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2t several Pupvasn eonisre.cos anl S2 0 sa 1007 Seote Z;;n Toligwei
up in inloraational o G . L Trlswvas.
?S:Sknl 35:&§tul: - 5 ~ae . Lazey Ins .ruoaz Lbohel
BC wezpons \Tumnc-in, L;rsuou, Serue, Jocacen ond Lovssen 1864
provides an caosily e LLaswon of ke novenciciisiecs
¢f the B voanouns,. ‘ Y oS LLLC Teoenoly becn Dube
lished in EZcience 1966). '

The conecept detestion Zi the nwerene Pope? ©ea’.s WmI . eres
resulting in 2 deteruination thav coneimal convenLe oF wicroe
organicms cccur in the aiv that Lo bveing contlinucusl asuanlnsd,
The concept does not presunpose an ideniificaticn ol iz czganious,
Whiun 1s uot excluded, howevir., Yué Jefeclilici, .o dacended U )

ead to "ecarly waraian;" for the taking of protactive measuses
w;thln less than an lour I{rom tho Ld s the sampling,.

The pocsibilitcy of variation of I w
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to cffects cad tactical applicatici, coembined wizh

cae circun=
stance tiat the effective amounts can be &8 small as some :en
bacteria or vivrus particles with a mass of about 10->2 § oY Less
‘poses excepiional demands on the methods and inscruneznts thas
can be used for detection. A process nust be cavricd out oy means
of particularly advanced ana costliy apparatus, which as fay as
Sweden 1s concerned exists in only 2 few specimens. Thece cix-
cumstances .ave led to orientation ol the work az: FC4 towar
methods where speclal prercquisites exisied within the country.

The goal of tue experiments ¢
Ing 1s neccssarily limited,

) - A - Pl |
2ot ere rerovied La thae {cllow-

The ctudies should ia the fivst niace coneaora

T the detection
of individuval v icroovgenicms wicain the wize r'"vc L=5,¥ thus
excluding viruses and ricketzsias (LM ) and larger tacteria
aggregates (754 ). DParticles between these size limits get into
the lung alvzoles «ud are tacredy wmost eZfecctive for the spread-
ing of virulent agents.

Methods for size-digcrininzting coilaction of jarticles in
alr should be develoyed and estedlisned on the basis of euisting
comuercial apparatus.
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) ‘'methods thoen avaiiable
~ however, wiuizh coubine ‘~:
Jmtcrossgpe with 2 recovding o! tiac coarLgteviscie umray faaoe
| oteurs:: y. electron radiatisn of ~he cluements., Dol soaiurrance
: }an‘icontent of an elencn: 2; cloroenels : CUnLLD LLn Be eatnbe
‘ .13 ed (Riessling 19606). .4t =he time -2 S0 @nts oniy ©wo
‘ ‘srrumenta were proscent 1a Sweden. ’ LLunno ol Ttee two
f .purpose was the ocnu ot 07 test o Losearceh,
mere’ Tacbnical Instituce alisode ik
'%nel by thc head af the ins cw Crilxi Dressot.
“‘e puT pose of the flc..l tests woo ©o rive v rionce csn=
ﬁg”thc 1. it ool the ah-;gﬁh e el L e e e
rdto the backvrou1d conditions in c¢he wiv oad _ive Lnforama-
_tion about Lthe natu.al nicrcbial flora.
[ .
Raf:1cle collection. Casellsa cascade imvnctoy == Thoe
appar ﬁul {May 1945) consisuz of four pavis joincd ogether
' (Fi; - each having a slot =hrouzh which the aivr massces wad a
removable ‘colliecting surface cisposed crocuwisa o che slo:s
(?Ig.'Z). The slots become successively osuallor, wiieh lzads oo
increased velocity of the air thet s sucked thiough. Dapenaing
| I on the velocity of the air stream, ,covticles with decreacing
magss ‘@t each step are hurled against the ceilcc:in; surface,
vhqrewthoy,ge: stuck in an adhesive coating on iihe surface.
- .
vy '. ", - "rw,_d-.,\ .
i -: ’-\.. - ¢ Y
RN L
R
- WL . R
. D e T IR TN
W R ey
” & v —— - .
- \./ “'/ ~
o Fig, 1. Casella cascade iImpactor with the stc; sequecnce
, L used in the experiments
y«,I;P'f‘
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in the stcps. 1In steps for

alcohol ptior to coatins.

