras, a3 yot wpublished), - protactin effect of albnudin and silicon
- 041 obviously 4s based on the fuct that these substances are deposited in
i the fovm of more or Less dense films along the surfaces of the atomized :
- baoterds cells, Oovoking salt, on the other hand, mm to protect the cells. .
on the basis of its tvmoaooprio properties, Figure 6 shows that, in aesroscl
- duot expsriments, with S cans, the colony yleld achieved with
mhdpottbm: ana ‘filter method increeded ss ths NaCl content
of the atomised suspension immud. until it dropped sgain at Nall cone
santrations of more than 1,7¥ due 4. a considersble snlargement of the
individusl eeroscl dioplets; thie is due to the faot *hat the enlergesent
af the  pesulied in & Peduction in ths muber of droplets,
e faod WWWMwumhmmmmd
ol Mum &n ‘oarbolerythrosin.stained and Mcn uu-
' ldnu ons, ender tho merosoope,
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. NaCl-Gorad dr vemeteion Sateninmpenion (d)
Figure 6, Colony yield when NaCl content of etomized bacteria suspension
increeses. Asrosol duct experiment with Serratis marcescens. In sdch case
ve flliered for 2 minutes (12 1/min) on MF 30 membrane filter with grid,
£ = mmber of atomised cells capable of multiplying per liter of air,

. q = nusber of cells isolated through filtration at the duat exit ond cap=

able of reproducing, per liter of air. : o o

Kegys a, Yield ¢. Averace cof measurement values
b. Measurement values d, Nall content of atomized bacteris
sustension

In order to get indications on the numerical ratic between cslliz

_that ars capable of reproducing and those that are 12t capable of reproduce
ing, &ir germ preparations {rom the rabbit hutch of the Aerobiology Inatie
tuts and preparations from Serratia marcoscens celle, izolated from the
aerosol duct, ware incubated a8 usual for a short time (mostly 4.8 hours)
on memhrane filters and they were then stained, made transparent, and in.
vostigatod microscopically. The result of thees investigations was unsat-
isfactory, Thay were therefore discontinued after some time. A microscopie
inspection of proparations of the hutch aercsol, 1llustrated through filtra-
tion acoorling to Kruss, frequently revesled large dust particles to whieh
adhered mmerous micioorganisa cslls which could not have come into contact
with the mucrient medium during incubation. A decision as to the mmitipli.
cation [reproduction] capability of such cells was therefore impozsible
from the very beginming. In preparations illustrated with the help of the .
gelatin filter method the error caused by euch effects appeared rather in-
significant but the count of all of the individual cells «= in the evelua-
tion of aerosol duot experiments and in the dissolution of the filters with
aloohol and ether or with methylcellosolve == could be made hardly with the
2axme aocuracy as the somt of slida preparations.

In other cperimwts, en attespt was made to modify the air germ
1e0lation method desoribed bty Vmchala and Spurny (19%)). The methodology
here involved the following: atosdsed cells of Jeinytis NErcescens were

4
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on and they wepe finally
b method turned out tc be
error, pariiculariy since the Serratia : ;
lve treatuant, ' : 1

., Gella were sensitive tc msthyleelloso
In contrast to the impinger methods, which do not faciiitate a dif-
"o ferentiztion between "genuiras® air germs and locally occurring accompanying

2. organiens which repddly die in the atmosphere, the zelatin filter method

Wi thne proves to be s rather efficient method for the selective enrichment of
« Lo the typloal components of the sir microflera, At the same time 4t is supere
'  der to the impinger mothods 4180 because of its higher sfficlency; here, ine

vestigations are to be performed directly on microorganism preparations
. 1solated from the atuosphere, without the cultivation wethod 88 such,

