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DE.TEMMINATI.ON OF PH~YSICAL PARMETERS OF' VIRAL AELOSOLS

US!I

L Following is a trans tdton of zn article by A.
Gromyo, A. I. DanL.ov and G. Ya. Vlase/ko,

-Institute of Virolo,-y i meni Ivarovs!.iy, Academy
7of ledical ScienLces lJS.ill, in th( Russian-ldinguage
periodical Zhurn)L Miobi ,ii , Epidcinic Logi2

i~ ~ ~~L IrounbuTriT7Fal of Microbiology, Epi-
demiology and I3a1unobiology), M~iscow, No 7d, 1966,
pages 94-97.1I:

Comuni cation
InvastigFation of the Condition of the Aerosol Cloud in an
-VK..2 Chamber and the Significance of Changes Observed for

the Dosimetry of Aerosol Infestion

In Communication P *%e discussed the desirability of i
using the method of continuous ultrami roscopy for the pur-[
pos' of studying viral aercols and dweloping the condi-

.tions of reproduction of iilections ii an aerosol c ainber
*It was demonstrated that by means of type VDK continuous

u 't: amicroscopy it i: puosb y),le to d ,cr ,ine the deree of
satiration of the chaiber with viral crosol and the time
o:- Cambnce L rc hovai of hLfectious aerosol aftere
).atJon of the experi~ienL. A correlation was nade be-j

the data of t Aeorc ool calcu.lations and usual
erv.. ..ion.. .

* The purpose of th'o ptcsnt investigtion as to de-
*. .o::us ine the concentrtin o disperscrd substanc in anpi

': - . prosol state, deteruinecL of th d2lve ofl between the

; 'I asZh. Mirobiooii (jouna of icnsNof cype V o 6, lCnou

i liameo*p -1-ipssbet etriete ereo

' iof eaane[r~avI!o;:I,<f iu Ieoo ate em-
: , :aton of he expri~a~n.___eor__._tinwasaebe
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ciiaings in this concontr ti'on and time o animals' contact

with tile viral aerosol, determination c.f the fractional

cimpoSition of- .erosols,"calculatioi of gravimetric (by

%,,eight) concentrationland determinati.oit of quantity of

aerosol that hbs passed through an ilLiM.l's respiratcl)y

syste- The methods of obtaining and r.easuring aerosols

w-ere des bed inCommunication 1.
Proc.sses. occur in an aerosol ,l,.ud that lead to a

decrease in nuimbve? of aerosol partiolej. There is the

most signif.cant decrease in concentration of the sub-

'btance during .ihe firsT few minutes in ohe aerosol's "life,"
thereafter. le 'concentration remains reLatively constant.

Table 1
Changes .n'aerbsol concentration after disvontinuing
dispersin

I . , . 1... a*I- Cal

7i7 8,2-' - 7' 7
I."1 ': , ', , " • l#' I~ l (XOiQ , i . ..

6.2 5:6 ,:Ii" '' - i i'. l_ _ _ _ _ __._ _ - -

10 6.8 7 5. 6.4

1- .5 t,221 5.3
• 20 6,2 5.6 1" .' ".25 4,4 5.2 d8.-.,-

-30 5,2 4.8 5,21. ,2

35 3,6 3.8 3.8 4,1 3.8.

40 3.8 4 1 4. 1 1,4.4.1
S * .. 45 3, 3,6 -37

S., 3.375 3,4 3.6 3,,.4 1.
90 31,4 3.3 3.4 3.61..4

IM 20 3.2 .3,4 2:, 1
120 2,6 2,3 13.4 3.2 *

I| 1' 4 p, C3 24 i %c 0,0310,03'0.06i 0,04.

.i:

Legend:

a) time inte'rval c) background
(minutOs) d) mean

' b) quantity of aerosol e) after 24 hours
• partioleH (X 10)) per

cubic centimeter

Start .,n aT, the 30t Irinute and up to two hours the nurnber

of pa-ztici in the aerosol cloud decreases negligibly
(Table I).

" - _ _ _ _ _ _ _ _ * •, w -- .-.L , , ,," ,,



Previously (1olotovs'ciy, 1959) it had been et-tab-
.lishcd that with this method ).C spraying, a 00 rinuiteI
contact of the animal w i th3 viral aciosol suffit.O
for it~ to be infected. 1Iowevec, in ordhr to dcterAno t, o
quantity of substance aspirated by the ,nimal duri-ig con-
tact, it is important to know the quantity of particlos
and uc.ght concentration oi t.)c aeroso. '.rn the Chamoer
for the duration of the cozita5ct period.

