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THE PROBLEM OF DETERMINIIG THE TOTAL MICROBIAL
‘CONTENT OF AIR
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The oconcentration of suspendsd soiid and liquid particles
in the atmosphere can be quite accuratsly determined with presernt-
day methods, On the contrary,determinations of the microbial
content of air produced values thet were much too low, This was

. toaused,partly, by the low efricienoy of certain sampling devioes
for aerial miorobes,but mostly because these miorcorganisms were
oculturci on media,

Cultural methods are selective methods, Yet, the world
of miocroorganisms contains an immense variety of physiologidal
forms, Although a very large number of species is pressnt,only
very few are able to grow under standardized conditions, it 18
known that ultraviclet irradiation inactivates mioroorganisms,
but that visible light "reactivates" them, Many microorganisms,
widely distributed in nature, are striotly anaercbic ané camn
only be cultivated under specialized,anaerobic techniques.Other
miproorganiams ,e.g. many parasitio torms, multiply only on
spezialized media whish are highly selective and whioh inhibit
L the growth of other forms,be they aerobic or anasrobio, Conssquent-
| ly,when asrial microbes do not form colonies on media prepared
4n the laboratory,it does not mean they are dead, -

Mioroorganisms frequently adnere to each other or to duit .
or aerosol perticles, Such an aggregation is difradully 1O disperase,
There may be 2u-5U cells pressnt, but they form only a singls

colony on the medium,
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- mioroorganisms isolated:from sir, The only prodlem is the pressnce
- of soiid,non-biologicali particles, ¥When aercsol partiocies are .
aouooted on gleas slides,the "dirt effect™ is so large theti

_ aro also proaento

.~ ~lsboratory of the Institute of Aerobiology,ms tested, The
 method oconsiste of conoentrating ths misroorganisas,suspended

| nshmin 15. 1o

) ru.x. Apperatus used tor conoentraung &nd waohng nuﬁonuou
- of nemrganim

. £4lter deneath, The comabination of two meadrane filters reduced
SR onlr a rohtm;ly small poruon of auapondcd ceLis came in contact.

In addition to eonventionai madia, these oonalderatzons
led %o the uss of methods which alliow the direct enumération of

only some of the lerger moi.d spores and poliien grains ocan bs
counted with aoomcy,but none of the numrous bacteria whioch

In order to achiew "oloan" air aamplas A modzned C
Cholodny method{Cholodny 1928),dsveloped in the Miorobiologioad

 4n & liquid, by nltratm'l and uuhug tnm. The apparatua usad‘

. 3 — : 1 = de smx 3(nppu)' and lomr

part

2q lﬂ’ 30 W

30 MF 15 Do
'_g. stu-ror ‘
- 95+ Botor ror ltlmr
6. .“tion flllk

7. Woulifr flask.
'8, vaouum puzp

A auapouion of adrial mioroorgenisms is prepared. by
iapinging and fixing in formol, It is then added tc the upper
part of & STEFI 3 apperatus(Sartorius Membranefilter Co.),
1de4 with a MF grid membrane filter and a MP 15 nesbrans

grestly the rete of flow, In this manner and by stirring constantly .
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with the surface of thc filter an: adhered to it, The suspension
was then reduced in voliume to 2-3 mi, Scluble dirt partioclea
ware removed by adding sevcre! ,ortions of sterile distilled
- water, The volume was again rec.~zd, Finaily,the suspension of
eserial microbes,reduced in volume and weshed, is made up to
exactly 3 ml, Direot counts ars made by covering a glass slide
with an adhesivs tape in which round holes of y.6 mm diameter
were out with a cork borer. When the taps is sttached to the
gluss slides the hcles must be well centered, With a bloodsuger
pipet,0.01 ml of the miorobiai suspsnsion is placed into the
hole of ths tspe end evenly distributed, After drying,the tape
was removed,ths preparation wes stained with v.0ui% acridine
orange solution and sxamined by tiuorescence microscopy. "Yirt
partiocles™ appesr orange-red when stainsd with ac.idine orange
and viewsd by fluoresencs mioroscopy. If the preparavion 18
- heavily oontaminated by dirt, the mioroorganisms appear as green
particlea. If the preparations are more or less "olean" ,many
colls stain red,but this is a conoentration-effect which cen be
eliminated by washing the stained and dried preparations with
distilled water by letting it run under the coversliip. Quanti-
tative oounts are made by counting lu fields in two directions,
moving the center of the fieid by 1 mm each time. Ve used a
Zeiss Standard Universal Mioroscope with & 4UX objeotive and a
42,5 ooular in our investigations., In order to odbtain accurate
results it 1s necessary to use sterilizsd liquids and sarafully
cleaned glasswars, , ‘
In all exporiments, numbers of cells observed by this
particular method were iv’ ~ 1u* times greater than numbers of
colonies obtained by the method of 1m71n§1ng end oultivating
suspensions, described by Petras(ivbdb). ¥or exempie,on one day,
8ix air samples were colleocted by impinging in a rabbit stall
of the Institute of Aercdiology. Cultivation on a medium yielded

29,7 = 42.1 colonies per liter of air. The Chciodny method yielded

-+ 38,200 = 52,600 oells per liter of air. In January of 1967,on a
certain day, air was sampled outside the institute,dsspite the
‘- unfavorabld season of the year. There wers present several
thousand cells,in one ocase more than 10,000 oells, per liter of
air, Media, invariebly, yiolded oonsiderabliy fewer than one

- “golony per liter of sir. To exclude the possibility that these

amazingly large numbers of miocroorganisms were produced by oon-
taminatsd impingers, experiments were performed in whioh oell-
free aiy, prefiltered through a MF 30 meabrane filter,was passed
throuch the impinger solution. In these experiments, not more ‘
thnnug-a 00U cells per liter of air were obtained and used as

¢ "bdase fire figure®, ~ B
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Pig.2. Typiocal
Cholodny preparetion
of eerial miorobes,

Pig.3. Cholodny preparation
of spore-foraing n:i.oro-
m.ﬂlc '

!’13 ohe Mioroorgenisxs

- adhering to a dixt particle,

Upon staining,bacteria are
gainly greea,airt is mainly
- red and nhlr.ly dunnguumbu

,tren the background.
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Jennasoch and Jones{ly5y) arrived at similar conclusions
when they tested seawester samples. They counted 9,Uuvy times
more oells than colonies per given volume of sample. In the
Miorobiologiocal Laboratory of the Institute of Aerobiology,

. experiments were performed in which only ociearly recognizable
, mloroorganisms were counted. Lespite poor .coior contrast,the.
picture seen resembled Figures 2 and 3, Starving celis tend
to become invisibie,cannot he seen in a light microscope and
y cannot be properly recognized, Also, ocells adhering to dirt
partioles,despite efrorts to clean up the preparation,cannot
be exactly identified(Fig.4). This means, the trus numdsr of
mioroorganisms present is probably somewhat larger than the
number counted. The number of truly "dead" cells wili have to
be determined by other mebhods,
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