: ahe particles were Clztedbuted Zn & allaraefet  _le nannos
whan ‘they were caught on :he adhesive cratoa glac, Jix. &)
A - "\) -
‘Alrx particies did wot appooy £o fasbtem r.u o ccdunoilley co oloan
uncodted glass. an averase ol 750 0f the mesber o DadLLales
that fastoued to coated surfaces adhercd o polishced bracs.
Material collected In step 3 (1-5/4) of :uhre Cacella imLuctor
wns studicu by the acridiac oraenge mzthod.
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FPig 4. Particle count for dust eollected on the
adhesive coated step 3 of %.: Casella -mpactor
The sketch et the bottom indicates at waxch
cetion of the preparation the count teok placc.
Two preparations were ccunted; the longitudinal
gsection (2) 3 ctimes aad the transversc section
(5) twize for cach preparction. The greatest
deviations from the indicated averaze values aze
marvked,.

Andercaoa sampler == The apparatus (anderscn 1938) cousnists
of six alun:inum dishes picced in series, cach with 490 Loics
of successively diminishing size (Fig. 5). Inthe iutervalo
betwean the dishes collecting surfaces can be placed. When aizs

pariicle slzes without ‘neccerest, onl
. - A& b - ¥ -
‘brass plates were inserced. A11 collceiing surice. . : vovea
covered with a sterile adhesive eommcsed of 1 -~ se. Lin, 25 o
lycerol and 175 T ‘ ere novhee wich
“gly an § water., Thc covar glasces were woashce with
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Andersen sanolar.  Usis wilti sanmpler oo the
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Diagramumatic cketeh ¢f Anderesen canpler, Thc.aiff z
is tcken in and passes through the appavatus im -
the divection of the arrows. TFor each step ... 0 =
(detachable) the pore size ina the step diaminishes. i
Between the step insexrt dishes zre placed with® ¥

cucture mediuva which
suvrface.

also serves as collecting
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Different “row vihic Cuvel. o co . I S O

Tow vae Cuneia.y =woeCles . cue LadeYsea campior cali.
therafore rucord viaible nlcrourianirine diviributeld bv‘&ificrc~’
8izes on the six collecting zurlisces. Sho samliy "v‘i::;c. ou-l o
to be chosen so that the wuwaber ol violle orooailsn. éo-; aE“‘
approach 400 in aay petci d4zh., 7. oo alsowlloou e :Zv.mc:':-
tain becavse cof greater nocbul oL o e CAein il WLl
fasten und:ir the sawm. wole. She oo L L L .u"_wv¢:ia£
only one growm colowy con o o oruto L. Mldw Te s L0 waeh uolo
in the scuplex,.

In zho comnersial nadel e E U e R
Consulting Servize, VLol) theo R S BT SV S U .
punp that jives a < Jluize als vosed.  ow Came o -
Andersen cumpler ono Coasclla funaztor ©s Lo LUmRpPALe e, whe
reconmended air velocity Zor the Jormor .o viduced Soon 15600
liter per hour to 1000 lites par Lo . Jurthernor:, the shep
sequence iu the andecusen sandler Zs chavmed from the nornmal -o
the sequence 1,2,35,5,5,4. her o marticla distcyibu:iicn of oey
6.8 M will Le abtaxnc; in sows S,

At zgual running tiwmes in che suuws _ona
3 3

S O - - ~
PRI S L AN SRR w3 S e
. - . © " L am S o N - .
izpactor guve ca 307 low:or particie nmo.bor dhon chie wadoerse

-rd -

sampler, hcowever., The differencé applies wostily to suall narsgi-
cles in the size range of 0.6 = 1M, This deviatio:n mucs
accepted, Lowever, as nonec ¢f the ovhir coubinutions
Tesults,

glass lyin; in recesses in aluminua iacets
dishes (Fi;. 7).

The calibration was carriced ow: on adhe
s
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Tlg. 7. Various types of iusct dishes vied in Andersen
sampiler., Left, dish vith recessed netal plate
for adhesive coated chizet glass {for nicro-
scope study of colle:: sawtiecles) eencer,
same with Tececses ... copper L :

and

microprobe mea:: rariiinss) v
cover glass (£or couparative miC"os ope studies);
right, pctri dish for growing bacta:ia and fungi.
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ealculated that the L: :
woles DNA-PQ,, corrisponding

1 z . Yot L 2
Lo e0ld).  Wigh diasiruments decipgacd il o2 vios oco
this limit could preblbly ve “rouw it d-in cona oy-

The ingroducto:: mz. s
that these at the time ol § A . .
¥onea of eho bacteria siralns S Cowd Lo

P T

Fluoraseenca)., The CoNLLlu e Mol Uroonis SR2VE760 0 iww v Oa.
kplace 2t only onoc wo 20 aae Tae LY. e Ul clnee