The methods used previously (Bolo~ovshA.Ly 1959) o
calcuLatioa of Bubstantces 1.hnA settledl Lai tLha anin"I~s'
respiratory tract did not tal:% into consi.deration. the
changes in concentration roluioec to different forces act-
ing upon the aerosol particebn; (precipitatcion, B~rownian
movement, coagulation, etc.). It seemed of interost to
check these calculatioiis by visual metl~ods.

For this purpose we :nadc, a study of the fractionalI
composition of the aerosl ad changes in it in e
coure of contact. .Determaination of Tte dispersiire corn
position is also important in order to evaluate thie s ite

-!1of-application of thiie viral aerosol in the ianirialls respi-
ratory organs. Thus, in experiments o i rabbits (Ducllland
et -al, 1950)'it was established that u.3or inhalation of

0. microns3, 2915oof the~.,-particles set e 1r. zh
nasoharyx, 3 to19 )in he tach arad 51 to 5S%,O in

thealeoi;wih rdis f p 65(ofthe particlesJ

measuring 4 4..
Experim~ents on mice (Shoshlkes, 1950) revea~cod that

*scttling of the aerosol in tae branch*., broncnioLes an.'d
* alveoli was related to particle sA .. h olwn
*manner: at a radius of 0.2 to 0.62 k. 86 and 'h2c;, respetive-

!Ylsetledin these areas, at, a radilis of 1.05 to l."i6 L,
.. y5 and ti and at a radius of 1.4i6 o 1.G6 p. -- '4S and
15%. Thus, the smaller the particles of the iniipled aerlD-

* soi, the deeper andcoic ux.-tensive tha injuries to th e lungs
k~:abutPreviously (Uo~otovsk.iy, 1959) th e conccnilration o

aerosol in~ the chanber was calculazcd' on the bat-is of data
aotthe dispersion coilpo,;.tion and the output of the

L' omizer and quantity oif Vival substance sprayedl in a cer-
am in uantity. 1:awever, a %;oinparisor cf the fractional

* cornosition of the aerosol LOt the output of the atolAizer
'Table 2) and in thIe chaiab-c (Table jrevealed sitnif icc.t
td.vIfcrcnces. There were al io diffoc:!nccs in the absolu-Le
number of particles of diiffrent sizo-s ('2z:ble 4).

In order to calculate the wc ~~~tdconocztra-
tier. of substance we considered te'u of ono aiezczc'
,_a:-ticle to ec'ual iA.ouesne~ ~~iyi ls
to one, by multiplyir.Z ilc vc'lia of p~rticlcs by
theair number per unit ol' 'oltzae, we ataiA-e-- the COi'CC:n-

I -3-
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- _c-ratioil v 1.Ahz' T016~ 5). Thus, kn9w-UL'g tho aoxOEO. con
ccntratifl welgbt and it; dispersive Oompositior -it ja

poS~bleto efd4t~-the quanftity .f mitterial tI'at reached
tho 4njmaj.IO i'Pp.iratory~ Fogans after ai given period of

rto, -terok.P -at any tize arter termirt.ation of

K. . Table 2

* ~ ~ . soZ 'aerosol particles at. tho output.
k .fthe. o1ie

1-41VOIS 4 Ft *B"4

.A) distaa~cc, trom nozzle (-in centimeters)
* b) dispersi iGees ( in %) with fractional comp~sition oI*

-particle&s' of 'the f ollowing distmoters (in microns)

c0 rcifa ompos-ition of aerosiol in, t-j~e I

5' chaz~ber, upon termnination of spr'Ltyirng.

