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Vlodavets# V, V,

Eksperimental'noya model' pytevol fasy
Ibkterial'nogo aerosolys

[Faperlmental model of a bacterial aerosol
in the dust phase]

Zhurnsl Mikroblologii Epidemiologli I
liinnobiologll 31(10) i 56-62. Oct. 1960.

(In Russian)

Since the close of the lost century a considerable number

of experimental works have been carried out in which artificial

bacterial aerosols in the drop phase were studied, yet there are

available only Isolated reports on experiments conducted with the

dust phase of bacterial aerosols. Moreover, methodology needed

for setting up standard serial experiments with beaterial dust

have not yet been developed at all*

Shtiben suggested inoculating ground chalk with the liquid

culture of the tubercle bicillus. Absorbent cotton was saturated

with this suspension, then dried, put In a bag and beaten out in

a small chamber in which susceptible animals were present. For

the purpose of obtaining artificially infected dust, Berovs Kouzov

and Semich inoculated cemient dust with a bacterial supension in

Tsentrel'nyi Institut Usovershenstvovaniya Vrachai [central
Isltitute tor Advanced Training of PhysiclansJ

Recaved at Editor's Offices Oct. I40 1958.
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:* distliled Water- Bacillus ubtiiim (SonnayS pelochks - bay becl-

-uLos plguontafry Gocc) and with the spores of mad4t.ungle but

Willisms and Lidiwoll Infected talcum vith the spores of jg

.ubJliIo Lapertiaents vith bacterial dust Infected': zby Staphylo-
'-s**oCnU vere oondducted by Spivak (citing Rechenskit)1p.but in this

S . .. .. ork methodoloory applicable to the preparation or bacterial dust

" Is mt Gited. Vadorks of the last century include thee femous ex.

--. --- perlsats ondu.Sted by [George) Cornet by mesans of bbeting rugs
,saturated with thoe sputum of tubersulosis patients ltn a room In

,bId guinea pigs* Were kept.

In a reoenttly published work by Vershigor It Ins pointed out

Vhat the dust PhSe or aerosol wa prepared by meanss of infect-

Ig" a lycopodlum of talcum or dust of slol with a attaphylococcal

suspension. It s*@&* to us that the use of a lycopoodium the

..*particles of whldfh have similar dimensions is the m ero Interest-

lag (method

The prosentt work is devoted to the creation ot'. - stable

,model of the duest phase of a bacterial aerosol In a static sete-

Sel Chamber for t1he purpose of Conducting various liwestiptionsI ~ ~ i Lamt realm of a air-borne inections.

Felted bluniskets from a boarding-house that had Lbeen in use

otr a long time soerved as a source of dust. Dust was extracted

from the blanket* with the old of s vacuum cleaner, It contained

a large quantitWY-ot luMPs, large particles of hairs mand fibers,

Aiming to obtaIxSIner and more uniform dust# it vWeO sifted twice
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through the standard *love nioe 100. (Begin p. 5?) According to

late obtained by burning the dust in a muffle furnace& 16.1/
Ig7.Is% of the weight comprised Inorganic and 52.6 - 53.9% organic

substances. The dust obtained from the blankets contained-alsoc considerable quantitr of mlcroorgenisms - the white and citrus-

yellow staphylococci (StaohYlococcui slbuas Sto. citreus- h_&o
aureuslo yellow sarchina (Sarcina luteal, gram-positive spore-

forming bacilli, actinoaycetes land].mold fungio In-additions

there was a preponderance of coccal flora in all samples.

