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The study of bacterial conhtamination of
the alr in industrial areas, hospitals, and

dwellings is taking on ever greater signifi-
cance.

The significance of bacterial seeding
of the air in such industries as the pro-
ductlon of antiblotles and other biologicals,
the production of serum and vaccines, the '
- food industry, etc., frequently has a.
" deelsive Influence on the operation of
. these establishments. No less important is
the determination of bacterial contamination
- in living areas, children's institutions, and
~ - hospitals with respect to sanitatlon and '
. hygiene characteristics of the ape“atian of
“such institutions.

- -Study of bacterial contaminatien of air
“is particularly important fromn the point of
view of rational development of measures to e
uambat and prevent infections spread by droplets
- in the air. This work presents information on
the present state-of-thée-art in sanitation
' hacterialagfcal'studv of the air.

The materials presented cast fairly
detalled 1ight on both the basic luws '
characterizing bacterial aerosols and on the -
‘methods of studying the-alr. Praetical
- pécommendations are presentad with ccnsider-
ation of application of these methods and

- equipment in practice by sanitat_cn bacterie»
‘og,cal labarabaries.

- Fﬂrgbm_’e,b"_ag.i_?ﬁ - - iw-




The book 1is intended for scientific
workers and other medical specialists in
preventive medieine, veterinary sc¢lence, and
blology working in the field of combatting
and preventing alrborne infections (sanitation

: E bacteriology, epidemiology, specialists in
. - - Infectious diseases).

A A : The book 1s illustrated by 49 figures i
. and 14 tables. .




FOREWORD

At the present time the problem of blological and, primarily,
sanitationébacteriologica; contamination »f the alr in the open
“atmosphere and also in buildings with various functions is the
object of broad study both In various fields of biology (aera—
"biclogy) and medicine and alse in many branches'of industry
Knowledge about the nature of the formation and behavior of
bacterial aerosals ls necessary first of all fop workers in gﬁgu
ventive medicine studying questions of the prapa:atloa of
" gausative agents cflcertain infeetieus,diseaéés thraugh the.air"
and alsa'snudyihg.rautes-sf'tﬁaﬂsmissieﬁ'af‘iatﬂahespital infecw
tions. The systematic study of bacterial contamination of the
gir in industry is 6? major signiflcance, since the conditions
- of productien tecknology. requive a definite degree of 5ter11*%?

of the air ¢production of biaisbicals, the frod, daxry, and deat

‘fnﬁuzzyies snd otbev branches of industry).

Maturally, quantitative ard qualitative characteristics of
"biologleal contanination™ of the air both fndoors aad out ocan
"be adequately studled only through Bhe use of ef“ective =methods
£ dete-tiug aer 7‘partie§es con&&ihing'b&*tefﬂa* and virel

;e;ls. Devei?grent of such mathods nﬂu .ﬁstrugents and zlsc thelir

4effec&iﬁé-practieaa.épg;itaaian can be realized only with adeguate
Kngwiedes in ah? fleld of 2 ~hys: ezl and blologicsl laws governing
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tha behavior of alr~dispersed’ system; 1n general and- of bacter‘al

aerosols in ‘particular. Therefore, in this book the authors

have considered it necossary first of all to outline. briefly
‘ﬁhe~avaiiabie infbrmation on the laws wﬁich characterize the
physicochemical properties of aeroscls.

In connection with the fact that measures for quantitative
evaluation of bacterial contamination of the air in the sanitation
field are based mainly on the physical principles for determining'
panticulate.coneentration of aerosols of an inorganic nature,

the book gives a brief description-of'theSe research methods.

The book prasents in greatest detall data from Soviet and '
foreign sclence on contemporary methods of studying the sanitation
bacterial contamination of the alr (blological aerosols): & -
systemauized survey of apparatus is presented in accordance with
a proposed classification of Instruments and bacterial traps;
practical recomnendations are presented on the possibility and
‘advisability of using one or another method to study bacterisl

égntam,nat L on o? the air, depending upon the siated goals and
th@ brub‘ems. - '

?hé authors de nhot p;etaad ta.a complete éesevigkion of ail
. exis ting varieties of bacterial traps and inatrumentation, and
therefore mejor attention iz paid in the book to outlining the
. principles undeéﬁf;ng-théTﬁgabatiaa of the variocus lnstrusents.

For e et e e s i e sl
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CHAPTER I o '

BACTERIAL AEROSOLS AND THEIR

SANITATION AND EPIDEMIQLOGICAL
SIGNIFICANC:

1. QGeneral Concepts on Aerosols

Intensive investigation of aeroscls (air dispersed systems)
presently occurring 1s explained by the enormous importance of
knowiedge ahout alr-dispersed systems for research in many pro--
cesses occurring in nature, sclence, englneering, agriculture,

and mecicine, and with particular reference to the study of
bacterial aercsols.

The study of bacterial aercsols is of great theoretical
and practical significance in connection with the broad distribu-

tion of alrborne droplet infections, possitle bacterlal contamina- -

tion oi the air in varlous establishments and Iin stock-breeding
farms, the use of aerosols in therapeutic and prophylactic
medicine and also in sanitation and hyglene practice during

development of qualitaSive and quantitative methods ot evaluating
‘bacterlal seeding of the air.

"The term aerosols 1s applled to dispersed systems with a
~gaséous medlum and a solid or liquid dispersed phase. Under
- natural and production conditions aerosols are obtalned during

"1processes of dispersion and condensation (sublimation and
3COaQulat10n)f- '

FTD=MT=24=4937~73 ' 1




The dispersion method is used to obtaln aevosols with fine. =~ °
-'crushing and atomlzation of solid or liquid bodies, thelr con- >
version into the suspended staté by alr fiows and by vibﬁatioh;.
and‘also during mixing and pouring of fluids,‘with-pasbage of -
a gas through a liguid, etec. Thus, extremely fine'suspensions
- .of aerosols (fogs) are formed at points of:impactAof‘waterfalls

. or during powerful ocean surf action. | ‘

At present no single widely accepted classification of .
“aerosols exists. As 1s known, aerosol particle sizes fall in
very wide limits - from a few milllimeters (snowflakes, raindrops)
down to 1077 cm (0.001 um). Such a broad range of varlation

in aerosol particle size has led to the need to break zerosols
down with respect to degree of dispersion into coarsely dispersed
(with radius greater than 10’“ cm} and highly dispersed, with
radii below 107" em (N. A. Fuks, 1955). '

Depending on the-de.. .¢ of uniformity with respect to degree
of dispersion, aerosols are broken dqwn into monodispersed and
polydispersed systems. ' '

One of the most wldely used classifications of aerosols
with respect to dimensions is that proposed by V. Gibbs#* (1930),
according to which the following classes are distinguished.

‘1. Dust. Particle dlameter exoeeds‘lofs cmy, i.e., 10 um,
Such particles settle out of unmoving air with increasing speed;
they are not diffused. ' ' o :

2, Clouds or fogs. Particle:diametef varies from 1073 to
10"5’cm, i.e., from 10 to 0.1 um. Such particles settle out of.

—

¥Transliterated in Russian; exact spelling not found -
Tpanslator. ‘ '
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-unmoving alr at a constant rate, depending on size and specific.
-gnayity (aqcordinglto;Stokes'law}; the particles diffuse weakly.

3. Smokes. Particles are l'i’)"5 to J.O"7 cm in size, 1l.e.,
0.1 to"0.00I um. These particles, which approach molecules in

' slze, are in intensive Brownian motion. They diffuse gqulte

energetically and they either virtually do not settle out of
unmoving air or settle .out very slowly. T

While retaining the name "dust" for the first form of the

" given classification of aerosols, for a coarse suspension, Yu. I.

Veytser and G. .P. Luchinskiy (1947) combine the last two forms
of aerosols, representing true colloidal systems, under the
general name “"smokes."

They propose that a subsequent dlvision within the area of

true colloidal~chemical systems be based on the aggregate state,

and they apply the name "smokes" to zerosols with a solid
dispersed phase, while aerosols with liquid particles are called
fogs. ‘ '

A. G. Amelin (1961) also subdivides aerosols in-terms‘of the
form of dispersed phase and indicates that aerosols whose digpersed
rhase consists of liquid droplets are called fogs, while in the -

~case of a solid dispersed phase the term smokes is applied.

erystalline particles or aggregates of varlous shape..

Separating aerosols wlth respect to degree of dispérsion, this
author indicates that "dispersion of the Majority of aerosols

is substantially lower <han that in colloidal systems and 1s

close to the dispersicn of the emulsions and suspensions; therefore
it is more correct to call aerosols aerosusp ‘nsions (smckes and
dust) and aeroemulsions (fog)." 1In fogs the particles take the
form of spherical droplets, while in smokes and dusts they are -

FID~-MT~24-497-73 3




b b o

:Npting the rather vague nature of the ordinary classifications .
‘of aeroGlspersed systems, R. Whitlow-Grey and H. Patterson (1934)
includa in the category of smokes all aerosols which'consist‘
of particles which settle out~s;owly.under the action of gr&vity.

¢ : From the epidemiological and eplzootological point of view
ig - major importance attaches to the classificatlion of aerosol ‘

'§A ~ pavticles in size, in connection with.their differing ability to
' 7 penetrate more or !ess deeply into the respiratory tract and to
o ‘be retained there. In this connection dust is broken down into
;{ o "partiéles with sizes greater than 50 um, particles of-50 down to
? 10 um, and particles smaller than 10 um. ‘

This clessification 1s based on the fact that particles

larger than 50 um in size are retained in the upper portions of

" the respiratory tract (nose, nasor’.arynx, trachea, large bronchi),
"Although they penetrate deeper into the respiratory tract, '
particles'of~10 to 50 um size reach the lung tissue in very Smali-
quantities; finally, fine dusts less than 10 um in size can
penetrate into the deepest branches of the lungs - the bronchioles
and alveoll - and represent the greavest danger tc the organlsm
(Table 1) (A. I. Burshteyn, 1934). ' :

Classifications of aerosols preposed by different authors
are compsred in Table 2.

~ Besides the common but not yet established classifications .~
of aerosols there are a number »f special classifications - fonr |
example, classificatlon by the sbllity of aerosols to penetrate .
" the respiratory tract and lungs, the Atterberg s=caie, etec. -
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1“Tab1e 1. Classification of aerosol particles with respect to

'size as a function of ability to penetrate and be retained in

the respiratory tract (afte~ A, I. Burshteyn, 1934).

2]

Particle size -Ability of partlicles to-penetrate and be
(um) retained in areas of the respiratory tract
Less than 0.2 . Reach the lungs and are retained in them
From 0.2 to 5 Easily carried to the lungs
Over 5 to 10 | - .Can enter lungs but are rarelylfound in
i ) ’ them - T -
: Over 10;%0 50. Usually do not reach the lungs; retalned
’ in the upper respiratory areas and in
bronchi, are gradually carried out
Over 50 - Do not reach the lungs; retalned in
upper resplratory areas, easlly expelled

The 1liquid or sclid substance which comprises the dispersed
phase of the aerosnl possecses a number of properties which are
nat inherent to it in the nondispersedAstate or which occur then
to a much less sharply expressed degree. This is true of both

physlcal and physiccchemical properties of the substances.

The peculiarities of substances making up the dispersed

pvhase of aeroscls are brought about malnly by the great differences

tn densities of the dispersed phase and the dispersion medium
and alsc by the low viscoslity of the latter. These factors exert

‘an essential Influence on the basic characteristics of an aerosol

‘degree of dispersion and concentration),

_ Kll,aerosol«systems are more or less unstable. The degree
of stabllity 1s dependent mainly_on.particular featuves'inherent'

_tn the aer¢sol systems themselves. Under natural condltions

the stabllity of sjétems'is influenced largely by a number of

“factors extérnal to the system - for example, the state of the -

"atmdsphere;andAthe nature and veli&rldf'the terrain,

5
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The stabllity of ae"osoi‘cystems also depends on conditlons ;ﬁu
which characterize the physinal state of the dispersed system:
degree ot dispersion, partlicle and we‘ght concentration of the
dispersed ohase, the shape, density, and struecture of the dis- ,
persed particles, temperature, pressure, and the electrical state ;y" .
of the gsysten. '

The basic processes which determine the state of dispersed " .‘ﬂ,
systems are sedlmentation, diffusion, coagulation, and condensation, . ’

- Sedimentation is the’process by‘which.particles-settle out
under the influence of gravity. The rate of settling of aerosol
 :particles in an unmoving medium 1s determined basically by particle
~* ‘dimensions. In addition, the rate of sedimentation depends on the -
| derisity of “he dispersed phase, the density and viscosity of the.
medium; the shape of the pérticles (spherical and nonspherical), )
-the magnitude of the'electricalncharge of the particles, and other .
factors. The {undamental equation for determining sedimentatlon
“rate is the Stokes formula (1911) (cited by K.lspurny et al., 196H),_*
derived for conditions of ssttling of solidvépherical bodies
in a'liquid under the aSsumption that with‘a particle size leSS'
than 100 “un the alr which is the d*spersion medium can be regarded
as a viocouo fluid. : : : o

The Stokes formula has the form .

y,r—::-azfr—v_o o aa

“where g is the accelepatinn of" @rafi*v in eentimeter*’
ey saconc. e ;s the uansity of particies in ?rams per ﬂubic

1_.,ent?w~tﬂx, oy Lu the d=nsity af the mediun in hrams per cubic . Lol
i;ﬂ*ﬁf!we*er r s th» raotus of. the particle in ~en*imvters~' o A’ E
n ts the wircostry of the medium i grams per cm per second; .. .

- *vﬁﬁ v 13 tne rate of unifovm settling in ;ent meters per qecond‘-'




e e
, . .

e *:The obtained equation is valld under the following assumptions"‘
the chepe of the falling particle is spherical the medium in
which the fall occurs is uniform or, move aceurately, includes
fnhomogeneities which are small as compared with'the dimensions
~of the spherical particle; there is nc sliding of particles over
the surface of the medium and the rate of travel of a spherical
,Tparticle is so small at the total resistance to movement occurs
-not because of Inertia of the medium but only as a result of
'7friution; the movement of a particle: is Qteaav - i.e., the rate:A
* fall is conatant- the settling partic] 1s solid. :

The 3tckes formula nakss it possible o calculate the rate
of depositlion of partiolea vhose degree of dispersion lies in a
uarruw-interval. houever, by the intrcduction of appropriate:
corrections or by yielding somewhat in terms of accuracy this
formula can be*applied‘to calculate the rate of'depcsitioh for
carticles with a radius varyingﬂfrom 0.1 up to 50 um (N. A,
~ Fuks, 1955). V. Fett {1961) indicates that the Stokes formula -
can be us“d to calcula“e the :ate'or'depositioﬁ for particles’
with o ra&ius of 171077 2.5'1f"u. ‘The values cf the corrections
< %o the Stokes formula are, as a rule not great. In pavticular, = .
- the- uovreﬂtion during calculat*on of tke rate of deposition of
;a$tgclesAwhish are. liguid rather than: so]id (watev fogs) in air
amounts to 0.7%, while that. f0r'0i¢_fogg 1g merely hundre&ths or: T :
o hhﬁuSQndtha or a pc“cenﬁ.: In -view af the tact that the Jenvi?y of  ;_5_ ?w'fi
o f:lﬁip foy = 1.293° 10 =3 5/cm3) is & small uuantit} as comﬁar«d to- “_: o o
- fgpﬁrt*cle ;ens’ty (5 . 1 é!cm ), it can be ignoreﬁ.i_ N o D

R .bﬂgv ?hﬁ 3% OE‘«“.: fOl m(l..t hila. ta'a ‘3213 f‘ox‘m,
- V. ‘z‘i::*‘?"“‘ S ] - . (1,2

ST Hers 43 an cxamp;é sa cal eulnting de"ab tion rate af partic Tos -
' ;L%hé *teyes formela: . let 1% be requived tc caleu iste the rate . _
: ﬁs ~ettlinh ‘n sy of ga tirles S un in &iamete" (r - 3.5"0'3 ;,: o
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f;f tacceleratian of gravity g = 980 cm/s..,

};From the conditions .of the problem we have the followingll densityj“fg;

=5

of particles o = 1 g/cm s viscosity of alr n = 18 3 10_“~g/cm s,

Substituting these values into the Stokes - formula, we-

obtain Co o ' v T _ﬁggi;ffﬁé;"

: V“ - % . ‘2"5__:‘!0_4‘): . m.,.ro.s. .‘930 =75 cm/ S.

. Consequently, the rate of settling for particles 50 um in -

. diameter comprises 7.5 cm/s.l-_i'*

Cunningham (1910) introduced'a'borrection into the Stokes =

;",formula which considers molecular discontinuity of the air. In
' the literature this correction is frequently called the
-Cunningham correction, and the formula is called the Cunningham~

Stokes formula.- It has the following form

| ,y.-'a o u,ms.)(i rad ) Al (13)

where A is the Cunningham constant ‘whose val&e equ&ls 1 246, 5A“--'
A is the tentative mean free path of a-moleea’e of air
(o 653:10° -2 cm). e | e

The Eunninmhan fornhla 23 true oaly at small values o: the

i ’flonant ty Mr and, &s a rule, is used to calculate the settliag
'Tﬁj*rate for. pa;ti*’ee Hhﬂoe Tadivs is about. ¢. Gb«l& um.'*

w1th an increaae in the stze’ ol the set ling particles the

f“,_quantitv &(A’r\ gees to oero and- 1n this case fofmul& {luS)“i51 jtﬁfiifff:
L uonverted into tha S okes formula {1 l). o SR

3'“aiue“ of *ettlin§~rate for pasticles”as*taiéulat967§3fthé‘

_ tokes .oﬁmkla iie below the values of the rates calculated by

i

St . P .. .v I .
A Y O RPN Caetgrt, fae g n e L,
A A lidass U stesthhin?. Mrsu Tl a0
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'l?fthe bunningham~$tokes formula, with the aifference being lu6$ for L
,  7part1c1es 0.1 pni in radius, 15% for 1 um rading particles, and
'1jfl 5% for. particles with a.radius of 10 wm. - -

To give a clear picture of the - applicat¢on of the Cunningham»;v
Stckes formuld we will present an example of calculating the. rate.
of sentling far narticles with a P&di“u of 1 10 cm.v '

: 2 - R . ] | |
Femde 0o S .

'£%%$; Q&Swﬂ&_,"

L Consequently, the settllng raoe for particTes 2 um in I
”Hdiameter comprisea 2. 013 gm/s. : e

N The 8unningham~$tokes formula found. broad application fo“
'ﬂ, -ldetnrmining dimensions of narticles by a method based. on
T4 detavmining the sedimentation rate of the §$ *vicles in an.u;tras

_ M. A, Puke and A. G. Sutngin (l?ﬁ}} apgiééﬁgﬁgig1§§rm&§a_fcr:,i;]-

tpart#cwes with imguﬁlqna of sbout %4pm;;, L T e
; ‘The rate of aattliag for &3“‘&@1&% of- nansyhafisai v Ly
alﬁa “xpressed tﬁrﬂmgh the Stokes fs?mula, aiﬁh nnma“ical ca* _

' efficients deperdent upon the particle shape belng introduced

.;f.iﬁte the &%??E&&‘ﬁﬁq -Ex gérinﬁﬁaai and theoretical worke in )
‘uetefw-niﬁg the ﬁﬁtﬁling rate for nonsp herical Q&rticles ae*e
atiaﬁineﬂ’aﬁ detatl ane znepalized hw M, A ?g LI §%Sg i?n-}

. Parels 85 than 2.L1oum ,g,ﬁ &,-3%e§&§téé'ﬁﬁ ﬁ&%&ﬁi”ﬂﬁﬁ”‘>
_”iﬁgééts ﬁﬁ'gas‘ﬁé cw e¥, asttmpliah éisarﬁer*g &raaai&n m&%icﬁ,

“tn this oase. they settle out vary ﬁkfﬁ;g §§arziele redivs Ggiw "
L0L8Y g} @?'ﬂa~nst setile At sl 1Y, Bud insﬁéa taka part in the
 maleculer motlon of *hﬁ g8 (ﬁ&ﬂzicﬁe r&a‘Qs .t‘ s ent 13%3}_;-2“
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Thus, aiffusion should be regardeu as a phenomenon caused by
:Brownian motion and reduced to the fact that highly dispersed.
. particles of an aeroscl strive to acuieve uniform distributicn
- in spaue.A Gravitatiunal forces prevent such a_afstribution.'

The degree of dispersion of aerosol particles 1s a labile |
guantity. - Under the influence of the most widely varied causative
factors, with the passage of time an aercsol becomes pelydisperaed,
‘this leads to mowe rapid sedimentation of enlarging particles
-and to destructior of the aérosol system. Especially rapld
_,‘aggrogation of parficles is reuorded in highly dispersed aerosels
TC“in the- initial.pﬂrioﬁ of their appearanceg C ‘

_ The process of‘adheéion'or accumulation of - aeroscl particles
f_ during ‘collisions with one another, called caagulatian, occuPrs
-~ as a rule due to %Brownlan motion of particles or thanks to the

L superpesitiaﬂ ar. the Brownian motion -of ordered motion of particles .
.tauara one another under tne «vt*on of various ferceg (gravi ational,
. oeles tr‘cal, enc.:. ' ‘

A ﬁﬁear' of ¢ “hé thermal coagulation of aerusels with
ricsé particlea was developed by M. V. Smolukhavskiy {1938}, -
ng development of the theory of coaguistion of &5‘ Qéisper;eﬁ
a&; the raet taae ;oaku&st*oq of pavtz les acnuvs at each
Lig iﬁﬁ “é*@aan then uas taken the ini*iai assump&*aﬂ.

l’J

| ﬁg’ﬁ; ?&ks,iﬁdiéages‘trat thls musumpilion ﬁ%§§'a 30114
'ﬁﬁeeﬁatical aaa EE??*‘.éﬁias aas s“ €:sr psrﬁiaias g.3-1 = in

-?hé1 3 ﬁz&t“equér un @? ssabalaticn 1% differential
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© kn tmerval form, o SRS
g =~ A (1 53

‘1.'where R is the inifial »oncentracion of particles, nis the
';napticle concentration after time't; Ky -1s the coagulation. B
*constant expregsed by the FormuLa~ the- QJantit; KO = BwrkTB or,
-7pr0ceedin« on. the baais of .he Cunningham rormuaa foy mcbilityA.j‘

-» »: §§ 4&£{£ﬁ-4-} i

1H,where R 1s the B@itzmann cenctant equalzng 1. 3& 13 5 eﬁsﬁdégfl;-f-""ﬁ
’ 1T is the’ abso»ute temperapure (T = = 273 + t°) : R

' In che case when the weighﬁ eoncentrcticn Q (g/cmg}, raaius
- p lom) and density o (g!cm } are known for the particles of a
- mencdispersnﬁ aeroscl, the part*cle concertraﬁ‘en na {cm3‘ can
" be desermfueé by tbe fevmu1a {Ye. 2. Nednikw9 1963)‘
. S f o S Q:&a ' : . o R S
N - . S Ry s ='0L2i- 10~ 2, -

Tpe éegree of ;@wwying af sa?tiule cancewsra&ian for an
"&erasal due te cosgulation ¢an be seca an the fclleuxﬁh examnle.
we will assune that at a temperabure of 20° {T = 293 3*) & waight
eaneentrat;sn of 3 morodisperscd aerossl of 10 g!ms is eraazea‘

™e ra ﬁ*us af she . particles is ”’lﬂ -3 om and the één&!fv is _
. ;,&ieas. -Q@:eﬁmine Lhe change in. yar*i&la Cﬁnbentﬁatién of tﬁé ‘
zerosal after-k&_an&il@é E?Géﬁds.

The following §aﬂzieie ceﬁﬁe&tratisp Nsrressénda to &
meigﬂs caucentrat*an G? 18 gs (pes,fergala L. 6}

[ .
-
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o B‘orthe glven conditions ";t,_he_ eaagulat;ien ceﬂa.ﬁ&nb 'wil,_lj'be_'f .

e §01,38:10-1.198 0,6.:345“‘
K= S3pmm (v L6253 )

: g-ﬁ;«gz.w* g,:_nB/s. |

" Particle congenty rations are as i‘ollews._
after m seconds

: 3.1 '
o= -3.
Mo = |~=0.u~ G~5.3, w*- i =i- i(}“ "“

~‘after 100 seconds
: —n o e H -‘
Mo TTTOE m-ws.lw iw "'2 10% cu

Aseum,.ng that the part:zcles of the aarosol ave zmii‘ermly )
" distributed in a unit volume it is pa.:sible to determineg the -
radius -of the aerosol particles after their adhesion to one

) anot:hpr, considering that the aerasel remalins manodispemed m |

. the course of coagulation (Ye. .?. téedniksv 1963)

. ,k«??“'f.%;.' (1.7
I cur 2¥& r’zme e.\.i‘ter 180 sece*&ds ’he s*aé.iua e: the
"p,a:f‘:zi les. wiil equal .

50*‘} 'i..;f -~5 {1}" i,

| . The yate af
by various Pactors: the é*‘g"’éé ef dispersion-of the phase,

%ne ﬁ'egrea 2t vnlforsity o £ the ;}u"iczés, and the .;%sage &nd-.
electriesl state of the pertis zss;
shich

| shape ‘ang size of the

ar the anumerated factors

-Other condisions being =nusl, the kigher th

LEYS

coagulates sore slowly, the more unifors it is - i.e., the

b
B 54

-c@agaia%iem n? aer_@sal ;*;amic;@:s i inﬁu&meﬁ

Seternine the coagulatlon rste the most important ave the

: particies znd the degree of thetr uniformity
the degree of Alzpersion
of the partlicles the more rapidly coapulatisn will oecur. Smoke
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closer it:approximates an lsodispersed system. Smokes which ‘
possess a-clearly expressed polydispersed nature coagulate’ ' ) j’ji“g
rapidly, with the larger particles serving, as it were, as centapsﬂf ' ’
of coagulation for the smaller ones. - ’

Coagulatior of particies of nonspherical shape occurs more
rapidly thau that of spherical particles. An electrical charge
of identical sign hinders coagulation of the particles; however,
in many cases induction forces can convert repulsion between the
particles intc attraction. A charge of different sign on the
particles facilitates coagulation. A moderate bipolar charge

has no influence on coagulation rate and intensive charging of
an aerosol is the only factor which can somewhat lower its
stablility.

The stability of aerosol systems whose dispersed phase
consists of liquid droplets depends on evaporation and condensa-
tion. The content nf vapors of the substances of the dispersed
phase in the dispersion medium corresponds to the pregssure of
tiiese vapors at the given values of temperature and pressure.

A5 N

In an azrosol cioud of constant volume a state of mobille
equilibrium fs very qulckly established between the dispersed

TP PPNy

pnase and the dilspersion meaium; this, however, is disturbed
with a change in temperr.ure and pressure - for practical purposes,
mainly with a change in temperature. An increase in temperature

causes evaporation, while a lowering of femperature leds to

A S T e A gy

condensation. The stability of the aerosol system 1is also
influenced by the size and shape of the particles. With a
reductlon in particle size the vapor pressure on the surface of
the particles grows; the vapor pressure 1s grzater on a convex
surface and lower on 2 concave surface than on a flat one.

o vgrntA ST L g st e

In connection with th~ fact that the vapor pressure on the
~surface of small particles exceeds that of the dlspersion medium,

ey, g . L
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 processes of evaporatiou'from'the”surface of small particles
. predominate- over processes- of condensation; thils causes a reduction
in the size of the smail particles. With respect to large.
.particles the reverse is true. In connection with the fact that
the vapor pressure on the surface of such particles remains stable,
'hot exceeding the average vapor pressure of the dilspersed phase,.
‘processes of evaporation from the surfaces of such [large]
particles lag behind condensation processes in magnitude; this
results in the large partlcles becoming even larger. The
described phenomenon of growth in a polydispersed system of large
particles due to the reduction in the size of the small ones is
called isothermlic distillation. 1In the end all of the small

particles are evaporated and *he enlarged particles precipitate
out into a deposit. ‘

Under natural conditions the evaporation of droplets of
‘water can be retarded, since air will frequently contain vapors
of various organic substances whose moleéules, being absorbed
onto the water droplets, create an extremely thin film which is
impermeable to the vapors. Such a phenomenon is noted in the
presence of proteiln substances.

All of the aerssol properties examined above (sedimentation,
coagulation, evapcoration) are of great theoretical and practical
significance for investigation of systems of bacterlial aerosols.
However, the physiochemical and colloldal properties of aerosols
and methods of studying them cannot be mechanically transferred
over to bacterial aerosols. Study of the physical and physico-
chemical properties of aerosols must be carried out with con-
sideration of thelr biologlcal peculiarities.

~

2., Bacterial Aerosols

Bacterial ae+-osols 1s the term applied to aerodispersed
systems in which .he dispersed phase 15 made up of microorganisms

16

et g RS AL S T N
L AN N

k b LR




N TR s e

-susperded in‘air, either existing independently or located in-
droplets of\moisture and on flecks of dust.

Thus bacterial aercsols consist of a combination of either
'a gaseous medium and a solld phase ("droplet nuclei," bacteria
and dust) or a gaseous medium and a liquid phase (bacterial
drops). Bacterial aerosols make up a system whose behavior
is determined by both physical and biologlical laws. The behavior
of the aerosol as a physical system depends primarily on the
size of its particles and the kinetics of the gas phase.

"Bacterial aerosols are subject to the fundamental laws
inherent to aerosols proper, making up a colloidal system which
" possess biologlcal properties and in which the dispersed phase
is living material - a bacterial cell or the liquid and solicd
substances with which these cells are connected - and a dispersion
medium ~ air,

Bacterial aerosols can both be formed under natural condi-
tions and can be prepared artificially. Dispersion of dust or
liquid containing bacteria gives rise to natural bacterial
aerosols. If a liquid bacterial culture is atomized,bacterlal
fogs will be formed; in the case of a dry culture the product
is bacterlal dusts. With respect to the mechanism of formation,
bacterial aerosols will always be of the dispersion type.

Dispersion can occur due to high speed of air flows or by
breaking up of liquids into droplets.

Natural bacterial aerosols arise indoors and in the open
atmosphere due to physiological acts of humans (sneezing,
coughing) and animals (snorting) and also under conditions
connected with events which ralse infected dust into the alr.

17




Artificial bascterial aercsols are formed as a result of
dispersion of bacterial" emulsions or. bacterial dust.

Natural and artificial bacterial aerosols can be found in
different phases: a drop phase, a phase of desslcated dehydrated
.bacterial drops - the drop-nucleus phase - and in a dust phase.
The drop phase consists of bacterial cells surrounded by a water-
'salt shell; protein, mucin, and other substances can enter the |
cell. The outer shell is subjectedvto rapid evaporation, leading
the drop phase to lose its propsrties. The bacterial drops are
converted into the phase of dried bacterial drops - "nucleoli." _
" "Nucleoli" may be present in structures which consist of S
bacterial cells stripped of the layer of free water but retalning
absorbed water, along with che.lcally bound water on the surface
and free water inside the cell. Dry salt, proteln, and other
substances present in the cell prior to evaporation of the water
may be found on the surface of the bacterial cells. In the phase
of dry bacterial drops the perticles have the smallest size;
they are easily moved by alr currents and remain in the air for a
long period.

Consequently, the phease of dry bacterial drops is the moét
stable of the three phases in terms of colloldal and chemical
properties. Subsequently the bacterial narticles in the phasg
of dried bacterial drops are deposited on particles of dust in
the air or on the floor or furniture. Bacterial dust is easily
dispersed by even very small air currents. The time during
which the dust phase of a bacterial aerosol remains in the air
is dependent upon the size of the dust particles.

Farticle size 1in bacterlal aerosols varies in a wide range -~
from 1 mm down to 0.0l um. A change in the slze of aerosol
particles due to one factor or another 1is accompanied by a
quancitative change in the properties of the aerosol. The
lewer boundary of dimensions of bacterial aerosols may lie

18
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) within the limits of these dimensions of the bacterial cell.
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A further reductlion in thelr size 1s limited both by the size of
the bacterial cell and by the possibility of disintegration

. .of suspensions and powders.

