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MICROBIOLOGICAL BACKGROUND*

[Following is a translation of an article by
W. Schiff, Hygiene Institute of Marburg Uni-
versity, from the German-language. Source
unknown.]

The following action and experiments were carried out
in the completion of the project of evaluating instruments
for the sampling of air bacteria.

1. Training of assistants,

2. Establishment of a bacteriological research lab-
oratory,

3. Supply, additions and new developments of equip-0 ment for the collection of air bacteria,

4. Quantitative comparative investigations with a
total of eight different air collectors for bac-
teria in the laboratory,-

5. Preliminary survey and investigations concerning
the bacteria content in the higher layers of the
air by means of an airplane.

As a result of late deliveries on the part of the in-
dustries and as a result of personnel difficulties (assist-
ants with no previous bacteriological experience), we limit-
ed our investigations in the beginning mainly to the quanti-
tative determination of the bacteria content in the closer

vicinity (laboratory) by using basic and comparative experi-
ments (see other portions of the text) which were carried
out with the following eight different collecting instruments
for air bacteria and which are shown schematically in Figure 1:
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I. Two Krotov 1nstruments 8
a) original

1 0 b) with modified motor equipment as
"well as air supply with and with-
out a funnel

II. Two Slit sampler (Fort Detrick)
built according to specifications 16

a) original

b) slightly modified (as in Ib)

III. Eight Bronn capillary impingers
(Glass blowing laboratory of the
Institute for the Fermentation
Industry, Berlin) 23

IV. Fritted glass impingers of domestic
construction 25

V. Four membrane filter instruments
(Sartorius Membrane Filter Company,
Inc. Gottingen) 28

VI. One spray apparatus of domestic con-

struction (with permanent collecting
liquid) 28.

VII. Six centrifuges (vertical) of domes-
tic construction 32

a) with rotating agar drums (Height:
8.5 cm perimeter: 62.8 cm)

b) with rotating liquid drums

VIII, One agar drum-pour instrument of
domestic construction, which can be
used at the same time as a horizontal
centrifuge with a rotating agar drum
(height: 8.5 cm, perimeter: 62.8 cm)
with slight modification 36

a,b,c,d,) with regulated air supply
(closed system)

*e) with free air supply
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IX. Under this section some of our own experi-

ene are--- tiond-- hih-w-- --- do. byY .
plane in the preliminary determinations ofQ air bacteria content in the upper atmos-
phere 40

Discussion of the experimental results 43

Summary 48
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I. Krotov Instrument

[;

• - .

II. Slit-Sampler (Fort Detrick)

S•:: [Legend] : 1) exhaust air; 2) air.

[Figure 1 continued on following page]

3

I



S- L. w - -- J-- - -°

I

III. Capillary Impinger IV. Fritted glass Impinger

-?,-

SV. Membr-ane filter apparatus VI. Spray apparatus ,

S[Legend]: 1) exhaust air; 2) air.

:• (Figure 1 continued on following page]
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VII. Vertical centrifuge

AA

Lt

VIII. Horizontal centrifuge

a) agar drum pour a-pparatus

'"

I . . .. . . .-- n ri,

b) with immovable cover plate
[Figure I continued on following page]
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__ 3 c) with immovable cover head

•"d) with immovable air intake funnel

Ii",

e) with free air access

6 -
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Explanations:

A - Agar surface
A1 - Agar introduction
Ab - cover head
Af collection liquid
J1  exhaust air
D lid, cover
DU mozzle
ER filler pipe
F fritted areaN G housing i

K wedge-belt
L lamellae turn plate
LB air foils
LE - air intake pipe
MF - membrane filter
Mo - Motor
P - petrodosj
Ro - rotameter

Sch -immobile cover disc
Schl -slit

SD - screw lid
Sp -spindle
St - support sieve
T - funnel
TG - drum housing
Tr - drum

0
Methods

The air flow which is required for the different pro-
cedures occurred in various ways: withthe Krotov instrument
(I) this occurred by means of a laminated turning disc which
was built into the apparatus and with instruments II, V. VII
(closed vertical centrifuge) by means of an aspirator fasten-
ed to theexhaust air line by which the quantity of air is
regulated with a needle valve; for apparatus III, IV and VI
we employed a water aspirator and while the resulting air
suction was sufficient with the open vertical centrifuge con-
taining the slot nozzle (VII) which rotates with it, we still
used installed air leaves as ventilators for the apparatus
VIIIa-e. The air volume measurements were carried out by
means of a Wright respirometer having a measuring range of
100 liters or up to 10,000 liters of air or by means of a
built-in rotameter having a measuring range of 20-40 liter
per minute or 150 liters per hour) in the case of the Krotov
instrument and the capillary impingers.
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For the o11aetioni and cultivation of the air bariur-
ia collected with the apparatus I, II,'WI and VIII we gen-
erallv used nutrient n rnr ( 1) i with the +s, f... 5-7_
defibrinated sheep blood; in this case the agar content was0 increased in the centrifuge drum from 1.5% to 2.5%. In the
membrane filter instruments (membrane filter company, Got-
tingen) we used type MF gelatine (50 mm) as a filter which
after use was placed into 30 ml of physiological sodium chlor-
ide solution for 30 minutes at 37*C; this liquid was then
filtered through a membrane filter MF 100 (50 mm). Follow-
ing this procedure these filters were placed on blood agar
plates and were incubated. For both of the impinger proce-
dures and the spray apparatus (apparatus III, IV and VI) a
water solution containing 0.2% disodium hydrogen phosphate
and 0.2% gelatin served as a collection liquid (150 or 50 ml).
The bacteria found in the collection liquid were grown by
means of pouring procedure with the use of nutrient agar and
were then counted. In order to obtain reliable values with
thisprocedure half of the collection fluid was generally used
in parallel dilutions with a volume of 7.5 ml each. A count
of the bacteria colonies was performed after an incubat"ion
of 48 hours on agar plates and drums or, in other wor'd's,
after an incubation period of three days at 370 C. In case
sterilization of the separate instruments, including acces-
sories, was not possible in the autoclaves or in the hot air
sterilizers, disinfection was carried out by means of a Bun-
sen burner flame.

O0 Experimental Results

I. Determination of the Air Bacteria Content by Means of
a Krotov Instrument

The first investigations were carried out with the
Krotov instruments which were available to us at the end
of 1964 and which had a maximal air flow of 30-35 liters per
minute.

Since these instruments were very prone to breakdown,
especially as far as their electrical parts were concerned,
repairs were often necessary which lasted for several weeks
and which often resulted in the installation of a new elec-
trical motor. In this latter case a maximum air flow of
40 liters per minute could be obtained. Air samples smaller
than 20 liters per minute.were measured by means of an at-
tached respirometer.