Sp.E '5C WQ t.-

6 1 2 - -- -r1
Legend:

a dimetr o aersolparicle (i mcrns

b~2 84cetcg 7fprtce aI-t

the anra wii, Usd~h 6qai_. I =0 - V ,whr

C steoninraino usac in 81'
grm 2e milltr V s rsiao-vl o"--h

anmli miliitr pr- iut;Pi tewib

-1 I I.



in t~L~ isth't o onac f ;hoani.-l ih-

Quant isthey t of paontact c dforef T e ina Wthth

* aerosol cloud in the clamber wit.a different

c~pouur timu~,KO.JN 1TI2CHLI (x 101)

*P It ell

0. 1

5 2 1 7.3 4.38 73
.0 .o 3 1 12 64

- .3 1.22 6

IP

Sa) tir~e after termination O f sprayirrr (mnintes)
2i*) Thuatty-of* part .clc, X 10'k) pr cubic

centimeter with a radi-i of (kin niicronls)
*c)' total quantity (X 104~) -)er cubic ceati.,ete;-

Table
G ravlazetrie (Weight) cocentratiiun of yiraL-
material in the aerosol cloud a;i d-iffe~ent
times after termnination of spra:'ing

AWIO Ile
.4 /. 0.5 0.6 1. .6 A .

3518.3 749 2.50S.9
2 0 I 31.7 I 10-51i i2j.9 2G6:9 I 43

*30 v).9 u, U3 9 i1 4 8 11? 4.6
515 ., I 2 7 2 0,2 6-.

3 . 5CO I 2'i. N 87;

z. Le .ind after t.rminatioj~ c.2 spray .m ( i - tt

b) -rc.v.metric concenturaion (In Lirspur
cubic meter) with 1)articles wits a :cadiui cf (in
microns)

o) total quantity of sub.-ii.ance (in nmilli-rziLL per
* cubic' motor)



?),,Is wo .obtained data on the qi,'ntity of viral aero-
6ol inhailod b2' the moue foll.owing different pcr~ods of
contact as well as cin the total dosage for the ntire Coll-
tact period. 'Thus with contact for one to fiv.,, minutes,
0.1 rag [miliiramsi of substance was absorbed, when the
contact lasted 5 to 10 minutes 0.06 zsg was abso :bed, after
20 to 30 minures 0.009 mc- was iabsorbcd, after 3-) to J.:5
minutes the quantity absorbed equalled 0.1 :,and after
a 45 to 60 rnijute contact 0.09 mg was absorbed. ~,l6~

at present thore ara. no methods that VOuld perznLt derer-
minaticn ..it4 'absolute accuracy thc concentrati )n of suib-
stanco contained in an aerosol stae. Each Of hO meThiods
currently ini use induces more vr 2Acss si,1,nificait disturb-
ancea in the *oonditi.on of the z.croSo2 cloud. I'a tile caIse
of op-ical me:.iocis there is i~iiiia c*_'sturbcnce of stabi-
lity of the aorosol cloud.. Ilow1 vcr, the possiLLity of
'error is a2so related to the individucl ability )f the eye
to disti.nguish ."bursts" Trom piLrLizl cs of smnall. size.
T'herefore it ;Cs definitely of interest to explocre the

*possibility o: 'using automatic cotiputers t(o calc.ulate the-
concentration of particles (Deryagr adVlsnc,199
IRiktenko et a'6 -1961. and 1962; TAhoamas and Colli is, 1962).
U tsi ng the sys- am of continuous ultra-,licroscopy, with a

fphotocloctrono -device it is possible to aut~omate the

C alculation o: aerosol particles; in contrast t) continu-
;~us ulItram icrosoopy,' the recording ol "bursts" :)- light
occurring when the particles fly Ith-rough a brigAtly lit
zone is perfo.-7mod by moans of ain eloctron photLo rultiplicr.
Apparently this is a very promisinng. inctbod for losimetry
of aerosol in~eotion and immunizationi, since this involves
the recording of light from the bursts of partioles, and

* not only the tsize bi~t even the shape of the particles can

be evaluaTed from the oscillogran.

Conclusions

1. By incans of a type VIDK cont- nuous ult~raiaicroscole
it hsbeeln demonstrated that -,here wias a constant change
inl c,,:nce;ntratLon and fra-c.ional co,,: 1 c6ition of aerosol in
anaroo cll~ud cre-rz.;d In a ,,ta*tic chamber following

"I., mter-al :ont-_.nin,, v.iu-- ; the calc-iaated con-
c c - t i d er e as .-. signif icantly during the first 15 to

*20 ZI-.ts then re.-auined ralative;Iy stable for over two
hour6.

2. The' measurements performed permitted assessment
oft-c dvoage. of viral aeros~ol inhaleld by the aaimal

-6-
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