A double method of propagation of bacterial drops by alr
has been established. The so-called dynamic projection of drops
in air occurs through kinetic energy obtalned by the drops at the
moment of ejection during a spasm of the muscles of the respiratory
tract (acts of sneezing, coughing, etc.). During sneezing and :
coughing the maximum velocity of the alr flow in the bronchi %
can reach 300 m/s. According to data from Duquid (1946), while :

“the initial velocity of a jet of alr in loud conversation amounts

to 16 m/s and that during sneezing is 46 m/s, during a cough it
exceeds 100 m/s. Along with horizontal motion of the droplets
they are shifted rapidly downward by the force of gravity. The
distance of dynamlc projection depends on the size of the drops
and thelr initial velocity. It has been established that with

an initial veloclity of 46 m/s the radius of propagation comprises
11 meters for l-mm drops and 1.1 m for drops 0.1 mm in diameter;
a radius for 0.01 mm droplets is 0.13 m. Under favorable condltions
and with an initial velocity of 46 m/s the radius of scattering
for l-mm drops can reach 45 meters. Consequently, drops of large
dimensions can be scattered over great distances during dynamic
projection, ' '

Another method of propagation of bacterial droplzsts is theip
transfer by a flow of alr. The finest droplets, 0.1 mm and less
in diameter, and also dréple;s possessing "1ntrinsic”*k1net1c»
energy can be spread by this method. '

A number of authers present data which indicate extremely
significant bacterial contaminaticn of the air directly by
acts of sneezing, coughing, etc. In the case of a vigorous

. gheeze up to 40,000 droplets containing‘bacteria,'mainly from .

19




.. the ™nasopharyngeal microorganism" group, can be detected in air

(Jennison, 1941; Bourdillion, 1948; 8. S. Rechmenskiy, 1951).
Droplet size varies from 1 to 1000 pm and more, with 2/3 of

the droplets having dimensions of less than 100 um (Mitman, 1935,
Jennison, 1942; Duquid, 1946; Wells, 1955).

The French investigator Trillat (1938) found droplets 1 um
in size. These droplets are similar in properties to inorganic
aerosols found in the alr.

A smaller quantity of droplets is liberated during a cough;
their size varies within the limits 1-2000 pum, with the size of
droplets in the main mass falling in the 2-40 um limits. '

Bacterial droplets can also be emitted during loud conversa-
tion (P. N. Lashchenkov, 1899). Duquid (1946) found that during
conversation at different levels up tc 210 bacterial droplets
- around 100 um in diameter are released,

Green, Vesley (1962) made a careful study of the quantity'
of bacterlia emitted from the hasopharynx of a human into the
surrounding alr during conversation. The study was carried out
in an experimental chamber and in an open space, where the
subJecfvPepeated one and the same phrase every ten seconds for
the space of one minute. The air was checked by means of an
Andersen sampler {(Andersen, 1958) and by the method of depcsitioﬁ
on Petri dishes. Blood agar with 5% defibrinated human blood
was used as the nutrient medium. During conversation more than
5000 bacteria were trépped from a calculated 100 ! cf'air. The
‘quthors detected particles less than 4. ym in diameter. These
“stydles substantially supplemented observations by Jennison
(1942), carried out by means of high-spged-photOgrgphy.

The time during which the finest droplets were retained
I the suspended state was determined by the speed of motion
of the air. '
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_ It'has7béen'ndted.byﬁa'number of authors that iarge diups
Cwill, ‘for the most part drop out in the first mirutes after ,
they are emitted into the air, while finer droplets may remain ‘
in the suspended state for several hours (L. M. Gorovi&s, 19163

S. 8. Rechmenskiy, 1951, and others). Rechmenskly showed

; experimentally that droplets more than 100 um in,diameter remained

in the suspended state only when the speed of alr is at least

3 n/s; in this case they are scattered over a radius of no more
than 1 meter. | ‘ -

With respect to the phase of dried bacterial drops "nucleoli"
Ainformation 1s extremely limitec. According to data from
Mitman (1945), dried tacteria. drops have dimensions of less 5 um.

Duquid {1945) considers that the bulk of these- particles will
fall within the limits 1-4 um.

According to data irom a number of observatiohs the nature
-nf the dPOpS'emitted during acts of sr:.ezing and coughing is
extremely nonuniform. Thus, a sneeze will emit drops obtained
~ rom the saliva and from the mucous membranes of the nose and
respiratory tract. The content of bacteria initﬁe droplets .
" varies wiuely Large dropk and filam@nts of mucous may cantain
'man" microorganisms, while ‘smail drops may have none st all: or
contaln only lez microovganisms. Thus a sneeze releases into
‘the alr mainly mleroorganisms which arérvegetati?e.in’the saliva
»'(Screptoccecus'saliéa?ius and others), while a cough will liberate
- a large guantity of 8-hemoliytic strantuuuoci wiich live on . the
~ tonsils and in the pharyns. ‘

The concept of "physical and hiologleal decay” is _
characteristic for the system ~f a baecterlal serosol. By the
AcenceptA"ghysicaL decay” of the aerosol we unhderstand depositicn,
washing away by deposiis, ndhesion of particles to surfaces, ete.
~ The action of thesge factors reduces‘both the number of particles
suspendsd in the air aad thelr concentration in a unit of volume.
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- Factors which eause biological decay of an aerosol’ system

T.include the action on microorganisms of solar radiation, and
- the temperature and humidity of the alr, as well as the time

during which the particles remain 1n the enviromnent.

~ The stability of the dispersed phase of a bacterial ager oqcl
depends on the size and degree of isodispersion of the suspended

7 particles, thelr electrical charge, the humidity of the air, and . -

s0 the ability of the particles to coagulabe.

_Three phases are singled out in a bacterial aerosol withv"
respect to sedimentation rate: large-nuclear - particles more
than 100 um in diameter with a rate of particle deposition greater
than 0.3 m/s (this is a510w-stab1e phase); fine-nuclear - particles
less than 10 um in diameter, settling rate less than 0.3 m/s.

~Thanks to the high specific surface and low weightltbe drops are

held in the air for a prolongeq period and dry out before they
settle. The third phase i1s that of bacterial dust - coarsely
and . finely disperbed phases which have been dried out and
vansformed into bacterial dust: the latter is easily entrainea

4by alr currents and gradually settles out cnce again, The. rate of - :
" particle transfer is 0 3 m/s~6 3 m/min. Particle slze. 13 '
 1-100 um. -

“'The sedimentation rate for particles of a bacterial aerosol
obegs laws 1nheren& to ordinary aerosols and can be calculated

 '.iby the Ssekes (1 1) and §taaegacdnningham (1. 3‘ ferﬁul&e.

'Table 3 (*rcm L, i 'Levié,‘1961) given data on the rate of

-

s=rtling in unmoving air for drops of water vapor as & runction

of eroglet size.

The process‘ar'soagulatian-ef‘gar%icles of a bagterisl

aerosol zan be approximately expreszed by the Smolukhovskiy

quation {1.5), while the change in dimensions of liquid partlcles
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in the process of coagulation can he determined from equation{,

AT

RO -DrOp Settling
AT diameter rate
‘ - (um) (em/s)
. 1 | o.003
§ 5 PR L E o 0.07_5
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The fate of droplets after they have been emitted into the
aiv depends primarily oh their size. Large drops'and filaments

of mucous sentle rapidly, dry out , and become mixea with particleq
Vo; dust.

, The &ust'ghasé of'tha'bacferial aeraéoi prédomiﬁateé-ih the
air oz liv*ng quarte“s and in ar2as intended to: eontain animals.‘
Fine drgple§a, gradually settling, are rapidly reduced in sise

. due to loss of waber by evaperatien. The rate of gvaporation
f.depﬂnds 9*imar113 on. differences. &etwaeq uh? pressure of water
fvapar in the: atmgephcrﬂ grnd in the éren and aiso on the shape of
v;hg_dr&p. éiﬁ@é the v&par Pressure on the surfsace 0’ a drop

containing dissolved materfal f& less than the pressure in a dr Gp
s?‘waterf it is evsacr&tau rore al@vly than a drsp of water in
the same atmosphere. With an ineresge in the ccqcantrat on of
ﬁissciuéﬁ substances the rate of evaporation is essentlell

rﬁdgcﬂé.. The size of the droplet is reduced until the vapoyr
pressure lnslide the éron becomes equsl to the atmospheric

Vapor urﬂuﬁu:e.? With evaporation of water the uexgﬁt of the




numidity of 90% the evaporatian of ‘the same. droplets Oucurs at
a distance somewhat greater than 30& 8 cm.

' The'question'of the reasgns'for the acceleratéd'death of
microorganisms located in particles of a bacterial aerosol at .

'different states of the atmospheric medium has as- ymt ‘been

;nadequabely studiedJ Apparently the main conditian which leads

to death of" microbe cells in air is loss of water by the aerosoYJ-'
‘ drap and by the microorganiums. It is known that a bacterial

cell contains up. to 8n-90%" water, while spores of the bacilli
contain as little as 40%. Besides the free water in the

_ bialogical‘materials, even in particles of bacterial aerosols
‘there is always a certaln content of water which is absorption~ ‘
'bgund-to substances which possess hyﬁrophilic preoperties. Bound

water possess certain characteristic features which distinguish
it from free water. Thus, bound water of protein solutions has
higher denslty as compared with free water. Bound water is not

"a solvent. Removal of bound water requires enormously greater

L >t

" energy than removal of free water; in connectien with this fact
‘during the ordinary process of evaporation in the atmouphere
, éaetefiaiyﬁvopzets'wiil for tﬁevmost’gart iese'cﬁly free water.

Along with substances of 'Y complex npgan‘c n&ture, the com-

‘f“"ision of bacterial cells inciudes salts in sn*uticn in the

farm of electrolytes.. [he normal v ital setivity sf thz cells

regulres an spt1§1« sancensration of $h§$&v5$15¢. Fhen the gell

iz driad oub az g rasuit of g reduction in

e

he juantity of water,
The concentration of the electrolyte saits i& lncereassd. This
e

Abda
teads to irreversible changes in the zeil - denaturation of the

droplet 1s redueed and "droplet nuclei," wnrch seetle slewly, ,;.ﬁif»“'
" oean. remain in tﬁa air for a- ‘prolonged: period. Thus, wi%h S
=ﬂaﬁmospherie humidiby within the limits of 503 dropletq less than o

100 um in: diameter are almost comnletely evaporated. at. a di#ﬁanee f_ﬂf
; of 1ess than 30 5 cm from the point of formation. - With atmospheric '
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‘}fxlahanwv- 3951},’ Drj&ng &Iso le1d$ %o eoneenaratian cf the
protein m@leaulns and. o their aggr&baticn, wh*ch éau" .JV'
‘f»&astruetiqn af th& ce

- Raseb#f? (19&* alsn eonqid&vs that evaporation rrcm eelTS

. loeated in air in th@ state 08 g’ d?oplet phase aerosol A . ‘

pause of Lhicis Leath. - These considerations were aonfirmed by -
experiments with Baciilus prodiglosus (Serratio marcescens)

" suspended in distilled water and in 2 solution of gelatin., The '
- dndex of Em&cra@vganism} "ecavery averaged 0.9% for water and
Co1b,1E fer the gelatin solution. Siwilaw qata were obtaineé‘wmth

“other cultures of microorganisms.

Gﬁservatioaﬁ iwdiéaﬁed that the die-aff of microorganisms
 is more intensive in eoavsely dispersed aerosols as compared with
inely diSpg?seé systems, sinece in the latter in the course of
dehydration the'&icroarganisﬁs are gubjected to the action of
l@wer cancen&rhdians o; 5u03t&RCﬁS which are harmful %o the eell.

Two p@r&od are distingulshed in the death Qf the micro-
:crgamxsm% oncurzing in ai?.iﬁ'the_aereaél atgte. The process
whiéh causes death of microorganisms in the aeroscl and which

convlinues in the first minutes éf~th§ gerosol®s exlstence is
sppdrently e&nmgcteﬁ with changes in the osmetic and éhemiﬁal
gativity of the cell - t.e., it is & result of deying,  The
'§$:@aﬁ preceess i sore prolenged snd is conanszeted with de&truc&ieﬁ
1@f‘miaraergangsgs in dried p;eparsﬁinﬁo, tn the opiaton of '
Ferry and Narle (1954) it is dependent on 3low oxidatlion.

l?&&) ﬁﬁ¢§é that in an a&roﬁﬁl {bacrarinl
[led wuter) avar & pnricu of % hours thers

£t ovcurred rapid death of the a2elis, in the first geconds

fror atosmizat!on, with 3 slower stage of desth belng vbserved

BY3
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gn hhe suhqu&ent periad
) is élreetly eﬁnnected wi*h
;*L humidicy of: tne air. )

It w&s established‘ﬁhat the];ga&h raue
ﬁae valuea of Lemperacure and relative

‘ The detdiled stuaies of the eff et of humiéity aﬁﬁ temperature

_ ar the air on.viabiling of mivvoorganiams 4n the gerosol state

';5i)weve carried out by Dunklin, Pusk (1948), Brown (1953, 195&) Ferry, -
Marle (195&), v. s. Yamfah (1%:. , and omers.

D&nkl*n and Puck - fonnd 1n ca?rving out experiments with
‘prneumococel in a. drcnlea~ph»se -aerosol state that wi a variation
“in relative humldity of the air from 3 to 80% and at temperatures
of 1& .22, and 33° the most intensive die-off ‘of the micro-

crganisms is ’ound in & narrow range of humidity" variation, in
- limits around 50%. At la&er-or higher

survive for a substantially longer time.
obtained in exgariments with staphylococci

indices the pneumocccci
The same data were
and strepcococed.

| In expepirenss with 1ﬁteavinal baccili (5.
- Stapaylocoecel (Staph, albus), wil
&% the conclusion that
tlon of vital getiv

¢oli) and

llamson and Gotaes €79u§‘ arrived
the most fFavorabie conditions for reten-
ty by these m;crenraaniem, are created at

low values of relative humié**y of the afyr. This was alse conw
firmed in works by the Following ; suthor Edward, Elferd,
‘Laldlaw €;943}, and glse Loosly, Lemen, Ra&ertséﬂ Appel (1943},

“whe showed that the InfTiuensza virus dles out seéutgnt‘&iig mgre

“avialy Wi disperseé ™ ﬁ@i&‘ air tra% in géry.

The vital astiviey of &acte?*al tells of

iz of the Serrgtie
Bare2agens  and white st%pﬁ}i@“ec us {Sach. 2lbuzl in the
. aeresol state was studlec BY V. ¥, Yladavers {1888}, The
Serratio was s physiclogienl solution.

omized in & mivture with £
 ration of viable ¢oils in air was

a‘*

Ji

settling and by means o5 Rechzéenskiy
aaveis noted extreeely rapid dle~off of
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iJQ-éﬂrratio baccili in air at 10& 1eve15 uf relan*ve humi&iﬁy
With atr humidity of 53 60% the viabiliby of the 66118 grew o
“7.fsharply. ,The resu;tsiof the-§tgéies.ggeAprggented in mable,\,hf-f"°

'”ffrabie”u Effect of relative humidity of the air on the viab*lity
.of Serratio marcescens in an serosol winh lﬂuminute expcsure :
;(per V. Va Vlodavets, 1964).,

: T hu;j-’.;*r of 'w:mnie'f g,mm i'i Patrl di:#‘.:s , ]
‘zlmisgign. %’g‘;@gr- :’g’g;" : _ goﬁouiam 285% nz ?,gr%' 8F 5% avton
' afts . 3 :
?” 3 Mgy | oo ®min | % ein ik sh ‘n
A‘m w | o 9 0 0 @ o
N TR Y 42 i 19 3 3
& 91 888 32 185 185 24 ] B
8 § 18 2200 1444 1100 870 PO | g
-] 19 2156 15840 -1 103 R N |
[ I Ot S 2044 | 25 85 EE
6 o] owwf v | o8 T S T S i

At the same time, gkéhange in humidity hus no essential %
influence on the concentration of viable staphylococci. The E
concentration of viable staphylococei was retained somewhat -

)
S

lenger at lcw levels of humidity aﬁd dropped mors rag*aly at
Humidity above G0%.

The temporwiure of the alr hes a major influence on the
-vigblility of mlicroorganisas in the state of an éerasal containing
liguid droplets. At present we can conslder 1t to be estshlished
that at different tém;e*azgrea t&& vu@idity of the ai?'“gs ‘

extremely different effects on viabi Ly .
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Brown {(19%3) revealsd esgential differences between visbility -
af bacteria in an gerogel at 9° and st 10°, While the

L

-
¥

1 Sesth index for sll types of studied bactesl .
{Exeherichiz 11, Achromgbacter, Pseudoms nas) st a temperature :g
s recorded with 7Y relative humidliy, the meximus gle- 'i
Achromshacter waz noted 3% 10°., 4t 10° there was 3 sharp E

in the death rate of §; eoll and Fsaudon penas pecorded 'g
eduction in relative husmidity below 50%. :
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N KethTey, Fincher, ané Cown (1957), investig ating the effect

i:of temperature 1n the range from--32 to +40° on the viability of -

- Berratic marcessons in'an aerosel also established that =

_ahum4dity has a di:ferent effect on viability oz the bacferia in

~ the aerosol at differevt temperatures. In the opinion of these .
iauthé 5, 1n hot whezther (with the exception of extremely dry air) o

the possib*litv of dissemination of aerogenic infections 1ls ‘

minimal, owing to the insignificant viability of microorganisms o

~in an aerosoi‘ With a more moderate temperature regime the favore

able conditions for microorganisms are created at high levels of
relative humidity. In the conditions of low temperatures bacteria

are. atabla in an aerosol over a broad range of relative humidity

- values. S ' | |

v 8. Yarnykn (19&2) raports on the effect of *emperature
and humidis ¥ of the atr an P. avium and certain other types of
microergani&ms.suspended‘in,thf air. The most favorable tempera-

ture fop reﬁenﬁion of a boulllon culture of Pasteurella is
 12~15°‘ Up to 28% viable microorganisms remain in the air. At
21422°,,50_minu§es after atomization, only 9.4% cf'thé A crobes
¢an be-&epérated\frcm the aiy. At a temperature of 28-30°
virtually all Pasteurells and intes® nal tacilll die out after
10 minutss in atir. Staphylococcus aureus turned out to be the
moet stable. Changes in sir tamperaturs ape interconpested w*tn
gelaﬁiﬁeﬁhumi%itg. Thus, within the limizs 80~90% huridiey

at & tcamperature bslow 16% the stabllity of Pasteurella wes
'_ zﬁx_ ressed while 2t 17-25°, an the other hand, scceleration in
desth of Pasteureila Is noted.. | ’ |

The stability of 2zusstive sgents of inseensavﬁ in ?he
environmen® and retentlon of properties by them depend on
wothap ar not the n;af@n“*aniswﬁ ars conngoled with ﬁ:apzet%
of Fluid ceatalinlng zony <ort of nugrient or pretegtive
syBstances or whether the bacteris are losated in the aty in
“gure form. S Hdturally, misrcorganisas suspended in the air
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"without protection" are enormously less resistant to the action"
of environmental factors - i.e., the phenomenon of biologlcal

decay of the aerosol system will be manifested more sharply in
this case. ‘ : -

The medium of a suspension usually includes substances which
lowsr the death rate of microorganisms in the aerosol state.
Such protective medla most frequently contain colloids. Heller
(1941) showed that the protective propertles of the medium are
improved when its hydrophilic qualities'are increased. S. 8.
Rechmenskiy (19%51) used meat-peptone boulllon as the protective
medium. It was found that particles of aerosol containing the
bouillon were more viable than an aerosol of the same microbe
.suspenslion based on distilled water.

Colloidal substances located in drops of an aerosol exert
a protective action on microbe cells, protecting them from death,
and protecting the droplets from evaporation. Under the influence
~of colloidal substances the droplets of an aerosocl take on
colioidal~-chemical properties facllitating their stébility in
air. The waximum die-off of microorganisms occurs in the abcence
of protein protection on them in the aerosol state.

Webb (1959, 1960) made a detailed investigation of the

- various factors which infiuence bacterial aerosols. He studied -
the role and influence of distilled’water (used as a component
part for the preparation of a microbe suspension) and also
various chemlcal additives. He also-clarified the role of bound
water on the change in the structure of a protein 1lu the process
of survival (in the aerosol state) of Serratlo marcescens ,
Intestinal bacilll (E. coli), Staph. albus , and of the
subtills . The average size of the aerosol particles was
Webo showed that the addition to the initial suspension of
amino acics and of substances which shorten the protein chain,

ac well as sugars and pclyhydrohydroxycyc.ohexanes, Increases
the viability of the cells in the aerosol state.

Rac.
5 um.
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. In Webb's opinion, the increased viability of cells during N _
drying in.air in the aeroﬁolfstate is connected with the presence S
" of amino groups or secondary“alcohol.grogps.~ The hydroxyl Lo
) ;‘group 1s .toxic in the benzene ring and possesses protective ”_ o
" properties in the pyrlmidinelring. It 1s proposed that these
% A cumpounds replace water in the protein structure during dryingH
: - of the cell; which leds to retention of the structure of the f
protelns. Of primary importance in injury to cells during
drying in the aerosol state are the cell "shells,” which are
destroyed and lead to loss of differentiation within the cell.

R

FOENS}

% S Depending upon the stability of the microorganisms and the

: ' effect of environmental bonditions; in certaln cases biological
destructiun of a system of a bacterial aerosol can set in
earlier than 1its physical decay, so that particles of iLhe aercsol
will contain dead microbe cells. In other cases the mlcroorganisms
settle out in a viable state and, forming an aerogel, give rise
to the appearance of a secondary bacterial aerosol, since the
particles are capable of reentering the suspended state under the
effect of envirormental factors.

The infec¢tive action of bacterial particles in the aesrosol
stube depends upon the type of microorganisms, their concentration
in the air, and also on the degree of_dispersion of the system.

Contamination can occur through exposed portions of the body
when there is damage to the skin, through the gastrointestinal tract,
through the conjunctiva of the eye, and, in particular, through
the -Péspiratory organs. The latter ic the specific and most
important route of contamination in the case of airborne infection.
The nature andparticular features of the effect of a bacterial - -

~*‘/ée?qsol on the organism are determined by the following factors:
- the blologlcal and physicochemical nature of the aerosocl, the
guantity of bilologically active particles retained in the organism -

30
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'ﬁ‘of_thesgepgrticles in the organism, and the subsequent fate of
Athe_répained'pérticles-(elimination, redistribution, resorption,
: ‘* -etc._)‘.‘ Y

“ The quantity of microbes which enter the organism through
the respiratory tract from a bacterlal aerosol is determined by
the concentration of the aeroscl, exposure (length of time during
which the aerosol 1s breathed), the volume of pulmonary ventila-
tion, and refention of the aerosol in the pulmonary tracts.

DT MY A TN AN e

The aspiratién dose of the infectious agent can be calculated
by the formula '

-3, TSR AN AT, N

D=c¢- -t -v-R (1.8)

: where D 1s the dose of the infectlious agent; ¢ is the concentration
of the biologically active microbes; t is exposure; v is the volume
of pulmonary ventilation; and R is the factor of retention of
aerosols in the lungs.

i The dose of the infectious agent 1s of decisive significance
| in the development of a disease. As studies by Rosebury (1947)
showed, the aspiration infective dose and the lethal doses differ
in different diseases and exceed the corresponding doses during
subcutaneous and other forms of contamination.

The degree of retentlon of the aerosol in the respiratory
.organs will to a significant degree determine the dose of the
infectious agent obtained by the organism during exposuse.
Deposit and retention of aerosol particles in the respiratéry
tracts is causeéd by gravity, lnertia, Brownian motion, the

R

degree of dispersion and electrical charge of the particles, etc.
Thus, according to data from Rooks (1939, 1941), 80~90% of large

TR e 0
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bacterial drops are retained in the nasal cavity during respira- -

N. V. Tatarskiy (1951), I. I. Yelkin, and S. I. Eydel'shteyn
(1952) also consider that the depth of penetration of particiles
of a bacterial aerosol depends primarily on thelr size. In fact,

- all particles 10 um in diameter and approximately 50% of particles-

1=5 um in diameter are retained in the nasopharynx (Sawyer, 1963).

These data indicate that the greatest danger in aerogenic
contamination is from aerosols made up of individual bacterial
cells. This conslderation found confirmation in the works of
Druett, Hendersoa, Packman, Peacock (1953) with contamination of
guinea pigs and monkeys with anthrax. Aerosols containing
individual anthrax spores turned out to be much more infectious
than larger particles. In experiments with Bpn svls and P. pestis
(1956), it was shown that an aerosol with a particle size of
12 um 1s 600 times less infectious than an aerosol with particles
containing individual microbe cells.

Goodlow, Leonard (1961) reported on the infection of guinea
pigs and monkeys with the tularemia agent as a functlon of the
magnitude of particles of a bacterial aerosol penetrating the
respiratory tract. Thus, for particles 1 um in diameter the
LDSO for guinea pigs was 3 cells and that for monkeys was
17 cells; for particle 7 um 1in dlameter the LD50 was 6500 and

240 cells, respectively, while for 22 um particles the values
were 170,000 and 3000 cells.

A similar dependence of infeactiousness on aerosol particle
size was detected for anthrax, brucellosis, virus equine
encephalitis, and other diseases.

According to data from Hatch (1961), for the most part
aserosol particles 10 um in dlameter and larger are deposited
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in the respiratory tract. The percentage of deposition of
particles less than 5 um in diameter amounts to only 20-30%,

whlle for those with a diameter less than 0.50-0.25 um, the value

Altshuler also studied the question of retention of micro-
organisms on droplets of an aerosol in the respiratory tracts.
Data from his study are presented in Table 5.

Table 5. Retention of nicroorganisms in the respiratory organs

as a function of the degree of dispersion of aerosol particles
(Altshuler, 1935, 1957).

.
Particle 10 and
size in more 5-10 3.2 0.8-1.6 0.4 0.22
microns
(a)
Percentage| 100 80-100 |61-80 19-48 17-33 | 19-36
retention '

‘The largest particles, subjected to the action of gravity
and inertla, settled out in the upper respliratory tracts, With
a reduction in the degree of dispersion the influence of the
force of gravity and inertia 1s weakened and the particles are
retained to a smaller degree, allowing them to penetrate into
the deeper areas of the respiratory tract. Particles 0.3~0.4 pm
in size have negligible welght and inertia during Brownian motion,
which leds to an extremely small percentageAretention of these

fractions in the respiratory tracts. With a further reduction

in particle size the effect of gravity and inertié is reduced
and at the same time there 1s a substantial growth in Brownian
motion, which once again leads to an increasing degree of

retention of the aerosol partlcles.
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, Generalization of results from numerous studies on the
distribution of aerosol particles in the respiratory organs as

a function of particle size allows us to conclude that particles
more than 15 um in dlameter are fetained predominantly in the
upper respiratory areas {nose, mouth, nasopharynx), pavticles
30-50 um 1in size may penetrate to the trachea, while particles
10-30 um in size do not reach further than the bronchi. Aerosols
3-10 um in size penetrate to the bronchioles, while 1-3 um and
smaller particles may reach the alveoll (Sawyer, 1963).

However, the literature contains reports indiecating that
even larger particles, reaching 5-13 and even 80 um in size,
have been detected in the alveoli (Wotkins-Pitsford, Moizy,'1916;
Faber, 1936; Bedford, 1950). If we consider that the diameter
of the opening to an alveolus comprises 70-100 um, %the penetration
into alveoll of particles of relatively greal size can theoretically'
be recognized as completely probable. '

Of substantial significance also are data ohzthe welght
distribution of polydispersed aerosols in the respiratory system.
Abramson (1950}, studying penetration of powdered crystalline
penecillin with a degree of dispersion of 0.65 to 58 um into
the lungs and its distribution in the'reSpirapoby system of
animals, found the following welght distribution of'thelpartiéles:“
the trachea contains 45,15%, the main bronchi contain . 43.15%,
the alveolar paths contain 5.91%, and the alveoli contaln 0.65$;"

As is evident from the above data, with a polydispersed
composition of'the'aernsol:the main mass of particles is retalned
-in the ﬁrachea and the bronchi. Consequently, during the primary
'.distribution of aer:sol in the organisﬁ - the respipatory organs -
‘the relatively large perticles sre retained in the upper
respiraﬁory tracts, with pénetration to the alveoli only of

‘particles for the most part no larger than 3-5 um.
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The ab;lity of aerosol particles to be retained in the S % '
': respir?tory tracts is essentially influenced by their electrical o
- charge. Partlicles are attracted to the walls of the respiratory
tract by induction forces. According t~ data from I. I. Liv: Aits, |
Ye. T. Lykhina, and 5. S. Erenburg (1948), during inhalatioh
34% of the uncharged particles and 66% of the charged particles
of aluminum dust were deposited. o :

The subsequent fate of bacterial particles entering the

resplratory tract 1s determined mainly by biblogiéal laws, with

the point of deposition of particles being one of the rain factors
determining the outcome of the interaction between the macroorganism
- and the microorganism. During_evaluation‘of the bisnlogical

effect of a bacﬁerial'aerosolVOn the organism, the virulence of

the microorganism is also. of substantial significance; this factoer
éan determine the nature of the infection process and the'fate ofAA
the micrebes introduced into the organism. -

Particlés of a bacterial aefosol are also characterized by
certain common laws typical for indifferent particles. Thus,
‘particles may be ejected by the organism into the ambienﬁ mediunm,
they may reach the gastrointestinal tract, and they may be
_subdeﬂted o ?esc?ptionQ' For the must purt the partic?ea ejected~
rom ‘the organism are the coarsely 4i sprr“ed p;rticlea whiaa
settle in the initial pericd of penetration into the upper
respiratory areas. As indicated by tie studles of Langmuir and
:Andrew '(19“2 undeh the actlon of thé cillary epithelium
-particles -are moved out together with secretions of the nose and
‘nasopharyny during coughiﬁg, sneeaing, ete. In this case
partiﬂzes 10 um in dlameter are 100% revsbeﬁ from the respiratory
trzets, wh''le 30% of tre S-um particles are removed; for prastical
phrpoaas garticles 1~2 um 4n éiametey ara gifficuls to eliminate.

If we as#umeA*ha‘ the lengt h of the reSpiratarg ract
cﬁmm-isw &) cn and’ that the rate of cuiward itravel of a particle
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'pis 15 mm/min, then it 1s obvious that 1arge particles can be
" retained in the human - respiratory tract for no more than 30 minutes
:(Thompson, 1959) As regards small and extremely fine particles, '

7_uas indicated by the observations of a number of authors,

phagocytosis -of these bacterlal particles by leucocytes and
- histiocytes 1is possible, ‘followed by thelr removal from the
organism along the bronchl with the flow of air (Harper, 1955,
Ross, 1957; Danuenburg, Scott, 1958). '

Resorption of particles of a bacterial aerosol can- cceur
over the entire burface of the respiratory'tract. The absorbing
,;capacity of the resr “ratory apparatus is very great this depends
on the particular features of its mucous liaings and also oh
its enormous surface. It has been established that the intensity
of absorption differs in different sections of the respiratory
tract,-“Resorption oceurs more energetically through mucous
mémy?éﬁes covered with siiiary epithelium than through fiat
memﬁranes (mouth, pharynx, esophagus, entrance to the'larynx);
The maximum intensity of absoiption is cbserved in the lungs.

Harper (195%), infeecting guinea pigS-witb-brﬂcellesis,thrcugh :
the air;*esnablisheﬁ'that multiplication of brucallae're&ching '
the lungs occurred on the surface of the eplithellum, from which
they were then transported to the lympth ncdqﬁ, ieuding fto
gener ali at*on of the tn“ ecficn.

- The case ﬁith which aar&geﬁ;c eantamin&t*un 42 aceosplished
s e?¢¥&iﬁeé by wne physiologissl peculiarities of the structure
1af the re«pirate“% apparatus. The “unaﬁ iungs have 2 surface of
about 200 m , while the 1ung$ of large agribglzur I animsals

have surfaces of 50-300 ﬁ B large quantities of blood are in
direct contact with the surfaces, Particles of a bacterial
serosol zontaining microorganisms ané'arriwing on the surfsce

of the respiratory bronchicles are not subjected to the asction




‘;{Sof the niliary mucous coating.

A At this point phagocytosis of
jﬂl_the~microorganism by neutrophils and macrophages can occur.
N .If this does - not - happen a oronchial infection can arise, whieh
vffis extended. to the adjacent alvecli and parts af fhe lung. .
”,-,,Such primary invo1vement of the bronchloles in. the process can
f.occur during contamination by the causacive agents of tularemia :
Cor psittacosis (Sawyer, 1965) o

' Consequéntly, the introdubtion‘of microorganisms can oceur
'_over the entire entent of the- respiratory tract beginning with.
'Mtne mouth, and ending at ‘the alveoll.

_ "The lawsfgbvébning thé behaviar»éf bacterial aerosols, the

~ viability of microcrganisms located in the aerosol particles,

’ and,penetratian inte the ?espiraﬁcrg organs of human or animals
form the basls of the mechanism of the dissemin&tioncﬂ“airberne
Infections. They. must be taken ianto account during the Gevelupment
of measures to combat infections carried on- airbcrne droplets.

o 3.V Bhief Epidemio;agfcal ang Enizooto;ozical
- Char auteristics of B&eterial aerosels ‘

) ?piﬁemio1eaica1 pablic health and eplzoatological significaneﬁ'
“of aly is. determined. orimarily by its iﬂfluence en the suatﬁ of
hea‘th of humans and also that of an;ma&s.