In the 45 comparativeinvestigations listed in Table 1,
the yield of air bacteria at an air flow of 5, 10, 20 or 40

-8-

IA __... . .________.. . . . . . . . . . . . . . . . . . . .. ._________________

* • -•-



i~ters per minute was uxa.incd comparatively over a period
of several days. 61n1c, x oely had two piece 'I e
available for th(. four diIerent air samplcs volumes, we ob-
tained a reference amounL for each instrument whcn we adjust
ed it to dilferent air sample volumes. Thus at an operation
time of 10 minutes and with 50, 100, 200 or 400 liters total
volume ol the air samples we obtained on the average 280 or
190 per 330, or 270 or 165 bacteria per 33 mm of air. The
doviation which was obtained huro ranged betwoon +250% and
-65%. Because of these large scatter values which appeared
also to a larger or smaller extent in the tests with other
instruments, we had to resort 'o a larger number of single
experiments in order to obtain reliable average values.

in the calculation of the relative porcentage values
it appeared that the best yield of bactera was obtained with
the least airflow or five liters per minute. If this value
is taken as 100% bacteria yield, then this amount is reduced
respectively by about 68%, 54% or 43% when the airflow is
raised to 10, 20, or 40 liters per minute, We did not ex-
amine any smaller air samples becaus this led to pronounced
heating of the equipment as a result of a drastically reduc-
ed cooling effect due to reduced air flow. In addition the
built-in rotameter failed with a small air volume. For this
reason -we generally used an optimum air flow of 20 liters
per minute in the other subsequent examinations, which by
necessity led to only half of the bacteria yield than if we
had used an ai.rf low of five liters per minute,

amounts seems that these relatively low values for the
Samounts of the air bacteria could be due to the very consid-
erable heating of the instrument, especially as a result of
the electrical resistances present in the housing. In order
to elucidate this question we ran .corresponding comparative
tests in which we left one instrument (I) as before but sub-
stituted a variac (VT 220/110), which was connected from the
outside to replace the resistances within the housing. In |
addition we measured the temperature of the instrument with

a small thermometer which was fastened to the housing. As
one can see in Table 2, the outside temperature of the hous-
ing of the test instrument rose only to 39*C after five im-
mediately successive tests lasting 10 minutes each, while
the temperature in the control instrument without the variac
reached 62*C. In both cases however, we obtained an average
count of 38 ot 36 bacteria per 200 liter of air. The very
slight bacteria yield which was thus obtained in the preced-
ing experiments could, therefore, not be explained bytoo high
a heat production. However, in all subsequent experiments
both Krotov instruments were used with an outside variac.

-9-
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C-4-o-aaieTable I

45 Comparative Determinations of Air Bacteria Content
by Means of Two rrotov Instruments Using Different

Air Samples

Experimental ruom: small laboratory
Duration of experiments; 10 min. each

O. r o t o v - G e r ii t
-- I 11 I II II11 1 I

j)Luft1rc.f. us ;ro :,in.

5 1 10 1j 1io1j20i 20 1 40 1

@Kelmzahlen pro 10 ,in. Laufzeit

19 14 24 30 55 46
" 5 10 35 59 36

11 19 42 55 34 82

14 18 35 71 15 43

22 54 35 28 29 48
Q33 37 28 44 34 40

12 21 28 4C 33 70

19 34 14 40 48 44

14 15 28 38 41
-- •7 8 17 347 60 145

13 11 53 122 f 54 117

14 13 21 22 2 61 90

9 1 J 9 28 3 2 6C
1 18 14 e3 85 54 n4

5 9 46 105 41 82

1A 19 54_ 42 6 6

,orte 280 190 330 27C 210 165

tl% 100 60 68 I 5-6 56 44

10 0
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(' Legend: a) Krotov Instrument; b) air f lou
-- k.Qper rain; c) Bacteriza count pur 10 min. of

operation; d) average values; e) average
values per m3 air; f) in rel. %.

Table 2

Comparison of Air Bacteria Yield With the Krotov
Instrument with Different Degrees of Heating (with

or without Outside Vari.ac)

Experimental room: small laboratory
Duration of experiment: 10 min. each
Air Flow: 20 I/min.

o ~~O :I (orig) l
Vara.- Gehause- (ohne 2raafo) Gahhuse- (zit Trafo)

N'r. Tem.,eratur &erz•.e emperatur Kizhe

/200 1 /200 1

1 200 C 28 20 C 22

2 480 C 64 310 C 54
3 570 C 53 360 C 57

4 600 C 18 360 C 19

5 620 C 26 390 C 27

@ ilttel- '

werte M8 36
/200 1 Luft

[Legend]: a) trial No.; b) housing temp-
erature; c) K I (orig) without variac --

No, of bacteria per 200 1; d) average val-
ues per 200 1 air.

We then suspected that a large portion of the air bac-

teria may not even be collected by the agar plate, thus

we checked the amount of bacteria in the exhaust air with

and without the inserted agar plate (at an airflow of ten

liters per minute) by means of a membrane filter apparatus

(soluble gelatine filter). The results listed in Table 3

show that this exhaust air is quite free of bacteria, yet we

0 _-1-
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Q have to consider that according to the experiences of otherauthors using this filter process, the destruction of the
vegetative bacteria can occur by dessication or when they
hit the agar plate. Strangely enough, however, the outgoing
air .vas just as free of bacteria when no agar plate was in-
trodiuced. We obtained similar results when we sampled the
outgoing air by means of a slit sampler. The cause for the
disappearance of the bacteria within the apparatus still re-
mains unexplained. Thus testiig the exhaust air gives no
indication as to the efficiency of the Krotov apparatus.

Table 3
Determination of air bacteria content in the exhaust

air of the Krotov instrument by means of a
membrane filter (MF)

6 comparative experiments

Experimental room: large laboratory
air flow: 10 1/min
duration of experiment: 10 min. each

@ Xr o t o v - G e r 6 t

Agarplatte Iohne Agar'latte

0uu OUtft @PAbmfxt 1Alu
mum ~(A-arla*tte) 0..:Uc, utCYv)

OK e i m z a h 1 e n

i11 1 0
12 0 0

-- 2 1 0 0
fr ---- 86 " 1

+-iI| !!R O 0 2

-=n nm32 00

M1 =x® itt.ewerte/. 3 Luft

300 I 2 5

[Legend]: a) Krotov instrument; b) with
igar plate; c) iitake air (agar plate); d)
(xhaust air; e) without agar plate; f) num-
ber of bacteria; g) average values per ma air.
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Considering the large variation of the values for the
air bacteria as listed in Table 1 and considering the nuces-
sity of carrying out air bacteria counts at different times

ofthe day, closer knowledge of the daily variations of these
bacteria was desirable. We, therefore, used these two Krotov
instruments during eight different experimental days at two
hour intervals to establish the air bacteria content of our
laboratory area. During the tests, this area, which had an
approximate volu~'c of 95 mn3 and v.as locat4-d on a miajor traf-
fic artery, contain~ed on the average one to four persons and
the windows remained closed at all times. The average values
which we determined per m1A air are presented graphically in
Figure 2. From these results we can see that even though
considerable deviations and, under the given conditions,
short term deviations occurred, the bacteria count in the
a.m. period was definitely higher than in the p.m. period
and the evening. Thus, the bacteria count decreased from an
average of 415 around 8:00 a.m. to an average of 68 about
10:00 p.m. During this time interval the relative bacteria
count thus was reduced by about 84%0. In similar preliminary
orientation investigations with the same apparatus in a sinai-
ler laboratory which contained no people (volume 34 in3) as
well as in the outside open air with no traffic we obtained
decreased values in the bacteria count during the same time
interval as shown by a decrease of 125 - 65 or 200 - 40 bac-
teria per mn3 air. These small bacteria yields left us withQ the impression that the Krotov apparatus is little suited
for the satisfactory determination of the amounts of bacter-
ia in the air.

Since the collection instruments used in the determin-
ation of the bacteria content were constantly in use with
only short term interruptions, we also checked the possibil-
ity of whether the duration of the time the instruments were
inuse had any effect on the different yields of bacteria.

For this purpose we carried out successive determinations of
the air bacteria content lasting five, ten and twenty minutes
by using two Krotov instruments, both ol which had exactly
the same settings, but one instrument was operated in the
indicated sequence and the other one in the reverse sequence.
The single and average values which were obtained in 10 such
experiments are given in Table 4. Considering the operation
times which differed by a fa-ctor of two, we should, theore-
tically, have obtained bacteria counts in the proportions
of 1:2:4 (or in the reverse).

