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DETERHI\ATIOV OF PHYS]CAL P\LAMETERS OF VIRAL AELOSQLS

f ~ USSR -

(Following is & transliation of &n article by A.
i. Gromyko, A. I. Daniiov and G. Ya. Vliasenko,
Institute of Virolezy imeni Ivarovskiy, Acadeny
of Medical Sciences USSR, in th¢ Russian-language
periodical Zhurnal M1410b1010"1) Epidemiologi.i

i Immunobiologii (Jouraal of Ml(roololo gy, Spi-
demiology and Lizmuaobiology), Mouscow, No 7, 1966,
pages 94-97.

: Communication II:
Ivvostlﬂat1on of the Condition of the Aeroscl Cloud in an

IVK--2 Chamber and the Significance of Changes Observed for

the Dosimetry of Aerosol Infeztion

In Communication 1* we discussed the desirability of

using the method of continuvous ultramicroscopy for the pur-

nosu of studying viral aercsols and d:veloping the condi-

‘tions of reproduction of iidfections ia an aerosol chawmber.

It was demonstrated that by means of type VDK continuous
ultramicroscopy it is possilble to dct:rmine the degree of
sataration of the chamber with viral zcrosol and the time
ol X‘uhrance [removal! of infectious aerosol after termi-
r.2atdon of the experincent. A correlation was nade be-
ceh the data o tacoretical calculations and visual

_vdgervutlon.

“The purpose of tlic p)(scnt investigation vias to de-
Loruine the concentration oi disperscd substanco in an

«.r0501 state, determination of thc .crrelation between the

* 7h, Mikrobiologii (Journii of Micrcticlez ., WNo 6, 166C.
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., “‘Table 1).
-

: S;Qngcs in this concentration and time of animals' contact
' with the viral aerosol, deternmination ¢f the fractional

' gomposition of a1erosols, -calculation of gravimetric (by

. weight) concentration-and determination of quantity of

i perosol that has passed through an aninal's respiratory

f system - The methods of obtaining and ncasuring aerosols

: were deggiibed’1n“Communication 1. ' .
o Processes. ocour in an aerosol clsud that lecad to a
i deorease ‘in numher'ot‘aerosol particles. There is tlhe

* most signif&cant'decrease in concentration of the sub-

| stance during the first few minutes  in she aeroscl's "life,"
uhereaftqr.thq{gqnceptration remains ratatively constant.

o .Y Table 1
" Changes ip-aerosol concentration after discontinuing
o dispersion:
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Legend: .
" a) time interval
(minutes) ' d) mean
b) quantity of aergsol e) after 24 hours
particles (X 107) per
cubic centimeter

" ¢) background
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Start.ng at tae 30% wminute and up to iwo hours the nun
of pcruicics im the aerosol cloud decreases negligibly
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"Il 'course of contact.

(VN

1959) it had been estad

Prcviously (Bolotovskiy,
.lished that with this mcthod ol spraying, a 60 minnte
contact of the animal with th3 viral aeiosol sufiices

for it to be infected, llowevece, in order to deterniino tho
quantity of substance aspirated by the inimal during con-
tact, it is important to know the quantity of particles
ané we.ght, concentration of the aerosol .nn the chamver

~for the duration of the contsct period.

‘he methods used previcusly (BolotovsuLy 1959) fox
‘caleulation of substances thot settled i ihe aninmals'
respiratory tract did netv talic into consideration the

.,changes in concentration reluaied to different forces act-
ing upon the aerosol particles (precipitation, Brownian
.-movement, coagulation, etc.) It scenmed of intercst to
check these calculations by visual metlods.
For this purpose wc¢ mad: a study of the fra:tional
compc¢sition of the aerososl aad changes in it in the
. Determination of the dispersive com-
. position is also important in order to evaluate the site
"gr-application.of 1he viral aerosol in the animal's respi-
; ratory organs. Thus, in experiwments o1 rabbits (Bucikland
et al, 1950) it was establlcbed that wsron inhalation of

' T the aerosol .the paltlcles ol which had & radius npeasuring

34

0.5 u [microuns], 29% of thesc particles settled in the
nasopharyn\, 13 to 19% in the trachea, ard 51 to 5S% in
the alveoli; with a radius or 2 p, 654 of the particles
settled in the nasopharyanx, and up to 98% with a radius
aeasuring 4 u.