EBven i ﬁhéléagpasa antiquity igfeut*o;s diseases striking
- bumans and animsls were rocognized. Many. sclentists ShS&&Gt?u -
'a“aﬁhe§1tﬁv” sir to be tle major cause of these diseases.
‘Hippocrates s gave great weight in his work to contaminatlon of the
L ,"1&1 , considering “that sil disease: repﬁeseats tts flesh and its
- srigin,”® and, supporting the theory of missmss, divided diseases
 into thowe wiich threaten humans and those dangerous te animsls.

In 1734 the Russzlaen scientist Dantilo Samoylovich (cite* 4
¥. 1. Tets, 1958} proposed that infectious diseases might be
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. -microbloluglical nature of lnfectlous diseases with the works of N
“Louls Pasteur, who in the XIX Century established the living

Cpee

i*atransm;tted by means of microseopic essences: and thus. carried ouﬁ e

. the first 1nvestigations of: air‘for bacterial contamination known
in hiatory.l L o

of essential significance for the subsequent: study'of the

nature of the causative agents of certaln diseases of humans and
animals. The works of Pasteur in the fleld of studying the
'Causative agents of infectious diseases provided the impetus for
the subsequent vast achlevements in tvhe field of bacteriology.

”»In a perio& of 80-90 years after publication of>the first works

Aby ‘Pasteur caugative ageats were discovered [or the majority
in?ectious diseases and measures were developed to protect

A'both humans ané animals from them.

‘The concept of the existence of droplet-borne Iinfestion was
put forward by F. F. EZrisman (1872), who considered that purulent
todies or dense meolecules of sputum libterated from sick persons
and transported in the air might be carriers of infection and.
might contribute to the_spre&d'ef'certain epidemic diseases.

Sjﬁawever, at that time this propesal found no recqgnitiaa.

At the e“d of the 1830's works appea gd developed dy 6.
ivugge' (1897, 190U) which proves the possibility of direct
ﬁ?¢e§ien of the sir with sxtremely fine dropliets of saliva and

xA»Q&u, &ateri.g the alr from the upper respiratory tract durlag
et 5 of coughing, sneexlng, and even during speach. However,
_zg'Esqrihe@ Limez é» significance to the airborne method of trans-

nis::on af infection: and cousldered thet the droplets of mgcaﬁs
s6d salive, ind aven dry atomized infecticus meterlal, were .

n geallable resourses - Transliater,




“Tﬁffscatter radius does not exceod =~3 m “and therefor» the danger of e

":excessively la"ae and settled out easily ento ‘the flocr.;:"heirf:"

infection by them 1s not great

o 'MaJnrﬂérééitfin,the busineésAbf the further study of the
mechanism of propagation of airborne infections belongs to the

Ruésian scientist P. N. 'Lashchenkov i1899,'1927), who as early

as 1897 aeveloped the Flyugge theory onh droplet-borne infesti fon

and also arrived at the view, new in principle, of dissem nation

of infections of the vespiratory tract with major significance

being ascribed to droplet-borne lniectjon. Prior to the dtscovery

of P. N. Lashchenkov the words "&ust“<and “1nfection“ were e ,
.regarded as equivalent ‘and interehangable.‘ Lashchenkov proved fffJ B
- espe imentally ‘that extremelv fine cuwua@inated droplets sare of o
-‘incomna“ably greater sigﬁificance in the appearance ol airborne
“infection than ex;remely fine dry}du&t. In this conneetion

he wrote that "...in a great many éisﬂasesfairbcﬁné infestion by
extremeiy fine dropxets is ef overri&*ng signizicaﬁee. Such '
diseases can include all of :those in which the causative zzent

21 tae infection 1s found in the pucous membrane Of the oral

cavity, the pharynx, nose, and also the hronchi, ... the danger

of alrbcrne infection 1s even greater in the case of infiuenza

~and osher infectious catarrhal conditions of the noSe, phurynx,

angd &sonc&i,'ané'evsn more o withvmeasles, whooping cough,
consumption, pneumonis, dipﬁ;her&a, leprosy, and smallpox.™

The sxperiments ugwn-gbi&k Eashe§@akov baeed his conciusions
sonsiated of a awaor of studlies in wh'sh he determined the |
ra.ar er of microbes by the aly dusing low level and loud

vapastion, coughlng, and sneeziag. e estahlished that during
i@ﬁé speath by & tuman with the ora) ¢ avit> art*“ieislzw 208~
tamingted ﬁfth miorohes \Serm 11 @ a*‘cé‘seénai !‘he vavteria wepe |
- dizseminated over distsnues of §-8 m. lashcheankov considered |
that the négligiéig small »ate of aly motion of -k pe/s wan




,pﬁeumecaeci meningocccel, and the agents of pertussis,
tubereulosis, leprosy, ozeny, and stleroma), a3 well a8 viruses
- {the sgents of messles, flu, gs*t%aﬁ*sau, “ﬂithasis, chickenpox,.

% .

" adeguate for the transfer of droplets from place to place and

for them to be retained in.the air up to 5-6 hours, while large

* drops settled out rapidly. He did not deny the significance of
“dried dust in the dissemination and transmission of infectious
‘f diééases. In his opinicn, the abil*ty of one or another midro—
~ organism to underge some degree of deslecation without losing its

virulence is a condltion for the formation of a dry infectious
dust; the desiccation must be to that degree necessary for the
infectious materizl to be capable of being‘brohen up and |
nrahsforned into dust. Summing up the ideas put forward by

',Lashehenkov, we can as & conclusion introduce his words: "It

-

| is clear and unquestionable that in all diseases whose céusat;ve :
‘agents are located on the mucous membrane of the mouth, pharynx,

nose, and even the bronchi, airborne infection by direct bpraying

, is a signiricart xactor.

‘Various péthogeaicVmicrﬁerganisms were detected in the alp

“ by Miquel (1889), A. D. Paviovskiy C18&$), N. Keldysh (1887),
Moore (1893} and by a number of other investigaturs. '

The causative agents of infectious diseases transmitted

during infection of people and animals by the 21y are quite

anmerous. These ineclude bacteria (streptoconci, suaphyloagees,
diphtherla,

and epldemic parotitis), along with rickettsiz (sgent of Q-fever

. ané otheps). Thus £t was shown that paﬁ&eaen-c nicracrganisns

{in the state of aroﬁ}e% angd Jdust &Fédés sf bacterisl geroscls) are
snaountered in the alr and are cepabdle of iwfecting huegns and
i1z=als.,

The fate of 3 bacteriz} aeroscl - %o bz 2xset, the survivel
of the microorgenisss - depends both on fecters conditfoning

the ghy sieai and biclogiosl conditions of bresrdown of Sha systen




S ~and also on thp biologbcal feaﬁures ‘of the mjcroorganism“ themx

| selves.v Thus, the spore forms of microorganisms are easily
retained in the aerosol, Jaiie the vegetative forms dle out
comparatively quinkly

A A& number of authors (Wells, Stone;et‘al.0193Q) observed

, in’room~cond1tibns retention of viability in the>staﬁe.of the
fine-droplet phase of an artificial aerosol by several types of .
nlcroorganisms. It was noted that the hay bacillus (Bag. subtiiis)
i3 ?etained in sir for-several days,'while staphylacoecus (§§§2§.
aureus) survived for three days. The diphtheria bacillus and
streptococel were detected in the alr for up to two days. Mierabes
of thé intestinal group lost their viability by the end of the |
first day. Consequently, the coccus group of microorganisms 15
‘more stable in alr in the droplet phase of a bacterial 8€1080)

" than microbes of the intestinal group. It was praoposed that the
‘higher resistance of mierobes - causative agenﬁS‘of'ihfecﬁiQns‘

of the respiratory tract - to environmental conditions is &
consequence of their high degree of biolagical adagtAbil*ty in

‘the role of causative agﬁnts transmitted through the air. Similar
adaptability could not be detected in the causative agents of

‘the intestinal group of Infections. ' o N

All droplets of 3 bacterial aerosel, regavdless of their-
gimenslons, flnall: setzieé out onto cblects of the @ﬁv*”snment,
dey up, snd form bacterdal dust. Numercus observations of
pathogan.> microbes in dust during human and animal 1llnesses
fore the basls in dus tims for many frsearchers Lo consider dust
In qwelling asvas to be one of the baslc fastors of the infectlionm
af Rumens 33 & result of contamination of the ai“ during ssé&ping
af ?ke floer snd general tidying up.

B, I. Haksimovish {1898) wrote: “Dust on the floors is
“éne of the ixporiant agents of transmission oF infectlons.
5 dr 2 X

Jed dust iz reflex tod extremely ¢%arp ¥




fin the quantitative content of microbes in the air;”"uaksimovich}
found - types of microerganiams detucted in “loor dust within the
cval cavities of both healthy aad sick individuals.

The primary fo.ms enéountered in barterial dust are the = o A.'“ﬁ
saprophysic forms of the microbes, résisfant to desiccation: i
spoeri form bacilli and 3 variety of molds. The dust contains
pathogenic mircoorganisms in a smaller quantity - pyrogenic cocei,
the diphtheria bacillus, etc. Bacterial dust 1s of great signifi-
“cance in the dissemination of .. “ections wnose causative agents
» withstand desicuation.

Inveotigations carried out byAAilz.‘Shafir (l?Sll.on the

retention of viability by microorganisms in conditions of dry

" alr make it possible to consider that the tuberculosis baeillus,
staphylococei, streptococei, pneumccocei, the disentary baci llus,
faﬁthrax 3pores, the tetanus baclllus, ard many forms of fungl
are easily retained in dust and are disseminated tueether with
the dust in a viabLehstate;’"It was established that pyogenic
virulent ceeci afefcap&ble of remaining for a fairly loné time
in dust in living guarters, linen and clothing. ftre time dur;ng
‘which viable streptecosct exist in a room aflter t?e removal’
from fn of & patient w%th =3 s*reatacoc ¢ infecticn varies within
tha liwits 3~S days. ' ‘

o S.;Iy Vuéwyav?aev (2 Q}?} found substantial quantities of
'h@an ﬁ@ﬁbﬁ"@aﬁ%i” and hemolytl sza:h lacoccus, §§§§h343§8§§§§
auraus, and also hamolytic 3treptie ool in badding and clothing.
On the basis of cesparative evalustios of the stratas of

tsolated from the air, bedding, and nascpharyngeal
b4

N
cavities of individuals ﬁtﬁgin in these rooms, It was established

- staphyiscoeg

£ s
-y
strains., Tne gbaervaciﬁas af Eaber&ssa \1?53} attest <o the




g, LGN EERTRIEN g-»w

R I Sl

EN TR T SR A R, e FYFRET

fact that hemolytic streptococci can retain viability 1" dust in T
a dark place for 5-8 months. \ § - , - Coy

—~

Ylenpsia oy

Generalized data from various authors on the survival rate
of microorgénisms on various environmental objects at temperatures
of 10 to 20° have been presente¢ by V. V. Skvortsov, V. S:
Kiktenko, and V. D. Kucherenko (1960). Thus, the causative- agent
of plague remalns viable and virulent in moist soll for up to
28 days; the tularemia agent survives for 75 days, that of
brucellosis to 103 days, the cholera agent tc 48 days, and the
causative agent of meloidosis for up to 5 days. In éry sell the
period of retention of viabilitv is much less, comprising i, 10, i :
25 and 4-5 days, respectively, for the micrcorganisms indicated E
above. On varicus fabrics the plague agent is retained up to

45 days, that of brucellosis for 30 days,. cholera for 12 days,- )
and the glanders agent for 14 days. :

V. L. Omel'yanskiy (1941) notes that the plague bacillus re- ;
tains viability under intensive desiccation for 8\days; the :

diphtheria bacillus survives up vo 30 dz=ys, whlle staphylococecl :
are vieble for up to 70 days. E

Certain viruses also were found to be extremely stable in
atr. According to data from S. M. Ostrovskaya, O. M. Chalkin

and S. B. Olekhnovich (1938), the influenza virus loses 1ts ) d
infectious capacity in 8 hours. o

A. I. Shafir (1951) gives data on the ability of chickenpox

and psittacosis viruses to easily withstand desiccation in duét ' - é
and in the air. : : o

After settling on the floor, bédding, and other objects §
the influenza virus can be retalned on particles of dust which S 3
are once agaln ralsed into the air and inhaled by other people.
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The influenza virus was successfully obtained from dried
‘dust collected near ar area where a polecat 11l with influenza
~was found. A case 1s elso described of
gator himself with i

Lo D K-} I - -
¢u;cut¢uu of- thd investi-

(Smith, 1963).. Prom 1 to Joz of the emitted influenza virus is f

retained in gdust on varicus objects in living quarters and w;th- , ‘.

cof the virus
with up to 10% .

stands _drying. Under these conditioas the quantity
is only slightly reduced in the first three days,

.o of the virus being retained for a week and up to 1% for two weeks

'(Smith, 1963).

F=34 +r

= interest in research on alrborne microflora 1s growing every

vear. Characteristically, in these works the investigators
connect the hyglenic state of the air with its direct influence on

humans - and animals. -

As 1s known, contamination through the air occuples a leading
role in many diseases of humans and animals. 1In this respect
especially favorable conditions develop .1 living quarters. Whlle
outdoor alrs continuously mix over the suriice of the earth,
Cons=quently outdoor air
is mixed with the internal and does not replace 1t entirely.

Thus a mixture of fresh and room air is withdrawn from the area
If there are

no concsant sources for arrival of microflora in the air of

living quarters are merely ventilated.

and a3 similar mixture remains within the dwelling,

living quarters, the concentration of microorganisms in lhe room
alr is gradually reduced as a result of ventllation and settling,
and also due to natural die~off.

The rate of removal or death of bacteria can be determired, .
according to Bourdillon and Lidwz1l (1948), by the expression

, -
.\=—’- ;\zu~e. '

(1.9)
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where No is the quantity of microorganisms at the moment t = 0} -
k is the rate of removal of bacteria from the air by all factors
acting over the entire time period studied. ‘ '
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The quantity K can take various specific values.

| Thus, kD is the death rate of living microbes; kS is the

rate of their removal by ventilation; and kg is the rate of
remceval by settling. ' -

° ’l
PEATENL

‘ Despite existing and continuously operating processes of
Vaifﬁexchange and ventilation, a fairly large degree of bacterial
contamination has been detected in living quarters as a result
~of a number of invesiigations. Thc degree of bacterial contamina-
tion of the ailr is directly dependent primarily on such factors

as the denslty of population of the dwellings, the activities of
the people, the degree of contamination with dust, the rate of

alr exchange, etc. ‘

- In this respect observations by Miquel (1883), Carnelly (1887),
F. S. Epshteyn and E. G. Salamandra (1948), A. I. Shafir and P. A.
Kouzov (1948), Swaebly (1952), S. I. Kudryevtsev (1957), Gregory
(1961) and others are very indicative.

§ JAccording to Miquel's data alr in hospital rooms in Paris
; ' contained the following quantities of bacteria per m3: in June
.up to 5110, in December up to 23,100 (an average of 11,000).

In 1887, Carnelly, using Hess tubes to study the alr of
schools and mills, noted a sharp increase in the total content
of microorganisms in the presence of large numbers of people;

P simultaneously an increase in the degree of dust in the alr was
noted. When the alr within the bulldings remalned quiet for a
prolonged period the bacteria or the particles on which they

are located settle out from the alr more rapldly than mold fungil.
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Maunsell, studying the bacterial level of alr in a bedroom
by means of a slotted collector during cleaning of the area,

‘»détectedla sharp increase in the content of mold fungl 1n 1t.

A. I. Shafir and P. A. Kouéov, as well as 8. I. Kudryavtsev,
studied the change in the bacterial level of air in living quarters,

in particular in hostels during periods of occupation and times
of vacancy. '

According to Kudryavtsev's data there i1s a direct dependence
between the magnitude of bacterial level in the air of living
quarters and the activity of the people océupying them. The
greatest magnitude of the bacterlal level in the air for sleeping

-quarters was observed, for example, in periods when people were

awakening and rising from bed, when they were going to sleep,
and especially during periods when the areas were belng cleaned.
The total quantity of microflora per 1 m3 of air in studles with
the Krotov apparatus and the Rechmenskly siphon trap in these
periods reached 12,000-25,250 microbe bodies, while in a period
of relative calm there were 3600-5500 microbes per m3. It was
also determined that the presence of a large number of people

in the area and, in particular, the presence of individuals with
anglna or catarrhs of the upper respiratory tracts will

lead to contamination of the air with pathogenic microflora
(B-hemolytic streptococci and hemolytic staphylococci) (Table 6).

In 1961 Gregory used a portable trap of his own design to
study samples of alrborne dust. The composition of the dust
included small scales from the epidermal layer of human skin.
Thus, prior to cleaning up of a room a few thousand of these
potential bacterial carriers were detected per m3 of alr, while
a’ter the beds were made up the number grew to 390,000. Gregory
considers that the larger portion of the bacteria existing in
room alr are fixed on these scales. '

46
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Table 6. Bacterial contamination of the air in sleeping quarters §
in a hostel in a 24-hour period (per S. I. Kudryavtsev, 1957). :
| | Quantity of microorganisms per m3 of alr |
Periods of -§
observation Time Total Staphylo- |Hemolytic | Hemolytic !
of the area amount |coccl staphylo-~ | strepto-
albus cocecl coceld
No people
present 9-12 1450 650 50 5
People
present 21-22 5500 2250 250 50
Necturnal _
sleep 4 4180 1200 220 25
Daytime
rest 14-15 8500 3100 Loo 45
When
people
are
rising
from
sleep ‘
and pre-
paring
to go to
bed 7 and 24 25,250 {11,130 540 , 75

Of essentlal significance are works concerned not only with
studying the general level of bacteria in the air of living
quarters, bu: also dealing with the detection of various types of
pathogenic agents of diseases in it, in particular microflora
of the coccus type. Thus, S. S. Rechmenskiy (1944), F. S. Epshteyn
‘and E. G. Salamandra (1948), N. N. Shastin (1954), S. I.
Kudryavtsev (1957) detected o~ and B-hemolytic streptecocei in
living areas and public buildings. Similar cbservations were
made by 0. P. Lebedeva (1953), A. S. Kaplan (1951}, and others.

Data given below on Infection of humans by diseases of the
upper resplratory tract clearly indicate the major role played °

b7
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by ailr as a means of transmitting ‘the causative agents of. infecti~'
ous diseases. ' ‘

Infectious diseases Included in the group of upper respiratory N
infectlions are the most wldespread. The wide disseminaﬁion,of ? II?
these Infections 1s due to the ease with which the mechanism
of transmission inherent to this group of diseases is realized.

 Numerous observers have also established that certain causative
agents of infectious diseases whose transmission mechanisms include

g the absence of air under natural condiltlons can penetrate the

3 § respiratory tracts of humans and animals in the form of artificial
£ ; bacterlal aerosols and thus cause infection.

O ot e L A X

At present a large mass of material has been accumulated by
accidental 1nfectlon of humans and animals through the air. Thus,
Feiner (1948) indicates that in the practical operations of
American bacteriolcgical laboratories cases have been noted of
airborne infection (as the result of accidents) by the causative
agents of anthrax (25 cases), brucellosls (17 cases), tularemia
(7 cases), glanders (6 cases), and psittacosis (1 case).

Infection can occur when bacteria of melloldesis, plague,
typhus and other microorganisms enter the alr. In 1946 M. K. .
Krontovskaya, F. G. Krotkov, et al. published material on
'laboratory infection of humans by typhus4through,the“aif.

Under natural conditions the transmission of inxection
through the air is observed in the case of many infectious uiseases
of Loth birds and agricultural animals (contagious pleuro~
pneumonia of horses, infections of the upper respiratory tracts

of horses, hog cholera and influenza and grippe of hogs,-
tuberculosis of horn 1

The possibility of droplet-borne infection in the case of

tuberculosis was proved by direct experiments by many investigators

48




f:fusing guinea pigs and calves where indivicual tuberculosis
 baeilli were located in separate parts of the lungs after inhala«
fﬁtion of contaminated material. =

Infection with swine 1influenza under both artificial and
natural conditions occurs only when the contaminated material
enters the organism through the respiratory apparatus.

, M. S. Gannushkin (1961) presents the case of transfer of
~ infection (infected droplets) in epidemic pneumonii of horned
cattle by air currents at a distance of 8-10 m, with total
'elimination‘ofvother methods of transmission.

Dust~borne infection can occur in animals in the caée of
anthrax and tuberculosis. Schwartz and Mathews (1954) showed
the possibility of aerogenic infection of swine with hog
cholera under production conditions.

The air is.also one method for dissemination of animal
viruses. Infection of sheep with sheep-pox has been described

in the case when they were driven along a road over which animals
'111 with this disease ha& passed previously

| The virus of Newcastle disease or poultry fever has been
‘isolated from guarters in which sick birds were held;réir from
_contam;nated quar‘évs taken in amounts of 540 and 1080 I contalmed

_the virue in cancentr&ticns adequate for infection of chick

'enbryas‘ - : -

 Extremely fine bits of feathers and exirement = [rom Parrots
~infected with psittacosis and carried through the atr can cause

infection in both birds anj humans ( mith 1963)

The possibility orfcontaminacian,of birds with plague
thicugh the air not only in artificlally crested virus aerosols,
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- but also in poultry yards infected with tﬁe disease has been IR
‘ demonstrated ‘experimentally. Thus, P. N. Svintsov. (1951) report&d*, ;;fif i
' on suct an ‘experiment carried out in a poultry yard contaminated .":%~5'3

by fowl plague. In this poultry house cages with healthy chiokens |
were suspended from the. ceiling, the airds were infected with
the plague through the air. | o - L .4f;f

All other methods of transmission of the infection were
exclu.ed. P I. Pritulin presented interesting data in his

- works (1959), studying the pathogensis of parrot typhoid with various

methods of infection - enteral, parenteral, and aerogenic.
329 animals were infected enterally, 263 parenterally, and L62
aerogenically. Infection was conducted with different types of

‘paratyphold bacteria: suispestifer, Girtner, Breslau, and the

causative agent of aborta ovis. Experiments showed that an
especially rapid development of the infection process occurred
as a result of aerogenic infection

It has been proved experimentally that peolio and influenza
vigrus can be transmitted by susceptible animals thraugh artificially
contaminated ailr. The intensity of ssattering of the infectious
prineiple in the ambiert medium through alr freguently leads to

= ‘*ap*d inzection of all suscentlhée livestock

oM. S Gannushhin {1901) conside 'S that in aerageﬂiu inSeetions

and 9esyecially {n the droplet method of traﬁan;ssion, if the

tncubation period . shori, eplzo ic_ﬁiaeaae is disseminated
very raptdly an&'éavers
in ex’remel:,ﬁﬁort p ri

a1l susceptsble livestock, occurring
ods. "

whole the problem of Inl-uivlong of the respiratory
from satislactory resoluticon. The enormous
asenamic losses caused by "dreplet™ Infectlons make it nandatody
workers in the antlepldamic front Intensify the study
& Lhis QR“ﬁtiCu in all of 4ts various aspects. There is no
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question that s’cudies directed toward 1nvestigation of ‘the air
fas a factor in the tvansmissmn of infections :Ln thia group
,ocwgies a significam; place in t;his plan.
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CHAPTER © 11

| GENERAL METHODS AND PRINCIPLES

FOR DETERMINING - CONCENTRATIONS
AND uzueusrous L AERQSOL»P#RTICLES,V

*he determination of the quanﬁity of particles for aerosels
of erganic and inorganic nature per unit volume of air is of

- vital_significance_in characterizing the serosol. Calculation ef
. the quantity of dust particles'characterizes the dust ccntenv of
~ ‘the atmosphere, air in industrial areas, ete. ;Bétermination of’

~the concentration of bacterial particles in tﬁe alr makes it

passib‘e to evaluabe the’ ep demiological situation and to detes mine V

" the need for ca;rging out sanitagion megsares of one type or

snother,

The quantisy of aerosol partieles per unit velume of giv .
depends on a variety of conditions: intenzlty of dispersion in

condensation prucnsaes, leading to the appea“eﬁﬁé'a?'dfsperﬁeé

pitage of the zerosol; the prhysical and chemical nature of uhis
gﬁase, *he age of the aerosol~ atmoupha te conditions, ete

nurin* aeterﬁina lon of aerosal goncentrations §¢ 12 important
v ssaaﬁiisn the method of expreasing the gquantitative character-
fsvios of the contant of sercsel partie les per unit volume.

,Usuzzlg' che csleulated and weight concentration of ‘sercsols ars
} €
a8

stned. The weight or gravimetrie cenusna.at.en 43 the

watght of the aerosol particles sontzined in a unit volume of
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”.:medium.g'BV'thé term>calcuk&ﬁe%-(partiuulate op konimetpic concen~ .
"'i;tratien) we understana the. ﬂuméar of aervosol partic;es in a .unit
'7i_volume of ‘he. medium. In sspling aerosols. from a flow L. M. Levin LT
© - (1961) singles out the concept of the flow concentration of an o
" . gerosol, in contrast to the concept of particulate conceniration.

3 0ther authers bas; ‘their work on the concep? of par iculate con- :
- centration: alone._ '

SRR g T S

-In addition, in micrab;olcgy the cancept o1 the cell coneenoh

'trat on of an aerosol exists; nhis is- defined as the number of
- cells per unit vclume, {cells)/cm . Besides the pract;ca;

determination of" the particulate cencentrat on of an ue”QSOl, in.

fﬂ resear&h uerk the need may arise for entative theoretical evalu—ri

ation af this charaeteriﬁtic ‘before the °xperiment is set up.

Tentative calculation of cellular and particulatce concentration‘
“can be carried out under a number of assumptions.

We will assume that within a closed volume {chamber) W(cm3)
it 1s necessary to create a particulate serrsol concéntration
(CEparficles!em31) or a gellular comceritration {(C [ﬂells/cm*’)
We will assume that the aerogol gen&rator uged to ﬁiSperse an
initial uusaenaian eantaining r, cells per cubic centimeter
»i11 ereate a monodicpersed ssstem in which a1l particles are
Aptually 1dentical in stze and which contalns an ideatical
wmher of zells., Then the number of gerosal particles obtained

' ?rza &shmg} ez she znit*al suSpens*en will equal

N -
8&"‘*— ’.—;3'"—"'3# ' ‘12'1}

where 4 Ls the diameter of a spherlecal volume oguivalant te th
volupe of the inltial suspensien in I ml (uml; and 4 is the

dtameter of she particles (um}.

1. 0allis per 1 cmi in the initisl

o ¥

suspension, kh2 ratie nefh = ¥ ahtws the qaaﬂtitatxve centent
e
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3 The particulate oancentration of the aorosol ina chamber  }-
with uniform disgribution throughcut the ent*re volume will B
equal ' o ' '

“§:=-%%'(particles/qm3).4 {2.2)
"  The 6ellular concenfration‘is calculated by the formula
C»--"ﬁ‘;-—m-a,—-wi( C(cell s/cm )

The example given below demonstvatea the sequence of

preliminary evaluation of particulace and wellulérfc@ncentratiqn 
in.a eloseﬁ volume,- '

Let i£ be required to determine tentatively the particulate
cellular concentration in a closed volume equal to 1 m3 with

dispersion of 1 ml of suspension containing 2° 119 cell s/cmS.

With dispersion of the sample that aerosocl is created which is
close to monodispersed and has a particle size of 10 um. Repre-
senting the volume of Initis) suspension of 1 mi in the form af
a=s§here, we san determine the dlameterof this Spnere through
tne followling exp ssicn.

A3 ]
et R,
” . f F ey T N -
g = }“ — I A-Emis; == f.u @ﬁ,!i se ‘ai~i€3‘ HR .

Then the q¢ ntity eof pavtic*éa v um in diagmeter which can

be obtiined during dispersisn of i1 ml »f suspension will egual

I S R 1 s B % g € o ) -
8] méixzmai m-»‘#ém 25 5‘9- ia‘ 5}&3‘&«9185-

e H ceilsf*m3, &1l
r3e 2ells &sre distributed in serosel particlies. The guanti~
t

7
v
eative relationshi, wetwsen the humber of 2ells and the number
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, _ If we hold to the °ssum0axon that the cells are distributed
in the ~aerosol in such a way that uhere are no particles which
- do not contaln cells and no particles conteining more than two
¢ells, then the value K = 1.05 shows that 5% of all pérticles
contain two cells, while ﬁll the remaining particles contaln
one cell apiece.

Under the conditions of the example the particulate concen-
tpation will equal ' - ’

‘ LA e - -
G ‘g*m—;g;:m 2 1.8 t&’:particles/mg .

The cellmlar concentratiun will be

Com K€ 18-16% 105 = 2+ 10 cO1ls/0R .

The above tentative calculations can be supplemented during

cansideratian of- th» particuiar featurga of the'ezperlment.
. If no'mixing of the aerossl cccurs under the chamber conditions,
‘the fraction of particles gus of the toval guantity settling in

a determined span of time can be detaorwined by the Stakes formule
{1.2)} under the sssumpbion that there is virtually no setgling
or ba*&iei@ﬁ of the celling or walis of the chasber. Evalustion
A T the degree of cosgulation of bhe particles snd the change in
par tiauﬁsva concentration due o thiz is cdrried oul by the

3
Smolukhovehiy form 1.5, given ia Chapter I,

‘;

The deseribed nethod for avgluating c2llulsar zoncentretisa : :
& t dees aat teke into account

oS
"
Ll 5 it ik it GARR LB Lo, ot it e



The basic inatrument@ used to determ ne the concentr&tion -
‘:»_and partiole size of aerosols ¢can be broken down into the following
classes:  instruments based on the prineiple of rree deposition
of serosol particles; instruments based on the prineipxe of
‘the impact action of a jet of alr; and *ne*ruments Which ensure
counting of Qemsol particles in isolated volames of aiP

Since the principles upon which operation of these instruments
are based are also used in apparatus for ﬁiCPObiOlOba,a* s*udy
of the air, it would seem advisable first to describe the common
principles and methods, along with certain of the best-known

instruments, intended for dﬁtermining the concentration and degree
of dlspersion of aeroscls. '

-

The most important conditicn for determining aerosol concen-
tration i* correct seleetion of the method for taking samples
of the aeroscl. The mgJority of existing methods of sampling
aerosols are based on the pri inciple either of suction Caqniration)
of particles into some sort of instrument, the principle of

depasition of parti les on various surfaces, er on 8 combinatian-
af *hese LWo pvtnclpleo - aopiratien with subsequent daansiﬁicn‘

During aspiratien of an asrossl essential shanges arise
boti in ivn particulate congensration and in the natuge of
distr.busion of asrosei particle sizes as compared wi*h the

Ce2roesel in the undisturbed state - l.e., prior to th* noment

the 1ﬁstrumcnt. These char  es can sccour

[ aerosci parzigﬁés,aat 8L the laminar and turculent
2

[e 34

Flow ar &eeagﬁe of diffuzion af the aeresel. herafc » when
k3
L c

5 N + ] . 5
nesutration and degres of dlspersisn 9f the aeroscl during
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samplirg can be provided by consideration of the ohysical basis Ef ~%"

‘( underlving tne various metnods of sampling.

a) Aspiration of Aeroscls froﬂ an
Undisturbed Volume

yendpgnll,

During sampling of an aorosoL from undistUﬁbed air there will
be, as a rule, no losses due to the inertia of the aserosol |
particles. This is explained by the fact that the streanliines
during such sampling are rectilinear. Virtually 100% effectiveness
of sampling from unmoving air s obtained when the doilecting
tube 1is arrangéd'horizontally or at a certain angle to the horizon.
When a sample is drawn through a vertical tﬁbe open at the top -
the concentration of the aerosol in the sample will be greatef than <
the true concentration by [1 + (vg/u)] times. This is explained
by the fact that with this sampling procedure the velocity of
the aerosol particles is the vector sum of the vélocity of the
medium (u) and-the'rate_orvdepositgon~(vs)-(A. N. Fuks, 1955).

b) Taking Sampleslfrom a Flow

The basic factors which give rise to a rhange in the true
concentrationzin ar serosol sémple taben from a flow areﬁfhe
orientation of the collecting tube relative to the flow and the.
ratio of the flow veloclty in the tube and *hat outside it., If
the collecting tube will be arranged at 4 certain angle to the
direction of the main flow, then because of inertia of motion
a certain fraction of the particles will settle out on the inner
wall of the tubu. The concentratlon of the aeroscl in the sample
will be lower than the true concentration. When the c_llecting
tuve is arranged parellel to the flow the speed of flow in the
tube may be g.eater or less than that in che main flow; in the
first case the concentration will be overstated and: in the

second, 1t will be understated. Takirg of aerosol samples when




~ the speed of flow in the tube and that in the external fldw are

- equal 1s called isokinetic sampling.' With this method of sampling,
if we ignore deposition of the aerosbl.on the face of the tube,

the true concentration of the aerosol should be obtained.