However, as shown in Table 5 the average values for
the bacteria counts with decreasing experimental duration
corresponded only to the proportion of 0.86:2.21:4 in com-
parison with the theoretical proportions, while with incre-
asing operation time, proportions of 1:1.7:2.1 were obtained.

13
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4 500

400 ,

300

-* .

200

Sm •

* .

100

000

Co 00 00 00 00a00 12 14 16 18 20 22
O Tiiges-

Mte- 415 235 303 114e 220 93 90 68wort*
Fig. 2. Daily fluctuation of the air bacteria con-
tent (Single and mean values of 8 experimental
days, each obtained with 2 Krotov instruments)

Experimental area: large laboratory
Air flow: 20 1/min.

_ Experimental Duration: 10 min. each

[Legend]: a) No. of bacteria per m3 ; b)
mean values; c) time of day (based on 24
hrs.
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Table 4
Air Bacterial Yield with the Krotov Instrument in

Successive, Decreasing or Increasing Sequence

Experimental Area: small laboratory

Air flow: uniformly 20 I/min

KrYotov 1'rotov Yrotov

ii
S•~Koimzahlen

OVersuchs- © Versuchsdauer

Mr. 5 =in, 10 min. 20 min.

1 61 64 99 126 151 227

2 51 60 103 103 81 54

3 45 48 72 66 83 100

4 57 45 77 81 91 97

5 44 32 61 78 102 89
'@ ' 521 50 21 91 102 1113

;.rittelwerte 52 1

Vereuchadauer

20 min. 10 min. 5 min.

6 430 324 247 222 80 80

7 215 189 125 121 70 37

8 100 96 29 45 17 14

9 91 55 31 30 11 22

10 47- 52 15 24 .8 9

1,1 71wrt 143 891 88 371
177tlwrt 321

160

[Legend): a) ExperimentNo.; b) No. of

bacteria; c) Experimental duration; d)

mean values.
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These results show that by operating the Krotov instruments
for a longer time the yield is decreased. Since according
to our results listed in Table 3 this decrease cannot be ex-
plained by an increasing heating effect, and since the demon-
strated short term deviations (see Fig. 2) are not sufficient
for an explanation, other reasons must be involved. For
these reasons these experiences call for a reconsideration
of the efficiency of the Krotov instrument.

Obviously the different ages of the solid nutrient
media cannot be responsible for such different bacteria
yields, for coinciding counts were obtained in similar com-
parative investigations in which freshly poured and over
twenty-four hour old blood agar plates were used.

Table 5

Relationship of the Theoretical to the Actual
Bacteria Yield of the Earlier Mean Values

SVereuchsdauer
5 rain. 16 Lin.[ .,% -,in.

Otheoretlaeh 2 4

Otataeablich,bei zunehnender
Versuchadauer 1 1,70 2,10

",bei abnehzaender 0,86 2p21 4Versuchsdauer 
I6

(Lefendb: a) Theoretical; b)Actual with
increasing experimental duration; c) actual
with decreasing experimental duration; d)
Experimental duration.

During the investigation of five commercial nutrient

medium bases for the production of the blood agar it was
shown that the use of tryptose agar (Difco) yielded twice
as many bacteria as extract agar (Difco), standard--I-nutri-
ent agar (Merck) and the common nutrient agar. Nutrient
agar (Difco) was only slightly worse than tryptose agar.

II. Determinations of the Air Bacteria Content by Means of
Slit Sampiers (Fort DezricK)

In the middle of March 1965 we had two instruments

H __ __ _
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C) available which were built according to the specifications
of the American slit samplers (For' Detrick) (see Fig. 1,
and II). The clock work running for 60 minute,- per turn (for
the transport of the bacteria collecting agar plate) which
was present in the original instrument, was replaced by one
which had a rotating time of 15 minutes. For the measurement
of the air flow we installed into the exhaust line a Wright
respirometer, which was connected to the suction pipe by
means of an aspirator. In the American literature an optimal
airflow of 28 liters per minute at a slit width of about
0.2 mm is reported.

The preliminary determinations of the air bacteria
content performed with these two instruments took place with
an air flow of 20 liters per minute and a slit width of 0.2
mm. As a control similar, equally large air samples were
tested with the two Krotov instruments. The average values
for the bacterial content in the air which were obtained in
19 of such comparative double experiments are shown in Table
6. Under the given conditions the slit samplers had about
one third less of a bacteria collecting capacity than the
Krotov instruments, i.e. the slit samplers yielded 144 bac-
teria per m3 air (i.e. 28.8 per 200 liters) as compared to
the 214 obtained by the Krotov instruments.

Since these two instruments essentially only differ
functionally in that the agar plates have different rota-

* tional speeds and in that there is a different air supply
with or without a funnel, we suspected that this may be the
cause for the different bicteria yields. For this reason
we substituted the original clockwork in the housing of the
slit sampler by a Kleinst electromotor, in order to equate
it functionally to the Krotov instrument. We compared the
efficiency of the original slit sampler with that of the
modified one by using an equal air flow of 20 liters per
minute at 10 minutes operation time. In a total of 41 such
simultaneous comparative experiments we did, however, obtain
coinciding yields of bacteria, which, on the average, amount-
ed to 102 to 106 bacteria per m3 of air. These results let
us conclude that the differing rotational speeds of the agar
plates essentially do not cause for the different yields in
bacteria in the slit sampler and the Krotov instrument.

* For this reason we subsequently examined the extent
to which the efficiency of the slit sampler was dependent on
the air supply, i.e. the adjustment of the apparatus as far
as slit to agar distance, slit width and air flow are con-
cerned. In order to have a reference quantity, we also used
asecond instrument for comparison purposes which had a slit

to agar distance of 3 mm, a slit width of 0.2 mm and an air

:0 -17-
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Table 6

STale �.LJbU�.,. uf the Air Bacteria Content
with the use of Two Slit-samplers (Fort Detrick)

and Two Krotov Instruments

Experimental Area: small laboratory
Experimental Duration: 10 min.
Air Flow: [0 1/min.

I, ._ _ _ __..

0Versuclis- I

tag
QK e i m z ah i e n

47 48 67 56

010. 5. 60 52 56 66

35 32 72 62

38 60 43 58

43 49 35 61

24 46 26 38

S19. 5. 38 44 62 38
38 36 53 51

37 28 41 33

23 26 32 47

21 20 31 32

28 14 52 56

V ®26, 7. 15 14 50 31
20 14 29 38

10 19 39 44

9 6 20 19

d 27. 7. 11 9 17 16

20 26 57 39

19 17 20 35

Mittelwerte
/200 1 Luft 28,2 29,4 42,2 43,2

28,8 42,7

0O -18 -
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+ air flow 20 1/min.
slit width 0.2 mm
slit/agar distance 3 mmi

[Legend]: a) experimental day; b) Krotov
Instrument; c) No. of bacteria; d) May 10;
e) May 19; f) July 26; g) July 27; h)
mean values per 200 1 of air.

flow of 10 liters per minute. The values for the bacteria
count and the comparison values obtained in a total of 81
such comparative investigations showed a wide range similar
to that obtained with the Krotov instrument (see Table 1):
the minimal and maximal single value amounted to 38 or 1,780
bacteria per m3 of air (each at an airflow of 40 liters per
minute). In Table 7 are listed the average values which were
obtained in the different settings and which are reported as
a percentage of the corresponding comparison values (100%).
Thus it is obvious that the best results are obtained with
a slit/agar distance of 3 to 6 mm, a slit width of 0.4 mm and
an airflow of 5 liters per minute; these setting gave a rela-
tive bacteria yield of 180 to 175%. For our subsequent in-
vestigations we, therefore, adjusted our instrument alwaysI• to a slit/agar distance of 3 mm, a slit width of 0.4 mm andO an airflow of 5 liters per minute; this was in contrast to
the recommendations by the American authors. Since this in-
strument is driven by a clock work, there is no danger of any
excessive heat production.