Experinents on mice (Shoshkes, 1950) reveatcd thav
'scttling of the aerosol in tae bronchi, bronchioles and
alveoli was related to parvicle size .n the following

ly,

)5 |md 38 10,

15%.

settled in

Thus,

and at

- manuner: at a raaius of 0.2 to 0,62 . 6
these areas,
o radivs of 1.46
the smaller the particles of the inhrled aerc-

at a radius
30

and 42%,

ox

1.05

xYespeetive-

to 1.46 L,

1.88 p == 4S5 and

', cerosol in the chumber was

sol,
) conceniration of
the basis of data
output of the
sprayed in a cer-
the fractional

Prevxously (Bolotovskiy, 195G) the

calculated” on
about the dispersion counposition and the
cvomizer and quantiiy of viral substonce
tain guantity. owever, a coumparisor oI

"composition of the acrosol ut the oculput of the atouizer
{Table 2) and in ihe cha (Table f? revealed significcn
uwiiferences. There ncre also differences in the absoluie
number of particles of dirferent siwcs (Tuble 4).

' In order to caiculale the welo., -resanwed concentro-
vion of substance we considered the wolilo of onc ag¢roou.
racticle to equal ivs volume, since LSloity 1s closc
To one, by multlp-ylhb iac veiuuwe of &urcoy porticles by
taeir number per unit of volume, we obtaiaeu the couccn-

[N
vian

the deeper and.worc c¢xlensive thz injuries to the lungs.

f
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fk‘crntioﬂ yvight'(rablb 5) -Thus, kaowlig tho aexocol con
contration weiiht and its dispersive composition it is
' possible to evaluate the quantity .of waterial that reached
{  the unimal's. 1egpiratory orgons after a given period of
: exposure to.tzﬁ‘nerohox at any time alter termination of
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<:>_  "jFractiohal composition of aerosol in the

a *chamber upon tarmlnntxon of spraying
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!1 N To caluulate fne dose of viral aerosol inhaled by
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% aerouol.
CoL i Teblc 4
Py Quantity of partiicles of differeit size in the
- : : aerosol oloud in the cliamber wita different
. . * oxposure times
P ! v ' -
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o » - Gravimetric (weight) coacentration of viral
] o . material in the aerosol cloud aw different
' : ’ times after terisination of spraring
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N 1)
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c b) gravimetric concentvratien (in milligrems per
; : cubic meter) with parvicles with & radius of \‘n
v : microns)
IR c) total quantity of substance (in wiiligraos per

. oubic meter)
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/ Thus wooblained data on the qicntity of viral aero-
“-501 inhaled by the moue following different periods of
: contact as well as on the total dosage for the entire con-
tact period. ‘Thus, with contact for onc to fiv: minutes
0.1 ng [milligramsj'of substance was absorbed, when the
- contact lasted 5 to 10 minutes 0.06 mg was absorbed, after
\ 20 to 30 minuies 0,009 mg was absorbed, after 3) to %5
- minutes the quantity avsorbed equalled 0.1 inz, and after
a 43 to 60 mijute contact 0.02 mg was absorbed.

; As obseryed by several authors (Spurnyy et al, 19Gi)
at prosent there are no methods that would perwit decer-
winaticn with absolute accuracy vac concentratisn of snb-
siance contained in &n cerosol state. Each of the methods
cur*ently ia use induces more vr less significaat disturb-

' " &nces in the wcondition of the aercosol cloud, Ia the case
i of optical mewiuods there is winiwal disturbance of stabi-

+  .1lity of the aorosol oloud, Iiowever, the pussibility of

;o 'error is o2dso releted to the individucl ability »7 the eye
4 to distingulsh "bursts" Yrowm particlcs of small size.

ii Therefore it Es definitely of interest to exp:ore the :

possibility oY using automatic conputers to caloulate the

concentration of partlcles (Derycgin and Vlasenco, 1959;

| + Kiktenlo et a}, 1961 and 1962; Toomas and Collias, 1962).
+ Using the sysiem of continuous ultramicroscopy, hltn a
photoeloctronio .device it is possible to aunomate the

alculation o aerosol particles; in contrast t> continu-

(:3us ultramicroscopy, the recording oif "bursts" >f light
‘occurring when the particles fly Through a brigatly 1lit
zone is performed by means of an elcciron photorultiplier,
Apparently this is a very promising method for losimectry
of aerosol infeotion and immunization, since this involves
the recording of light firom the bursis of partioles, and

- not only the size but even the shape of the particles can
be evaluated {rom the oscillogram.

Conclusxons

1. By ncans of & type VDX centinuous ultramicroscope
: it has lLeen demonstratced that there wos a constant change
¢ -in coanceatration and fraciional connesition of aerosol in

an cerosol claud crestod in a stalic chamber following

sproyLar of materiel contalining virus: the calcalated con-
Cenuostiva degreascd bignifi antly during the first 15 to
20 wlautes, then renained relavively stable for over iwo
hours.
P 2. The'measuremcnts peri{ormed permitted assessment
+ of tlic dusage .of viral aerosol inhaled by the aanimal
‘auring various periods of contact.
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