- However, studies have shown that even with isckinetic sampling'
an understated value 1s obtalned for concentration of dust in
the tube {Dennis, 1957). It was found that to obtain a more
correct result it is necessary that the external pressures be
greater than the internal pressure; this is achieved by increasing
the rate of aspiration of the sample, with the increase being
the greater, -the higher the veloclty of the external flow. The
-author explains this loss in pressure in the tube as due to
friction and swirling.

A great number of studles have been dedlcated to problems
in taking samples of aerosols (May, 1945; Walton, 1954; Watson,
19543 Badrioch, 1959; Walter, 1957; Dennle, 1957).

The theory of sampling aerosols was developed very deeply
by L. M. Levin (1961). 1In particular, he obtained formulas
which can be used to calculate the effectlveness of drawing
camples from a uniform flow of aercsol witn consideration of
inertia and of sedimentation of the particles. The formula for
drawing a sample through a very narrow opening has the form

4= =1 ~0,8KL0,08K2-- B (2.3)

N

43“)% g v,

K= (“a

where Ny and n are the concentrations of the initiai aerosel and
of the sample; ® 1s the volume of aerosoi aspirated in 1 second;
Uy is the speed of the undisturbed flow; Vg is the rate »f

deposition of particles; and A is the aspiration coefficient.
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Formula (2.3) is applicabls under conditlions when the average
velocity of the flow in the collecting opening 1s substantially

greater than four tlmes the value of the speed cf the undisturbed
flow (u > 4uy). '

For sampling in an infinitely narrow flat slit, L. M. Levin
obtained the following formula: N

n 21 & o2 :
é_.;—«ﬂ:—-s!-—ﬂ.-%a”\~0'“5]\’f"" (2!“)

2=z .
K——gr - o v,

where ml is the rate of sampling of the aerosol per unit length

of the slit. In formulas (2.3) and (2.4) 1 is the relaxation
time of the particles:

e
= lﬂq o

As 1s evident from formulas (2.3) and (2.4), evaluation of
sampling effectiveness 1s conducted through the aspiration coeffi-
cient, which is equal to the ratio of the concentration of the
aerosol in the sample to the initial concentration. However,

"determination of the exact value of a true concentratlon in an

aerosol flow is extremely difficult. Therefore, despite the wide

-variéty of -theoretical and experimental works concerned with

problems of sampling aerosols from a flow, thls problem has not
yet found its final resolutlon.

1. Instruments Based on the Principle
of Free Settling of Aerosol Particles

The Stokes 71.1) and Stokes-Cunningham (1.3) formulas lie
at the basis of the determination of particulate concentration
and particle size by means of Instruments based on the particle
sedimentatlon principle.
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Instruments based on spontaneous separation of aerosol
particles from the dispersion medium Include the Owenc-II counter,
the Green sedimentator (Green, 1934), and others.

The Owens counter 1s designed on the principle of free
deposition of aerosol particles from a determined volume onto a
horizontal surface. The aerosol particles are collected on cover
glasses, where they are counted under a microscope and with a
reticular ocular micrometer.

The number of aerosol particles settling out from 1 ml of
alr 1s determined by the formula

Negti (2.5)

where N 1s the number of aerosol particles settling out of 1 mi
of air; n is the average number of particles counted in one grid
sectiony a is the linear dimension in centimeters to which one
side of a grid square corresponds in the field of vision; h is
the height of the vessel in which the aerosol particles settle
(in centimeters).

The Owens counte » makes 1t possible to determine particulate
ccncentration in an aerosol at the moment when the sample 1s
taken.

The Green sedimentator (Green, 1934) is an instrument
designed along the lines of the Owens-II counter, but differing
from it in simplicity of construction and manipulation (Fig. 1).

The instrument consists of a c¢ylinder (a) with a height of
5 cm and diameter of 3.6 cm. The top of the cylinder is covered
by 1id (b). The cylinder is installed on a pbase (c) which contains
cne or two depressions for cover glasses (d). During sampling
the cylinder, opened above and below, 1s ralsed and lowered
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Flg. 1. Green sedimentator.
a) cylinder; b) cylinder cover; c)
moving plate; d) base of instrument.

several times in alr, after which it is set on the base under
the next glass, covered with the 1lid, and left quiet. Calcula-
tion of the number of aercoso.i particles 1s carried out in the
same manner as during use of the Owens-II instrument.

Among instruments based on the principle of free deposition
of aerosol particles is the Pfeiffer aerosol trap (Pfeiffer, 1963).
The instrument 1s intended for rapld sampling of an aerosol cloud.
Aerosol particles enter a fixed volume - an automatically covered
tank - and are trapped by corresponding surfaces through collisions
with them and deposition on them. Plates or films intended for
trapping aerosol particles upon collision are fastened to the
inner surface of the vertical walls of the tank. A plate with
a covering 1id is included in the instrument to trap particles
by deposition. During tests of the aerosol trap in fleld condi-
tions 1t was noted that the instrument ensures obtalning the
necessary research results ilndependently of the state ofvthe
alr flow and that it alsoc makes it possible to take samples of
aerosols within a flow in very short time intervals.
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2. Instruments Based on the Principle
of the Impact Actlon of an Air Jet

Calculatlon of aerosol particles under condition of mechanical
separation of the dispersed phase from the dispersion medium can
be carried out by means of instruments based on inertial deposi-
tion: konimeters of the Kotze design {cited in K. Spurny, 1964)
and Owens-I (Owens, 1918, 1922) and with design changes - Miller
and Sakhnovskly (1931) and Bekhounek (1939), with a counter of the
type designed by Torskiy, Volokhov, Kekin, and Radchenko (1951),
the May cascade slot counter (May, 1945), the Stoyanovskiy dust
counter (1951), with konimeters by Zeiss (Zeiss, 1956), Kleinschmidt
(Kleinschmidt, 1935), and Lehmann, Love, and Franke (1934), with
the aerosol trap by Hirst (1952) and that of Gregery (1954), ete.

The principle underlying the majority of these instruments
consists in passing a streong jet of alr through the instrument;
this Jet imparts kinetic energy to the particles and, impacting
against adhesive plates, the particles stick to them. This energy
is obtalned as a result of an increase in the velocity of the :
air flow passing through a slit or a small round opening. Passing é
thrcugh the slit with a velocity of 10-100 m/s, the aerosol
enters a rarified space where the speed and direction of the air
Jet are changed abruptly. Adiabatic expansion of the gas occurs,
leading to condensation of water vapor on the particles and an
inerease in their weight. Due to inertia the particles strive
to retain their initlal direction of motion. Encountering an
obstacle in the form of a glass plate, the particles are deposited
ar. 1t. The rate of aspiration of air through the nozzle is

Increased to a magnltude at which the capture coefficient reaches
80-100%.

The effectiveness of ilnertial deposition {impactor) can be
calculated by the formula (May, 1945)

R Mot e mn s v ot & e dein Do .
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imp = {5}. : (2.6)
where ¢ is the speed of motion »f the gas (in centimeters per
second); p is the density of aerosol particles (in grams per
cubic centimeter); r is the radius of a particle (in centimeters);
n 1s the viscosity of the gas (in grams per cm per second); and
d, 1s the width of the slit (in centimeters).

With constant density, particle size, and viscoslty
of the gas the effectiveness of inertial deposition is increased
with a growth in the speed of motion of the gas within the gap
and with a reduction in the width of the slit. '

Instruments called konimeters have become widely known and used.
A description of the principle of thelr operation 1s given bhelow.

The Owens-I dustmeter. A certain volume of investigated air
1s aspirated into the instrument, where it 1s subject to adiabatic
expansion and 1s cooled; moisture condenses on the particles which,
impacting against glass which is placed in their path, adhere to
thne latter in the form of a thin strip.

Structurally the instrument consists of a housing, a
molsturizing tube in the form of & cylinder, and a purp. On the
upper end of the c¢ylinder, whose inner walls are covered with
wet [1llter paper (moistening tube), there is a cover with & slot
0.1 mm wide and 13 mm long. The tube is connected through this
slot with a chamber, connected in turn with a piston pump which
exhausts 50 cm3 of air in a single piston stroke (Fig. 2).

The aerosol particles deposited on the glass can be counted
by means of a micrcscope. To facilitate and accelerate counting
of the quantity of particles, Kup (1942) proposed determining

A T VIR W e VAR L 8 R




- the number of particles contained in a single cross section of
‘the strip and multiplying the obtained quantity by the microscope

‘constant. The'quantity of dust in the strip determined by this

-simplified method differs from the true quantity by no more than

+1.9%, according to Kup's data.

'Eggloff (1933) established a relationship between the rumber
of visible particles and the magnification of the microsc. pe
(Table 7).

Eggloff considers that with magnification of 1000 to 1500
times it is possible to see virtually all of the particles of an
aervsol within the field of vicsion. '

P
4 \\
arorpessmunsaly,
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'Pig. 2. Owens counter
(external view).

Table T. Relationship between microscope magnification and the
number of particles visible in an Owens counter (per Eggloff,

1933).

Microscope 100 | 250 | 500 | 1000 | 1500 | 2000
magnification 7 ,

Counting results . _

(per 1 cm) 65 102 113 112 124 125

Particulate concentration of aerosol particles in air is
determined by dividing the volume cf pumped air by the number of
counted dust particles.

.‘(ri;".-‘,»'sx P




The total number of dust particles inl mz of tested air

'?;Ais determined by the formula"

. NfT;#éi' @D

“where N 1s the average number of dust particles per 1 ml of tésted, f':

air; n, average number of dust parﬁicles in one transverse strip;
L is the length of the entire dust tract (in centimeters); ! is
the size of the side of one square in the field of vision with

"a glven optical system (in centimeters); v 1s the volume of air
“pumped during one piston eycle (in cubic centimeters); and m is
the number of piston cycles. ' - '

It 1s assumed that the mean error obtained by the Owens
-method amounts to *4%.

Kotze konimeter. The operating principle of the instrument
consists in pumping air through a conical slot with g round cross
section; the slot diameter in the lower portion equals 0.072 cm,
- and the speed of the air Jet 1s 1150 cm/s. Aerosol particles
undergo inertlal deposition on a moving glass substrate. 8-12
samples are taken on one and the same substrate. The substrate
is covered with a thin layeb of glycerin or some other sti.ly
material. The Kotze konimeter is at present belng replaced by
improved specimens in the form of 2Zeiss konimeters (English) and
- Bausch~Lowb instruments. '

‘Zeiss konimeter consists of the following basic parts:

" -sampler with an inlet channel 0.5 mn in diameter, along which

0.1 mn dust particles_trével; rotating round obJect glass with

an area calculated for taking 30 samples; an air pump exhausting
12% cm3 of air in one pi<ton stroke. The alr is aspirated at

a rate of 100 m/s and falls on the object glass, which is smeared
with collodicn or with glycerin mixed with rubber. '
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According to:data‘frdm Glawion (1938) and Junge (19%1), up

- to T-8 times more particles are retained on a layer of gelatin

than on'a layer made of a mixture of glycerin with;rubber.

- On the slide the particles formed a coating in the form of
a spot with an area of about 0.3 mm2 The number of dust particles

-1s determined visually in the illuminated field of the microscope
. or by the photometric method. Counting can be capried out at a
substantial interval of time alter taking of the sample. The

most favorable conditions for courting are created with a duste
particle content in the sample of 5 10 (Reeger, Siedentopf, 1950),
or of 15-103-40°103 (Effenberger, 1940). Therefore the recom-
mended volume of the alr sample, contalning highly concentrated
aerosol, should amount to 1.25 cm3, while for air with a small
quantity of particles several liters should be taken. |

The relative accuracy of konimetric measurements falls in
the limits +7-14% (Effenberger, Reeger, etc.).

Determination of dust content by calculating the number of

-'particies in a dust spot on a measuring glass 1s sicomplished

by various methods. It -has been established that a spot formed

'as the result of deposition of aerosol particles contains a number

of particles which gradually diminishes from the center to the
periphery. The following methods are used to carry ocut ﬁne_
gounting: the Rotshke method of annular counting (19379,

Lobner method (1935) and the Effenberger photomatrie method
'19#&, ' -

Thus, Effenberger (1752) deseribed a xonimevar with a
racording device for making 8 contiuuous recording of measure-
ment results over a comparatively prolonged pesiod.

The Ma ' impactor (1945} is a substantially superior instru-
ment to the Owens counter: this instrument is a highly




:gqeffective"aspirating collector. By using this instrument it is

f,possible to determine both the particulate concentration of the

- aerosol and also its degree of dispersion. This instrument
,contains not one trapping stage, but four of them (Fig. 3).

F

‘Fig. 3. Disgram of a lour-
stage May impactor (see
description in text).

As is evident from Fig. 3, the May cascade impactor consists
of & system aof feur'nozzles (R, B, C, DY and trapping alutas
corresponding to them. The diameter of the inlet nouzles is
progressively reduced from stage to stage so that the speed and ‘
gonsegquently thé_eff&ctiveness of particle trapping is Increased
from piate to plate. As a result the partic)es are sortad by
dimension, which greatly 2asas subsequent analysis of the samples.
The May instrument is portatle, reliable in cperstion, and can
be used to take samples of any aerosols whose particie sises
exceed 1 pm. The optimum rate of alr aspiration ts 17.5 Ifmin.
Before sir samples zare taliten the plates are coated with a silcky
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film of non-drying substances, in particular a mixture of castor
oil with highly refined resin. Analysis of the samples is carried

out by means of a microscope with an ocular micrcmeter. However,
" tentative determination'of.ﬁhe degree of dispersion of the

particles in the samples is possible without the use of the ocular
micrometer. ‘ '

Thus, 1t has been noted that during passage of an aeroso?

 through four wedge-shaped nozzles with slot widths of 6, 1.6, I.O,A

and 0.6 mm, the air flow is separated from them at velocities
equal to 5, 30, 50 and 80 m/s, respectively. Since the effective
ness of deposition of particles suspended in a gas flow grows,with

‘an increase in flow velocity and in size of the particles, aercsol

fractions of slzes of 10-200, 3-20, 1-7, and 0.7-3 um can be
obtalned on glass screens placed behind each of the slots.

In the isokinetlic mode the May impactor can serve as a
standard for calibrating other samplers of similar type,

In 1956 May designed an improved model of the cagcade
imp&ctor, equipped with moving plates.‘ This instrument makes it
possible to study the concentration of aerosol partigles in time,
since the deposit [ormed cn the plates is not excessively dense
ang does not hamper miecrascopic study of the aerosol particles.

Wilecox (1953) proposed a fiveustaga sascade impector.

The Hirst trap {1952) consists of a single impagtor stage

The instrument i3 i
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Fig. 4. dirst trap (diagram). A - front view (upwind
side); B - cross sectlon to the intake slot; £ « side
view {(longitudinal section}). 1 - cleockwork mechanism.
which moves the plate; 3 - Intake slox, tupn to lace
the wind, behing which the holdar ceortaining plate (3}
moves upward; 4 - to the wvacuum pump. (Weathervane
unit and 23p for protectian of the inlet opening from
fain are not shown).

the particles are deposited on the glass in the Form of a s&rl
LI

i
38 ma long. The slide 1s arvsnged behind the slet (2). HMiore
h 3

8 dapesit on the glass makes it pessaible

>
AL

e =‘i:’;_u::-

A att S bl

AT

bt b AR A A b E e

DIt A

I, SRy

i

.

Tk arelagil FTT EETY SO




Dot retated st 5 gpeed of 2000 »4min; ihila maryées gl

The Gregory instrument (Gregory, 1954), like the automatic
Hirst trap, is intended for deposition of aerosol particles
(spores) with ccnside*°tion of the volume of alr aspirated through
‘the instrument. The aspiration rate is 10 il/min of air. The
inst ment does not require electric power for iIts operation, 3
and a.piration of the alr is accomplished by manual rotation of ' "?
a small pump with sliuing vanes. The apparatus weighs 4.5-5.5 kg. |
Advantages of the instrument include the following: portablility
and the poss bility of tak.ng air samples with a duration of ﬁp
to a second. The Grebory trap is not iatended for samples on . .
nubrient medla. _ - : ;3
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The action of th~ aerosol counter designed by A. F. Stoyanovskiy
{1951) is based on the use of centrifugal force, causing the
rarticles to collect on the inner surface of a rotating drum.

The instrument consists of -a hollow cylinder which can be opened
into two halves. The cylinder is mounted on the axle of a

3

3
4
:
k!

- fractional-horsepower motor, to which a handlie is fastened. On
trke lnney side ¢f e2ach vaive there are cover glasses which are
smeared with 2 layer of castor oil. At the point where the air
13 to be investigated the cylinder i{s open for several minutes
to permit achlevement of equilibrium betwzen the serosol con-

RPN TS TR RIS 2ot

sentpation in the eylinder cavity and that in the externszl

et T

stmoaphere. Then the cylinder is closzed, the cavering glasses 1

‘are opened, and the elecrpic motor 1s switched on. The cylinder
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where N is the quantity of particles per ml of air; n is the
average quantity of particles deposited on the area of the ocuvlar
grid; a is the side of the ocular grid at a given magnificatlon,
expressed in centimeters; m .s the quantlity of alr samples taken
from-which aerosol is deposited on one r another glass; 2.75 is

the volume of air (in millllitees), from which aerosol is deposited

or. an area of 1 m2.

Among the basic drawbacks of the instrument we must include
disturbance of the physical structure of the aerosol in the process
of sampling.

Traps in which aspiration o the air is carried ouf by means
of a pump, fan, or aspfrator will operate, to a certaln degree,
independently of wind speed and particle diminsinsn and can con~-
sequently be utilized in open-alr conditions.

A numbe~ of essential drawbacks are . ..rent to instruments
of the Owens type and t. cercain other inertial samplevs: aggra?
gation of particles occurs on the preparations, while during
passage of the aeroscl through the slot breakdown of conglomerates
into incividual particles is possible (Ye. Vigdorchik and M.
Pavlova, 1933). Application of counters is alsc Impossible when
large aerosol particles are present (larger than 100 um), since
the slot of: the chamber becomes plugged; they are not suitable
for operation with uerosol particies which wet poorly and they
provide inadequate trapping of fine particles (A. I. Pakhomychev,
1939; M. N. Krasnogorskaya et al., 1¢39).

In addition, when inertial traps with forced. asp.ration of
the alr are used, difficulties arise 1n trapping all particles
of an aerosol; these difficuliies are connected vith the isokinetic
ronditions of sampling. Not all of the particles which enter
the slit turn up on the surfaces intended for them; some of them
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are deposited on {he walls o° the trap and another portiocn is not
tfapped at +1. and passes on through the trap.

Konimetric methods alsc nave drawbacks. Therefore Junge
(1952) recommends the introduction of correctlve Tactors to
elimingte the effect of aspiration rate and other factors when
utilizing the konimetric methcd. Fairly good results have been’
obtained by certain investigators with the use of the electro-
precipitation method.

The abllity to carry an electrical charge is an important
property of aerosol particles. This property provides the basis
for tne method of precipitation of charged particles under the
influence of an electrical field.

Arn aercwol particle can bte charged during triboelectric
ohenomena {(electrification by friction) or by capture of gas icns.
These two forms of charging of aerosol particles are used in
varicus instruments whose operating principles are based on
eleccrical deposition of charged particles in an electrical field.
Instruments in which charging cf the particles occurs due to
the friction over a dielectric include, in rarticular, the
triboelectric konimeteir described by P. N. Porskiy in 1953. The
instrument is used for determinaticn of aerosol concentration.

Chargirg of aerosol particles by capture of gas lons is
applied mainly for deposition of particles in electrostatic
precipitators, in particular an electroprecipitators and electrical
ftlters. Usually the source of Jons in these inct ruments in
spontsneous (corona; discharge. A positive corona is used in
industrial electrical filters, with the aercsol particles
obtaining a positive electrical charge in them. A negative
corona is used in electroprecipitators, and during capture of
fons the aerosol particles are charged negatively.
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The negative electrode (cathode) in the instruments is usually
made in the form. of a set of thin wires or needles, while the
positive electrode (anode) is in the form of a flat or cylindrical
surface, which is usually the substrate.

The potential difference beﬁween electrodes at which
spontaneous discharge sets in amounts to several tens of thousandths
of volts. Passing through the region with a high density of
negative ions, the aerosol particles are charged by capture of
negative ions and are then Jepcsited on the anode.

The electroprecipitator consists of three basic parts: a

high-voltage source, a chamber for precipitation of particles,
and a pump or blower.

Among Soviet electroprecipitators, widely known instruments
are those designed by Blinov and Litvinov (1¢51), and that by
Trukhanov (cited in A. I. Burshteyn, 19£5).

Luckiesh, Taylor and Holladay (1946) designed an electro-
static trap. Later different types of electrostavic traps were
proposed by Rack (1959), 0'Connel, Wiggin, Pike (1960) and others.

Counting of particles in eleétroprecipitators can bevcarried
out by the formula

N (2.9)

where N is the number of particles per m! of air; n 1s the
average number of partlcles 1in one grild square (particles/cmg);

S is the area on which particles are precipltated (in square
centimeters); a is a linear dimension representing the side of

a grid square in the fileld of vision (in square centimeters); and
h 15 the helght of the chamber {(in centimeters).
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The possibility of utilizing the principle of electroprecipi-
tation for bacteriological research on the air is described in
Chapter III. -

Thermal brecipitation was proposed comparatively recently
as a means of determining concentrations of aerosol varticles.
The principle underlying thermal precipitation is as follows:
If a hzated body 1s placed in a chamber containing aerosol
partiéiés, a zone will be formed around it which is free of the
aerosc', This phenomenon is due to radicmetric forces acting
on nonuniformly heated bodies located in the medium; methods
for calculating these forces are outlined in detail in works by
N. A. Fuks. The physical bssis of thls phenomenon is used in A
trapping aerosol particles by thermal precipitators. The operating.
principle of the thermal precipitators consists in trapping of
aeroscl particlies on substrates located betweern hot and cold
surfaces. The difference between the temperatures of the hot
and cold surfaces amounts to about 100°.

The method of thermal precipitation has a number of
advantages over inertial deposltion. 7The advantage lies in the
fact that the rate of wmotion of particles 0.1 um and larger in
size within a thermal preclplitator depends little on their size,
while the rate éf motion under the actlon of gravity and inertia
diminishes rapidly with a reduction in particle size. Besides

" this, during thermal precipitation there is no crushing of
aggregates and blowing about of deposited particles.

Spurny et al. (1964) noted that in thermal precipitators all
particles less than 20 um in size are captured.

The effectiveness of the trappling of aerosol particles in
thermal precilpitato:rs depends on the rate at which air 1s drawn
through the instrument, the temperature gradient between the
surfaces in the therral precipitator, and the thermal conductivity
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of the medium. Besides this, Green and Lane (1957) noted that
this method gives best results at a high particle concentration
(volume of air drawn through the unit comprises only 7 cm/min

[sic]).:

The first Soviet. thermal precipitator was designed by

P. N. Torskly (1951). The instrument

consists of three basic
. parts:

the precipltator-housing, the aspirator, and a current
source with ammeter and rheostat for regulation of current strength.
Passing 100~200 mi of alr through the instrument, Torskly obtalned
100% trapping of solid aerosol parti:les.

Application of the principle of thermal precipitation for
purposes of bacteriological study of the air i1s described in

:detail in Chapter III.

Counting Aercscl Particles in

3.
Isolated Yolumes of Air

Determination of aeroscol concentration by the methods

described above (for example, deposition on plates) with subsequent
-counting of the particles under the microscope 1s complex and
takes a great deal of time.

Of significant interest are the efforts of certain authors

to apply physical methods of investigation (Ye. A. Vigdorchik,

1933; B. V. Deryagin and G. Ya. Vlasenko, 1951; V. S. Kiktenko,
Yu. P. Safronov, S. I. Kudryavtsev et al., 1961; A. I. Danilov,
Yu. P. Pokhitonov, 1966; Guyton, 1946; Gucker, O'Konski, 1949;

Ferry, Farr and Hartmann, 1949; Klénovice, 1957, 1960).

The following particular features are characteristic of these

methods of counting aerosol particles: the dispersed phase of

the aerosol 1is not separated from the dispersion medium, in order
to avoid aggregation of the particles; counting of particles is
carried out by means of a slit ultramicroscope, where the aerosol
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particles are represented in the dark field in the form of
glowing points; counting of the particles 1s carried out only in
an optically separated volume of the vessel; the average number

&
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of aerosol particles per unit volume 1s determined by appropriate

calculations based on multiple counting of partlicles in the
optilcally separated volume.

e kAR T

For rapid determination of the quantity and magnitude of
aerosol particles in instruments designed on these principles
use is made of converters (op.lcal, electrical, etec.), which

develop an electrical Impulse of different intensity for each

particle. The magnitude of these pulses is found to be directly

dependent on particle size (in particular, on the magnitude of

the surface, mass, etc.). The descriptions of the most widely

known and applied Soviet and foreign aerosol particle counters
are presented below. '

The counter designed by Ye. A. Vigdorchik consists of the
"following baslc parts: microscope, illuminator, and cuvette.
Besides these baslc parts, there are a number of attachments to

facilitate focusing of the light in the cuvette, attaching the

individual parts, etc. The instrument makes it possible to use

the speed of fall of particles to determine their size. Conse-

quently the instrument determines not only the particulate

concentration of t =2 aerosol, but also its degree of dispersion.

The counter is used to determine the number of particles in
highly dispersed aerosols under productlon conditions and has
demonstrated 1ts suitability for these purposes.

In 1946 Guyton developed an electrostatic counter. The
operating principle of the instrument conslsts in the appearance
of electrical impulses as a result of impact o a copper collector
f1lament 0.4 mm in diameter of aerosol particles traveling at
high velocity in a thin stream., The electrlical vibration imparted
to the collector by rhe particles (particie diameters 2.5 um

76




AR P O e < R g
A Y P RSP RO

ST O R BT T R il A6,

!

e
b

kS

5%
%

SRR

%,

and more) is amplified by an hf amplifier by 100,000 times and
activates a mechanlcal counter. QGuyton found that the amplitude
of vibrations is proportional to the diameter of the aerosol
particles. Determination of particle size is based on the

essential dependence of the magnitude of voltage on the square
of the particle diameter.

1800 particles per minute.

s
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A

R
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The Cuyton instrument can count up to

The instrument records particles with
dimensions of 2-3 um; however, with a change in the type of
amplifier it becomes possible tc¢ increase the sensitivity of the
instrument and to determine particles 0.3-1 um in size.

2
£
34
b
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Fig. 5. Dilagram of the X L. ?“{:
Deryagin-Vlasenko instru- ‘,ﬁ_*—
ment, :
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B. V. Deryagin and G. Ya. Vlasenko (1948) developed a flow
method for counting aerosol particles. Figure 5 shows a diagram
of the device. The principle underlying the B. V. Deryagin and
G. Ya. Vlasenko method of flow ultramicroscopy consists in
counting particles 1in a continuous flow of aerosol. The particles
cross the illuminated zone in a certain span of time. Counting
is carried out according to "flashes" arising at the moment when
individual particles intersect the illuminated zone. Particulate
concentration of the aerosol 1s calculated on the basis of the
total number of particles counted and the volume of aerosol
passing through the illuminated zone. Determinabidn of the
fractional composition of the dispersed system is achieved by
counting particles at a constant rate of flow but with different
and gradually diminishing illumination. Reduction of illumination
in the counting zone 1s achieved by introducing a wedge on the
path cof the 1lluminating beams. With a reduction in illumination
the eye 1s capable of registerlng only particles wlth a radius
larger than a determined size. By progressively reducing the
i1lumination in the counting zone 1t 1s possible to successively
eliminate from the count those particles which scatter light with
inadequate intensity. The size of these particles grows as the
light 1lluminating the ccunting field is damped. Thus it is
poosible to study the fractional compesition of e dispersed
phase of the investigated aerosol. It sheuld be noted that in
this method of determining the fractional composition of the
dispersed phase errors can arise 1n connection with the fact
taat the force of the light source and the sensitivity of the
eye are not constant.

The possibility of relatively rapid visual observation of
particles (of a bacterial aerosol) by means »f the flow ultra-
nicroscope was put forward by V. S. Kiktenko and coworkers.
They found indisputable advantages in using the flow ultra-~
meernscope as compared with earlier methods of investigation.
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In order to replace the eye of the observer with a more
sensltive photoelement, in order to allow automation of the
entire process of particle counting, V. S. Kiktenko, Yu. P.
Safronov, S. I. Kudryavtsev et 1. (1961) proposed using'a high-
sensitivity photoelectron installation which, together with the
electromechanical counter, makes 1t possible to count the quantity
and determine the sizes of aerosol particles passing through the
cuvette of the flow ultramicroscope. The magnitude of the light
flux scattered by the particles 1s adequate for its recording
by means of contemporary industrial photoelectron multipliers
of the types FEU-19, FEU-25, etc. As observations have shown,
the duration of a light impulse from the particle does not
exceed 0.5-0.6 seconds, while the pulse arrival frequency deperds

on the quantlity of particles and does not exceed 300-400 pulse/
min,

The principle of recording pulses of a flux scattered by
particles was used to deslgn and test under laboratory condltions
and experimental installation which confirmed the possibility of
automating cou *ing of aerosol particles. The installation
consists of the followirg units: a photcelectron attachment to

the ultramicroscope, a pulse counter, an amplifier, and a power
source.

The electronic circult »f the installation 1s shown on
Fig. 6.

The photoelectron attachment is intended to convert the
light flux from the aerosol particles intc an eleatrical impulse
and to provide preliminary amplification of the electrical signal.
It consists of a photomultiplier and a presmplifier. Structurally
the attachment 13 made In the form of a sepsnte unit whose
input window is placed tightly againat the ccular of the ultra-
microscopé (Fig. 7).
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Fig. 6. Circuit of the photoelectron attachment
(see description in text).

The amplifier and the pulse
counter are intended for ampli-
fication of electrical pulses‘to
a level adequate to trigger an
electromechanical counter of the
SB-1M type. The amplification
and pulse-counter unit consists
of an Input gate stage and an
amplifie»~1limitor, a blocked

e e IR 2 o RO

Fig. 7. Working pesition 1At vt
for the photoelectron input multivibrator, an output

attachment and the ultra- multivibrator, and an amplifier
- microscope. stage which activates the electro-
mechanical counter. The high
veltage for supplying the photo-
multipller, anode voltage, and the voltace required to ensure

filament heating are developed by the power source.
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The amplifier, pulse counter, and power source are Joined:
structurally into a single unit which 1s connected by cables_to
the photoelectron attachment.

When a light flux scattered by aerosol particles arrives at
the cathode of the photomultiplier, an electrical pulse arises on
its output and 1s amplified in the preamplifier ana fed to the
input gate stage of the amplifier. After amplif'ication to the
required magnitude the pulse passes to the electromechanical
counter and triggers i1t. The pulse repetition rate at which the
counter carries out error-free counting conprises approximately
100 pulsz/s (6000 pulse/min), substantially exceeding the maximum
possible particle frequency in the ultramicrcscope., This ensures
reliavle recording of the number of particles. 4n error in the
count due to inertia of the circuilt can arlse only when two or
more particles appear in the field of view »f the instrument
within a time interval less than 0.0l seconds. For practical
purposes such events are ¢of low probability and therefore the
error due to this factor does not exceed 1%. To ensure high
measurement -~:ccuracy and to increase the sensitivity of the
instrument it 1is necessary to turn attention to increasing the
contrast of tne particles by striving to ensure a low level of
light flux from the background of the instrument viewfield.

Fi{zure 8 shows an instaliation for a.t m2ti: counting of
gerosol particles, consisting of an ultramiercscops and a photo-
elentron attachment to which an amplification and particle-
counting unit {3 attached. The setup is supplied witl power from

- .- R
T or 220 V.

1 net with a voltage of 12
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If necessary an industrial installation of the B-2 type
can be used as the amplifier and pulse counter, as well as the
power source, with minor changes in the circuit; the latter are
clear from the electronic diagram of the instrument given on
Fig. 6.

A photoelectron counter was also developed by Gucker and
O'Konski and subsequently substantially improved by O'Konski.
In this instrument scatiererd light from each particle 0.6 um and
more in diameter strikes a photocell, giving rise to an electrical
pulse which, after amplification by 200,000 times, triggers a
mechanical particle counter. 1In this instrument aerosol particles
are counted at & rate of 1200 counts per minute. The introduction
of a differential pulse collector wichin the limits of the
established voltage makes it possible to determine the degree of
dispersion of the investigated aerosol.