Heist sterillsation of dust In an autoclave had to be re-

Jected because it led to the formation of moist and solid lumps

that were hard to pulveriseo Apart from this, after a mist stor-

illsation the dispersibility of the dust was considerably de-

creaseds To effect sterilitation the dust was spread in a thin

layer on the bottom of a Petri dish and exposed to the action of

a 150 - 1600 (C) temperature for 2 hours. The dust acquired a

brown shade that was darker as a result of the partial carboni-O

sation of the organic substances the quantity of which decreased

in the different portions of dust by 0.76 - 1,82%e In sterills-

Ing with dry heat there formed tiny, loose lumps of dust that

scattered when ground lightly in a mortar, Sterilisation at 160 -

170* (C) resulted in considerable carbonisation and# therefore*

it cannot be recommendede

We Inoculated the dust with a culture of the white staphy-

losocus which was Isolated from the sir. of a dwelling (strain
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v. 2ft). To infect 0.8-1 gm of dust we used the wsshinpsof a

^..-hour staphylococcal culture [taken] from 5-6 test tubes of a.

" lanted agpr, I.e. only 10-lP ml I;" the bacterial suspension.

"10he density of the bactcrial suspension that was deternined

"o ording to, bacterial standards equalled 40 to 50 billion bsc-

Se rial cells. per milliliter (the density of the bacterial suspen-

,.... .sion was determined by the dilution method)*

The obtained staphylococcal suspension was poured In a Petri

tlsh at the bottom of which was dispersed a thin layer of a batch

Linaveskal of dust (O.t*3- 9m) that had been sterilized and pulver-

I sed in a mortar. The dust and the bacterial suspension-were

S- " *xed thoroughly with'e glass rod, afterwhich the open (Petri)

I - EIsh was placed in an incubator a-t 37' [CI for 18-20 hours. Dur-

rag this time-period the liquid evaporated, but the bactcrial

-dst remained at the bottom of the dish in the form of a thick

Meyer. The dry dust was removed from the surface of the dish

vlth the aid of a scalpel. The dust oLtained usually contained

inmll end averpgo-size lumps of a fairly loose structure. hence

t1he whole portion of the dust was subjected to .slight crushing

Li a mortar.

It must be noted thrt In removing thIe dust from the a'etri

dlish with a scalpel as well as In crushing It in A mort.rp Its

-particles entered the air In considerable q-;&r.tlties and, for this

* m son, these operations should.be carried out in covered boxes

• tables (or benches].
C2
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Since dust is very hygroscopic -it was stored in an exisCca-

tor on a layer of dried calclum chloride. In different experi-

ments the moisture of dust that was dried In an incubator con-

prised 5.Ii - 702%9 yet after i-5 days of storage in an exsiccator

it was reduced to 2.3 - 2.7%,

For the purpose of creating a dust phase of bacterial aero-

solo dust inoculated with staphylococcus was dispersed in a sta-

tic aerosol chamber of a 250 liter capacity* A pulverflator the

outlet tube of which was introduced into the chamber through an

op4ning in a rubber plug was used for dust dispersion. The bac-

terial dust was weighed on analytical scales in the glass beaker

of the pulverflator. Dispersion was carried out with the aid of

an air current forced out by an air compressors or with the aid

of a rubber bulb. (resinovaya grushal.

As a result of the dispersion of the batch of bacterial dust

in the chamber, there was created a polydispersion bacterial aero-

sol in the dust phase; the site of the aerosol particles fluc-

tuated within a wide range - from I up to 100 and even P50 mu,

(Begin p. 561 With the fundamental mass being comprised of parti-

cles the size of 3 to 40 mu,

In conducting experiments with the dust phase of bacterial

aerosol in an experimental chamber, two samples of air (taken by

the sedimentation method) in dishes with meat-peptone agar were

-used in each experiment. Samples were extracted 10 and 20 minutes

Safter the dispersion and each dish was kept (in the chamber] 10
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amiutesa.st a time, No air samples were t~ken during the first

10 minutes following the dispersion# because the largest frac-

tions of bacterial dust settle during that times and the Inter-

mining of air in the chamber also takes place.

