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L. Principle of the Method

v oy .+ article by J.

Bricard,

iz’ iine, anpearing in
., Yol 24, No 8, August

'The method is based on 1h2 measurement of lieht scat-
tering by the individual partiecles (1). The Aadvantage lies in

-~

the fact that a rapid determinatior of the number of narticles
of a given granule size Der unit volume of air is possible,
and also in the fact that all cdifficulties normally arising
when aerosols are nlaced on a mieroscone slide are eliminated.

N

Fig. 1 Principle of photoelectric narticle size determination

The principle of the method is shown in Fie.l. The il-
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lumination device consists of a sourcae of very hish brishtness

S and a condenser with a larce anerture which is constructed

in such a way that it uniformly illuninates the used nortion

of a light field of objective N whose axis is vertiecal with

respect to that of the microscnne. The narticles which are to
be examined are drawn un by a corresnondincly d° ected air cur-

i rent and pass throush the licht ficld of the mi sscope. The

| light scattered by each particle is mnllected by objective 0,

' whercby the probability of two particles simultaneously migra-
tine through the light field and thereby being counted as one
particle of correspondingly larser diameter is extremely small.
This small probability is obtained by dilution of the air (for
instance in a Royco instrument for which a somewhat different
illumination device is used) and by raduction of the lisht
field of the microscope (1). The liaht intensity recorded by
the objective is led throush an optical system to the cathode
of a photoamplifier. The sipnal emitted which has an amplitude

i which is proportional to the lisht intensity is subsequently

; correspondingly amplified and taken us in a multi-channel count-

. ing mechanism which permits the mutual separation and simulta-
: neous counting of the various impulse heiehts to be made.

Ty I Jar g 1

Since the optical and electrical properties of the ins-
trument are known, the impulse height corresponding to a par-
ticle of given granule size and given composition can be cal-
culated. At present, the calibration of the instrument with a
known aerosol (spherical latex particles or stabilized water
droplets of known dimensions) is under way. However, it is e-
vident -- and this is the chief disadvantage of the method --
that the results obtained with this instrument, in spite of ;
all sharpness and accuracy of the method, depend on the dimen-
sions of the aerosol particles, as well as on their refractive I

I

index and absorption coefficient. The smallest granule size

which can still be determined by this methecd ranges, at pre-

sent, from 0.3 to 0.6 Mm; it is limited chiefly by the noise

of the photoamplifier and by stray lipht in the interior of !
the instrument. An additional device with two photoamplifiers |
in parallel is presently under construction; these two photo- '
amplifiers should make possible a lowering of this range by {
elimination of the noise and the stray light. E

2. Application of the Method in the Determination of the Filler
Efficiency (2)

The Royco instrument used requires a prior dilution of
the aerosol, but it is well suited for sampling behind a fil-
ter. An artificial aerosol with unobjectionably determined
properties was used for the studies, which was quite similar
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to a natural aerosol. Ye o not +iih to overestimate the dif-
ficulties in the‘cn0lcc 0> suc: «n o aars-ol, which in our case
are reduced by the fact thit w2 :ra adle ma2rely to determine
the granulometric and not

nhe thtal daaree of efficiency of a

filter, as it is the case witn "o i, ‘¢1l mnthods. Conse-
quently, one must be sati-* 7.7 ~ﬁmntTn~ mny easily reprodu-
cible artificial aerosol i i oL Royoo in:tnum;nt a
particle size Aistribution nis, L. -~ avarase correshonds
to the distribution of natu~.1 - ~yinln (smoking hemp wick im-
mersed ir. a solution of lactia 1eid, «un  rubber , and no-
tassium nitrate at a ratio of 2:7:5),
7
%
)
~ )mmpnarmfm
b 3 *===* fero;
L
| __kammd Fiz. ? Comparican of the particle dis-
P - tribution in the tost aerosol and in
the naturai. atmosnherie aerosol
o 1 = frequency, 2 = narticle size:
- 3 = atmosnheric aerosol; 4 = test aerosol

@f“' o o @ vumy
2) lichengrii

Simultaneously, it was possible to confirm by the micros-
copically, direcztly detormined narticle size distribution of the
aerosol for particles of wranuln size > . HAm that the classical
metnoad (collnctlng by thermal precipitation of the particles)
corresponded essentlallj to the photoelectrical method. The cor-
responding particle size dlstrlbutlow is shovn in Fig. 2.

On the basis of the recording of . instrumant, the
partlclea can be grouped into 1§ v*aﬂu]e clssses [ranging] from
.3 to 8 your

For the determination of the filter efficiency, the ex-
perlmental aerosol is placed into a spherical, air-tight con-

tainer of 700 liter capacity and then drawn through the filters
which are to be tested. Two types of tests were made:

a) The concentration (number of particles per ﬂm3) is
alternatingly measured for each class of aranules, prior to
and after passage of the aerosol throuch the “filter (Fig. 3).
The average of a certain number of subsequent measurements in-
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Fig. 4 Permeability of a Fig. 5 Permeability of a filter
filter of averapge efficien- of high efficiency (Filter No 2)
cy (Filter No 1) as a func- as a function of particle size.
tion of particle size, 1 = permeability
1 = permeability 2 = particle size
2 = particle size
the