Among other presently existing insfruments intended for
counting particles in determining thelr size in aerosols, we
shoulid mention the instrument developed by Alexander and J.
Xlanovlce.

In 1955 Alexander designed an instrument for counting and
megsuring aerosol particles of various types {(dust, radicactive,
bacterial, ete, . The Instrument, called an aerosoloscops,
counts up to 100 serosol wnartisles per second. The aerosoloscupe
~ounts and measures seroseol psrticles in a slze range of 1 teo
S4 oy oup to 105C times Paster than can possibly be done with
=ne presant wideoly used methods of céilacaing particles on
surfazes and studying them under € microscope. The cpersting
;rincipio of the instrument !s 2also tased on vrecording of light

Lol

arattered durding pazsage 2f a llght bteam *hreough &0 aercsal

post
W'

fr
3

sussem,  The Investigated aercso em, with particle concon-
&

veasian up te 15,000 particles per om’, is diluted in the




instrument to such a degree that the instrument records every
.particle. Particle size is derermined as a function of the
quantity of light reflected by the particle. Electrical
impulses pass from the photomultiplier to a recording system
with two dials, wheore they are recorded sucressively in grouing
order from 1 t¢ 64 um.

This device 1s complex, since each quantity -~ i.e., each
required group of particles - needs a sepaﬁate sensing,
am?lifyingvand computing channel. Inatrumenus of this type
cannot be made portable, since they are very large in size.

Kléﬁovice (1960)'propesed an instrument with a unified
sensing, amplifying, and recording charnel, The instrument
makes it possitble to separate aeroscl particles into any number
of groups with continuous recording c¢f the readings. Eleetrical
pulses ottained in the converter of the instrument have an
amplitude which 13 proportional te the size of the particles;
these pulses zre registered by an acoustlc sensing device and

rhen by a dividing attachment whose sensitivity is established

In accordance with the magnitude of the smplitude of the recelved
pulses. Pulser with Identical amplitudes are successively
sslected and cauntad together, Réecrding af puls

2ut on magnetic vaps, whepre a signal trask wie

t
intenalty is formed. This instrument persits vapld detemrm
&

d>¢s nave drasbacka, sitng with LT3 advastages.

*ho guantity oF werasel partlicies aasurs without a change in
thatis aggrsgate arate - L,a., basterial aglomerates are not
hergen up in the alr fiow and the inteprifty of thelr structure




1s not disturbed - a situation which arises, for example, when
liquid filters are used; particulate concentration of the aerosol
is determined almost instataneously and for a virtually unlimited
time of study; the counters magke it possible to record the most
significant concentrations of particles of a bacterial aerosol,
-yight down to single bacterial cells. At the same time, when
photoelectron counters are used to determine the concentration

of a bacterial aeroscl it is necessary to cocnsider that the
majority of existing instruments count all of the particles in
the air, without exception - they count particles of hoth organic
and inorganic origin. The separation from the tota}‘fiéw.of the
aerosel of only those particles which contain bacterial or viral
cells and, to an even greater extent, determination of the degree o é
of their viability, presents substantial difficulties., In

laboratory conditions these obstacles can be overcome to a certain

degree by eresting in the chamber an aerocssl in which the con-

centration of initial suspepsfon would ensure that every aerosel o
particle would ~ontain one or several mlercbe cells. In this , R
cas2 the application of the particl2 sguntsr permits continuous
determinatin of the concentratian of the bas-eriaL gerosnl and B
aiso of its degres of dispersicn.

=

Above wa have given a brief deseriptios of the most widely 3
#acwn and used metihods and instrumants based on them for
deternining the particulate concentration and degres of dispersion s

of various serc2ol systams. One of :&a maat egsential drawbacks

of the aagsritg of these mothkods iz gizturbanse of the structure
af the invastigared zercsol st the momant when it enters ong &=

antather Enﬁ&?“ ent., A3 thwe zeroscl iz drzun inty the instrument
There i3 Q’*“u!“«nce 2§ the dizpersed phase and of the dispersien
wediuy, which leads %o changes In thelyr quantitative relstionship.

ulate concentratisn determined &3 w2ans cf
o th
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Determinatlion of the greatest number of particles per unit
volume of aerosol by means of one or another instrument also
cannot be characterized as having a high degree of confidence.

We must consider to be the most valuable method that one which
glves fipgures approximating the real concentration of the aerosol
‘as characteristic for the glven dispersed system. From this
point of view we should consider the best counting methods to be
those with which sampling is carrled out not by aspiration of

: aercsol into}tbe instrurent, but rcather »y 1solat19n of a pre-

determined vclume of air.
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CHAPTER 111

Lo INSTRUMENMTS FOr SANITATiON AND
BACTERIGLOGICAL INVESTIGATION OF
g AIR

The determination of particulate concentration of blologlcal
“aerosols i1s based on the same principles and encountevrs the same
difficulties as the measurement of concentration of lnorganic
aerosols.

In ajr microorganisms cen fulfill che role of condensation
nucled ; by ceoagulation they can form aggregates with both organic
and inorganic particles of dust and by jolnlng together.

For more than 100 years a huge volume of studles have been
carried out on the subject of developing methods for studylng
: vacterial seeding of the alr. The methods of making alr samples
i are of critical importance in determining the laws governing its
microbe contamination, means of transmission of the causatlve
; agents of respiratory diseases, etc. Numerous bacterial traps
: of widely varied design have been proposed for bacteriological
study of the alr. However, at present there is no single pro-
cedure for trapping microorganisms from the air which is widely
accepted in hyglene and bacteriological practice, despite the
fact that appliration of different methods of research will,
in the majority of cases, give resulis of poor comparability.
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1. Classification of Methods far
Collecting Microorganisms “rom Alr

From among the most wijely known classificatlions of methods
for collacting inlcroorganisms from air we should indicate the
classificatlons and surveys by Cunningham (1873), Committee on
Apparatus in Lersbiolo.y of the lational Seientifi~ Research
Council of the USA, 1341, Du Buy, Hollaender, Lacksy {1945
. S. Rechmenskiy (1951}, A. I, Burshteyn (19%4)}, Albrecht {13
Tylor and Shipe ¢1959), V. V. Skvortsav, V. 8. Kiktenko ¢ (166 0
and others. | '

wm

577,

Table 10 gives the zlassifizaticn o instrumentation and
vacterial traps with cons'deratior. of the most recent data.

In accordance with the classifications presented in Table 10,
we will carry sut a deralled description af bacterial traps,

glve a comparative evaluaticn of their effectiveners, and present
'nformation of tre possiblliny of using number of instruments

a
for net only misreblologlesl, tut also virsioglzal fnvestigation

. ~ RN B
. Instruments Whese Oollecting
wIRA 13m Ts Hazed on the frlncipile
2 +3 . < P F -~ ~ §* ~ Y g 3 A 2, -
wf Degzaizian off “he Dlupersed Phaze
\

5 ) ue&d I:ivu 3¢ Bacterd 2 Aeroaols

[

.

~ - < L £ 2 -~ K ® . v € -2 &
Tadtes caverad with vatlous fUloRy 2dstancex o directly ontg
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Thus, Salisbury (1866) used object glasses to detect
particles containing bacteria; he exposed the glasses over night
and then examined them under a microscope.

Pasteur (1860) was the first to use the method of gravitational
deposition of bacterlal seroscls, with settling of the bacteria
occurring airectly onto a nutrient medium. His investigations
wore carried out by means of speclal buttles 250-300 ml in
capacity. Pasteur utilized the following procedure: he poured
150 ml 10% sugar bouillon containing a small quantity of brewing
yeast Into the bottle., After sterilization of the bouillon the
neck of the bottle was qulckly fiiled up and it was ready for
use. To study air up to 20 bottles were normally used. During
sampling of the air the ends of the necks of each bottlie were
exposed and after the vacuum was filled with air to be tested,
they were sealed again. Then all the bottles were placed in a
thermostat. Upon termination of incubation a number of bottles
were noted in which the medium was discolored by the development
of microorganisms in it. Pasteur observed that when 20 bottles
were opened 1n the yard of the Faris Observatory, development of
microorganisms was detected in all 20. Of 20 bottles exposed
in mountains at an altitude of 2000 m the develnpment of micro-
xrganisms was observed in only one. Using these bottles Fasteur
carried ort a comparative study of the bacterial contaminatlion of
the air., Fodor (1881) carried out a large number of zxperiments
1. Budap.st on bacterial study of the air. The method for studying
bacteria’ seeding of air proposed in 1881 by Fodor provided the
use of 4 89lid medium made from flsh glue. Bacteria which
settiaed onto the nutrient medlium were grown at room temperature.
{z.ah (1881) proposed an original method for studying bacterial
seeding of the alr. The method method consists 1in the fellowing:
a2 glaess cup 5-5.5 em in diameter with a wall helght of 1 cm is
placed on the bottom of a glass zcylinder 18 cm high and 6 cm in
dlamater. The cylinder is tightly closed with a cotton-wool

97
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plug and sterilized by hot air at 150°, Befdre thie experiment
‘the cup was filled with gelatin (agar). Koch left the cylinder

with the- cup exposed for 5 hours or more, with a shorter period

being used in contaminated air. Upon termination of the experiment
~the cylinder was plugged with cotton wool and placed in a

thermostat (Fig. 9).

After the appearance of the
Petri dish the Koch method was
rnot applied in its original form.
At present a variatiocn of the
Koch method i1s used: open Fetr.
dishes with meat-peptone agar
are placed in the open atmosphere
for various periods cf time
(5-50 min). After seeding of
the medium surface by microflora
the cups are placed in a thermo-
stat. The sensitivity of this

Fig. 9. Sampling air method in collecting pathogenic
Ly the -Koch method.

microflora can be increased by
using selective nutrient medis.
It 1s not possible to carry out
quantitative calculation of microflora by this method.

The Koch dish method was altered somewhat by K. P.
Koval'kovskiy (1885): using a wooden cylindrical plug-piston
he drew the air out of a cylinder with a capacity of 1 llter.
A cup with nutrisnt medium was placed on the bottom of this
2ylinder. Durling the experiment the plston was removed from

~ the cylinder, which was thus filled with air, The microflora

contained in 1 7 of alr fllling the cylinder settle out onto
tne surface of the nutrient medium. Thus 1t 1s possible to
carry out & quantiltative count of the milcroflora.
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Clark (1912) proposed that sterile Petri dishes without
nutrient medium be set up in the area where the air was to be

tested, After 15 min of exposure the dishes are transferred to

the laboraftory and covered with agar melted and cooleé¢ to
hn-hne,

igecsed
R

2y

ity

AT

A,

I. Ye. Minkevich (1940) recommended using the modified
Koch method proposed by Clark in the winkter, since when dishes
' f1lled with medium are set out the medium will freeze.

vuring quantitative determination of microorganisms in air
by the dish method, V. L. Omelyanskiy (1941) proceded on the
assumption that the quantity of mlcroorganisms contained in

10 7 of alr could successively be seeded onto a dish surface

100 cm2 in area in the course of 5 min. However, in later years

some Investigators zhowed that mlcroorganisms settie out not
from 10 7, but from 3 7 of air (A. I. Shafir and P. A. Kouzov,

1948; R. G. Gegoberidze, 1953; Spurny, Jech, Sedlacel, Storch,
1964,

M. N. Pokrovskiy and Ya. G. Kishko (1957), K. I. Turzhetskly

(1957), and others arrived at the conclusion that during studying
of bacterial seeding of atmospheric air by the deposition methed
the fermula for calculating the quantlty of microorganisms

per unit volume is in general inapplicable, since it leads to

cverstated readings. These authors proposed calculation of the

hesults of studles bty the cup method on the basis of counting

the absolute number of colonier growing on the dishes. A

simllar opinion is supperted by Yu. A. Krotov (1951) and V. V.

Vliodavets (1959), who consider that the dish method 1s unsuitable

t'or the investigation of, first ol all, the alr of the open

atmosphere, since constantly existing currents of alr artificlally
] increase the number of microorganisms deposited on the dishes.
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One varlation of the method of collecting microorganisms
from air on the basis of free settling of aerosol particles from.
a certaln volume of air is represented by instruments proposed 
by Alvarez, and Castro (1952) and by S. I. Kudryavtsev and
~owcrkers (1966). The instrument designed by Alvarez and Castro.
1s a small cup whose walls are fastened tc loops and whose .

bottom contalns a depression for a TFetri dish or an objedt glass.,
At the moment-when the alr sample is taken the walls are raised

upward and alr passes freely through the box. Then the walls are
lowered agaln and the process of settling of aerosol particles
onto the slide or Petri dish proceeds. A drawback of the
instrument is a frct that the sample 1s taken from a small volume
2f alr ai | there is no consideration of microorganisms deposited

or. the walls of the instrument due to convection and diffusion
(Green, Lane, 1957).

The irstrument proposed by S. I. Kudryavtsev, A. F. Turov, and
N. I. Tonkorly (Pig. 1Q0) makes it possible to determine the
concentration of tacterial particles both under conditions of
relative immobllity of the alr and in turbulent air of the
outdoor atmosphere. Tne instrument consists of a rectangular
tauk 1 7 1n volume with four sockets for cassettes which make
up 1ts side walls, a hnllow cylinder-piston, five cassetie-cups
installed ir sockets of the tank, and a mechinism for automatic

lowering of the tank and orening of the lower cassette. Particles

enter che closed volume of the instrument at the moment of
sampling and setltle out onto tre nutrient medium of the cassettes.

The Koch dish method and, in general, instruments-whose
collecting mechanism 1is based on th. principle of settling of
bacterial aerosols out of open atmosphere by grevity possess
suostantial drawbacks. When these methods are used 1t is -
impossible to judge the quantitative content of bacteria in a
certaln volume of 2ir, Calculation methods proposed by various
authors (V. L. Omelyanskly and others) have only relative value
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Fig. 10. Aercsol trap desipgned by S. I.
Kudryavtsev, A. F. Turov and N. I. - .
Tonkoply.
a) instrument ready for sampling; b) >
instrument after sampling; seéttling out

of bacterial aerosol particles onto the

surface of the nutrient medium is under-

way.

and cannot give a correct answer to the question of the magnitude
of bacterial contamination of the air, since the weight and size
of bacterial particles and also the alr currents wlll have an
enormous influence on the quantity of deposited bacteria. 1In
using sedimentatlon methods it 1s slso impossible to draw a
correct conclusion concerning the qualitative relationship among
microorganisms in the air, éince the microorganisms deposited on
the Petri dish are basically those connected with large particles
of dust. An essential deficlency of this method 1s the great
duration of time required for sampling; because of this the
method can be used for determining concentration of solld or
liquid aerosol particles with a very low evaporation rate.

b) Deposition of Bacterial Aerssols
by the Impact Action of an Alr Jet
(Inertlal Deposition)

Owiné to thelr low mass, particles of bacterial aerosols .
tend to remain suspended in air for a prolonged time, Therefore
the deposition of particles makes it advisable to use methods
based on adnesion of particles to the surface of nutrient-@edia
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by means of the lmpact effect of an air jet. In thls case-it

1s necessary to meet a number of conditions: @excessively slow
passage of the aerosol through the-instrument prevents;deSection
of highly dispersed fractions or the aerosoly while eicessively
high speeds of flow leads to "skipping" of aerosol particles.

~ The general principle of this method ¢f collecting aerosol
particles ‘consists in directing the flow of alr agalnst thP_ 
nutrient medium or against a piate smeared with sticky neutral
substances. After obtalning kinetic energy, the particleés,
as a result of inertia, collide with the surface of the nutrient
medium and adhere to it. The methcd of collecting bacterial
particles (spores) from an air flow oﬁ}glass plates has found
wide acceptance (Scheppegrell, 1922; Durham, 194&; Hyde and
Williams 1943, and others). . §

Thus, Scheppegrell used ordinary object glasses 76 x 25 mm

in size smeared with a gluey coating in the form of a mixture
of gelatin with vaseline. The plates were shielded for 24 hours.
This method is =xtremely simple ané¢ cheap and provides the
possibility of continuous work. However, as a quantitative
nethod of evalaating bacterial seeding of the air under field
conditions it has serious (rawbacks due to the presence of an
edge effect and to tursulent depositior, and also to predominate
deposition of large particles only. A '

When the cup method 1s used in fileld cbnditiona the same
difficulties are encountered as during application of plates -

problems due both to the rate of deposition of aérosol'particles'

and to wind speed, as well as the aerodynamic effect caused by
the aerodynamic "shadow" from the edge of the cup.

Gregory and Stedman (19%3) made a careful study of the
effectiveness of collecting fungus spores by mea  of Petri
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dishes. A Petr: dish with 15 cm3 of agar was set in the horiuontal
position 1n a wind tunnel. The authors determined the average -
cepture coefficient per cm2 of surface. A narrow band of
deposited spores was observed behind the rim of the dish facing

o ot s Y

in the direction of the oncoming flow and also in front of the
back rim of the dish. At an alr flow speed of 0.5 m/s the capturs
coefficlent was not varticularly great, but at 1.1 and 1.7 m/s
a substantially greater quantity of particles was detected at
both the front and back rims of the dish. At a wind speed of
3.2 m/s and more the aerodynamic "shadow" was observed most
clearly, since the rims of the dish (1 cm high) screened almost
the entire surface of the agar. The effect created by the rim
of the Petri dish can be eliminated when the dish is placed on
the bottom of a metallic cylinder which 1s installed so that
the upper edge of the c¢ylinder 1s set flush wlth the axis of
the wind tunnel.

When the Petrl dlsh was placed in the vertical pesition and
the wind speed is 9.4 and 5.5 m/s the deposition'of particles
in a central zone 2.5 cm in radius was 4 times greater than 1n
the annular zone 1 c¢m wide along the rim of the dish. A wind
speed of 3.2 m/s created conditions under which the quantity
of spores was 75% greater around the rim of the cup than on the

remaining portion of the dish bottom.

The method of deposition in open atmosphere was used by
Frankland (1887), Richards (1955), Werff (1958) and others.

Depbsition of particles on plates smeared with sticky
substances [vaseline, gelatin/glycerin, a mixture of vaseline

with paraffin (12 54), etc.), was carried out in instruments
_of the aeroscope or. aerckonisnope ‘type by qalisbury (1866),

Maddox (1870), Alry (1874), Cunningham (1873), Cristoff (193“};i_

- and JShitikova-Rusanova {cited in K. M. Stepanov, 1935}. The _
- oeprating”prinqiple'of these instruments was based on deposition
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of aerosol particles under the actlon of an aerodynamic wind
pressure. The Cunningham aerokonlscope was the most highly
perfected in design. The Cunningham aeroscope 1is shown on

Fig. 11. The instrument consists of a conical funnel equipped
with fletching, which turns 1t to ;+int in the direction of the
wind. Aerosol particles were deposited on a sticky cover glass
located behind the output opening of the funnel.

Pig. 11. Cunningham aeroseope.
A - side view of the apparatus
(partly sectioned); B.~ sticky
cover glass set benind the
outlet of the funnel.

Miquel (189%) also made successful use of the aeroloniscope.
Bacterial varticles were deposited or an cbJect glass coated
“with glycerin. The glass was arranged 2=3 mm from the opening
in the instrument; opening dlameter was 0.5-0.75% mm. Thanks to
this structure the effectiveness of the fnstrument was suﬁatancially
hlgher than that of the Cunningham geroscope. Thus, the Miquel
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instrument collected approximately 100 times more partic}es than
the Maddox and Cunningham. aerokoniscopes.

Such instruments as the May .cascade impactor, the Herst
automatic trap, and the Gregory portable trap have also been used
for bacterial study of the alr. Descriptions of the instruments
and thelr operating principles are given in Chapter II.

Thus, Herst carried out a comparative study of the effective-
ness of his instrument (trap) with deposition of spores on
horizontal plates and on vertical cylinders. The studies were
carried out under open-air conditions. It was found that spores
less than 20 um in size were detected in quantities 25 times
greater on Jhe average in the Herst trap than on object glasses.

" Virtually no extremely fine spores were found . on horizontal glasses
or on vertical cylinders.

Gregory, Hamilton, Sreeramulu (1955), Hyde (1959) and others
used the Hers% trap in thelr observations. |

Howévev, in the long run Instruments of the konimeter type
“do not meet the requirements of aepobiology: they are'Suitable

_anly for measurements of high concentrations, since the volume
of aspirated ailr is small and these 1nstruments¥eannbt be uged

- -with éulturai'methods of analysis; since sampling 1s'carr*ed-out
T on glass nlates. The aerodynamic properties of the majori y of -

' 11natrun nts are such that they exelude the possibility of is okinetic

sampling ~f the air (with the exception of the May and Hepst _
 ]1ﬁstruments); deposition of particles of s bicloglcal aerosol oscurs
;éf 2 high speed, which ant only breaks up particle aggregahes but
alun \au%es the dpath of the bacteria themselves.

» ?valuiﬁiuns of the effactivenass of these inst: umen?s were
carrled out by Davies et al. (19%1) and by Green and Lane (1957).

i 1 s Dt T Tl
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QQA , Instruments of the aerokoniscope type could be used only for
. qualitative analysis of the bacterial seedingfof the air, since
thelr capture coefficlent depends on the pressure head of the alr
and the detection of one or another microorganism merely indicates
- that the glven organism is actually existing in the air, without
;ij § any possibility of its quantitative determination (Oregory; 1961).
. The operating principle of aerokoniscopes was used subsequently

by a number of authors to c¢reate Instruments which collect micro-
organisms directly on a nutrient medium.

The first instrument used aczording to the indicated _
principle was the Pushe aeroscope {1859) (cited by F. Gregory,
1964). The structural vrinciple of this instrument was subsequently
used to create Instruments vaa similar type. Thus, this principle
was the basis for designs of instruments by Pavlovskiy (1885},

N. Keldysh (1886), Hesse (1884), and others.

A. Pavlovskiy proposed using a bert glass tube whose inuere
surface was coated with a thin 1eyer of'gelatin. Air was passed
:through the'tube. - The vent form of the tube fasilitated higher
re%ehtign'of micrgorgénisms'?rem'the asplirated voiume‘of‘a1r~'
Eheiinétrument has a number of essential dravbacks : counting

" the quantity‘of microorganisms (colonies) which grow on the
*gelatin layer in-the gla&s’tube iz hampered by the impossibility
| of distinguisning them cleariy; in addition, with incidence of

 mlcroorganisms which thin the gelatin the latter slips in the
“Jolnts of vhe tube. ' ' ‘ o

‘M. Keldysh. passed air ﬁhraugh é,s%raight glass tube whose
tnner surface wa: sosted with nutrient medium. Aftew pasSage :
of' the air the tube‘was cloged at both ends. However, aven in
a stralght herizontal tube there was nonuniform distribution of
micraarganisﬁ colonles -~ the malor mass of them was concantrated
at the inlet opening. »




The Hesse instrument consists of a ecylindrical glass tube
70 em long covered at both ends with rubber plugs. "he tube is
. fastened to a'wooden stand and connected successively to two
1f1asks. Water is poured into one flask, while-the other remains
free. With passage of water from one flask to the other a |
rarified space is created and alr is drawn into the glass tube.
Hutrient medium 1s applied to the inner wall of the tube. Thus
the microflora contained on aerosol particles are brought into
contact with the surface of the nutrient medlum. Hesse noted
that colonles of bacteria developed mainly at the inlet to the
. tube, whille mold fungl peretrated much further intoc the tube.
Onn this basls Hesse made the assumption that spcres'of fungl are
lighter than bacterial nuclel and apparently are present in the
alr as single individuals. At the same time the bacteria in the
air may be in the form of large accumulatlons (aggregates) or
‘they may be contalned on ‘arge particles of dust.

The Hease method was used by Frankland (1887) and'by'Hart"
(18853, ?ra;ilanﬁ noted that the colonies in the tube showed
the greatest growth wher the *uie was turned with the inlet
cpening facing the wind. Therefcre studles Jere ca=ried out with
the tube arranged a% an angle 06'135°;t0'the wind direction.
- Thesge experiments established the importance of taking into
ancount aer&dynamia_factnrsuin studying the bécﬁer&a} seeding
or alr. | ‘ |
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The seromicrobliological fixer - the Matveyev deposition plate
(19¢1) - i{s based on bringing bacteria to the nutrient medium
In a flow of air. The instrunent consists of a light wire frame
with sockets for dishes (Fig. 12).

The dishes are placed on the framework with the medium facing
out. Four dishes are located vertically with respect to the
ground or the floor, whilc cne dish is placed level at the top.
‘Aerosols moving in the vertical direction are dwgoeslted on the
appeyr dish, while aerosols moving herizontally and at some angle
tc_the‘vértical_are deposited in th2 vertically arranged dishes.

V. 3. Klktenko and cownrkers proposed a modification of the
Matveyev instrument. Fetrl dishes were placed in special metalllc
scckets which cculd be sev in azay position, with the setting
dependent on the directiun 2F alr movement. The instrument is

aguipped with a vare (Flg. 13).
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In the opinion of Yu. A. Krdtov,_a cbhstant stream of air
under open-air conditions artificially increases the number of
mictoorganisms deposited on the dishes; this 1s the basis for

the possible comparatively greatser effecﬁiveness of the Matveyev

instrument.

The instrument designed by 3toyanovskiy and Rev (1954) is

based on a different srinciple.

Alr 1

mpacts against the surface

of the nutrient médium (poured into a Petri dish) during movement

of a motor vehicle.

head (3)

The instrument (Pig. 1&) consists of a
_f¥ared tube (1) which captures slv, a conducting tube (2) and
containing a Petri dish with nutrient medium.

}ic‘s }.u

‘The Stoyanovskiy-Rev instrument

(“eﬁ description in text},

A - general
axis. ‘

The flow

view; B - section along the

& aly i3 captursd by the flared tube, passes through
the guide tube, where 1t takes on greater velocity, and

impasts

fércefazlg agaﬁnsz the zurface of she autitent medium in the

Fetrl

dizht this ensuras that psa
adhesa to the medium,

rticiez suspended in the aip

the 3% e}&ﬁsv*k y-Rev instru-

tha rate of travel 37 the




three parts: a conical housiﬁg, the fgn, and a supporti. The foupr-
bladed fan is placed in the midile of the instrument housing |
and 1s activated manually (Fig. 15).

Flg. 15. Vasil'yev
instyrument .

A. Ye. Vershigor (1959) considers that this lnstrument is
awkward and does not permit consideratlon of the quantity of air
rassed through it.

L. I. Trasheohenko recommends investigation of bacterial
"

gasding of The alr by means of vacouum cleaner. A Petr! dish ts
gy in the vacuum dust Bag. Lh his ‘pinfon the effectiveness of
the instrument i1s av least egual

or

o that of the Krotov instrument.

The {lshke instrument (1993 {3 based on the impact act.un
2f a atveam »¥ alr, The fnstryment i3 intended for studving
¢ bagtérizl s<eding 37 sir fron alrersi™ and consists of a

*, ondsebies with Feipl diszhes, sl an alr Tlow meter




Flg. 16. lishko instrument (diagram)
for sampling alr from an aircraft
(s2e descriptlon in text).

. The collactor has a sampler (2) with throttle plate (3),
wbich 15 cpared or closed by means of a series of working parts
which are connected to one another (15, 16, 17). Regulation of
*he air‘travél speed s accomplished bv means of attachmerts
(5, A). T.e cassette (7; with the Petri dish in a speclal socket
(iu)_is moved by a Jever (8) into the funnel-shapec opening
located behind the sampler. The collector terminstes In -
contraction and in an air exhaust tube (13) with a Venturl tube
{12). The quaﬁtity of passed air is fixed by insvrument (9).
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Alr enters the instrument at a‘speed which depends on the speed

‘of the aircraft (150180 km/h). Up to 0.5 mS of air is passed
~through the instrument in a time period of 3-6 minutes. The

surface of the nutrient medium 1s coated with a .thin layer of
presterllized neutral oll MG-10 witk a lcw freezing point (to [sic]
90-100°) to permit successful utilization of the instrument at )
the low temperatures at high altitudes.

In 1961 V. M. Khil'ko proposed an instrument (Fig. 17)
conglsting of an electrilc motor (1) activated by electric current
from flashlight battefies, a light bulb (2), and a fan (3).

When the motcr is switched on air drawn in by the fan impacts
against the surface of nutrient medium in a Petri dish, as a S

result of which particles of the microbe aeroscl stick to the
medium.

During sampling the Ilnstrument can either be worn on a
shoulder or chest strap or it can be placed on the ground. The
total weight is 700 g. The Instrument will process up to 20 ©
of air per minute. Two batterles provide continuous operation
for 3-U4 hours. As the author notes, the collecting capacity
of the instrument-is inferior to that of the Krotov unit; however,
this instrument differs favorably from the latter in tnat it

does net require a powerful source of electric current and it can
be used under fleld conditions.

Fig. 17. Khll'ko

112
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In 1938 Proctor and Parker proposed an instrument in which
air is passed throughja tube which opens tn the outer wall of

- the cockpit in an aircraft, traveling (during'flight) at a rate

of 0.3 m3 per minute to a rotating metallic disk whose surface
has six openings. Circles of paper impregnated with specially
purified oil are placed in these openlngs; the paper ensures

~ trapping of airborne microorganisms. Exposure of each disk lasts

from one to several minutes, depending on the degree of assumed
contamination of- the investigated layer of air. According to
information from the author the instrument 1s not capable of
collecting all phases of a bacterial aerosol.

In the last 15 yeafs a numbgr of authcors have proposed
bacterial traps based on the priﬁciple of inertial deposition
of particles of a bacterial aerosol: centrifuglng, the slip
method, and the "funnel" and "mesh" methods.

In the instrument designed by Hollaender and Dalla Valle (1939)

is based on the "funnel" method; air 1s directed through the
narrow portion of the funnel into the wider end, located directly
under a Petri dish with a solid nutrient medium. The rate of
arrival of air equals 0.0283 m3
mation from a number of authors (V. V. Vlodavets, 1959; A. I.
Zhukova, 1962), the instrument has low sensitivity, since the
speed of th2 air stream and the consequent entrainment force

per minute. According to infor-

are not great.. A significant part of highly dispensed aerosols
will not be retained by the agar but carried off to the surface.

Breakup of aerosol particles even prior to impact agalnst
the agar surface was realized in the Du Buy and Crisp instrument
(1944), The instrument consists of a round housing with an
outlet opening for alr, a Petrl dish, and a brass disk cover
with 300 openings. The cover fits tightly over the housing,
being attached to it by two cover clamps. Air enters the

R NP PN e | i - T



insfrument through the openings in cover plate, hits the
“surface ol the agar, travels along the surface of the medium,

and is then eJected through the ocutlet opening, located on th»

%_ ‘ ‘bottam of theAcase. The presence of a cover with openings ensures_ .
i .more uniform distribution of the flow, which travels under high - =~ -1+
pressure. ‘At present this method is‘widely used in studies of

aerial propagation of. infections in bacteriological and virological
laboratories.

bt

%

, Comparing the effectiveness of their instrument with the
bacterial trap designed by Hollaender and Dalla Valle, Du Buy

- and Crisp_eutab;ished_that thelr»instrument-possesses more than
double'thevcollecting capability{i Instruments by Wells (1933) B ;
and Shafir (1941), as well as others, -are based on the principle
ofdutilizing centrifugal force for collecting particles of
bacterial aerosols. )

Ay el

The Wells instrument (Fig. 18) consists of a metallic
cylinder, and electric motor, and a jacket.

T
i
¥
!
H
H

RO A
(

Fig. 18. Wells instrument.
A - alr gulde tube; B - main >
section of centrifuge S
(cylindrical cup); C - vertical ;
; motor; D - rotor housing;

; E - terminaly F - fitting

: connected with a manometric
tube.
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. h Centrifugal force directs the stream of alr against the’

| surface of the nutrient medium located on the inner wall-of the
'jcylindriéal.cup;-tﬁus the medium is seeded by particles containing
- ‘bacteria. -The cylinder is rotated at a speed of 3500-4000 r/min.
_According to data from the author, the instrument makes 1%
possible to study large volumes of air 130~50 1/min) and to carry
out quantitative calculation of the microflora. This instrument
is widely used?in routine hyglene and bacteriological investiga~
tions of the alr (Pingus and Stern, 1937).

Bourdillon et al. (1941) indicate the possibility that the
Wells instrument traps only 5-50% of highly dispersed particles
of a bacterial aerosol.

Using the principle proposed by Wells, A. I. Shafir (1945)
also designed a centrifugal instrument. Shafir introduced a
- number of substantial improvements 1in hils instrument: the centri-
fuge can operate without electric power supply; alr moves upward,
vhich fucilitates loading of the instrument, since the fan is
located below; the axial alir-gulde tube 1s made of glass and
is easlly removed and sterilized. For more exact analysis and
counting of colonlies growing on the cylinder walls'a small
mirror is introduced inside 1t, reflecting light frca an
illuminator. A diagram of the Shafir instrument is shown on

i
Fig. 19.