The methods of laboretory evaluation of ai¥ gern preperations un.
: oan be further imprdved, Jannssch and Jones (1999) described two
- cultivation methods with whose help they found 20 and 35 times grester live. .
2 cell ooumte in the breparetions of marine bactaria than in macro-colony
» . . oounts, Direct cell counts ix their investigation materisl ever yioelded
. 150 times the count for memtrans fiiter Preparaticns end sbout 2 times the
YT count for slide preparation.:, We are certainly not basty in ccnoluding or
i essudng hece that Mgher cell counts can be achieved also in esrobioclogical
% investigations if the laborstory methodology is further developad,

CE Direct and possibly autometisable gora count methods, which enable
. W8 to make a distinction between cells that can mltiply and those that can-
- mot miltiply, unfortwnately ere not yat available, Staining methods, such
‘@3 they vere described Yy Strugger (1949) and by &ma&wwn?isaja). csnnot be
- considered for air gern tnalytes becaus s no sutolysis phenomens cen be re-
"gistered in the case of air germs. The same applies to UVerd erospectrophoto.
metric methods (see Petras and Ullrich, 1265). Just sxactly up to what point
wors.oolony scunts are meandrgful (sse Wlodawes, 1963) ia something that
mst still by dotarmined, Good S100e8s ~- although requiring a relatirely
large expenditore in terms of #ork . sest to de indiceted bty slectron.
‘ oné: Preuster and Petras (
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Summery

i, Gelatin filters are considerably more suitable for air gern anclye
gos, generally speaking, than msmbran~ {ilters, This is buzed primarily on
their water solubility which mskes 1t pessible to producs any desired dilu.
tiong of the preparations,

2, The vitality of ricroorganisms, which are in a position to withe
stand longer stays in the atmosphers and come cut alive, is obviously not at
2ll impeired or reduced only very little due to drying and impect effects
during the MMltration process (filtration perio: 1gvostigatod up to 30 wine
utes, filtration speed up to at least 60 cm + sec™

3, Gelatin filter preparitions of such microorganisms can bs pre-

sarved dry for many days at room temperaturs, prior to laboratory evaluationm, -

without any essentiacl impairment in the quantitative aralysis,

4, 1In aerovsols produced by means of artificial atomdszsiion of Ba

subtilis var piger (Bac globigdi), it is possible to achieve ligher yi
with the help of the gelatin filter method then when we use tho AGI-0 im-
pingar and the impinger according to Bronn,

5. Cells of Serystis marcescens, which normally quickly lose thedr
reproduction capability in case of artificial stomisation, tclerate the file.

tration process and presarvation on dry gelatin fiiters rather poorly. Both -

88 aerosol components and on gelatin filter surfaces they remain intact re-
latively long, if they are atomized in thas presonce of certain substances
that protect them,

6. The sfficiency of ths gelatin filters currsntly meda by the Kem-
brane Filter Compa:y for asrosols of Bac subtilis var niger asde by stomi.
gation frem 0,85€ RaCl sglmon is betweon 99.90% and 99,954, at filtretion
speads of 1-12 cm » sec” In the filtration of aerosols with very high
moisture contents, the efficimcy of the filtsers can be rsduced due to the
enlergement of the pores,

7. The gelatir fllte. method makes ii pessible to separate the com-
ponents with a long survival rate from ths air microflors and to distinguish
them from aoccidsntally cocurring short-lived sccompanying organisms, At the
sane time the esploymant of the gelatin filter method 18 sdvissble wherever
optical ard elsctron-optical investigations are to be undartakes direstlr on
the 120lated air rerm material, In this respect it is nermlly sururior to
the impinger wathods, partioularly for the reascns mentioned wwder poinuts 3,

§, ard 6, above, and hecause of the fact that 4t ok~ alsc be ured iu cors.oe

tion with mims {swperatures,

This pro)sot was ourried out in cooperation with ths Gottiun Hemn
brane Fllter Company. ‘

Im.ummxmu. Director of the Institmts efmmhg,
mmm-mkuu.mxmtuwumumm
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