The results of our investigations listed in Table 6
and 7 let us conclude that among these last conditions the
slit sampler (Fort Detrick) is comparable to the Krotov in
strument as far as efficiency goes, but only when a non-opti-
mal air flow of 20 liters per minute occurs in this latter
instrument. This has also been supported in subsequent in-
vestigations in order to find out what effect the air supply
funnel has on bacteria yield. For this purpose the air sup-
ply funnel was removed from the slit sampler and one of the
Krotov instruments (originally the one without a funnel) was
supplied with an equally large air supply funnel. Table 8
lists the average bacteria count obtained per cubic meter of
air which was obtained in a total of 25 similar trials with

i•-• ,4 operational bacteria collectors being used at each run.
These results show that with an optimal air flow of 5 liters
per minute the efficiency of the original slit sampler with
the funnel and that of the original Krotov instrument without
the funnel were comparable; in both cases an average of 172
or 164 bacteria per m3 air'was obtaine: On the contrary,
without a funnel the slit sampler is considerably superior to

-1.-
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81 Comparative Determinations of Air Bacteria Content
by means of a slit-sampler (for Detrick) by

Employing various slit/agar-distances,
slit widths, and air sample volumes

(Mean values of Bacteria Number in % of each mean
value of the control (- 1007)

Experimental area: large laboratory
operation time: uniformly 10 min.

A Uniform Setting of the Control Instrument:

Slit/agar distance 3 Irm
slit width 0.2 mm
air flow 10 1/min.
operation time 10 min.

@ •) Luftmenge in 1/min.

Schlitz-

breite 2,5 20

mm Schlitz/Ag*r-Abatand 3 m

Q 0,1 154 % 87 e, 130%
0,2 147 % 135 % 126 % 57 % 59%
0,4 113 % 180 % 72 % 55 % 23 %
3,6 150 % 152 % 96"% 67 % 35%

0,8 85 % 169 % 82 % 34 % 57%

0 Schlitz/Agar-Abatand 6 m

0,1 140 % 98 % 72 5.

0,2 149 % 131 % 70 % 121% 34,

0,4 140 % 175 % 34 % 46 % 48 %

0,6 164.% 125-% 58 % 65 % 63 %

0,8 128%i 107 % 82 % 86 % 29 %

*Average values of 2 comparative experiments
* Average values of 3 comparative experiments

*** Average values of 4 comparative experiments

o - 20-
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[Legend): a) slit width; b) air volume in 1/

min; c) slit/agar distance.

Table 8

Comparative Determinations of the Air Bacteria Content
with 2 slit-samplers and two Krotov instruments

with and without air supply funnel

(Mean values of 25 comparative experiments)

Experimental area: large laboratory
Experimental duration: uniformly 10i rain.

Luftdurchflue Slit-Sarp1cr

51 201 51pro min. G(theccre~tisch)+

Triohter mit ohne mit ohne mit oanc

)Keimzahl- I
S~mittelwe.-t eO mtt3uft 172 207 136 164 .(255) (304)

M Luft

*compare Table 1

[Legend]: a) air flow per min; b) Krotov-
instrument; c) theoretical; d) funnel;

e) with; f) without; g) mean values of
the number of bacteria per m3 air.

the Krotov apparatus as shown by a count of 207 bacteria
per m3 of air in the slit sampler as compared to 164 bac-
teria per m3 of air in the Krotov instrument. With the
installation of a funnel (opening 10 mm) the bacteria col-
lecting capability decreased 17% in both instruments. This,
however, is not unimportant since in the determination of air
bacteria by means of an airplane a funnel can hardly be avoid-
ed. This conclusion, which is derived from comparative ex-
periments, is, however, only valid for a Krotov instrument
with an air flow of 20 liter per minute. If 46% higher bac-
teria yield is considered at an optimum air flow of 5 litersper minute, (compare Table 1), which we did not carry out

because of the danger of overheating the electromotor, we
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Am,.erican instrument includ.in, also the "cae ;,ere the all,
supply occurs by means "if a funnel.

With Lhe -:it sampler we had the sine experience as
before with the Xrotov instrument (see Table 4) in that the
bacteria yield of the instrument is impaired by extended op-
eration times. WVhen the apparatus was successively operated
for 2, 5, 5 and 10 minutes, as well as in the reverse sequen-
ce. an approximation of the theoretical bacteria yield per
portion of 1:2:4 was onlyobtained in the latter case with
valces of 0.8:1.7:4, whereas in the case of increasing op-
eration times a larger deviating proportion of 1:1.2:2.7
resulted.

In spite of the proven lack of bacteria in the exhaust
air of the Krotov instrument (see Table 3) there was no doubt
that with such instruments only small portions of the air bac-
teria are collected. Since the determination of the bacteria

content in the exhaust air is an important criterion for the
efficiency of an instrument, we also carried out such inves-
tigations with the slit sampler. For these tests we employ-
ed the capillary impinger apparatus (see Figure 1 III),
since a better bacteria yield can be obtained with it than
with the slit sampler; the use o' the capillary impinger is
especially indicated with the slit sampler because it can
be adjusted without difficulty for a smaller air flow which
is necessary for the impinger procedure. With an air sample
volume of 5 liters per minute and an experimental duration
of 1 hour, the exhaust air was divided equally (each at 1.25
liters per minute) on the four impingers which were r.ounted
in parallel. The results of five such experiments are given
in Table 9. Whereas the slit samplers with 4 agar plates
and an operation time of 15 minutes each, yielded, on the
average, 192 bacteria per m3 of air, the exhaust air still
showed 276 bacteria per m3 . According to these results, the
slit sampler only took in about 41,% of all the bacteria which
were collected. Further exhaust air tests were performed
with three slit sampler connected in parallel (1 slit sampler
and 2 Krotov instruments, exhaust air flow 15 liters per min-
ute each), in which case the introduced slit sampler was ad-
justed to an air sample volume of 45 liters per minute. With
these instruments we only showed about 10% of the primary
yield in the exhaust air. Thus one can see that the imping-
er method is definitely superior to the method employing
agar plates.

22
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KY Table 9

Determination of the air bacteria conte~nt in tlhe oxhaust
air of the slit-sampler by mneans of four cawpillarvy

impingers connected ir~ parallel

Experimental area., large laboratory
Air flow through the slit saznplc, 5 l/rain.
Experimental duration: I hr.

ZI a ® t Q b I u

",2apiI~araI,iAnr 0ý'~ 70MVC 1-4
~)u~ft~ Ppro~j 3

@pro 0td =3 2f 13 __4pr_____ Z =

153 45 927 18 99
2 48 160 18 15 21 24 .78 260

3 ill1 370 21 12 12J12j 57 190

0 4 3 141 39 1515211 go 2297
5 71 234 127 1121 61181 63 31083

I

in__ 1411 59

e Legend,: a) Number of bacteria; b) Air
supply (slit-sampler); c) exhaust air;
d) Experiment ~;e) per hr; f) Capil-
lary-impinger; g) sum of; h) zpean
values.

DI.:!ctcrrninations Of Air Bacteria Content By ?Mean~s olf
Capillary Impinrgers

Thus, it seemed advisable to further test thsp . imping-

or process for its efficiency. For this rcason wve chose
original Bronn capillary impingers (ntc Fig. 1, Ill), whdch,
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a cc i.1 ngt i nd izch (a.. 1.L. 1 Or _g. 19)(6 in print)

ý1*eSUýJsd o ."k a .1" ac"__ .yt~do 96,0 Po~ssblc.