The instrument 1s constructed as follows: metalllic cup (3),
rotating at 200" »‘min, is fastened to the shaft of motor (5).
Before operation a sterile cylinder with melted nutrient medium-
(2) is placed in this cup. The snall of the centrifugal fan (8)
with évcofor having 12 blades 1is placed under the base of the
metalllec cup. During motor operation the fan aspirates air
out of the space bounded by the removable ailrtight jacket (4),
with new volumes of alr replacing that removed in the instrument
by entering thrrugh openings in air-guide tube (1). The quantity
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Fig. 19. Diagram of the
Shafir instrument {(see description
in text).

of alr 1s measured by a micromanometer connected to‘fitting (1)

by a rubber tube,

According to data from Yu. A. Krotov (1953), the Shafir
centrifuge captures up to U42.9% of the number of microorganisms
which can be detected with a slit instrument. P. F. Milyavskaya
(1947) considers that the hafir centrifuge is substantially
Inferior to aspiration methods. The reason fcr the divergence

“may consist in the fact that on the walls of the_centrifuge V
eylinder the colonies were grown not from single cells but from
several, which lowered the results of the investigation during
use of the centrifuge. Later A. I. Shafir replaééd‘tha¢agav '

with 20 m! ol a buffer solutlon in order to carry qutTvirological

studles.
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Evaluation of the effectiveness of the wells and Shafir
centrifuges by Soviet and foreign investigators ugrees with:the_ ,
th- oretical calculations, according to which bnly particles wich
a radlus several times greater fhan the size of the average

dimensions of bacteria will be deposited on the surface of the

‘nutrient medium in these instruments. N. A. Fuks (1955), working

on the basls of the theory of deposition of aerosols by means of
centrifugal force, came to the conclusion that a centrifuge
rotating at ordinary engineering speeds is sultable for deposition
of particles 1-2 um in size. The deposition of bacterial and
viral aerosols with dimensions of fractions of a micron requires
a supercentrifuge rotating at a speed of several hundred rctations
per second. | |

It was established that the capture coefficient comprises
100% for particles 2.3 um in diameter, but only 50% for particles
with a diameter of 0.77 um. The capture coefficlent is lowered
with a reduction in parricle size. In practice the Wells
centrifuge can detect no more than 69% of the micrcorganisms

~found in the air (Fhelps, Buchbinder, 1941).

The c¢ollecting capacity of a centrifuge is not proportional

tu the r/min. Thus, B. V. Boykov (1954) established that an

{ncrease in the r/min of the cylinder of the Shafir centrifuge
substantially reduces 1ts collecting effectiveness. The optimum
pagsage of alr into the centrifuge should not exceed 15. 1 per .

minute. At a rate of 40 I per minute the number of microorganisms

collscted is reduced by a factor of 10, since a substantial
portion of the aserosal particles pass along the nutrient medium
without sticking to it. To increase the effectiveness of =
particle collectlon, Boykov recommended replecing the agar withAﬁ
water; he explains this by the fact that water is better able

Lo adsors partia 25 suspendad 1n,air'aﬁd, in additicn, it iy ,
elear that in a mojst medium large prarticles are broken up 1nta9 .
smaller ones. '




The Rechmenskiy aerocentrifuge (Fig 20) is based on the

’, principle of aSpiration of alr and attaching action (1951).

S Fig. 20. Rechmenskiy aerocentrifuge
“(see description in text).

The instrument consists of a metallic disc (a) fastened to
the axis of an air fan (b). The disc has four clamps for glass
¢ylinders. The cylinders contain cellophane plates‘smeared with
" bighly refined oil. During rotation of the disk there 1is vigorous
pressing of the alr into the c¢ylinders, with microorganisms
‘sticiying to the surface of the cellophane plates. Seeding is
accomplished by pressing the plates against the surface of the

‘nutrient medium. A supply of sterile cylinders makes it possible

to take a substantial number of- samplas in air. However, the
Rechmenskiy c°ntrifuge does not allow quantitative calculation
of microorgan;sms in the afr. '

B "Aﬁong tha gene?ﬁl‘drawbacksAof instruments based on the
retrlfuge method ﬁhe:fellowingfshouiﬁ bé pointed out: the
nutrient medium is‘usuaziy nohuniformly distributed ever the
inner surface of the aylinder and during rotation 1% is spread
furthar, hzmperirg caleulation of the quantity of colonies
growing on the surface of the nutrient medium because of its
opacity; the instruments collest mainly the largeercp phase
ef bac.eriagl éeroplanktan.: esides th s, 1t should also be
polnt 2d out tnat the Wells and Sharir *nstr uments are 5ul&j tn
srastruction and expensive.
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o iAﬁfﬁre ent fhc mosh.widely used inotrumeuts are those baued -f;f;;
j}gn'ﬁhe s1i¢ principle. The. varietj of mOdelb of thebe instrumen '
*"ébntixueq Lo e*pand w;thcut end...

s S

This méthodvof eollecting bacterial aerosols was first’

‘prcuo sed 1n Zngland in 1341 by Bourdiiion, Lidweii and Tbonas..”
Later the instrument was Improved by these same authors (19h2).

¢

in the USSR rne Eretov apparatus was deslygned on-the slit prinziple,

~-In Poland an inarrunent of this type was deslgned by Lazowski

ﬁnd Kanueldrcz*k (1956), in Romania by Adrelnan, Etingher,
vistea, Rarrea, oldner (195“), in the LSA by Luckiesh et al. 

W{ 945), and Dacker and Wilson (1954 and Pady (1954); in
Greepoglovakia by Raska and Sip (1949) and Symon et al. (1956};
st

bad

1nd in Szeden by Laurﬁll L3tstrdm, Manzusson (1947).

-
H

It f-ervial instrurents the asposul assas at various
crdtrallable speods through a plain sliv or a round opening,

,énergirf from ‘v, it strlges rtae surface of a nutrient nedium
f'zh'éaﬂatderaﬁlé fOﬂve. &s the alr stream impacts on the surfa"e

i wd in 15 are depositad by inertia on the
¢Lofsme of the nary »lent mediur.. The profile of the lnstrument.
: 29 the snnirated alv glay a malor role in.

s

T mffesttvapess of Aaprure of partisles of tacterial and

'~f*?ra; neroavls. ‘ﬁ,cnaraﬂterizﬁic Frature of glit *w<t“umen%%

.

*
S1eoLhe fmet ghay durine: lmpast o7 solld particles S-10 um and

suoper In size azalns:t the solii surfge2 they aro broken up,
aadah fesilicaty oo ezvsblisniog sure ¢xact readings of nhe baut rlak
soodttie s oshe ale (0 AL Fuks, 1%55 .
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.ﬂPassing through the slot air impacts against the surface of the
"n;fnuﬁrient medium at high velocity and seeds it with microflora.: _
o "fThe apparatus 15 drﬂven ‘manually or mechanically Air,is passeﬁ' -
':"wthrough the- slit ‘at. a rate of 27 Z/min. . | S

Thomas (1955) showea that the percentage of capbure of

- microorganisms from the air depends mainly on. the size of the
,aerosol particles.--Up to 70% of particles 2 um in diameter
. -are captured, while only 15-20% of smaller ones are irapped.

| ‘The instrument developed by Bourdillon et al.. has not found
' ‘wide acceptance, despite favorable comments on its operation by
2 number of investigators. The complexity of the design, the .
low effectiveness in respect to highly dispersed bacterial
aerosols, and operational defiéiencieq are factors which have
prevented 1ts entry into the practice of hygiene and bacteriolcgical
~ research. '

‘ Sonewhat later Yu. A. Krotov (1953) proposed an instrument
ope azing on the »ama principlie as the Bourdillon instrument,
but with some 1mprovements. The Krotav apparatus (Fig. 22) is
& cylinder clﬁsed at the top by a zemovau’e cap, under which a

L Petpl dish with nutrient medium 1s installed on & platform which
1s rotgted by the turbulent flow of alr.  Inside the inss rumeas

there i3 an electric motor with a ceatri“ugal high-pressure zan,
ensuring intake Q$ air zagd rotatlon Of the table containing the
Petrd dish (Figs. 21 and 22). o

Fig., 21. Krgtov instrument [external
Cview),
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Fig. 22. Diagram of the Krotov instru-
ment. 1 - ¢yiindrical housing; 2 - base
of housing; 3 - electric motor; 4 - :
centrifugal fan; $ - eight~bladed wheel;
6 - dise; 7 ~ spring; 8 - Petyi dish;

9 - instrument cover; 10 - snap-down ,
clamps; 11 = plexiglas disc; 312 - wedge-
shaped slit; 13 - aplit ring; 14 -
fitting with diaphragm; 15 - outlet tube.

Air enters the instrument through a wedge-shaped slit 7
lesateélalens the radius of the Petrd dish. Pagssing through the
slit with high linear velocity, the alr impacts agalnst the
surface of the nutrient medium in the Petri dish; mleroorganisms
suspended Ln the alr ave deposited om this medlum. The table
with the Petri dish rotates at & speed of 80-100 v/min. The
iastrument shows g?tizum collecting capacity during passage of -

&

e

2% T of alr per minute, The stirvam of ale travels at £

15-20 m/s. Aspirstion rate 15 regulated by means of 2 rhecstat.

o

apead

b

Altemating current from a 127 and 229 ¥V net s uBed &8 the

motor powelr supply.
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B During prezaratioﬂ of the ;nasrum“nb for opera ion standsrd j':ﬁ'
i"Petri dishes 10 ‘om in dfametir: ar& ‘selected and prefilled with o
the required nucrieﬂﬁ me&iam, in a’ quaatity no greater than 15 mi.
“:The amount of nutrient medium. on: the dish is of critical signifi-
_cance, uinee if theive is too muen'the motor is unable to rotate
the table &t the required speed; besiaes this, it is necessary
to consider that most’ ﬁomplete trgp&iﬁg of microorganiﬁms is.
ensured with a distance af . het%ean the cup and the slit.

The ﬁrotov iﬂstrument bas numher of essential drawbacks :

o the apparatus operates only ahere elect“ic power is available
"-and it uannot ve uced to rslleut virusea ang r*ckettsia, which

‘do not -grow on solid ﬂutrient mea*a‘ Since the instrument is
not adapted for 1sokineﬁia ﬁ&gling of an aerosol, it cannct be
. adequately effes tive in . stu&yiag bacterial contamination of the
gir of the outdoor &t mas;ﬁere, ‘where there are frequﬁnt changes

in the direetion and. velocity of air motion.

B ,Sa&p&rﬁtive“éxperiﬁexts on evaluncing the effectiveness of
~ this iﬁthQME¥u‘ turfléﬁ out by he author himaelf showed hiéh
--Wﬁﬁﬂhaia?ifg 88 compared with cﬁrtain other basterial teaps.

§ ﬂew1gnating th :ﬁ?ﬁftiVﬁness'oi his own instrument at an
ﬁﬂis?avk *GO%, Yu. A. Kretov established trat the collecting
apaei-€ eﬁ the Shafls instrurent equaly 42.9%; that of the
pe vasa nstrument 40, 92 &nﬁ the iisb met?a_, 30. Qi..

AU presant the insfiument has been somewhat ﬁmprn,aé ‘and the
 "Krasnogvardeyets® plant 45 issulng & new pargahlv Bodel of she
. apparetus. '

. I, Sdupenke a!?i@% found the besﬁ_t%ilﬁéfing progerties
t¢ be thoze of tha Rﬂ ;ékig E%straﬁsﬁt; which was compaved
with the Erﬁtow ing2 rumaﬁP and with mesbrans “"ée*ﬁ. ¥. Y.
Viedavets {3

100%, found sha

‘4‘7

£

57), ng ra&ﬁiag~.sr the srn%gv instrument ss
¢ the best collse

€ing ualittes with respect Lo

.417

g
2
1%




':fl?baeterial aeraso&s are these of . the Reehmenskiy instrumenb

- - Shafir uu;t 3? 7%, the Koch method 35.4%, and the Zubarev instru-

(139%), while membrane filters No § collect only B2.1%, e;entro~i
- static precipitatara 62.8%, the D'yakonov lastrument 59.9%, the

ment, 21, 7“. After car»ying out 1560 anamyses of' atmospreri¢e alr -
using membrane filtess, the dish method, and the Krotev inmstrumen®,
~ V. I. Bugrova (1957) concloded that the Krotav apparatus can be

. used also for'investigation of bacterial contaminatlion of
1atmaspheric air. Howevar, 5. I. Kudryavtsev and N. I. Tonkogiy
observed that with ;;r_maving at 4.5 to 4.5 m/s the effeciiveress
~ of the Krotov ins-f&ment in capiuring wmarticles 3 to 3B um in -
diameter is qaitﬂ low. Thue, up to 75-80% of particles with a
disperston of 3 to B um were: not rataine& by the ‘nstrument, while
.a collection of nerticlea 20-35 um ‘in size subjected to insignifi-
- cant ¢aptuie in the =5piy ration grocess aerﬂ callecteu only

within the limits 5.6-8,2%. i '

Tatle Al gives ggnaxalizea ¢ata which characterize ihe

' comparative efzecfiveness of differsut insuruments, malnly
with raspeut to the Krotev appar&tusk fe= -which the collectlon
capacity 18 taken as 100%. '

¥

Eﬁ éfrﬁectign with the fact that gertain
on t slit me&h@é RELIASSE fﬁﬁrlj pigh eflectiveness, modifi-
'laazlaﬂg af £ﬁrtrumévts'ef thiz type have &epeaseéAyﬁcanzlv.
Thus, Johuster {1%&%) con-teucted an instrument designed for-
f2=<)

nstrumnents based

agtnﬁa‘fa gampling. Vhe lasi moge: of nls §3at?um_:% 1a extpvomely
paﬂzab*e and 18 fesigned fmp pr-longed ssmpling. Xuehne and
Dackar {1257) studied the ﬁf?éci’$§ﬂe$$ i 3echuster Instrument

g Found tial Lhe apparstus has i number al advantages &3
ot

A-

gbepared wish existing standers speol;gns af Aserican instrunents,
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of the siit instrument somewhat incressed sampling time. A simi;af
improvement of the slit instrument was carried out by Zampach .
(1959). The instrument consists of a case, inside of which a drum
with two rows c¢f plastic strips coated with a two-millimeter

layer c¢f nutrient medium rotabtes glowly. The rate of drum rota-
tion is one complete turn iri 12 hours cr more, Alr enters the
instrument through narrow wedge-shaped orenings located above

the strips. The current of air is created by a six-bladed wheel
connected to an electric motcr. After sampling the strip is
piaced in a small bakelite tank in the thermostat. Colonies are
counted after 48 hours.

In 1962 A. Andersen and li. Andersen proposed the "Monltor™
instrument for prolong sampling. The instrument not only makes
4t possible to carry out investigatidns 5f the air over a signifi-
cant tine Interval, but also to deternine bacterial contasination
ot alr at a given moment in the sampling process. The instrﬁment
consists of a rotating drum covered with a lsyzv of agar. The
drum can be rotated at different speeds ranging from 1 r/min to

1 r/hy speed 1s set according fo the purpose of the study and

130 according to the assumed magnitude of bacterial éeeding of-
the air. The stream of alr passes through a slit and impacts
agalnst the surface of the rotating agar, with aerosol particles
being deposited on the latter. In all the line of impact extends
far 1% meters 30 cm. With =2veryv comnlete rotation the drum iz
ghifted downward by 3 mm., The instrument 1s equipped with a
heating element which makes it possible to use 1t as a thermostat
to grow microorganisms deﬁosited on the nutrient meaium (Figs. 23,

240

..

The designers of this instrument cavried out a comparison

¥

=™ Lhe effectiveness of the "Monitor" with the aerosol sampler
dessgned Sy Andersen (1958). Farticles of bacterial aerosol

5 um 'n size .were collected.

a N - B e I P




;__by"the "Moriitor" amounte@'tp 4911, while the Andersen instrument

- - The total number of particles collected from 27.8 7 of air

collected 4683 (Fig. 23).

Fig. 23. External view of the Pig. 24. Growth of microorganism
"MonitcrP" instrument. colonies on the agar surface in
2 ‘ the "Monltor" instrument.

Ir 1956 Lazowski and Kancelarczik developed a general-purpose
instrument using both siit and liquid methods of collecting
os

2r

is. The 1instrument hags a unit for sterilization of the

o

o)
output air.

Vauehne and Decker (1957) installed a timer on the portable
Decker and Wilson instrument in order to give the dish a
controllable rate of revolution: 1, 2, 5, %, and 12 r/hour.

Like other instrumentes based on the impact principle, the
unit designed by Raska and Sip (1949) is called an "aeroscope."
Atr enters this Iinstrument through a slot 0.25 x 27.5 mm in size
at a rate of 13-15 I/min (linear speed 30 !/min). In other ways
the instrument is virtually no different from other "slit"
apparatuses: the aerosol particles sftrike a nutrient medium in
a Petri dish localted un a rotating plate. The Petrl dish is
placed In a chamber cof organic glass 105 mm in diameter and
50 mm high. The optimum distance between the slit and the surface
of the nutrient medium is controlled and should amount to no more
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than 2 mm. The quantity of microorganisms per m° of alr-is cal=-

culated by the formula

a - 108
tl

where v is the veclume of alr passing throangh the noz:zle, while a
is the number of colonies of microorganisiis on the Petrl dish.

In 1958 A. Andersen developed a cascade dish impactor used
to sample bacterial serosols. In this instrument the "mesh"
method 1s combined with the methed of a cascade impactor. The
instrument 1s distinguished by high collecting effectiveness.
The apparatus (Figs. 25 and 26) consists of six stages through
which air passes in succession. Each stage has a disc with 400
openings and a Petrl dish with azar located underneath it.
The size of the openings is constant put is reduced for each
successive stage. Conseguently, the speed of the alr flow is
successively increased from stage to stage. As a result the
largest particles, contalning bacteria, impact in the upper dishes,
smaller ones stick to the middle dishes, ani only nighly dispersed
fractions of the bacterial aercsol ire deposited in the bottom
dishes. The instrument is so Ceslgned that with passage o¢f air
at a rate of 28 [/min any particle more than 1 um in dlaneter
shculd bte retained on one Stage or another. Thus, this instrument
serves not only to collect microorganlisms and determine their
quantity, but alsc for determining the fracticnal dispersion
composition of the particles of  bacterial aerosol. The Andersen
instrument 1s widely used in the USA. Thus, during an outbreak
ot ornithosis in the Poryland region (Oregon, USA) this instrument
was used for inspection of a meat-processing establishment
(tpendlove, 1957), with the result tnhat the source ¢f the
infection was identified and measures were proposed to prevent
entry of Infectious material into the air. 1In addition, the use
of the instrument made 1t posslble to establlsh just exactly
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which fractions of the aerosol carry microorganisms. Consequently;

under cortain bonditions the instrument can be uqed forwvirological
studies of the air. - ‘ »

<

Spaces

Fig. 26.

Fig. 25. The Andersen cascade dish impactor.

Fig., 26. Diagram of the Andersen apparatus. I - stage No. 1
(1.16 mm; 1.08 m/s); II - stage No, 2 (0.91 mmy 1,80 m/s); III
stage No. 3 (0.71 mm 2.9% m/s), IV -« stage No.u (0.53 mm;

.26 m/s); V - stage Ho. 5 (0. 34 mm; 23.30 m/s); VI - stage No, 6
(3.25 mm; 23.30 m/s).

The inertial principle for capture of aerosols finds
reflection In the Kishke irnstrument (1956). The apparatus 1s
Intended for determining not only microorganisms, but also dust
and gaseous impurities in air (Fig. 27).

In deslgning an Instrument for complex simultaneous investi-
gation of the alr, the author considered that ilnvestigation of
the alr for sanitation purposes can be considered fully accom-
plished 1f microorganisms, dust, and harmlul gaseous impuritlies
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in it are determined. The instrument uses the "slit" principle :
for microorganism sampling, with substantial improvemsnts in the _ . et

. L
direction towards reduction of escapc of microorganisms, portability,

and simplicity of construction. In addition, the Instrument makes
it possible to cérry cut filtration of the alr through liquid,
paper, membrane, or gelatin fillters. Cepending upon the degree

of assumed contamination of the air, for bacteriologlical research
i1t 1s recommended tc pass ailr at a rate of 10-25 I/min for

-5 nminuter. Tne apparatus ccnsists of the alr-sampling instru-

ment itself, using a dire=t current of 12 ¥V, and a power supply
using alternating voltage of 110-127 and 220 V. During investiga-
~tion the instrument is set on a foldin_ metal stand, a convenient

-

 feature under field conditions.

Pig. 7. External view of the Xishko
reral-purpose in:srument,

Instruments which capture bacterial erosols on a solid
nitrient medium and which are based orn the inertial principle
have a number of advantages, includli tne followling: seeding
cf alr on the medium is .arried out as the sample 1s taken; the
instruments make it possible to exiract large volumes of air
over a prolonged period; parallel seadlngs glve ciose and fully
cormparable research results; some instruments make 1t possible to
carry cut fractional determinatinon of bgrnterial aerosols simul-
taneously with total quantitles; industrial mavs manufacture
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" of certain of the most ef“ective5typeé is fully realizablé,‘the"

structure of the ingtruments.’ is adeguatelyusimple and noAspecial

"'training 1s required to operase them. - L .

Drawbacks of this method and instruments based on it include

the following: with vhe exception of thecse designed on the

impaction principle, inertial instﬁuments do not capture highly

‘dispersed fractions of the aerosols; viral aerosols are not
_ ‘ecaptured; the majority of the instruments do not allow studying
" air under field conditions.

¢) Deposition of Bacterial Aerosols B o
by Electrostatic Forces B

The possibllity of using the principle of electroprecipitation
to collect aerosol particles was outlined in Chapter II along
with the essence of thls method.

It 1s a known fact that 1in an eiectrical fleld particles,
including those containing bacteria, are shifted toward the
electrode whose charged sign 1s opposite to that of the particle.
With this feature in mind various authors designed instruments
which create an electrical fleld at the location of the nutrient
medium. As the particles travel toward the eledtrode they encounter
a dish with the nutrient medium. Microorganisms which reach the
surface of the dish are deposited on it. Consequently, in |
essence the principle of electroprecipitation 1s a variety of
deposition of the dispersed phase of aerosols; however, as a

. result of certain features it can be placed in a category by

1+belf.

In 1388 V. I. Vartanov designed a precipitation bacterial

'vtrap. He used an ordinary beaker whose walls were coated Wivh

solid nutrient medium. Two electrodes were placed inside the f

_bottle'through_two openinga,ih the endsf The distance betwern
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‘the electrodes ‘was 10 cm. The tips of the e’*cyrodes were
connected - uO ‘the- poles of an electrostatic gnerator. - The vessel>*‘-'z_
' “was opened in the area to be studied and, afcer filling with alv,.
--was closed once'again.A Then current from * .e electrostatic
"generator was applied to the electrodes and the microbodies
inside the tank were deposlted on the nutrient medium.

Ty L VRS

In 1934 Chizhevskiy used aernionization in an electrical
field for deposition of microorganisms out of the air and inside
closed quarters, for purposes of sanitation and hygiene.

In 1935AN. S. Berov, P. A. Kouvzov, and A. I. Semich
compared the effectiveness of cleaning air contaminated byv7
cement dust, which itself was preilminarily contaminated with-a '
bacterial culture. The electrostatic filter on the deposition |
electrode contained 4-5 million viable molds and about 1 million
living bacteria per gram of dust . However, during the development
of the electroprécipitators it was soon tound that they do.not
~provide a high degree of capture of microorganisms out of air;
therefore in all subsequently. developed Instruments the pri%ciple
of e]ectrostatic precipltation 1s combined with one of the
nethods of capturing bacye“ia on the surface of a solid nutrient
' medium. ' .

‘Thus, infthe Berry instrument (1941) electrostatié precipi-
_1 tétioh is comb*ned-wiﬁh:*he "funnel"™ method; in 1nstrdmen€s by
' - Thompson, Rechmenskiy, Rooks, and Malsonnot in is comdined with
attachment Lg,a strong Jst of al 3 in %he Napenekij and hebednv
ihétvumen; it isvcomb ned w*th the sebt1§n§ methoé atu.iv '

Tn his Lnbsruman* Bevry 1pn led the " unQAI“ aﬁd electra-.
precipitation methods. A blower is used *0 PAES glr into &
" funtel which contains a box connected #ith ore pole of a do
,'pbwer sourée. The'secﬂnd alectrade;;ﬂharged wita the opposite
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sign, 1s located under a Petri dish. s is known, ‘the madority
of particles suSpended ih air have a Wegat*ve charge. Aerosol

aparticles pick up an. additional charge by passing through the

charged cell, after which they are attracted to the oppositely :
charged electrode.-

According'to Berry's data the use of ﬁhe electrical field
increases the 1lnstrument effectiveness by at least 2 times.

Luckiesh, Taylor, Holladey (1946) proposed an improvement
to increase the effectiveness of the slit instrument. Por this
a oltage of 7000 V is applied to the supply and collecting portions

_of the instrument. The instrument conslsts of two vessels with

removable covers. In one vessel the lower electrode 1s negative .

'and~the'upper is positive, while in the other vessel the electrodes

are reversed. The structure was developed on the assumption that
both positively and‘negatively charged-particles of bacterial
aerosols are contajned in air. The authors carried out a number

“of studies anu obtalned gcod‘results.

With atomization of a water suspension of E. coll in a room,
about 10 times more bacteria were cellected on a Petri dish on

,th« positive electrode than on the nagative. On the other haaé,

during collection of microflora of the air in closed quarters
the greatest deposition (30% greater) was noted on the negative

| 'electfede, Tt 17 obvinus that uncharged particles are elso

st

dépcsifed on the electrodes undar the action of gravity or
saertial forees. | v S

Luckiesh (1946) compared the collecting sapability of an 5'

electrostatic precipitator and a 511t instrumens of his own
design under open-air conditions. The dverage concentration
obtalned as the resuls of counting on the two dishes was 2-3%

hlgher thaa the guantity determined by an instrument with s
radial siit. -
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In an electroprecipitator designed by Rooks \19“8, the

:'f*electrodes are ‘placed in a cup, after which the cup: is filled

”:with nutrient medium., A voltage of up- to 14,000V is’ created. en
" the instrument. The effeytiveness‘of the electroprecipitator
grew in proportion to the increase in voltage on its electrodes.
l_The instrument was tested with artificlal bacterial aerosols.
As a result it was established that the . in%trument collects about
95% of the microbe bodies nontained in alr.

The Maisennet instrument. (1956), which he called a "hydro-
aeroscope,“ is based on: el&ctrical precipitation in combination
with the impact effect >f a stream of air.and with filtration of
alr through a liquid. Passing through the "mesh" of the instru-
ment, which coutalns 200 openings, the alr successively passes h

| through two eleqtrical fields with voltage'at the level of several

‘thousand volts, where neutral particles pick up a charge and
particles‘wh1Ch are already carvying one are additionally charged;
this is followed by deposition on the surface of the autrient .
medium. In the first electrical field the upper electrode is
Lharged to 10,000 V and the lower dielectric has a negative
po*enzia¢, in the second field the éwrangemﬂnt of the electrodes

- 1s the eppe¢1te. After passing through the two electrical fields

the air is ceollseted in'a 2‘agan f1lled with liquié, where m;c?c~

gu'i m8 which were not rapped an thﬂ 3Ie“t?®des can’ also be

_ & 0, Uspenskiz and ¥. P, &eéaé&¥'€i§;3) deveiogeé Y sirple
. method of electroststls drpositlion of bacterial suspensionx. A

‘ L §:3 @?a&ght to a Pet ra dish. The
depositing eleat rode 1% 2 mesalllic brush which is attached %o &be
'neg ative pule. The electrade *an be 1§$talseé st any haight
above 2 cup Filled with nutrient medfum. The éifference in
posontials on the terninsls oi “he electris power svupce comprises
33,000 V; current $trength ls 20003000 mA. In sanpling the

pogitively charged e;§c§?9§$

o

e e e A 05
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_%;
" -gish with the nutrient medium is installed on a settling table . "5:3 
& .. and then the electrical current 1s switched on. Upon terminaticn e
:%A. ; of'precipitation the dish is transferred to a thermostat. o o j
: . .
5. SRR el
P ‘ o
\)L-e—\ . . .
D )

Fig{ 28. Diagram of the
Uspenskiy-Lebedev instrument.

Using their own method, the authors obtalned extremely.
intensive deposition of bacterial’bbdie& on the autrient medium.
This instrument is mdre effective than the Moulton apparatus |
A(19&3) and collects 10-100 times more bacterial particles than
the Koch method. Figurei?& shows a dlagram of the device.

Houwink ~and Rouvink (1%57) &eveloped‘twe original types of
electrostatic precipitators. The first of these is an instprument
whose basle unlit 1s a glass tube coated on the inside with 2
layer of nusrient agar. A high-valtage electrode is locsgted in

the venter-of 3 sglindrical collestor. The lsyer of agar is
ér@uﬁded; a posicive charge is spplled to the central electrode.
Deposition of ﬁicrﬁﬁrgan*SHS from air Lelng aspirated through Lhe
tube {s accomplished on the agar which lines the walls of the
giaés tube. In the second variant of the lastrument a water-
“film collector it applied; this makes it possible to coomplish

. prolonged sampling of a bacterizl aercsol. The water film is
the negative electrode. A vcnanatar lossted ik the center of
the tube is ugsed a2 tlg po sitive hig gh-voltage electrode. Hicrobe

<

;il ' - bodies are Jeposited in the liquld, &hiuw 13 then analysed.

e

Sovier authors {4. Ye. Vershligore and. V. ¥. Viodavets)
have praposed varisus electrostatic precipitators. In the

4 ’}f;' e,
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. _Vershigora instrument (1958) the principle of electrostatic
»Agrecipitatiob 1s‘¢ombined“with the-"slit” principle. Connection
“of a’current 5 A strength and with a voltage of 12 kV increases
.- the number of- deposited bacteria by 810 times. ’ngv. Vlodavets
“'»(1959) used an electrostafic precipirator' of his own design to-
fcarry out work on determinatiqn of he,charges-ofzmicrocrgauismS'

located in aixr,

There is substantial interest in the electrostatic aeroscope

'designed by Symon  ang Binek (1964). The instrument is a combi-

nation of an impactor and electrostatic precipitator. Particles
pick up a,charge in a corona discharge at che nozzle (negative

‘electrade) and are atiracted to a positive charge, where a dish

with nutrient medium is located. In this Instrument the cup is
moved at the same time that it Is rotated, so that the acrosol
déposit has the form of a spiral, which in turn facilitates
counting and identification of the bacterial flora

Klobouk (zited by K. Spurng and coworkers, 1964) studied

“the pesaiblliity of hoiﬂg an el#atrnstaﬁ;c filter both in order
-to collect particles of an artificial bacterial aerosol contalning

serrvatio marcescens under laboratory conditions and also to
determine the degree of removal of bacterial particles from the
aly in hospitals. At a volume rate . of alr pumping equal teo
300 m3fh'§he efrestivenass of deposition comprise 99.8% far

XS

© particles containing Bacilius prodiglosus, while for bacteria

in sthe alr 1% was 97.32%., Thus, under hospital conditions the

. number af micrebes ahead of the filter comprliged 1054 (2U456-992),
witile behind the filiter there ware Qalj 15 €223},

the instruments designed on the principle of electro-
stic precipls iéa ne should take note also of the simplest
ie cipitator (O'Connell, Wiggin, Pilke, 1960).
Saspling 16 conducted by nesns of sskid or hollow glass or plastic

§ur
hap
s

P
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eylinders -which are given an e ctrnsﬁatic tharge by rubbiag them
.with & small plece of cloth,’ gauze, v short-haired fur. A ,
cylinder thus charged is exposed in the investisated atmosphere -
o for a certain period of time, after which it 1s rubbed several |
. - times on the surface of a golid nutrient medium. This methed
} can be used to sample alr both indoors and under field congitions.
The designers of the instrument carried out a comparativw"evaluaa
“tion of the charged glass c¢ylinder and a liquid impinger and shoned'
‘that the instrument which they proposed is rot inferior in » ‘
effectiveness to the liquid sampler. This instrumentnis not so .
‘suitable for quantitative as for qualicat;ve 1nvesaigation of )
the air.

On the basis of the matertfal outlined above characterizing
electrostatic precipitsator instruments, it follows that eieetre~
static precipitators, possessing high capture properties, do.