Lutmsity Jvon ca 50 visual fLolds aLoL) © Lille LoT be Lo oo &l

wida givip of particlas frori the Casal vattor wos o vsed teoa

relative measuve of the ancunv of grecu (530 aw)
wmaterial dn the sample. Lo atiai,is vere acda to
measure tha flucvescence Zuonm Zaclvidool Tacsoule "
s plaes.
An conavatus :cr semi=—auicnsolo woasurenen

yescenca £uon ’Ollm ted pavticles ves asipgne
~dence for @ pessidble futuis auwtemation ol ¢

was provided with a device that prrialited wo

with conszast spead past she measuriug  bie
“fron the photomultiplier that read thu fiuo

an amplificr to a recavding device thal rec

of fluorescence along the scananed 1 u2, 7Th

~thls line was ar the same tiwe integrated a

- the integral gave a relative mecsure ol the
Fluorescing maueriul in the sample. Iun thi
surface (10 x 8l mm) was usecd as neasuring

Cultivation technique. The microbiological
of golonles from the collected microorganisms ia pe iri
took placa conpletely accovdiag to conveantional te

~The autrienc &gav plates vere usuaelly lucuda
at room temperaiure somctimes fox control ou 2207
32° ¢. 'The numb a on ;

ni2s was then coun
- «
-~

The results wexe vecovded so ther the numbrze of colenics
£rom steps 1, 2 and 3 were by.uzit uogeiher, while tlhe nunbers
from steps 5 aad 6 respcetively were recozded scpar.teiy. The

T
sanples froa step 4 {(the last) were not counted. T this way
3 division theoretically by parcicic size was cutal.ed:
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Fig. 11. igupie of

element detectioa with

. electron microprobe in
paxtic¢ies collected oun copper
plate mounted in an Andersen
sampléer,  Polarold camera
plictures of the oscilloscope of
‘the- instrunent (ses text). Top,
electron picture~of ths sample
suriace, in the middie, silicon
and at che bottom aluminum

diasion Ivom exacily the

. e area, The aunberad
fiable particles on the electron

picturs, which particles conialnm
either silicon or aiumiunum oY
both elements.
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or incubation temperatures might have produced valucs dif. :rnunt
from those given here.

b s

The good correlation between acridine orange fluowrosceuce
and bacteria count in the model experimeants with test aerosols
did not prevail in cthe field experiments., The principal reasen
fot this appears to be the relatively low natural occurrcace of
microorganisms (bacteria background) in the airx samplcs and in
unexpectedly high content in the samples of method Jisuusbin:
substances with fluorescence in the measured wave Lango.s oo
adjacent ones. The disturbing particles probably consiast ol
siiicon compounds and organic material (for examplc, matevizl
containing cellulose)., It must furthermore be pointed out Junt
the acridin& orange method theoretically can detect all micre-
organismg collected in the Casella impactor, while ouly the :
viable organisms are recorded after collection im the Anderscn |

sampler,

i Sk o D wp prp e e

It was characteristic that the fluorescence measuria:n K
values were low in comparison with those from the test bmpch:fg
asrosols and that they had relatively limited distxibution vhuen i
measurcments from the same day were compared., It is ;HLrgJoLb
guite conceivcble that a massive appearance of bacteria in theo
sanpling air (e.g. origicating from & nearby source of dis cribu~ i
tion) could produce significant avidence of the presence of
bacteria., No field experiments have yet been made in this
direction.

LTI

Another possibility for increasing the sensitivity of i
zhe acridine orange method appears to be simuitaneous measure- ;
ment on several wavelengths other than green or red, wheveby
creater opportunities would be obtained for discriminating
the fluorescence that is obtained, especlally from nucleic aci
Ls unspecific particles as a rule show green or blue fluorasce
after staining with A0 (max 450-~530 am} furiher increased
specificity can be gained by dematuring double strand nucleic

¢id to single strand. This changes the fluorescence color zvon
gveen to red. Further advantages could be gained i such uearu
mants could be carried out only on particles of a certain sizc
zad be increased in number. Hereby the automation that alucady
has been worked out could be tried and some form of size dis-
crimination of fluorescent particles could be introduced.

de
ne

(E) .

g

In this connection it should be pointed out that fluo-
rescent antibody techanique, for which eimilar apparatus can be
uscd as for the acridine orange method, offers a practicable
mathod for detection and in addition for exact typing of micro-
organisms.




Tie cleetron microprobe involves a practicable method
Svornaadeis of the chemical composition of fadividucl pacciclco.,
SLowseons times considerably faster dnstruments have been

3 cveauped than that used in our investigation.

Certain constant differences for the various collecctiug
JLaces have been obtained, Especially the low natural bactcvia
<.nient dn the samples from field aud sea air should be poinmtacd
.2, The latter sampling location alsc showed the lowest iloevel
¢« uaspecified fluorescont particles.,

pRiaates: n

~. Aandersen, A. A. New Sampler for the Collection,
asd Znumeration of Viable, Adirborne particles. J. ...ut.
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