The sedimentation method used in aerosol chambers of the

static type produces convincing comparative results# yet at the

same time does not violate the dynamics of bacterial aerosol nor

the merial regime of the chambers ftich does occur when aspire-

ties methods are used to investigate bacterial aerosols.

Within the first 20-30 minutes after the dispersion there

* settled a considerable number of bacterial dust particles primaril)

on account of the mecro-disper-lon fraction of aerosol [grubodis-

parasol fraktsii aerotolyal. After this the concentration of

bacterial aerosol decreased considerably and an ever decreasing

quantity of bacterial dust particles settled in the Petri dishes*

Every time an experiment conducted with bacterial dust was

finisheds the air In the chamber was disinfected with the aid of

the bactericidal ultra-violet. lamp BLNolS, In table 1 Is shown

the influence exerted by the duration of the action of ultra-

violet rays upon the white staphylococcus during the dust phase

of a bacterial aerosol. Although a staphylococcus in the dust

phase is more resistant to the action of ultra-violet rays than

in the drop phase of aerosol (Rechmenskil)p a 3-4 minute exposure

Imenured reliable disinfection of the air In the chamber.

Caering manipulations within the chamber (uncovering and

o 

1.
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Covering of the'dishes), particles of settled bacterial dust rose

from the bottom of the chamber leadinng to c second infIItratIon

of the air. In order to prevent resus;,¢nsion and to fix settled

bacterial particles# a thin layer of vasellne.or vaseline oil

was *p•lled to the bottom of the chamber. Afttr conducting sew-

oral experiments, the bottom of the chamber wvs 4ontaminated by

settled dust* The chamber was cleaned with the aid of a cotton

tampon soaked in alcohol.

The dose of bacterial dust required for str~ndard experiments

was determined by weight* For this purpose several batches (of

5 0, 20* P0, 30 ani 50 mg) were weighed ot,t on analytic scales and

then dispersed in the chumbcr. Subsequently only two batches of

dust were tvken - 20 and 30 mg (Begin p. 59) wiich were more sui-

table for experimental purposes. When .5 or 10 mg were used a

considerable portion of the dust w%. retained in vw-rious parts of

the pulverflator, and dispersion of 50 mg clouded up the experl-

msntal chamber too much, "
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Table,

latluence of various exposures of the dust phase of bacterial aerosol
to ultra-violet reys

10 minute exposure 10 minute exposure

Expsur toul begun 10 minutes begun 20 minutes Humidity Tempers-
"violet lamp toualr- after dispersion after dispersion (in 9) tur-

OhmLobear o of Number of L% ot

colonies survival colonies survival

Control
dispersion.so. 1 520 100 .912 100 614 20.05

S '15 secons,...., 3214 21.3 -1514 16'8 63 210
30 a 126 8.2 114 12.5 63 216

,16 1, 513 65 210
0 66 21.5*

M .1ese] 16 ,1" 1205 0.7 65 21.50
Di 092 . .. ~ 5 0.5 66 21.50

In conducting serial experiments It Is necessary to take a

dose of bacterial dust that would insure the growth of 1500 to

3000 colonies of the white staphylococcus In a Petri dish contain-
Ing meat-peptone agar. When the number of colonies was larger,

calculation became more difficult# even though In air infection

a-mre us¶aorm distribution of bacteria has been noted on the

surface o, the nutrient medium. This permitted Shtern to recom-

; : mebd th" indicated rsthod for the purpose of uniform inoculation* I

Ot (Petri] dishes.

In order to establish the recurrence of the results* a series

of eXperlments was"conducted In which# after brief intervals of

tlme batches of the same portion of bacterial dust and of the

*am six* were dispersed in the chamber within one working day*
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Three series of experiments were conducted* with each series con-

/ isting of 5 individual experiments. Air samples were extracted

by the method of sedimentation immediately after the dispersion,

after 10 minutes and after 20 minutes. The dishes of each sample

were exposed for 10 minutes. We used the average number of colo-

"r nies as 100 and determined deviations from it. As a result of

the experiments conducted# it was established that the greatest

fluctuations in the number of colonies in one experimental series

did not exceed 15-M0% and the average deviation comprised Z&.5%.