" pat allow exact quantitative counting of microflora of the a€r°i
the apparatus tends to be complex in structure; it is not adaptable -
for operation under fleld conditions; it tends to be unsafe durlng
cperation and therefore trainiug of cthe personnel is reguired. '

d) Depositlon of Bazterial Aerosels
by the Thermal Precipitation Hethed

“The zethod of thermal deposltion s also a variety of
methods of depeslting 3v§iSpe?$é§5pﬁ8$% of bacterial sercsols,
like éleetrosﬁ&tic precipitation.

Py ‘eeéiﬁg'%ﬂ the baxsa of the prineiple of thermsl p?@é%rf
pitatien as outiined tn onapter IT, in 135 Xethl ley , Govdon, and
Crr designed & thereal pregipivator for microblologlosal study
of the sir. This instrument operates as Tollows: alr passes
Cinte a small space ahere the cailing 15 heated by an electrical
current to S0«10C° .gnd the f{leor is »eolaé'bv water. &

cover glass, ontos which the microd haﬁi$aﬁ will be prect ptigted, .

-
.
&
5
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-io piaeed on the floor. Later the ﬁesigners of the instrument 7"'5

‘replaced the cover glass with- filter paper impregnated by heated
- &gar. Upon termination of sampling the filter paper 1s placed

.on agar in & Petri dish. The 1nstrument has certain drawbacks:

"rapid drying of tne paper, low productivity in samnling air, and
 low velocity of the flow of inveqtigated air. - S

. Or s Gordon, Kovrdeeki (1958) in order to make max*mﬁw use
; of the ad"antages of tag mpthod of tharmal deposieion, developed
.‘yaermal nrecipitaiar fﬁr ~ont Lnuous sampling of an aerosnl in
this device- the aercsol.particles are deposited on a maving
Vsarip_ar some other object. . The - tnstrument utilizes the properties
‘of thermal precipitation: high productivity with respe"% to -
particleAééﬁésﬁtian and the possibility ¢f Jirect ;wvestigatzon
-offthe particles. In thisjinstrnméﬁtAa_paper tape or & film of
plastiz material is drawn slowly over aifﬁéled plata, which is
locatéd below a heated plate. The air containinb the-*%resﬁl
particles is suppliad to the plat&a anﬁ the. parcisles5are ueposited
en the strip (film).. Tre purified alr is drawn off alang a
channel lacated in the center of ane heated plate. - The basic unit
i the instrument - she precipitator, th woygh which the tape
(film) is drewn ~ is placed in a housing located in the center
af the iﬁs%ruﬁ&nt on 1ts upper haﬁeg«‘ Az shown sc%em&ti,ally
'iﬁ ?ig. 2%, the p“&siﬁit@tar gongists szgsoled and ¥ eated
alemants wi iuﬁ AT laﬁateﬁ g ru"‘l'éiagagé& Tean ond’ anetnar.

A convex ?éasah,g*ar plaze attached to 3&4;4 ﬂl@ﬁ &s@uént
X .

Yorme a. ohamber hrﬁggh w*ie&.ﬁ&g coaling iz§ﬁid {kﬁ%&”) girculates.
The heated element ha® & round cshape, dlapetsyr $4.2 &a;‘ggﬁv_ '
soncuve surface iz 1e¢§i§¢'§;$§§§§515%9faf§he ewoled slement.
_The drstribes instiysent operstsy welil at 4t g¥e~ature gradient
'é» shens g@,,% The tndizsatsd pesdiont iz as&ieve

aéer&tg

e
g
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Pieg. 29. Diagram of the depo-
sition device in a thermal '
crecipitetor. A - side view;
B« top view, 1 « elexeric
heater; 2 - air outlﬂt, 3 -
sampling of air; 4 - scr;p,

5 - coolling.

{s stretched and distorted, which disturbs condltions of normsl
éepcsitiaa~of the particles. The tape « @eﬂ i1s 7.5-30.% cm/h.

At a rate of 1 I/min virtualiy ali particles located at
angraxima»elx tdentical distsnces from one another, are deposited

sut of the alr. The :eeé devico consists of &n electric¢ motor .
with & time relzy and with rollars which grip the edge of the strip
‘wirhaut touching the pracipitate. ‘ ' '

e

D awbacxﬁ af Met&cﬁs af gervsd) : sampling using zhsﬂmaz

tation tnotruzents include the dependence of thetr

'éffécua¥éﬁ§3$ on many varisbles: degres of dispersion of the

investlgated gerosol 531; parvicies less than 20 um are captured
1

b
Cin & thermgl oredipizator ~ pev Spurny ¢ al, 1968), the rate of

-V'}

4

or

M

|:-,4
m,

trave, of partl les under the actlion ef shepmaphoretic forces,

S ahe rst% at whieck sir $x pumped in the instrument, and so on.
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a, Capture of Bacterial Aerosols e e '; éf' ) R S
by Filters . . s SO 1

a) Aspiration of Air Through Solid :
Insoluble Filters » s

Capture of the disperéed phase of bactértal aeroseis for-
microbiological analysls by means of filtration mechods?is ‘
carried out in the some way as sampTing by these methods for
physical analys¢s.

Deposition of the aerosol on fiber filters 1s caused malnly:
by the foilowing effects: the inertlal effect; catching effect, i
sedimentation, -and diffusion of the‘particles. This éircumsténcg:_ij“
led to substantial complexity in calculating the effectiveness '
of filters and as yet there 1s no single prboedure for calculating
effectiveness of deposition of an aerosol on filters..

Certain authors (Lond, 1957; Stairmandt, 1953) apply simple
summatlon of the enumerated effects in calculating @he effective~
ness of filters, while others (Kuwobara, 19597 create a theory
of filtration on the basis of viscous flow in a system of cyiinders
at small Reynolds numbers of the flow. In the opinton of
N. A. Fuks {1961), the second method is the more promising.

The basic requirement which must-befmeét by the filters 1s
effectiveness of deposition‘of"aerosoliparticles;.this is
determined as the ratlv of the number of aerosol particles
deposlited on the filter tc the total number of particles in the
investlgated gaseous medium. Effectiveness of a filter is
usually expressed as a percehtage. -Besldes effectiveness, during
determination of the concentration and degree of dispersion of
the investigated aserosol it is necessary to know the selectivity
of the filbar; whicn will show just how the effectiveness of
*11tation will change as a functlion of particle size (3.2).
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‘where 1 is the selectivity of the filter; n is éffecfivé;ess;‘and
'K is a coefficlent which considers the change in degree cf
dispefsion of the aerosol and equals the ratic of distribution.
- of disverslon of partlcles deposited on the filter tz the distri-
bution of dispersion of particles in the air prior to filtration.

b AR DR

At present instruments Iin whilch various insoluble filtering

materials are utillzed for collectlipg microorganisms have found o
wide application. h

As early as 1860 Pasteur Indlcated in his works that when 7
air is passed through a cotton filter microorganisms will be )
retained in it, desplfe the fact that the slze of the pores in
the filter 1is substantially greéter‘than,the gize of the miecro~
organisms tiamselves. Pasteur expressed the opinion that
prarticles suspended in the alir collide repeatedly with fibers

during passage of une alr and are deposlted on the outer layers
of the filtering materlal. )

Rubner (1907) applisd filters of filter paper for investiga- -
tion of the alr. Ctubsequently such fllters found wide applica-
tion. Huberndick (1906), Sargent and Moller (1907), snd othérs
used this material. This method was agpplied in Eng;and to study )
contaminatlon of atmospheric alr by microorganisms. B -

The possibility of using paper filters as bactevial traps
vas studled in détail by Gonnel?and Thomas {1925%), who compared
the capture capacity of paper filters with certain other methods .
of sampling air for bacterial seeding. The authors noted thét'
the paper filter captured 10 times more microorganisms -than
sugar and sand ftllters.
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) results.

Mironov, Krauze and Boyko (19H0) carried out -two series o‘Q:
bacbeﬂial studieb of the ailr with paper filters and- obtained good
heir application of paper filters conslsted in the.
'Lollcwing. .filters were prepared from filter paper and . inaerted

.as a tone in an adapter 3 cm in diameter. The edge of the filter
extepded beyond the edge. of* the adapter and was clamped with a
_ Alr was passed through at a rate of 500-700 1/h.
”Aftéripassage of the air the fllter was placed in a sterile jar
with giass beads, to which 56 mi of sterile water was added.
- The obtained suspension represents material for determining
bacte”ia¢ speaing onto a nutrient medium.

“pubber ring.

“Numerous studies established the. high fi’tering capability
cf wool filters (Pasteur, 1860; Rousbery, 1947, V. A, Zubarev,
’95& and others)

s

o Fig. 30. The Pasteur nitrocellulose
:filter (see description in text).

The apparatu* used bv Pasteur for microscopic study cf
airborne dust was extr mely simple (Fig 30)

wr pothd ) LA ARSI Tl LA



A tube 0.5 em. in diameter (U), containing a tampon:of nitro— .iﬁ:t»‘
cellulose wcol (2), was exposed to outside air through a window 4
- frame (3). Ailr was drawn in by means of a water-det~pump (5),;

with the particles being deposited on the_fibers of the wool. The -
volume of tested alr was determined from the lJevel of water dig-
placement. After sampling the tampon was removed from’the*tube
and dissolved in a mixture of ether and alcoholj—the'particies
were deposited and the deposit was studied under the microscope.

Later glass fittings (extractors) or metallic tubes of
“various designs filled with cotton or glass wool were used for . i
sampling. A specimen tube (extractor) is shown on 'Pig. 31, H

| A copper mesh containing the filter is placed inside the. . =) .-
tube on a round projection. An aspirator is attached to one end :
of the tube. Microorganisms are deposited on the wool fibers
and then, after washing in liquid, are seeded onto the nutrient
medium. |

/Ei % zi-;fl_:“
B o ]
Stoppex:.;- - E-—f ’ ..I. N

N PN ‘..__L____
y” {i ge

Fig. 31. Glass tube (extractor) (see
description in text).

*f. Stopper

V. A. Zubarev (1954) designed a simple instrument (Fig. 32)
in which the filtering material 1is hygroscopic wool placed in
a metallic tube 100-150 mm long. The middle of the tube contains
a mesh or simply 2-3 pins to hold the wool during aspiration
of air.

During sampling of the ailr the tube with the wool plug is
fitted onto the pump adapter. The manual pump has two rubber
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-~ Flg. 32. Zubarev instrument.
1 - piston; 2 - valve; 3 - compression
rings; 4 - valve; 5 -~ attachment for
fitting the extractor; 6 ~ rubber
. tube; 7 - window in the pump cover;
- 8 -~ plston stop; 9 - rubber ring;
10 - adapter nut; 1l - extractor-tube;
.12 ~ wool tampon; 13 - pins for
retaining the tampon.

‘valves to ensure one-directional motion. The pump/volume equals
1 1. According tc data from the designer, at a rate of air notion
through the extractor of 2.5-2.8 m/s there is virtually no pene-
tration through the wool. After the alr sample is taken the
tampon is placed in a flask, 50-60 ml o} sterile physiological

- ‘solution is added, the mixture is shaken vigorously for 2-3

 minutes, and then filtered through a membrane filter. For the

isake of reliability s second washing of the wool can be carried
out. Finally the liquid is seeded onto a nutrient medium. Tests
~of the instrument show that the wool tampon completely retains
all microflora in the alr; during washing with three successive
batches of physiological solution twe tampon gives up 96-98%
of the retaiﬁed microorganisms. Zubarev compared his instrument
with the Shafir aspirator. In all cases, according to his data,
the Shafir instrument recorded only 70-80% of the microorganisms
as compared to readings froum the tested Instrument. |
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ZStudiésbéf'the effectiveness of woolﬂfilterS‘(V. S. Kiktenko

g and coworkers) showed that the wool filter, with a layer thickness
of 2 em, actually retains all particles of a bacterial. aerosol,
= but washing;in.three successive batches of physiologlcal solution

~led to detectlon of no more than 5-10% of the retained micro~

organisms.

In 1956 I. M. Nikhinson and coworkers proposed a cartridge

{filter for bacterial investigation of the airj this unit is a
cylinder 1.8 cm in diameter and 2.5 e¢m high. The bottom. of the

cylinder has 20 to 30 openings. A circle of 6 layers of gausze

‘1s placed on the grid of the inner surface of the cartridge and

packed tightly by means of a segond, bottomless'cylinder. The

“authors carried out a number of experiments and established that

this method captures substantially more microbes from the air
than the D'yakonov instrument. Ordilnary hygroscoplc wool, glass
wool, and filters of gelatin foam were used in--1958°by Ya. G.
Kishko and V. I. Filimonov in designing their "pistol instrument"
for studying bacterial seedlng of alr from aircraft. The ‘
instrument operates from the onboard power net of the alrcraft,
making it possible to pass at least 50-300 I of air through the
filter. According to information from the authors, the instry-
ment 1s easy to handle, portable, and applicable for virological
investigations. In addition, the equipment can be used at '
negative alr temperatures (Fig. 33). |

MR 95

z L B A
] —T : p—
‘\ -' 1 - B R R i
=
174 ‘;‘f"_ -4 - ' J-l’ 9
a

Fig. 33. Kishko pistol instrument
(see description in text).
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- Duraltum tube (1) isvmoved in the direction of slot (2) _
" through a speclal opening in the celling of the alreraft cockplt

- by means- of’handle {21) The outer end of the tuve has a rectangular--"

‘window equipped with shutter (3). The shutter is opened and

~ closed by means of cables (4) and a system”of levers (5). The
_rectangular window has inlet aperture (6) for the inner air-
“gulde tube (7) with socket (8) and clamps (3) for a cassette with
the filter material (10). The instrument ils operated by means of
working parts (11, 12, 13, 14, 15, 16) and a system of levers

(17, 18, 19, 20).

Considering the poor results of washing microorganisms out
of wool fibers, V. S. Kiktenko, M. I. Kashanova, S. I. Kudryavtsev,
and N. I. Pushchin (1961) proposed imprernantsvwhich would énvelope
the wool fibers and be easil 1y washed off.

The instrument based on this collecting principle and sub~
sequent desorption of the microbes is a glass tube of unique
construction, filled with glass fibers (fiber thickness about
5 um) or cotton'woolvimpfegnanted with a mixture of equal quantities -
of a 3% gelatin solution and vaseline oil. A specimen of the

instrumen;fis shown on Figs. 34 and 35. ‘

The tota1 length of the tube 1is 200 mm and the [greatest]
diameter is 32 mm. The bacterial trap consists of three parts,
each of whica has 1ts own i‘nction. The front part of the instru=
ment (a) is in the form of a smooth tube 104 mm long and 1is
intended to be filled with cotton or glass wool. The spherical
‘portion of the Instrumenrt (b)fservgs‘as an additional reservoir
for collecting drbbs of hhevimpregnan%AinlthOSe cases when
some of 1t leaks out of the woul'when air is passed through the
instrument; ‘The end portion of ‘the instrument (¢) containsz, in
1ts ezpanded part, 2.5 g of cotton wool to retain random micwo~_
‘ organism% winlch escape the main Fi’ter in the front part of the
AInstrument. The additional wool filter is included to prevent
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fl;contamination of the pump, motor, and other parts of the entire
"installation by- microorganismo.' An aspirator is’ attachsd to the
: end of the instrument. The 1nstrument snould bp made from
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'1g1335 no less than 1. 5 mm thick.-‘
_ $
3u' External view of bacterial P

'tran zuee description in text).

'y
— ‘:ﬂ. L7
' m f’ Wi
“Q hadid -
) j } 035 . ]
AT A ’%phex'e\
— %
2l . B Pt"ﬂ- °w ,
- e T s r— ‘
- - - e _a;_ )
o emme e s "

. Fig. 35. Draw*ng of bacterlal
trap (see aeshv*ptian_in texi).

The preliminsry treatment of the instrument is as;féllaws.

Carcfully washed ' dried, the glass tube is £Llled with pure
cotton oy glass wool and the wool s washed out with distilled

water. The quantity of glass wool §s 10 g and that of cotton
wool, 5 g. The wool must be packed as tightliy as possible. The

*

ends of the instrument are covered with wadded geuze plugs.

After this the instrument 53 sterilized in ar sutoclave at 1200
for 30 minutes or by dry heat lIn a Pasteur furnace at 160-170°

- Tor 40 minutes. The impregaant cans-sts of egual quantities of

sterile solutions of gesatiﬁ (3% ) and vaselirie oll, which are :

18%
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w*if};mixed to the feamy state. 12 mz of the mix ure is poured ;m&e L
fﬁone instrumeﬂt, wetting approximately 3/3 of the wool filter.
“';Impregnauion of the wool- is carried out under steri]e canditicng
';.9nd immediately before sampl*ng of” the air, In addition to the
A'uixturc of gelatin and vaseline o1l Such liquids as distilded
-water, physiological solut*on, 1% meat-peptone bouillon, a 1%

© "selution of gelatin, a 15% solution of glycerin in physiological
“solutiou, and 1 and 3% solutionc of meat peptone agar have been
. tested as woul impregnant Hoxeve;, the capture properties are
,subatanaially increased: when a mixture of vaseline oil and 33
"7fgelatin solution is. used te impregnate the wool.

o 'Air*sampling wi:h~the Sacteﬁial trap can be carried out by-'
gmeans of-a dust pump, air blower, a manual pump, bellows, and
ﬁcther devices. Optimum conditvions for operaticn of the filter

are created when alr is drawn in at a rate of 5-10 l/nin. After
gsampling of the alr the wacl fllter is removed under sterile

conditions and washed in a flask with 50-100 ml of physiologlesl
. solution or distilled water. Figure 36 shows Pibers of glass

wool before belng washed in phgsiclogicai solution, while Fig. 37
shows the fibers after washing. : ‘

[Reoroouced fom IS
k:?!t ;vld!b“ <opy.

i 1 R



Fig. 37. Glass-wool fibers after
" the impregnant is washed off in
nhys ologteal selutian.b;

After the flask is shaken for 3-5 minutes the wool is
cavefully squeezed out and the washing liquid is used for subseu |
quent bacterial research {seeding onto a meé;um, infection of |
" animals, evc.) in order to accumulate the mlcroorganisms retained

by the wool filters. After aqueezipg the wool is placed en a
.solid nutrient medium and additionally cultivated. The . s*multane~
ous use of "washed” wool permits a significant increase in the
quantity of positive research results. If filters of glass wool
are used in the work, after it is ground wp in a pestle with
the addition of nhysielagical solution or distilled water it 15
pos ssible to carry out net only sepding hub alse infection of
anlmals. During quantitative determinatlon of microorganisns
in aip it 1&-reeemmended that the foll ewing gormula_be used:

. X-0 - -
T o (3.3}

where 8 is théAaﬁknosn quantity of alorcorganisss per 1 & af &‘r,
¥ is the quantity of investigated liquid (in milliliters),
on ane Pet#i dish with a solid nusrient sclution; & iz the §
quantity of llauld (impregnant plus washing liguid in millillters);
B is the gquantity of air {in iiters) passed through the EPSp;

? is the gquantity of =i croorganiam colonles grown on one Petrt

3&5;-!
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o Fv&luation of collecting effeetiveness and the operational
"'ﬁgqualitivs ‘of this bacterial trap was carried out in comparison
‘witn instruments of the Rechmenskiy, Vershigora, and Rudenko
o ”ffdesignu, & sorption instrument, scluble filters of gelatin foam
«‘:f‘ f (manufacsured by the Vershigora recipe), and e;traetorQ £illed
 .with cotton anG glass wool. The comparative stuﬁy'ofAcollecting
k.lproperties of the instruments was carried out under open-aly '
. conditions and also with use of an aerssol chamber wita a volume
'sf 0.5 m3. In order to imp"ove the collecting properties of the'
__bacterial traps, there was ereated in the. experimernital chamber a
. liquid phase of bacterial aerosol of intestinal bacteria (Serratio
fmagggag,ga, strain 20-1C}, hay bacillius (Bﬂc‘-subti‘is, strain
‘_:-.83-55; and also a nolyvalent éysente”V’bacteriophage. Bacterial
f.susgansions containing 0.5 billion microbe cells were prepared~
on tap water with addition of a 10% glycerin solution and 5%
solutiol of saccharose; in adaition, a gelatin-phosphate buffer
with pH of ? and the following recipe was used for the suspension
. of intestinal vacilli: gelatin 2g, NagHE’_ois kg, dist ;lsd water
1000 mZ. The suspension contalning spores of the hay bacillius
was heated with shaking at 70-80° for 5-10 minutes before it was
“used.

Sampling was carried out by 4§ Instruments simuitaneously,
with 12 £ oF iir belng pagsed through esch of them with regulstion
by Flow neLers. 'Samplirg time was 1«3 minutes. The degree
of dispersion of the baslc mass of paprticles {5652 fell within
" the llm‘tu 3=15 win.

Duping the perioed of saempling by tha bacterial traps
detereinstion wes made of the garticulate concentration of the
bacterial aerosol in ihe chamb=ar oy méans of a phstaeiectrou-
cqunt iﬂg unit. The resullts of thesa studles are shown in
Tabla 12,

¥
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| Caiculat*on 01 aerosol eonaeatratioa waa carrieﬁ out by the .
‘formu a SR ' '

~where N is the number of flashes counted, W is the volume of the
‘aﬂrosol d is the con-tant for the given disphragm opening with
. a ceptain optieal system; aﬂd V¥ is t&e volume of air 1n which

the number of particles was counted. ’

As is evident from th® data in _Tab:z,é_ 12, 10 minutes aftey
.'atamization of th: suspension the concentration of geroscl in
" the chamber was reduced by 6&13‘5i'wiéh respect to the initial
concenﬁf&ﬁian, deﬁermined-immediatelygafter atomization. Conse-
quently, during the time of samplling no essential change in
aerosol congentration was noted, '

Results from study of the collesting properties of the bacterial
traps of various désigas with respect te the droplet phase of
the bacterial gercsol contalining intestinal baclilli snd hay bacilli
ave presenta2d In Table 13. | | |

Thus, it follows from the dats in Table 13 that the sapture
capahility of wool fiiters im@yegr&tﬁﬁ wWith a m?x?ure’ef 3%
solutions of gel atin and vaseline oll is %Lbst“nt ally higher
than that for the Rechmerskiy ¢ Yer fhihara ar.d Rudenko fastru- _
mgnts, the ['yakeonoy sorptlion lnstrument, and fOr soiuble filters
of gaisvin fosm. The high 2apturse cspaclty of basterisl traps
with jxpregnants was also coafimmed in experiments with es@t@sg

i

aof particles &f dysentsry pul yvalent h&ut“”ﬁ&@h e with atoaiza-
tton of the naterizl in 31 chambey.

ant gusntisy of microgrganisms found in 3
Lton and glass woeol aitjpout imoregnation 1z apparently
explalined by the death of cells of the bacllli, 3 fsct confirmed
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-fby vegulta of investigations with the hay bacillus.v Attention

:should als@ be drawn to the poor results from washing mx‘roorganisms

A—out of the wool- fibers. The data Dresented in Table 13 found
‘confirmation durlng studies of the retention capability of the

instruments by the nnphelometry methods with respect to- paﬂtiaies
:of an oll mist and an aerosol of Bacillusg prodigiosus. : Part*cle

size in the o1l mist comprised 0.31 to 0. 34 um, The regults of -

the study are preseuted in Table 1h

~

M@mbrane ”11ters, used in the practﬂce of research on water,

O

-5 ﬁw«re ‘afso tested for the study of mie POflOPd ef the air. P. F.
Milyavskaya recommend% ;19&5“ the following procedure for
sutilizing nemb ane Pilter to study bacterial contamination of

‘the air. The’ mﬂmbrane filtﬁro are boiled in water, dried, and

\’plaued in a Zelss ¢notxament or in special cassette filter holders
(Eigs._.:,B and 39).

Fig. 38, . Cassette filter Fig. 39.

Cagsette filter holder
~holder for menbrane f‘1l‘cex*.,, for membrane filters, disassembled.
ass-mbled o '

Air 1is passed through the filter at a rate of 5 1/min. A
rheometer is connected between the 7=2iss instrument and the

‘aspirator to calculate the rate -f air intake. After flltration
the membrane filter is placed with its mirror side on agar in a

Petri dish and exposed In a thermostat

i g

for 48 hours.




» iMilyaVakaya-élso recommeﬁds'tﬁaf‘théifilééribe wééhed'ih;sﬂﬁq
115 mi of physiologiaal solutionu- The washed filter and the i

_‘il;31iquid are seeded separately after filtration trrough several
, ““5fmembranes.v Caleulation’ ‘results are summarized. . Acccrding_to

Milyavskaya s data (19ﬂ6) and those from N. Korchak-Chepurkovskaya
(1841), various bacterial cultures ars grown successfully on
membrane filters: staphylococci, streptococel, sporiform bacilli
ete. :

An essential drawbsgck of membrane filters is the fact that
they do not allow passage of a large volume of air, Owing te
clogging of . the porns by aerosol par‘icles -and- 1nereqs&d filtering
“pesistance. Ya. B. Reznik . (1951) proposed using largewdlmenqlon
filters to eliminate this drawback since they would allow “assing~
an enormously greater volume ¢t alr through the filter.

Since the first appearance of nitrocellulose membrane fllters
~and up to the present the evaluation of their effestiveness has
been accomplished. V. V. Vleodavets (1957) found that membrane
filters trapped only 82.1% of the quantity of mieroorganisms
determined by means of the Krotov instrument.

According to data from G. I. Sidorenko (13856), this percentage
is much higher - 110.3%. Ye. V. Bragina (1957) established that
membrane filters are inferior to the D'yakonov instrument in
effectiveness. Krause (1948), using membrane filters to study
bacterial seeding of the alr, reported very high effectiveness
for these filters -~ escape did not exceed 0.1% with respect to
saprophytic microflora of the air.

The possibili.y of using membrane filters for studying
bacterial contamination of air is also mentioned in works by
a number of other foreign authors (Albrecht, 1957; Spurn§, Jech,
Sedlaéek, Storch, 1G64),
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With dlrect. cultivation of. microorganisms directly on the .

:_bmembrane filters, somewhat understated results are;obtained_as_
" compared with thoge obtained uQing aeroscopes. This.is exp..ined

'by the fact that microcrganisms do not grow as well on'membrane.

filters as on nutrient medium in a Petri dish (Albrecht, 1957)
owing to the reduced penetration of nutrient substances into: the

body of the microbe through the filter. Besides this, the

variety of particles deposited on the filter hamper growth of
colonies. Dehydration of the microbes on the filter as air is

passed through it also has an unfavorable effect. These drawbacks
: can be eliminated by dissolving the filter in methylene or ethylene
‘glycol.‘ In this way aerosol particles are converted into a

) hydrosol, which i3 cultivated on ordinary nutrient media

(Mackala, Spurn§, 1959).

Foreign investigators use membrane filters of the "Multipore"
type (made of ash-free cellulose) with pore dlameters of 0.8 to
5.8 um (First, Silverman, 1953; Goetz, 1953).

Further development of the method of capturing particles
of bacterial aerosol by the use of solid insoluble filters
found a unique direction in the work by B. F. Sadovskiy, V. V.
Vlodavts, Ye. Yu. Zuykovaya, L. I. Mats, and I. V. Petryanov
(1963), who used a new type of filter, the "Mikrofil," to
accelerate quantitative and qualitative determination of bacterial
aerosols. The basls for the manufacture was the material
FPP-5-8 (the Petryanov filter - chlorinated polyvinyl chloride).
During short-term growth periods on the filter the particles of
bacterial aerosol form microcolonies comparatively quickly;
these can be revealed by staining with Pfelffer fuehsine or
with a 1% aqueous solution of methylene blue. The authors
compared the possibllity of accelerated determination of artificial
bacterial aerosols using "mikrofil" filters and No. 4 merprane
filters. Twenty-four hour cultures of Staph. alvus and Bac.

mycoldes were used as the experimental model of microorganisms.
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~ When filters of the "mikrofil" type were used research time amounted :-2
to 5 hours and 20 minutes, as compared with 8 hours during "-i
applicaﬁion of the No. 4 membrane filter. The "mikrofil" filters ?
possess substantial advantages (according to B.'F. Sadovskly |

and others, 1963) as compared with membrane filters and can be
used in practical operations.

Decker, Buchman, Hall and Goddard (1963) evaluated the
effectiveness of the following types of filters: electrostatic
precipltators, alr sprinklers, and scrubbers. The fllters were
tested with respect to bacterial particles of Bac. subtilis.

- The indicated authors consider that instruments contalning filtering
material of pressed glass, asbestos, and cellulose can be evaluated
as moderately effective. At the same time the use of glass
fibers, high-quality fiber paper, and asbestos with fiber diameter
no greater than & um ensures highly effective filtration (from
90 to 99% capture). Of the instruments in the alr-washing class
the most effective are those in which particles contact the wet
surface and then are washed down. The effectiveness of these
instruments varies from 20 to 90%. Eléctrostatic precipitators
were also highly evaluated in the investigatlions by these authors.

The drawbacks of solid fillters must include the reduction
in effectiveness of deposition as the fillter becomes clogged with
dust and the consequent change in resistance to the flow during
operation of the fllter. Besides this, depending on the object
of the investigation it 1s necessary to select a certain type
of filter. At a certain welght concentration of the aerosol
hygiene speclalists use filters with minimum welght and minimum
hygroscoplcity; at a certain calculated concentration and degree
of dispersion of the aerosol it 1s necessary that the material
from which the filters are manufactured make it possible to study
seeding of the particles with a microscope.
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by Aspiration of Alr Through Solid
‘ Soluble Filters

Filters soluble in water were proposed for studying micro-
. organismq suspended In alr as long ago as the last century, and
in recent years they have found wide development in various
countries, primarily 1n the USSR.

In 1885 Foll used the aspiration method to fllter ailr through

ocean salt, which he then dissolved and studied the liquid for

the presence of milcroorganisms. SomewhatAlatér'F. F. Lapchinskiy
(1886), Miquel (1883), and others used sodium sulfate, sugar,
‘acld sodium phosphate, magnesium sulfate, and other substances

for the same purpose. These authors used simple research pro-
cedures. One or another soluble adsorbent was poured into a

test tube and sterilized., A certaln guantity of alr was drawn
through the prepared fllter and then the adsorbent was dissolved
and the solution seeded onto a solid nutrient medium.

However, as subsequent works showed, many of these substances
raised the osmotic pressure in solution and as a result growth
and development of microorganlsms was inhibited. The growing
colonies might be counted nine days after the experiment, instead
of the 2-3 days during ordinary seedling of microflora rrom the
alr on meat-peptone agar, ’ ' '

In later years new types of soluble filters were developed
which avolded this drawback - 1.e., they did not cause a sharp
inerease in osmotic pressure. TheAAmerican investigators
Mitchell, Timmons, Dorris (1951) developed the technological
manufacture of filters from gelatin foam which were soluble in
water. The filters were prepared as follows (in brief outiine):
U ml of glycerin are dissolved in 100 ml of distilled water, |
‘The glycerin suspension 18 placed in a water bath at 52°, where
40 g of gelatin are added; the mixture 1s shakened and held for
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20 minutes, after which the bottle with warm dissolved gelatin

- mixture is agitated energetically until alr bubbles disappear ﬁ"‘
and then mixed further with a special mixer; the obtained mixture

is poured as a thin layer into boxes (12.7 X~12.7‘x'3.8'cm)'of'
parchment paﬁer, which are then placed into a vacuum Jar with ‘
potassium chloride. Air is removed from the jar with the pump
until bubbles disappear completely and a layer of foam is formed;
then the jar is disconnected from the pum., and drying of the |
filter in the instrument is continued for 3 days. The dried
gelatin foam becomes porous and has adequate tensile strength,
where the porosity of the sponge is controlled by preparation

of the gelatin layer in various thicknessés, drying the sponge
in a dessicator for 1 hour &t 120° and then sterilized by a
gaseous mixture of ethylene oxide and carbon dioxide or at a
temperature of 140° for 1.5 hours; filters of the required size
are prepared from the dry g¢latin foam by means of a special
pattern. ' ’

In the USSR soluble filters of gelatin foam have been

manufactured by A. Ye. Vershigora (1957) and by V. M. Shul'zhenko

and A. A. Antonova (1959).

_ It should be noted that the procedures for preparing soluble
filters of gelatin foam proposed by different authors have their
own particular features.

Shul'zhenko and Antonova succeeded in obtaining filters
with strictly determined rore openings. an extremely important '
factor in bacterfclogical study of the air. They developed snd
disseminated detalled {nstructions on the technique for manu-
facturing filters from gelatin foam. | |

For practical use the filters are placed in a filtering

instrument whieh ccnsists 6f a tub? with an inlet opening axd
of a cassecte for the filter (Fig. 40).
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Flg. 40. Attachment for holding gelatin
filters.