~e e~..xne th e1ent to which th,2 bactevin
y Jjo.U v~as dependvnt upo. ,he: quantity of the air bubbling
tiirou:6h the instrume~nt containl~ng 150 nl of a collecting li-I

qui. e exarainca ,,he bacteria yield at a., aiZ;o

. Ii. 4.

50. and 100 liters peCr hour wit~h a #total of six comparative
duplicatte cxperii~ents; since Yve had only two instruments
available which contained a built-in rotaraetc~r, the middle
setting always served as our refere.nce amiount (bacteria yield
always set at 70cod'0). The results (resentc-d in Table 10 show
as expected, that snmilar to thc 50 onstruneict ang the
slit sampler, a lar.. er bacteria yield a can be obtainec with
less air flow than with 'Larger air sample volumes. Thus the
yield obtained with 25, 50 and 100 liters per hour were re-
spectively 967,680/620 and 4974 bacterial per cubic meter
which in a percentage proportion would be 100i:s70u:e5G.

On the contrary the volume of the collecting liquid
influences the effectivenessof the capillary impinger far
less. Thus we obtained on the average 660 or 546 bacteria
per m3 of air in five parallel experiments using liquid vol-
umes of 150 and 60 ml, Contrary to the volume of 60 mi., re-
commended Windisch, we systematically used 150 ml. of col-
lecting fluid in the instrument.

-0 st We compared the efficiency of the capillary imnpinger
with that of the slit sampler and the Krotov apparatus by* yusing an air flow of 50 liters per hour or 0.85 liters per
minute. The average values obtained with a total of five
similar air bacteria determinations are given in Table 11.
According to these data a bacteria yield which was 4 to 5
times greater than that obtained with the American or Rus-
sian instruments was obtained with this instrument.

In order to better determine the efficiency of the
Bronn capillary impinger we checked the exhaust air of such
an instrument having an air flow of 50 liters per hour, by
means of five other similar instruments which were connect
in series. The bacteria counts obtained with a total of
eight similar experiments are presented in Table 12. These
data show that only a certain portion of the air bacteria
are taken up by all of the 6 capillary impingers and that
with this apparatus still only about 40Kro of the bacteria
yield is obtained in comparison with the other instrument.
Considering the tendency toward a decreased count From the
five exhaust air controls we can conclude that under the

- Bgiven conditions only about 5-10% of the aerophilic air

.0 - 24-



Table 10

Determination :,f Air Bacteria with Two C-pi1la:'y
Impingers with Various Pir Flows

(Mean values of six comparative experiments)

Experimental area: large laboraLory
Experimental duration: uniformly i hr.Air Flow: 25, 50 or 100 1/h.

®apillar-Impinfer
, ., I ( I

®)LultdurchfluB I!

S25 
1 50 0 1 1 50 1 100 1mmro 0 td, ..

im !iztt1 a 967 653 620 497

in rel. 100 70 70 56

[Legend]: a) air flow per hour; b) capil-
lary impingers; c) Number of bacteria per
m3 of air in rel. %; d) in rel. %.

bacteria content is obtained with one single capillary im-
pinger. This would mean that Phe tested air contained ap-
proximately 4,000 bacteria per m . These results seem in
drastic contrast to the estimate by Windisch and thus call
for an explanation.

* TV. Determinations Of the Air Bacteria Content By Means Of
the Newly Developed Impinger

We have developed an impinger instrument which func-
tions on the same principle as the capillary impinger but in
which a commercial fritted glass plate (emersion suction
apparatus Gl, Schott and Gen Company, Mainz) is welded to
the air intake pipe so that a large number of finely divided
air bubbles pass through the collecting liquid. In compara-
tive parallel experiments with the Bronn capillary impingers
under the same conditions we found (see Table 13), that a
30% higher bacteria yield can be obtained with our instrument.

Since we only had one single fritted glass impinger
of this type available, exhaust air tests were carried out
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Q Table 11

Comparative Determinations oi Air Bacteria Content Ilith
Capillary Impinger, Slit Sampler and a

Krotov Instrument

(lean values of 5 comparative experiments)

Experimental area: large laboratory
Experimental duration: uniformly 1 hr.

(4ap.- pmnr-:7 4.L' 15 ML:uf (4 L 1e __f '15

0.84 1/nine5 -. min. 20 I/min.

Luftd~wc~lJ (50 1/h) f~ 1n.2 1 ~n

X oKeimz a h 1 a n

®pro I Std. 58 80 ?32

G ®PO m= Luft 1160 267 193

0 relative

01 Keimausboute 100 23 17

[Legend]: a) cap. impinger; b) 4 runs;
c) air flow; d) Number of bacteria; e)
per hr.; f) per m3 air; g) relative
bacteria yield in %.

with 6 capillary impingers which were connected in series.
The results presented in Table 14 verify the experience gain-
ed with a capillary impinger (see Table 12) that in spite of

the relatively high efficiency of such instruments only a
small portion of the air bacteria can be demonstrated. In

the present case still over 50% of the bacteria obtained
with a fritted glass impinger was collected from the exhaust
air oithe latter, i.e. the sixth control impinger.

Since the exhaust air control values did not show any

strong tendency for decrease, these tests yielded somewhat
better data about the efficiency of the fritted glass imping-

or. The bacteria collecting ability of this apparatus should

with a high degree of certainty not be more than 10% of the

actual content of the air.
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Table 12

Determinations of the Air Bacteria Content in
the exhaust air of capillary im.3ingers by
means of 5 capillary i.pingers connected

in series

Experimental area: large laboratory
air flow: 50 I/h (=0.84 I/nin.)
experimental duration: each I hr.

'- Sei . al hrIe

(D o Dro p r o S t d. ro

1 42 8.1 33 15 3 . 81 16200 2 45 90C 21 2 15 . 57 11:40

3 27 54C 24 24 27 . . 75 1500
4 24 48C 12 15 21 9 9 66 1320

5 78 156C 129 72 78 30 30 339 6780

6 36 72C 24 42 VV 18 21 165 33C0
7 21 42C 15 15 12 12 12 66 1"320

8 21 42C 15 12 15 6 9 57 114.0

w!ittc| 37 740 34 27 32 1 0'! 113 2260

! iu ~24t5 75,5i =eal.

[Legend]: a) Experimental No; b) Supply air;
c) exhaust air; d) sum of; e) No. of bac-
teria, f) per hr; g) per m3 air; h) per
hr; i) mean values.
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0 Table 13

Comparative Determinations of Air Bacteria Content
by means of a capillary impinger and a

fritted glass impinger

Experimental area: large laboratory
Experimental duration: I hr
Collection liquid: each 150 ml
Air flow: 25 1/h

IzKpillar- I© nY.ritI

.Voro.- "'

pro pro n9'j pro pza M3

1 39 1560 57 22CO
2 57 2230 51 2040

3 24 960 27 10o0
4 36 1440 48 1920

0 5 24 9C0 27 1080
6 36 1440 48 1920
7 48 1920 54 2160
8 30 1200 66 2640

---- i

Mittel". 1470 1890worte

in% 100 129

[Legend]: a) experimental no.; b) capil-
lary impinger; c) fritted glass impinger;
d) No. of bacteria; e) hr; f) per air;
g) mean values.

V. and VI. Determinations of the Air Bacteria -- Content
With Membrane Filter and Spray Instruments

Since membrane filter instruments or air-water-spray
instruments are used for the examination of the bacteria

0 - 28-
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T-.blc 1.4

Determination of the Air -Bacteria Contort in theExhaust Air of the Fritted Glass Impingcr by
ieans of Six Capillary Impingers

Connected in Series

Experimental area: large laboratory
air flow volune: 25 1/h
experimental duration: one hr. each

IU
i0

:rT.