Thus, fluctuations in the number of caught bacterial particles

vere somewhat higher then in the drop phase of bacterial aerosol

in which they did not exceed 10-13%o

These fluctuations depended on the following factors:

1) the degree of staphylococcal inoculation of dust which

in turn depended on the density of the bacterial suspension# the

amount of dust and Its mixing with the bacterial suspension;

2) on the homogeneity of the dust# on the presence of a

large or small number of lumps and on the macro-dispersion parti-

cles in the batch;

3) on the similarity of dispersion conditions;

t- ) on strict observance of the time when Petri dishes are

put in the chamber and when they are removed.

The above listed factors are of great importance in obtaining

identical results when bacterial dust is dispersed from the same

Ip
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The bacterial dust prepared by the method described can be

used In experiments only for a limited times because of the rapid

dying off of staphylococcus in artificially inocuirted dust. In

the first P-3 days the process .of dying off usually was Insigni-

ficantp but in the days that followed, as can be seen in t~ble 2,

bacteria were dying off In cons iderable numbers.
In most cases bacterial dust was fit for experlments for 5-6

days and only rarely for 7-10 days.

Table 2

Influence of storage duration upon the survival
of staphylococcus in tact-rripl dust

10 minute ex- 10 minute ex-
Duration of posure begun posure begun
storage 20 minutes 20 minutes

(in days) after after
dispersion dispersion

I P 0ol8 1 1.N
3 1 868 1 012
4 1 526 91g)
5 1 200 796
6 964 508 o
8 6P0 366
9 55P 300

For the purpose of obteininU convenient samples of bacterial

dust that Is suitable for serial exi',criments Land] could be used

for an extended time, we perfori;ed lyophllirztion of it. In so

doing# we proceeded from the :nsitoion t,7nt dryinu of a tscterial

culture (Begin p. 601 at low clr pressure after it hld L-een ra-

pidly frosen causes practically no disorder in its biological

properties and colloidal structure (Rect:uenskii. Suvorova and4t

S. .. . .° .... . ... ....
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others).

4A"ter the bacterial dust that had been prepared by the

method described above was dried in an incubator and ground in

a mortar# It was poured In sterillied ampules in 30 mg quantities

and exposed to lyophilic drying. Then a portion of the ampules

with the bacterial dust was stored at room temperature (15-20

CCI). another portion was kept at 376 and a third one at P-0,.

Bacterial dust that was not subjected to lyophilization and was

stored in an exsiccator at room temperature was used for the pur-

pose of control. Observations were conducted for a period of

35 days from the day the lyophilic dust was prepared, In table

3 are cited the results of experiments on the preservation of

the viability of the white staphylococcus in lyophilic dust under

conditions of different storage temperatures. Every figure in

.. table 3 is an average numerIcal indicator of the results of three

Individual experiments.

t !'

I

Ii
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Table 3

Influence of lyophilic dryin6 -nd of •eintenance under
different conditions upon the viability of staphyloco-

ccus In bacterial *:2ust

Duration 10 minute 10 minute
of Conditions exposure expouure

storage of storage begun begunfIn day 10 minutes 20 minutes
(Ia hrs, after after

hdispersion dispersion

I In ampules,..... 1 800 9144
Control......... P 140 1 156

5 Room temperature 1 608 b06
36-3r (C)..... 1 329 626
2-1 .......... 1 17P '7721

Control.......*, 1 102 5P6
10 Room temperature 1 1430 611

36-37° .......... 1 765 567
24&..:.*o** : 0: 1 4j30 6144Control .a. , o.. e 708 369