Upon termination of aspiration of the aerosol the filters
are dissolved, piaced in flasks with 100 mZ of 0.85% solution
of table salt and glass beads. The flask with the filter 1s
heated on a water bath with periodic agitation for 30 minutes
at 37°. - The obtained emulsion 1s studled forvthe'presencerf
bacterial or viral particles in it, |

The effort to use gelatin filters to capture botulin toxin
'Withvsubséquent cehtrifuging by setting up btiological tests on
white mice was undertaken by V. M. Khil'ko (1964). A droplet
,aerosél of betul;ﬁ toxin with a concentration >f 0.0027 mg/l

and aevrosol partisle dispersion of 1 to 20 pm was created in an
;aibtight chamber with & velume of 138 Z. The aerzscl was drawn
from the chamber through & gelatin filter 3. 5 em in diameter

'ana 0.3 om hfch located in a 2Zeriss apparatus. AReprusol par§1~lms
which passeg thﬂcugh the gelatin {filter were canturea in two
successively lceated Pryakonoy units.

Mitehell, Fulton, Ellingson {(1%54) earr*éd‘cut a detalled
avaluation of the ef?ec iveness of soluble filters of gelatin
'fcam,'egmpa?ing them with bacterial traps »f the impinger.
menbrane-filver, and siil types. The designers of the fiiters
showed that the procedure which they sroposed for Qtu“iﬂg

L

.bacterial aerossol partisies i3 the most effective.




" It was subsequently revealed that gelatin fllters do possess - -
certain drawbacks*;-whus; Noller and Spendiove (1958) indicated
that filters of" gelatin foam are applicable mainly cnly for
capturiag thejsbore~fbrms_cf‘microorganisms~in alr, since vegeta-
tive cells perish at the moment of asplration because of the impact -
against the filter body. Another significant factor in the death
: - of the microorganisms is the extreme dryness of the filter. |
These same authors indicateﬁ difficulty in dissolving the filtey,

i . Pilters of sodium glutamate (Kajiwara, Samori, 1954 Yanini,

§ Campana, 1958) soaium alginate (Richards, 1955) and ammonium

f ' alginate (Hammond, 1958) have been prOpoSed as filtering materials
which are soluble in water and which do not cause a change in

~osmotic pressure, and are therefore sultable fcr'studying bacterial
-seeding of the air. Sodium alginate is prepured from potassium
alginate, inscluble 1in water, by wetting it in a normal solution
of hyﬁrgchloric acld (to remove the potassium) with subseque b
neut=alization by sodium hydroxide. After washing w’th aloohol
“and drying. a cattony.mass (similar to wool) is obtained which ig
salubie in 10 volumes of water.

?ilteré'?ar the glutamate are nrepared and used as follows:
evrystals of aodiu& glutamate are ground to a particle size of
6-7 um; 0.5 g of particles abg placed in a glass eylinder (1.5 x
x 1 em) and sterilized at 160° for 30 mirutes, whef@upon the
glutamabe 1o dissolved; as it hardens pores 28 um in size are
formed in it. _Afﬁer sampling of the air the filter is disscived
in 10 m? of distilled water and seeded ~nto a dish containing
mutrient medium.

V. V. Viedaveta (1959) considers that soluble filters of
the alginate and glatsmate 7 scdium, which do not gontain

anzes {or micrcorganisms, are very convenient. After -

[y

nutrient subs
air is sampled there is ne need to ¢irry out seading immediately,
since the microorganisms do nnt multliply on the fillters. In
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Cpossibiiity ©

filoers of gelatin foam favorable conditions for multiplication
" of the microbes can occur because of moisture accumulating |

during filtration of the alr.

. In 1963 Ye. P. Sinel'nikova proposed using liquid and foam
filters,; widely applied because of thelr high effectiveness to
capture chemical aerosols (A. N. Fuks, 1955), for capturing
vacterial aerosols. The best foaming capacity is found in

~ colloidal solutions - saponin, peptone, gelatin, albumin, pectin,

and’qasein with addition of surfactants - alcohols, organic acids
and their salts, ete. Foams absorb aerosols due to sedimentation

and diffusion. 3inel'nikova tested foams obtained from a 1%
solution of sodivm alginate, 1% peptone, whole and halif-diluted
. meat-peptone bouillon, 30% glycerin solution on meat-peptone

bouillon, and distilled water. A variety of the Ramey method was
used to study the bacteris-retalning properties of the foams; the
water in this method was replaced by the foams. Instead of a
cylinder a glass funnel with a No. 2 porous fllter was used.
Stagh.valbus,aﬂé E. céli were used as models of the experimental
hacterial aerosol. The nost sharply expressed absorption

- - capaclity was found in foam {Llters obtalned on meat-peptone
'bouiglen and a 30% glycerin snlutlon or meat-pentane boulllon
and distilled water, taken in a volume of 0.5 mi. The escape

factor through the indlcated filters varied in 1imivs from 0 to

" 0.49% (average vaine 0.38%).

“In conclusfirr it should be neted that filters of materials
hich egre solubile in water or in physiciogieal solutlon possess
a number of positive qualltles: higher flow-prate cajnazaity;
simplicity and convenlence in handling; prolonged retention of

micrcorganisms ispores) 'n the filter fibars, owing to the absence

of nufrient substances for thelr multiplicatien, and accumulation

af moisture suffisient for them to retaln viabliity; the
possibility of carrying out wvirclogical studies,; snd the
[
A
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Drawbacks include failure to trap Pighly dzsueﬁsed particles

" of bacterial aerosols, relative complexity of f*;»er manufacbur@,

ang the death of a part of the vegetative forms er.microarganisms
at the moment of impact on the filter fiber.

e} Aspiration:of<ﬁir Through Liquid
Filters

_ In 1860 Pasteur first used liquid nutrient media for the
deposition of bacteria. Subseguently new methoas of collecting
A microor&ani ;ms with liguid filters,were propqsed. '

- Work was carried out in this directlion by Miquel (18893,
Emmerich (1883), St~aus and Wurtz (1888), Rettger (1910), '
P. P, D'yakonov (1925), A. Ye. Vershigora (1956), 3. S. Rechmenskiy
(21851}, V. S. Kiktenko (19%6), and others.

Miguel nasseéd fixed veolumes of alr through sterils meat
bouillon and other nutrient media poured into vesszels in amounts
al 50 or 100 ml. HKHe carried out wide-scale investigations of
bactevial centéminatian of alr in various types of terrcin at
different times of the year, depending on the effect of weather,
height sbove sea lev»l, and other facters The research method
proposed by Eique* entered rapidly into the pr ragtice of sanitation
researsh on the alr after the year 1883.

Bacterial traps proposed in following years by various
authors are dlstinguished malinly by different structures of the
vessel-ia which the liguld is glacéé, g1 fferant s)3ss and shapes
of the outlet cpening of the tube through which the air is _
pumped, and by the prerence of glass beaa. or openings in a plate
in the vessel, intended to bresk up bubbles of air, slong with
other partigular featuren.
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5 When alr i1s passed thraugh liquid in the form of fine
-3bubbles variau% coabinations of 1ne?tial, sedimentation, and
‘diffu ion depasition are ooservadg '

. S One of the simplest structures 1s the D'yakonov instrument
(1925), which is widely applied even &l present.
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The iastrument {(Pis. &1) conslats of a eylinder filled with
. o .

glass beads &4 iigquid {wster, physiolozgical solutian, 2tc.} in
g guantivy of 39-50 mI. The gyplinder iz closad with 2 stopper
}

through which Txg tubes paoex:  Input and cutput  ending

edigtely below the plug. The ouler openings: of t
ppers. A © witcﬁin; piug can bte plased

in th e horizontal elbow of the cutput tuﬁe. The asassbhled instgu-
ilized. BRefsre use the o f@s plugs sre rszoved.




Alr is pumped in the direction indicate” I Fig. 4. After
sampling the contents of the cylinder are carefully decanted
and seeding of the liquid is carried cut.

A. A. Adamova and M. A. Krivetskaya (1939) consider that the
D'yakonov method is sufficlently acecurate for study of bacterial
contamination of the air, It 1s a fact that almost all investi-
gators concerned with bacterial seeding of the alr compared newly
developed methods with the D'yalkonov instrument. Vlodavets
indicates that the D'yakonov instrument traps 59.9% of the quantity
of microorganisms determined by means of the Krotov instrument
{1957). S. I. Nasledysheva and A. P, Miroshnikova (1940)
‘established an escape factor of bacterial aeresol in the Dtyakonov
instrument amounting to 50%. P. P, Milyawvskaya (1945) improved
the D'yakonov instrument. She proposed that the alr stream be
broken up into fine bubbles not ohly by beads by also by extremely
fine openings (diameter 0.2 mm) in a quantisy of 15-20 in the
blingd end of the intake tube. Rettger (1310) made approximately
the same change in the D'yakonov instrument. The end of the intake
tube in his instrument is clesed over and about 20 openings are
made in it. The instrument ls filled with S50 ml of sslution and
sterilized in this form. M. K. Krontovskaya and F. . Krotkov
and. cownrkers {1946) detected ricieizisia in lvaocr alr by means
of the Rfzakonev instrumsnt.

used a Bunsen ring xith side openlngs in
b

1led with pouillon and glass besds
wre immerssd in 1 A glass tube enters through a rubbar stopper;
gne end of the tube li closcd and has 2 few 'ine openings. Alr

as
parsing through thede openings is broken u@ snd overconmes the
ind 2 ution Tndz favers

L . , ; ..
the retention of fline bacterial partliclss. uuring compariscn

At ~ e - ne S $ Y Y P oo gy i~ S
xith the Wella censrifugs it was found that the D'yakonov-

Wheelsr Ilnstrument trapes 8 tises sore ba

steriz fram the sis.
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An essential drawback of the majority of these instruments
representing modifications of the D'yakonov bacterial trap 4=
the fact vhat alr passes through the liquid in the form of

fairly large bubbles and only those hacteria on the surace of
the bubbles are subjected tc absorption.

For th's purpoz2 A. I. Shafir (1951) used a Drexel bottle;
Lemon (1943) used a Folin tube from the van Slyke instrument
for determining'urease; Cvjetanovis (1955) used a 70 ml test tube;
Fomin (1957) used the compressor from a Liebig cooler; V. S.

Kiktenko and coworkers {(1956) used a V-shaped tube with a large
quantity of glass beads, etc.

The instrument design® :y Kiktenko and coworkers (1956) is

a V-shaped tube 25 cm in length and 1.5 em in dlametee. The tube

is connerted by a rubber adapter tc a heitie tipped boitom up,

which contains a tubule. The capacity of the bottle and the

tubule is 250 ml; the height is 1k cm, diameter .5 cm, and the

tubule opening, 1.5 cm. In assembled form the instrument is a

system ol commuaicating vessels which differ in diameter and
volume.

A diagram of the device is shown on Fig. 42.

Fig. 42. Kiktenko device.
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The inner portion of the tube and part of the vessel are filled
with glass beads made from neutral glass; the grain size is 6 mm
and the total surface reaches 750 cmz, Forty ml of physiological
solution or bouillon (peptone water) are poured into the instru-
ment. A rubber tube 30-4C cm long is attached to the tubule of
the 1instrument.

A continc. us pump or human breath can be used as the means
to ensure motion of the air during operetion of the unit.

When the unit is activated by breathing the aspiration of air
is not continuous and as a result there is periodic aspiration
of air through the liquid. When the air 1s drawn by a pump the
liquid 1s displaced from the tube into the bottle, and thus the
beads wet by the liquid are uncovered and collection of bacterial
aerosol cccurs on them. When breathing halts, the liquid 1s
returned from the bottle into the V-shaped tute and washes off
the microorganisms adsorbéd onn the beads.,

Using this instrument, Kiktenko collected 2.8 times more
microorganisme of coliform btacteris than by using the D'yakonov
instrument. ‘

In 19%8 A. Ye. Vershigora proposed a bubbling bacteria trap,
representing a glass cylinder 2.5 x 35 cm 1n size sealed shut
at both ends. A glass plate is fixed in the cylinder 6 cm from
the bottom; it contains 30 openings 1 mm in diameter. A second
plate 1s placed 6 cm above the first.

An air intake tube C.5 cm in diameter is located parallel
to the outer wall of the cylinder and communicates with its
cavity 2 em from the bottom end. A tube 0.5 cm in dlameter,
ending 2 mm from the bottom of the center of a contractlng
cpening 2 mm in diameter is detached to the inner opening of
the intake tu:2. Ten cm from the upper plate the housing of the
cylinier is expanded (diameter of expand:i section - 5 om).
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" The air exhaust tube is located at the upper end of the
cfmmhr, R f'\ , -

-Twenty m? of physlological solutidn or of .a 1: 9 mixture of
meat-peptone bculllon and physiolozical solution 1s placed in
the cylinder (Fig. 43).

The effectiveness of miecrobe
detectlon in the bubbling bacterial
trap in the case of a coarsely
dispersed aerosol corresponds
approximately to the effectiveness
of the D'yakonov instrument.
According to data by the author,
the instrument is more convenient
to operate than the D'yakonov
bacterial trap.

B e In 1961 Glosclaude, Hermler

Fig. 43. Vershigora proposed for the first time that

instrument. the aerosol be passed not through
water, but through dry beads with

subsequent addition of 10 ml of water. The filter itself consists

of a copper tube 101.6 mm long. A porous bronze disc 8 mm thick

is located inside it. (Glass spheres_SO—lOU um In diameter are

placed on this disc., Alr is drawn through the fllter at a rate

of 7.9 to 8.5 m3 per hour. After samnling the beads are agltated

in the flask with 10 ml of diluent and the condensaticn tube 1s

also washed out with the solutlon. Seeding i carried out from

hoth 1iquids onto solid nutrient medium. The growing mlicroorganisms

are counted and identified.

Glass liquld bacterial traps known under the general name
of impingers are presently used"very widely in both laboratory
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and field conditions in the USA and in England. All impingers

cperate on the principle of drawing air through an intake tube from

‘a limited capillary opening. This leads to the formation of

extremely fine bubbles ahd_accelerates passage of the partlcles
up to a velocity sufficient to cause deposition in the liquid.
oimultaneously the cap*llary serves as a limiting opening, creating
a gas=- ~flow veloclty which is virtually independent of the differ-
ential pressure between 0.5 and 1 atms this eliminates the need
vo control the flow externally. Different flow veloclities

can be obtalned by appropriate changevin the dlameter (passage)
and length of the capillary. A brief description l1s glven below
of 1iquid samplers most widely used outside the Soviet Union.

The first liquid impinger was described in 1922 by Grenburg
and Smith; 1t was intended for evaluation of the dust content

"of the atmosphere. Rousbary (19ﬂ7) and Henderson (1952) gilve

a procadure for using instruments of this type in their works.

The Rousbery-Henderson capillary filter is a small bottle
equipped with a wide intake tube, wlth a short capillary soldered
to the inner end of the tube (Fig. 44),

The capillary is immersed
in the liquid no more than 5 mm,
at a distance of 4 mm from the
bottom of the bottle. Alr is
passed through it at a rate of
2-3 up to 20 I/min, The filter
was tested out in & number of
investigations and showed high
effectiveness with respect to
capture »f hlghly dispersed
bacterial aerogcis. To aveld

By
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Fig. 44, Kousheryv-Hendersen
sampler. iosses of aeroscl particles
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larger than 8 um, which are deposited in the column of the intake
tube, May and Druett (1953) proposed installing a prefilter in

the instrument.

Tylor and Shipe (1959) described the Porton impinger and a
standard. impinger identical to it (Fig. 45).

Fig. 45, Standard impinger.

The instrument is intended for
isokinetic sampling of aerosols.
The aerosol sample to be analyzed
enters the impinger along a bent
tube, which terminates in a nozzle.
The nozzle 1s a short ecaplliary
tube with a critical opening.

The distance between the nozzle
and the bottom of the flask in

the standard impinger is 4 mm.

At a vacuum of 0.5 atm and more
the critical opening of the nozzle
ensures a constant sampling rate.
The optimum volume veloclty during
operation of the instrument is

11 Z/min with a nozzle diameter

of 1.1 mm. In this case there

is virtually no death of spores during deposition;’the loss of

vegetative cells is spproximately 25%.

- In order to increase the effectiveness of sampling with
aerosols consisting of vegetative cells various modifications

of the standard impinger have been designed.

The basic change

- deals with an increase in the distance between the nozzle and
.the bottom of the flask or & change in the shape of the nozzle
(along the 1lines of a Venturi tube or a truncated cone - the

suberitical 1hpin5e?).
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An all-giass impinger (all-glass impinger, "Agi") is a
highly improved standardized varliety of the Porton impinger or
the standard impinger (Fig. 46).

A i

Fig. 46, All-glass Fig. 47. Canadian impinger. -
impinger.

Canadian impinger. This sampler (Fig. U47) was proposed by
researchers at the Saffield Experimental Station and was based
1 the principle of reducing the death of bacteria by bringing
in the stream of air along a tangent to the liquild.

Shipe, and Tylor (1959) carried out a detailed study of the
capture properties and operational qualities of impingers of '
different designs. A comparative evaluation was carriad out
with'wool samplers which, accordirg to data from the authors,
capture a grester number of aeraso. particles from the air than
do other instyuments. The suspension cof bacterial aerosols '
was created in a8 speclal chamber using cultures of such micro-
organisms &s gac. §gggglg§_and Serratlio marcescens. On the basis
of data obtained by these authore it is obvious that the "aAgi"

L oragidt
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instrument mainly collected just as many spores of Bac. subtilis
as a supposedly better "absolute" sampler ~ the wool=type o
collector. The "Agl" instrument demonstrated the greatest
effectiveness with respect to highly dispersed fractions of a
uniform bacterial aerosol (particle size within limits of 3 um).
However, with nonuniform droplets other impingers proved to be
more effective than the "Agi" instrument.

Although liquid impingers differ from one another in
structural detalls, operating conditions, and effectiveness,
the following particular features are characteristic for all
of them: compactness and simplicity of construction, the possi-
bility of seeding the ~ollected liquid on different nutrient
media, the possibility of using a series of checks to cover a
broad range of concentrations of microorganisms, investigation
of viral aerosols, and exceptionally high effectlveness in
collecting particles larger than 0.5 um in ldameter, along with
a constant rate of air passage.

A drawback of liquid impingers which is of critical importance
in certain studies is the fact that they do not permit analysis
of the bacterlal sample directly in the instrument. This drawback
1s lacking in slit instruments and cascade ilmpactors, within
which separation of bacterial particles occurs directly on the
solld nutrient medium.

&, Instruments Based on the Principle
of Deposition of Bacterlal Aercsols
by Vapor or Atomized Liquld

i Instruments convtiructed on the principle of deposition of
bacterial aerosols by vapor or by atomized liquid are based on
disturbance of th2 equilibrium of the system of bacterial
asprosols which can be drawn in Ly vapor or by atomlzed llquid.
These include the following instruments: Le GuJon-Grooten




(1202-1906), Elliot (1941), Moulton (1943), Rechmenskiy (1951)
and Rudenko (1956).

In 1943 Moulton proposed an instrument based on the principle
; of capturing particles of an investigated aerosol by extremely

i fine drops of a liquid medium dispersed by a Jet of pumped .air.

f In the Moulton instrument the alr enters a lower opening through
| a bent side tube, within which there is a siphon. Extremely fine
droplets of liquid which are formed in this tube are captured in
a pear-shaped recelver which contains bouillon. Air passes into
the opening of the instrument at a rate of 300 cm3 per minute.
The boulllon of the middle chamber, enriched with microorganisms,
is mixed with bouillon iIn the bent tube and seeded oiibo selective
media in volumes of 0.1, 0.5, and 1 ml.

The Mculton instrument can be used to detect up to 80% of
bacterla suspended in air. However, the Iinstrument ls complex
in design and not easy to operate. Besldes this, the instrument
is not designed for passage of large volumes of air. Somewhat
later S. 3. Rechmenskiy (1951) used the idea forming the basis
of the Moulton apparatus and proposed an Iinstrument of his own,
The siphon receiver of this instrument (Fig. 48) is a glass
cylinder (1), whose inlet openiha (2) enters a funnel which
terminates in a capillary (3), direzted into the‘cylinder, A
second capillary enters the capillary of the funnel tube at a
right angle (U); the second capillary rises first te a special
reservoir (5) located below the cylinder, into which the collecting
liquid i3 poured (physiologlcal solution, boulllon, ete.}.

‘Thus, the glass tubes form a pulverizer. On the opposite
and somewhat contracted end of the cyllnder there is a rubber
gube (&) which joins the siphon raceiver with the air aspilutor
and a rheometer, The ypper wall of the cylinder contalns arn
openihg te which a rubber tube with a glass spa&ula is attached
{7 and 8).
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Fig. 48. Model of the Rech-
menskily instrument (see
description in text).

Preparation of the instrument for operation and its operating
¢ *nciple are as follows. Some 3-3.5 wl of liguid is poured in
through the upper opening (7) into reservoir (5) cnd it is closed
with a rubber stopper with a glass spatula. The irtake and
cutlet openings of the cylinder are viosed wlth aterile wool
plugs and paper caps. In this form the instrument can be steri-

‘lized in an autoclave. '

During operation the instrument 1s attached to the aspirator,
with an ordinary exhaust pump belnrg used as the lactter. As the
Jet of air is drawn through the horizontal capillary the'sagzuring
itquld from the reservoir 1s raised up along the veitiesl capillar

to the h@rizon&al_ona. Her:» it encounters the alr S.ream and

«

is broken up. An aerosol of nutrient medfum 1% formed and
absorbad on the bacteriasl particles, inecreasing their mass and
thus improvirg depaggtich. This Is fscilitated by the spatuls
{8, which is agitated amgsinst the streas of liquid. The liquid
runa down over the walls into the reservolr and the previous
gycle lg repeated. ?his makes it possidble to concentsgte the
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_11qu1d out onto ordinary nutrient media, depending upon the
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microflora contained ir large volumes of a’r (up to 100-150 %)
in 2 smail volume of liquid. U.on terminatlon of aspiration of
air through opening (7) a sterile pipette is used to draw the

purposes of the investigation,

According to literature data, the Rechmenskiy instrument
possesses good trapping czpabillty as compared with other
devices. ' '

Thus, Ya. G. Kishko (1959) cons*ders tha* tﬁe Revhmenskiy
device pessesses high capture capabilit y with respect to all
phases of bacterial aerosols. According to-data from G. I.
Sidorehko (1956), the Rechmenskiylsiph01»bac 0ria trap capturcs
42% more microorgan’ sms ferom the air vhan the Krotov instrument,

, while abserve“ionh by Vlodavets (195?} snow a 39’ greater capture.

The Bechm%ns&iy 1rsfﬁumert has E number of drawbacks.,7mhus,

' the cerosol ‘cah be dmawn in enly when a powe“raT fan 13 available.

-the instrument, Qkichf;edb to ﬁifficultieﬁ in o ng@hing uni form

research reaults when usiag 1*?Pﬂrﬁ % instruments. The devﬁéa
{s inPQRVEﬁi%ﬁb zar sfu&vina‘b c“*vial Svﬁdiﬂg o? %he ir X3 L&w
(npgat*ve; Lamper ut“ es,'\incé thea iiquid *n ths canz.iq*?eg
freerss ra >id«g gv.-g. Vxeéave s, 1353) a

In 1956 H. ﬁ \dd?ﬂnﬁ ais¢ ﬂrsﬁdsev a kuczariaa y?ap %&%ad
on the puliver zs$ian y“*sciplﬁ (Pig. 4%). S

The effectiveness of this tasirument wes stud} ej by V. S.
Kiktenke and coworgers, who Feund that ase ef %ne Ruﬁéﬂ$& typ
t:ztroment led to capture of double the nuwster of Riercorganisns .
from air as the sipheon basterial :‘ag Ry Rﬁchm&ngkis i

s i meeat e Do i gL sty A BRIV A

RS e

Because of complexity 1ir maﬂuPac‘ure it is dl”?icn t o §tandar§g%e;f'




Methods of Virologinal Investigation
ef Air ' :

Instruments constructed on orinciples of filtration of aerosols
through a ligquid or deposition of aerosols by vapor or atomized
: 1lquid can be, under certain condltions, used for wvirological
i~ - investigation of the air.

In the opinion of G. I.
Kerpukhin (1962), particles of an
aercsol which contain  wviral |
bodles can be determined by means
of the instruments designed by
D'yakonov, Kiktenko, Rechmenskiy,
Rudenko, and others. A. Ye.
Vershigora, Ys. G. Kishko, and
V. V. Vlodavets consider that the
Rechmenskiy siphon bacterial
trap is fully sultable for viro-
logical research. Thus, Kh. L.
Galikeyev (16%6) detected the
influenza virus in the air of an
experimental chamber with the
Rechmenskiy unit. Albrecht (1957)
sucsessiully used liguid impingers snd membrene filters with
subsequent speﬁial cultivation of hydrosals for the i{nvestigation
of viral aevosols. ?ﬁ&rn and Burrows (1280} showed ezperimantally
that samglﬁs of an aerosol of the heafwarénmauth disease and
u&rtain other viruses cat, at Ieast quantitatively, be taken by
standarg methods of sampling bactepial aeroselis. The authors
oh»e¢wed positive pesults in tests af standard implngers of the

it. The jmpingers

Parton Lype, as w2ll as :srzcus a2

diffaationsg of
were Tilled witih an agserbent - a btuyf
ia

fered phoaphite or sait
‘of a buffered phosphate. In sdditlon, sclid inscluble filters
wore tes ted: wambhrane filtears and fillter paper. Af{ter pessage
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of air through the instruments, subsequent investigations were

carried out by ordinary virological methods (setting up sero-
logical reactions, infection of animals and embryos, tisowe
culture, ete.).

Together with I. A, Yurikas (cited by Karpukhin, 31962},
G. I. Karpukhin made an effort to separate the iufluenza virus
from air by means of the Shafir centrifuge. The nutrient medium
in the apparatus was replaced with a2 suspension of sheep
erythrocytes (12-15 ml). The influenza virus was atomized inte
an experimental chamber. Two~hundred fifty - two hundred 1 of
alr were passed through the apparatus. After sampling the virus
was removed from tiie erythrocvtes by elution. The wash liquid
was investigated serologically. Positive results were noizd in
all 11 experiments. Aftef elution the virus was found in the
remaining water in dilutions of 10-2~19-{om1tced}‘

In 1959 S. Ya. Gaydamovich, V. V. Vlodavets and V, R.
Obukhova developed a procedure for capturing the influenza virus
by means of the D'yakonov apparatus and soluble filters of
gelatin foam.

Artenstein, Cadigan (196%) used the “"Agi” type all-glass
impinger with & tissue culture in a liquid medium te capture
adeno viruses and the influenca virus from air.

Conalustion

As this survey indlcates, the guantliiy of methods used in
sanitation bacteriological investigation of the air is very grest
and continues to increase with every passing yesr. However,
existing procedures and the bacterizl traps based ou them are
still far from perfection - a fact indicated Ly thelr great
variety. Up te noy there is no single widely sccepted gnd easily
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_&ccesSible>procedure*whieh sabtisfiles all of the requirements
“imposcd on methods I capturing bacterial aerosols.

Cdnsidering the particular features inherent to bacterial
and viral serssol systems and alsc the knowledge of the physio-
. chemiczl laws governing the behavier of aerosols in general, at
present there is every basis for a clear formulation of the
. requirements which must be met by instrumsnts Intended for capturing
microorganisms from the air. '

These requirements ¢én be reduced to the following positions:

1. Separation of microorganisms from the alr and their
-concentration in a ltquid or solid medlum s.ouid be completely
posaible.

2. The instrument must make it possible to select the
greatest possible volume of air in & sample, since the concentra-
tion of microbe cells in the investigated zir may be very small
and their distrizotion can be extremely irregular.

3. HMicrcorganisms captured by the instrument should not
tese viability and thsir concentration irn the matepisl should
permit thelr further study (Seeding on various media, infection
of snimals, etc.].

durt.
5. The instrugent must, as far sa= paszidble, permit

determining both the particulate consanirition snd the slate of
disgpersion of the asrgsol.

oot
=)
v




6. The conglomerates into which airborne microorganisus may
be united should be broken down into individual bacterial or
viral particles.

-re

7. The instrument must be simple, convenient, and economical.

Sampling should not take a long time and should be accomplished
both indoors and outdoors.

Besides this, one must consider also that during qu-ontitative
and qualitative analysis of a samgl@ of & biological aerosol
the following difficulties may be encounteved: certain types
of microorganisms do ndt:grow cr grow §carly on ordinary tucrient
media (for example, virusss and various types of rickettsia) and
therefore they cannot be detected; many types of bacteria and fungl
grow poorly on solid nutrient media and require spécia; nutrient
substances or Specia; growing conditions; microbes which are
tnjured during sampling mey not multiply in the nutrient medium;
different types of mispoorganisms present in a single sample
may prevent each other's growth or teprmingte it altogsther; dust
particles of ecertain chemical eommcsitions and other forms of
acrosols which are sampled together with the microorgsnisms mey
*nhibit the grosth of cerzain types of miarobes. '

During practical study of the cencentration of mlcrocrganisms
it ‘s pecsssary o consider all of theze factors and to select
ate research methads,

Consegquentlys, in working with bacterial serssols ine use of
gne or another rasearch method is delermined primerily by th
stated problems and goals of the investigaltum.

Ths requiraments fzpesed an bacterial Livips are met most
completely Ly methods tasad on Tiltrstlion of seragols through
snltd incoluble and scluble filters {waol IMilters with easily

. - & [T e S ~ # o T
removed fmpregnants, fliters of .slalin fosm with precisely
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-calibrated pores, filters of sodium z2lginrate and sodium glutsnate,
ete.). Fllters of glass and cotton wecol retaln all fractions of\

- bacterial and viral aerocols and permit thé passage of 1arge>
volumes of ai:; in the case of wool filters with 1impregnants they-
retain the viability of microorganisms for a prblonged period
and are simple-and convenient to handle.

Methods based on adsorption of aserosols by a liquid are also
adequately sensitive (sorption instrument, s%andard impinger,
ete.). However, with small concentrations of microorganisms in
the air the need to dilute the 1liaquid leads to very high recalcu-

~lation coefficlents, reflected in the accuracy of the obtained
- quantitative results.

It should be ncted ti.1: the structural features of bacterial
traps snould correspond completely wlth the structure of the
bacterial aercplanxton.

During selection of the method 1t 1s necessary to know at
least approximately the microorganisms which must be dealt with,
the size of the particles that must be captured, etec.

The greater the'variety in the type, slze, and degree of
agregation of microorganisms in tne air, the more difficult it 1s
to select a method for determining thelr concentration in the aip.
Thus, aerial bacterial suspensions - large drops of dust - should
be captured by the method of sedimentation and the impact effect
of an alr stream. For detection of highly dispersed bacterlal
aerosols it is advisable to use methods based on the principle of
adsorptior, electrical or thernal precipitation, or siphoning
of the air. Here it 1s necessery to consider whether the investi-
gation is to be of bacterial contamination of air inside a room
or under outdoor conditions, where aerodynamic effects are obtalned.
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In the majority of cases bacterial traps are designed for

~ evaluation of the bacterial seeding of indoor air; therefore the
corresponding apparatus has been developed with consideration of
the felatively fixed or slightly moving air and the effective-
ness of aerosol particle capture has usually not been given proper
attention. During sampling of atmospheric alr the aerodynamic :
effects play a basic role in the process of aerosol particle
deposition. On this basis the use of various surface traps -
(object glasses with a sticky surface or Petri dishes with
nutrient medium), despite their avallabillity and simplicity, may
glve only approximate information on the volume concentratiocon
of aerosol pacticles in air.

During sampling of air under field conditions it 1is necessary
to try to match conditlons of isckineticity = the main rule
ensuring tne necessary relliabllity of analysis results. Isokinetic
sampling of alr can be ensured by using the May cascade impacvor,
the automatic Herst trap and other instruments. Application of
these investigation methods will make it pussible to determine
with satisfactory accuracy the quantity of aerosol rarticles in

the invertigated vclume of alr by the subsejuent visual method
of counting.

The most reliable information on the content of microorganisms
In air - i.e., on the concentration of particles of a bacterial
aerosol - can be provided by Instruments in which the experimental
results do not depend on wind speed or particle size. For this
burpose aerosol traps constructed on the principle of cutting out
a definite volume of alr with subsequent sedimentation of all
aerosol particles onto a surface covered wlith nutrient medium are
of speclal suitability.

On should consider to be most promising those methods of
studying bacterial seeding of the air which make it possitle to
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carry out around-the-clock ~ontinuous sampling wi:n subsequent
or simultaneous sampling with growing of a culture. Waen such
research methods are used it is possible to obtain both indoors
and out information on the dynamics of aerial propagatlion of
aerosoL particles containing different microorganisms.
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