SII I . j~3 ~ .I.. I I, ---

S. . ,- ,_' - -n,., @'. . *:-'" .in..,.am. . .F.. ) n.... .. u....

30 2 -.,I - - 1 1

4 33 1-200 2 2 I 1-o 1 I1'> 4440
5 is 7i 1 1 1.,imri C4 -3

5T 2^ .... I.J I C
Si ---" 2 6I Il

5 Lege : 1) e : 1in 1n. b) in a

h)pe 03,i;6Noo Lateia; f) mean
coLtegtofthend] , ) exrimenthe n ro.tave air,

cribed in the literature as being quite suited for these pur-
Poses, we also have included these two methods in our exarin-
ations.
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With a total of six simultaneous comparativc experi-
ler and a Krotov instrument, 1we dctermined the average bc-teria counts listed in Table 15. According to these results
the relative bacteria yield of the rather troublesome andawkward membrane filter process was only 38% that of theslit sampler. With the Krotov instrument a relative bacteria
yield of 67% was obtained, but one should once again con-sider the relatively large air flow volte of 20 liters perminute whereby the bacteria collecting ability is stronglydiminished (compare Table 1).

Table 15
Simultaneous comparison of membrane filter, slit

sampler and Krotov instrument
(Mean values of 6 experiments)

Experimental area: large laboratory
experimental duration: uniformly 10 min.

Fpro 10 min.90 i

Uf)tercfu 0 10n o1/peatin. 5_/t ine f g/pef
m3 ai; h) el~ti e bacteria yiele in

Gn s yt1.aue it es 9 12 32

3- 13
auabcut E-1 a4n 3, cý6

[Legend]: a) Membrane filter; b) slit-sampler; c) Krotov instrument (withoutfunnel); d) air fllow; e) No. of bacteria;f) per 10 min, of operation time; g) perm3 air; h) relative bacteria yield in %.

j Four capillary impingers connected in parallel withan air supply of 1.25 liters per minute each, were installedat the exhaust line for the determination of the efficiency

10 30



of the mnembrane filter apparatus having an air supply of 5
liters per minute. Table 16G lists the averag~e bacteria count
of a total of four such exporiimeints lasting 30 iminutes each.

With a relative bacteria yield of 32', the exhaust air
containod at loast twicc a:. much bactuvia -is was collected
by the installed memnbrane fil'ccr. In reality the bacteria
yield with this instrumacut is uncioubtedly very i-mucai lower
since we, have showrn with the iimpingers connected in scries

F(see Tables 12 and 141) that with one singlke ,iaipinger instru-

ment with an air flow ox 1.25 liters per minute, ,iore or less
only about fi've tLo 10(, ol L tie air bacteria was collected. We
can thus conclude that in the oresent case the air can be
estima~cd to cont-ain 3,000 to 6,000 aerophilic bacteria per
mn3 of air. Similarly, unsatisf~actory results were obtained
with a spray apparatus of our own construction (see Fig. 1,
VI).

Table 16

Determinations of bacteria in the intake air and
exhaust air by means o±' a membrane filter or

four capillary impingers connected
in series

(Average values of 4 experiments)

Experimental area: large laboratory
Experimental duration: each 30 min.

bm bran-ei1tcr

yi l th his Xnstrue Iy r,

ufdral35 1/nian 4 1)25 I/...an.

s e_ eh__�___ _m z a hn aone i;

ra -3 21 4

1 '' - 323

sLegend on following page]
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[Legend]: a) air flow; b) membrane filLcr;
c) exhaust air controls by means of 4 capil-
lary impingers connected in series; d) No. of
bacteria; 0) mean values per 30 rain; f) mean
values per m3 air; g) relative bacteria yield
in %.

The development of this instrument originated from
the concept that in the permanent atomization of a certain
small liquid volume by means of the air to be tested, a
greater loss in bacteria will occur in the collecting fluidFor this purpose we installed a liquid atomizer at the baseof a pear-shaped glass dome which widened toward the top.

in the form of very fine droplets but will return along the

glass walls back to the original container. The exhaust or
exit pipe was installed in a "dead space" at the upper end
of the dome. With optimal atomizing functions this instru-
ment could be operated at approximately 450 litors of air
per hour. When the bacteria count is calculated we have of
course to take into consideration the loss in liquid volume
which amounts to approximately 1/3 of the original volume per
hour.

With this instrument we have undertaken five compara-
tive experiments with the capillary impinger and the slitsampler. The data obtained for the average bacteria counts

are given in Table 17. According to these data this spray! apparatus possesses only an efficiency of about 34% in com-

parison with a single capillary impinger. At the present
time a modified instrument is being built in which the exit
pipe comes off the "dead space" at the lower end of the glass
dome and thus is opposed to the direction of the atomization.

VII. Determinations Of Air Bacteria Content With A Vertical H
C-entr-:-ifuge Developed In Our Laboratory

A few .ýuthors have described instruments for the col-
lection ol air bacteria in which the bacteria are collected
by means of the centrifugal force produced by the rapidly* j rotating drums on whose inner side an agar or liquid layer
is present (Wells, 1933; Safir, 1945). On the other hand,
Aaderson (1962) has described a collecting instrument in
which the air is forced with a jet onto the outside of a
slowly rotating and rising agar drum.

After incubation the bacteria thus collected from col-
"onies which are arranged on the drum in a spiral manner. This

S0 - 32 -
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Table 17

Simultaneous Comparison of Spray Apparatus,
Capillary Impinger and Slit Sampler

(Mean values o0 5 Pxperiments)

i1xperimental area: large laboratory
experimental duration: uniformly 1 hr.

• "• ' •o-2. " ... .. " ,*", -" " -. =

4~ _ _ , -- - -

_ _ _ _ _ _ _ _ it].'

I 3

_______O__ __4 1CO Arc

_____ ____ t

[Legend]: a) air flow; b) spray appara-
tus; c) cap. impinger; d) total of 4
plates per experiment; e) No of bacteria;
f per 1 hr total operation time, g) per
m air; h) relative bacteria yield in ,o.

way it is possible to determine the bacteria content at a
particular time in a continuous analysis of the air samples.

In the agar drum-centrifuge developed in our laboratory
(see Fig. 1, VII) we tried to employ a combination uf these
two junctional principles.

As should be obvious from the fig'ure; a chiamber is
present in the inner side of the stationary housing into
which an agar drum is placed; the chamber and drum ai:e
driver by an electric motor (2 000-2,500 rpm) which is s1L-
uated on the outside of the housing. An axially located slit
casing extends from the bottom of the chamber into the area

0 - 33-
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- -0 "of the arum; this slit casing only rotates at the rate of
one revolution per minute by means of the relative drive of
a rotating delay mechanism. The air intake line which enters
into the interior of the drum has been installed in such a
manner that both of its nozzle arms are vertically movable
in the slot casing. This air supply line is threaded on the
outside and fits into a special socket in lid. As a result
of the rotation of the air supply line which is retarded by
a slit casing mounting, both of these nozzles gradually move
towards the top by means of these threads. In this fashion
the nozzle whose distanca from the agar drum and nozzle open-
ing is udjustable, moves along the agar-drum wall in the
space of about 15 minutes in a spiral fashion. The exhaust
a•ir line is installed in the upper housing cover lid onto
-which a Wright respirometer is mounted. The air flow occurs
by means of an aspirator which is connected to the line and
with a valve, which can be regulated

A prerequisite for the work with such an agar-drum-
centrifuge was an instrumet, which can be used to layer the
drums with an agar medium under sterile conditions. This is
possible With an agar pour-centrifuge which we ourselves have
designed and built (see Fig. 1, VIII A).