20 Room temperature 1 0514 62036-37°. .,,,,.., • . 0 14 534
2"4.. , .... ,. 1 P69 656

Control.......*. 5014 314P
35 Room tenpureture 541

36-37'*. ........ 402 170
-40.°,...1..... a 1 06? 661

Controle......." 391 131

Before the experiment vms set up the c-.pule was broken and

Its contents - bacterial dust - were poured into the beaker of a

pulverflator. It must be taken Into consideration thbst in brerk-

ing the ampule and in pouring out the dust invpsion or the PIr by

microorganisms is possible, TI.. danger of an Pir Invasion by

pathogenic bacteria and viruses wnile work is conducted with lyo-

philic cultures has been pointed out also. by Reitman end his fel-

()low workers*

One day [1.24 hrs] after lyophillzstion.the number of staphy-
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lococcal colonies grown in dishes was smaller when lyophilic dust

was dispersed then in the dispersion of dust serving as control.

Thies obviously, was due to retention of a portion of the dust

In the beaker when the batch was taken and when it was poured

Into the ampulcs# as well as on the walls of the ampule itself.

After 5 days of storage a sharp decrease in the number of

staphylococcal colonies was noted during the dispersion of the

control portion of the dust and some decrease In the number of

colonies when lyophilic dust was dispersed, besides, this process

was more pronounced in the experiment conducted with the portion

of dust stored at 370 (CI. The process of dying oft of staphy-

lococci increased slowly by the 10th day.

In the Interval between the 10th and 20th days almost no

dying off of staphylococci was observed in the portions of lyo-

philic dust. Only in the control portion stored in an exsiccator

at room temperature was observed a considerable decrease in the

number of colonies.

On the 20th day the process of staphylococcal dying was the

-- least pronounced in the samples of lyophilic dust stored at 2-140

(CIO mortality was somewhat higher in the portions of dust kept

at room temperature, and a more drastic process of dying was

observed at 37e. [Begin p. 611 A considerable decrease in the

nuimber of viable bacteria was noted also in control samples.

By the 35th day of storage further, considerable dying of

I ~ staphylococci occurred in lyophilic dust stored at 370# and$ in

L. _ _ _ _ _ __ _ _ _ _ _



.(U4.) Trans. V-1656

a lesser 0.agrees this process mianifested itself (also) at room

•* I temperature. Staphylococci were fairly well preservea at 2-V°

"In evaluating the results obtained, one can arrive at the

conclusion that bacterial dust dried by the lyophlligation nethod

end stored at ?-0& can be utilized In setting up experiments for

a period of 30-35 days. Lyophilic dust kept at 15-200 and at 370

can be used in experiments ror over 20 days. Bacterial dust

dried in an incubctor and not subjected to lyophilic drying Is

wuitable for experiments only 5-6 days and In rare cases 7-9 days.

The use of dust Inoculated with staphylococcus and dried by

the lyophilization method in setting up experiments with bacterial

aerosol In thu dust phase simplifies the work considerably and

offers the possibility of conductinU experiments with the same

portion of bacterial dust for a long time.

Conclusions

I. Miethodology for setting up experiments with bacterial

aerosol in the dust phase hue-been developed. For this purpose

storilized dust was infected with a dense suspension of the white

staphylococcus in a phyxiolorical solution and (then] dried. In

dispersing •O or 30 mg of bactericl dust In a chanbcr of a n50

liter capccity v fairly stri.le ocrosol was obtained, its presence

. could still be detected 6-8 hours. later.

".2. A shortcoming of the neLhod Is the rapid dying off of

the white staphylococcus in artificial ly Infected bacterial dust,

-A-
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as a result of which It Is no longer fit for use In experiments

at the expiration of 5-7 days or, more rarely, after,7-9 days.

3. When bacterial dust Is dried by the lyophilization

method# it can be used for experimental purposes for an extended

timse. In storing lyophilic dust at 2-4*144. it can remain fit

for serial experiments over 35 days, and when maintained at room

temperature or at 370 - over P0 days.
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