Fig. 3 Principle of the experimental arrangement for the meas-

dicates the absolute nermeabilitv 0¢ a “ilter which is refer-

red to the correlation between the innut concentrations and
the permeating concentrations a

5 a4 function of the particle
for an aspiration rate of 1 cm/second. Ties. 4 and 5 represent

experimental results for a filter of averavse efficiency (Fil-
ter Nol) and for a filter of high efficiency (Filter No ?).
The total permeability represents the averare of these results.

urement of the degree of efficiency of a filter.
1 = Royco instrument; 2 = aspiration
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b) For a constant aerosol conce-tration on the filter,
concentration permeating through i<o parallel filt~rs of




known efficiency is compared. this indicatas the relative per-
meability of two different filters (Tif. 6). Fig. 7 represcnts
the change in permeability of Filter No 1 as a function of the
throusghput rate for particles of dimensions between 0.3 and
0.4 mm (upper curve) and for the entire particle size distri-
bution of the aerosol. As is evident, the curves run close to
one another and coincide when the aspiration rate surpasses 8
meter/second.

A;- Q@ Aoger-biv

Fig. 6 Principle of the experimental set-up f{or a comparative
determination of the permeability ot two filters.
1 = Royco instrument
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Fig. 7 Permeability of a filter of averace efficiency (Filter

No. 1) as a function of the input rate (unper curve for parti-

cles of 0.3 to G.4 Mm [diameter], lower ~urve for the entire

test aerosol. 1s permeatility (relative units); 2:zinput rate
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3. Studies of Volatile Acrosols (3)

The dilution necessary for tihe above-described measur-
ing device makes it impossible to study volitile aerosols. ilow-
ever, a4 system has been develoned by means of whieh it is nos-~
sible to make a direct study of aerosols with concentrations
of less than a few thousand »articles per cubic centimeter. In
this case, the aerosol is dirzectly drawn throuch the device
fand] remains, at thae most, for a {ow onc-hundredths of a se-
cond within the instrument. After it had hcen confirmed with
an artificial aeroscl that the results obtained with this sys-
tem are in good agreement with partiecle size determinations of
the cascade impactor within the experimental range of the ins-
trument, the following important studies were carried out with
this arrangement.

S

e

3.1. %gmwosigiqq_gg_{liqgll_Q]qgﬁﬁ {from the Puy deiome
cak
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: Fig. 8 shows the results of this case. the ordinate in-
- dicates the number of particles miarating within ten seconds
E through the light field of the microscope as a function of the

|
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Fig. 8 Particle size distribution
of natural clouds.
1 = particle size
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cdiameter indicated on the abncissa. It is seen that within the
region of small particle diameter, a maximum is followed by a
minimum at approximately 1.5 Mum and subsequently again by a
steep increase. This result had hitherto not been found with

the classical sampling methods (collecting by collision, wire
meshes, et cetera).
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3.2. Compositicn of City Voo

v

When tne same experimontal method is applied to natu-

ral fov,, 15 they are formed,  For instanece, in Paris, a par-
ticle size distribution sinmilary s that one shown in Fip. 8
is found; hcwever, the maximum i5 1ess nronounced [and]l; at

times, 1t aloappeara entlr-ly. thereby resulting in a curve
with continuously increasine particle number with decreasing
nartlcle diameter. It is found that city fos occurs only and
}b stable only when tho air hunmidity of the surrounding areas
15 belcw 100 per cent. This fact may be explained when it is
assumed that the atmospheric dronlets form at particles pro-
duced in combustion processas, which are floating in the air;
these particles consist essentially of :03.

The following Table shows in [terms of] number of drops

per cubic centimeter the particle size distribution of a fog
at an atmospheric humidity of 70 per cent

1 T f 1 T r T 1
T/cm3 ' 1070 ' 16.0' 0.7u46 ' 0.021 ' 0.059 ' 0.076 ' 0.058 !
' ' ' ' ' ' 1 t

- Aj ) ¥ - = f T T 1
diameter' [ ' 1 1 t 1 t
(ALm) ‘0.8-2 ' 2-4 ' 4-6 ' 6-8 ' 8-10 ' 10-12 ' 12-1y !
' ' ' [ ’ ' ' '
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T/cm3 0.01y4 0.006 0.00u 0.002
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diameter' 14-16 16-18

(/Am)

- - o e W - -
- e e e e -
- - - -

- - m . = -

Since the relative humidity of the air is known at the
time the measurement is made, the mass m of the matter dissolved
in one particle which is in a state of equilibrium can be cal-
culated. The calculation shows that the amount of SO3 necessary
for the equilibrium is 506 a/cubic meter. Direct chemical mea-
surements yield a value of 584 ug/cubic meter, that is an amount
which is only slightly above the result of our calculation, which
is, however, absolutely of the same order of magnitude. The dif-
ference is obviously caused by the possible presence of other
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substances in the solution, which brine about a lowerine of
the vapor pressure,and by the nrecence of smaller drooléts

(which probably amount to 15 »ner ~ent of the total mass of

droplets), which cannot be :etect .

(English Summary appearing on n. 2?90 of the original article:]

The principle of a metnod for evaluation of the particle-
-size distribution of an aerosol is first descerib-as in this me-
thod the scatter-licht emitted from cach individu ! particle is
measured. As examples of the applicability of the method results
are presented for the efficiency of filters and also investiga-
tions on the composition of natural clouds and town mist.
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