The liquid nutrient agar (about 55*C) is poured into
(O the angular agar filling line which reaches into the inner

area ofthe drum. This agar-pour-instrument can also be used
as--a so-calledo-horizontal centrifuge as well as for the col-
lecti~h in air -bacteria (see page 35)~. The air intake line
S -whh reaches into the interior of'the drum in a horizontal

fash~ion when the instrument is used as a collection appara-
tus for air bacteria, is closed when the agar is being poured.

-Our first deterninations of the bacteria content of
air-with this vertical agar drum centrifuge were disappoint-

_ ing. As an example- of this we can refer to&Table 18. The
o- results shown in this cable -were obtained with two compara-

tire experiments involving two such instruments, one slit
sampler and one Krotov apparatus. The bacteria yield ob-
tained with these two last mentioned collecting instruments
was three to four times higher than with our centrifuge; we
should further note that with an optimal air flow of only
five liters per minute (see Tables 1 & 7) far better values
would have been obtained with the American and Russian instru-
ments. Furthermore we have to consider that with the dium
"centrifuge a much larger agaiv area is available (535 cm asS]icompared to 152 cm2 or 75cm2 ) but, nevertheless, the bacteria
yield in this apparatus was only 20 to 25% that of the slit
sampler or the Krotov instrument.

-34-
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Table 18

Comparative determinations on the air bacteria content
by means of a vertical centrifuge (closed system,
agar drum, relative drive of air jet), slit

sampler and Krotov instrument

(Mean values of 2 comparative experiments)

Experimental area: large laboratory

experimental duration: 15 min each

•czti]al-cn'z,!ugo Slit- x rotov-
IiI iilz Ge'

sert- b. 2,5 f 5,0 m 0,2

S15 1 15 1 18 ! 20 1
ii1 I i I I

®Luftke~mz-ahlen (Ei±ttel~erte)

Pro-Agarflache 149 215
I I I J I II , I

pro - 170 170 552 718

[Legend]: a) vertical centrifuge; b) Kro- I
to8 instrument; c) jet or slit opening;
d) air flow per min; e) per agar area;
f) per m3 air; g) mean values of the num- I;

bers of air bacteria.

Even with modified experimental conditions, for instance, -
in the air flow volume, nozzle width, nozzle to agar dist-
ance, no better results were obtained. When the air supply
line was closed and only the abar drum-was left to rotate, L
or when the two round nozzles were substituted by slot noz-
zles with a height of 8 cm (i.e. they covered the entire
height of the drum) and a slit width of 1 mm, even worse re- jJ
sults were obtained. j

Similar unsatisfactory results were obtained when we

substituted the agar drums by liquid drums (75 ml of NaC.
solution per drum) by using slowly rotating slit nozzles;
the corresponding drums have a liquid collection grill in
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O their lower margin. With the hope for better results we'o
permitted the ambient air to enter into the drum area by re-
moving both covers for the chamber and the centrifuge hous-
ing. This way we obtained a bacteria yield which was on
the average double that obtained in similar simultaneous ex-
perimonts with the slit sampler. We still have to perform
comparative experiments with the impinger procedure.

The most impressive bacteria yield was obtained when
a rotating slit nozzle and agar arum were used in the open
vertical centrifuge. With an operation of only two minutes
we obtained 2,000 to 5,000 bacteria colonies per drum, i.e.
on the average, about five times the average yield of the
agar plate of a slit sampler (see page 38).

VIII. Determination of Air Bacteria Content With A Horizon-
tal Ceantrifuge Constructed In Our Laboratory

Since the vertical centrifuge with its rotating air
supply by means of a relative drive did not fulfill our ex-
pectations, we undertQok more detailed examinations of the
simpler horizontal centrifuge. Thus, we partially modified
the apparatus which was used for the agar-drum-instrument
(see Fig. 1, VIII) or its functional basic design (see Fig. 1,
Viii C).

In contrast to the vertical centrifuge, in which a

chamber containing the drum rotates within an immobile cen-
-tirifuge housing, the horizontal centrifuge only has one ro-
tating housing chamber with functions as a drum container
which can be closed by means of a screw cover. Since the
electromotor only permitted the variation of very low revolu-
tions, all experiments were carried out with a drum rotating
at 1600 to 2400 rpm.

Our first experiments were carried out with the agar

pour-instrument (see Fig. i, VIII A).

For this purpose the agar filling line was closed.
The air supply occurred via a pipe reaching axially into the
drum area into the proximity of the air foils. The exhaust
air left via eight narrow slit-like openings which were sit-
uated along the outer rim of the screw cover (similar to the
apparatus shown Fig. I., VIII B).

In comparison this instrument with the Krotov instru-

ment we were first interested in finding out how the duration
of the experiment (2, 4, 8 and 16 minutes) affects the bac-
terial yield. The average values obtained with five parallel

!-~
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0 experiments are shown in Table 19 and show that with a hori-
zontal centrifuge (a modified agar-drum-pour-instrument) the"bacteria yield obtained was 3 to 5 times greater than that

obtained with the Krotov instrument; in both cases no pro-
portional relationship was found between experir al dura- t
tion and bacterial yield. One can explain these _ower bac-
teria counts by the fact that these experiments were carried
out in the relatively bacteria-poor evening hours.

lWe have obtained an even better -bacteria yield with
this agar drum-pour-instrument when the slit cover was re-
placed by metal discs of different sizes, which were immo-
bile and were installed in front of the dru~i housing; the
diameter of these metal discs was about 7 to 1-i mm smaller

j •than the drum diameter (see Fig. 1, VIII B). With an air
supply volume of 15 liter per minute, an operation time of
two minutes and an optimal drum to disc surface to slit dis-
"tance of five mm, we obtained bacteria counts of 1700 to
2600 per m3 of air. Since in this modification the air not
only entered through the air supply line but obviously also
through the anullar drum/disc slit which actually served
for elimination of the exhaust air, the exact measurement of
the air sample volumes was only an illusion. For this reason

we carried out no further experiments with this instrumnent.
air I•n order to guarantee a more exact measkirement of the
air sample volumes we surrounded the.rotating drum housing
with an immobile cylinder containing the exhaust line which
was connected to the cover chamber containing an air supply
line in such a manner that there was a distance of 6ne centi-
meter between the chamber and the drum-through which the air i
could pass (see Fig. 1, I.1 C),. in comparative experimerits
With the Krotov instrument-and using an experimental duration
ute, we found, however, that this modified "horizontal centri-

,fuge only yielded 80% of the bacteria count obtained with
the Krotov ihstrument.

The air intake funnel shown in Fig. 1, VIII D proved
-to be-a lot better than this cover chamb-er. -- Thus,-it appear-
ed in corresponding comparative experiments using this in-
strument and the slit sampler, that with an operation time
of two minutes and an air flow of five liters per minute, on-
the average 2,000 bacteria per ml of air were obtained withthe former instrumentt- this is twice the bacteria yield

which could be obtained with the latter instrument. It does
not seem impossibic that the efficiency of the horizontal
centrifuge can be increased by modifying the air foils and
the exhaust shield mountedon the funnel.
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0 Table 19

Comparative Determinations of Air Bacteria with an
Agar-drum-pour-instrument (slit exit) Krotov
Instrument with Various Experimental Durations

(Mean values of 5 comparative experiments each)

Experimental area: large laboratory
air flow: uniformly 12.5 i/min

a n

Lauftlt 11i
pYrq o-io1 ro n Luft Jpro Platte pro Toao t

2mm. 7 2C0 2 80
{4 , 1220 2 40

4. 2 14 140 5 50

16' 31 155 35 __ _

0 [Legend): a) Agar-drum-pour instrument;
b) Krotov--Instrument; -c) experimental
duration; d) per drum; e) per m3 air;
f) No. of bacteria; g) per plate.

Since we obtained an above average bacteria yield
with the open vertical centrifuge having a rotating slit
nozzle (see page 36), we repeated these experiments and,
at the same time, undertook parallel experiments with an open
horizontal centrifuge (see Fig. 1, VIII E). This way we
could find out at the same time whether there was a relation-
ship between operational duration (1, 2, 4, 8, and 16 minutes)
and bacteria yield. During the 50 minutes of the total dura-
tion of these comparative experiments a slit sampler having
an air flow of 5 liters per minute was also in operation as
a control, but since the same agar plate was used to col-
"lect the bacteria, the clock work had to be wound every 15
minutes. As one can se3 from the results given in Table 20,
already after one minute of operation both drums of the ver-
tical and horizontal centrifuge showed approximately 1100 or
480 bacteria colonies. Up to an operation time of 8 minutes
(with bacteria count of about 7,000 ot 4-,200 per drum) the
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bacteria yields increased in both cases in proportion to

the starting time.

Table 20

Comparative Determinations of Air Bacteria with an
Open Vertical Centrifuge Having a Rotating Slit
Nozzle, an Open Horizon'tal Centrifuge and

Slit-Sampler at Various Experimental
Durations

Experimental area: large laboratory
Revolutions in vertical centrifuge:

2.400 U/RPMI

I!! 0!C''-

ii_. atrayed nrevoluionsin bo horaesiznta centortifog to

::d x- 0:

I ra1.6000U/RPM

air-flw: beineSls-sampir:g5/imie.

2' 2100 15

7000 e 200

16Z C003 4200

50 nie 1 o 110

[Legend]- a) experimental duration; b)
vertical centrifuge; c) horizontal cen-d
trifuge; d)No. of bacteria/agar surface. I

This result is worthy of consideration since in none

proportional relationship between operation time and bacter-

of-heothr ac erivolletiors tnesteda byeusisuchagood

ia yield was obtained. Thus in comparison only 110 bacteria
were collected by the slit sampler in 50 minutes, which cor-
responds to a relative content of 440 bacteria per m3 in the
air. With the vertical centrifuge 10 or 16 times as many bac- j
teria were collected in one or 8 minutes than with the slit
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sampler over the period of 50 minutes. Figure 3 a, b, and
c are photographs of the corresponding agar drums or the
agar plate of the slit sampler. In spite of this superiority
these open air centrifuges have, however, the disadvantage
that no measurement of the air sample volume is possible. So
far our experiments with slit covers, cover discs, cover
chambers or air intake funnel for obtaining such measurements
led to a more or less decreased bacteria yield. For this rea-
son research is in progress to-obviate these difficulties.

•-• ~Fig. 3

IX. Installation of AcsoyInstruments in the Airpl'aneand 1reliminaryDeterminations of the Air-Bacteria Con-
tent at Different Flight-Altitudes

• "in order to take air samples at different flight al-
titudes, an air intake pipe was installed in the air foil of
an airplane; this air intake pipe "is then connected to a
PVC hose leading into the cabin. On the air foil we also

4 0
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installed a thermometer and an instrument to measure humidity
and whose remote dial was mounted in the cabin. As an instru-
ment for measuring the humidity we used one produced by the
Weiss Company in Giessen, which was very sensitive to fluc-
tuations in humidity and reacted in one or two seconds in
the vicinity of the ground, but had a much slower function
in the airplane; for example, twenty to thirty secondsafter
having flown through a cloud this instrument registered the
lower humidity outside the cloud.

Considering the relatively low bacteria yield which
we obtained with the instruments tested in our laboratory,
except our open air centrifuges, we could not expect at the
start that we would find any especially impressive data at
the higher flight altitudes. This was verified with a total
of eight flights which occurred at altitudes of 1,000 to
7,000 feet and occurred, for the most part, over in the area
of Marburg and its surroundings and also in the area south
of Stuttgart and northwest into the Ruhr area. For these
preliminary experiments we first used the slit sampler (Fort
Detrick). Since we were interested in possibly getting a
large bacteria count per agar plate, we generally chose a
large air flow which necessarily led to relatively low and 12
rather invalid values of bacteria per m3 of'a-ir; (this oc-
curred as a result of small conversion factors).

STable 21 shows the bacteria counts per plate or per
experimental duration which- were obtained in five different
flights with a total of 36 determinations and a uniform air
flow of about 40 liters per minute. In experiments 1 through
4a the obtained bacteria yield was'very slight (0.3 to 5.2,
bacteria per plate); quite a number of the agar plates show-
ed no bacteria growth and with the presence of only a few

bacteria colonies one cannot conclude with any degree of cer-
tainty whether these had or had not come from the air supply
line. These sparse results were insufficient for any evalua-
tion concerning flight altitude, air temperature and humidity,
cloud conditions, wind direction, geographic and topographic V
conditions of the areas which were covered. We might give
some consideration to test flight 4B which occurred through
the very dusty air of the Ruhr area (vicinity of Castrop-
Rauxel-Dortmund), where we obtained an average value of 31
bacteria per plate or operation time, which, on the other

.hand, agrees with all other known data in that, generally,
air with a high dust content is relatively rich in bacteria.
A modification in the width of the air supply slit (0.1 to A
1 mm) while the air flow was also changed, at the same time,
as was done in trial 5a and 5b, only resulted in a more mark-
ed scattering of the again very slight bacteria yields with-
out showing any definite relationships.
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Ci)In simultaneous comparative determinations at flight
altitudes of 3,000 to 6,000 feet by moans of Krotov instru-
nents, slit samplers, and capillary impingers, the values
"shown in Table 22 were obtained; these data verify by farthe other conclusions and previous comparative results (see
Tables 11 and 17).

Corresponding expQriments with the closed air centri-fuges developed by us which allowed the measurement of the
air sample volume, could not yet be performed since these
instruments were available only a short period before our
test flights this year and were needed for experimental pur-
poses in the laboratory.

Discussion of the Results:

The more efficient an air bacteria collector is, the
more bacteria are generally killed in the process, and if the
collecting instrument is not very efficient no bacteria are
caught. An exact statement on the absolute bacteria content
in larger air volumes is, therefore not possible with any
instrument for in both cases an uncontrollable portion of- the bacteria is n?ver collected. Under very favorable condi-
tions such values are only rough approximations of a 100%O bacteria collection. For such s;a~cui.nats comparative tests
with approved bacteria collecting instruments and correspond-
i ng determinations of the bacteria content in the exhaust
air are indispensible, but the results can finally only be
applied to the present experimental conditioAs.

An efficient collecting instrument for air bacteriamust have all of the following requirements: It must haveSa large capacity for collecting bacteria, which will act tothe same extent in bacteria-rich or bacteria-poor air or
close to the ground or in the higher altitudes of the atmos-
phere as well as at different humidities and air temperatures.
With as high an efficiency as possible the different bac-
teria species, aerobes and anaerobes, vegetative bacteria
or spores, as well as fungi, must be collected to the same
extent. Especially in the case of bacteria free air the
instrument must be able to process larger air sample volumes
in a relatively shorter time, since only this way the large
conversion factors needed for the calculation of the bacter-
ia content per m3 of air and the accompanying large uncer-
tainty factors can be avoided. This is especially true for
the determinations of the bacteria content with the airplane
since under these conditions a reliable back calculation for
the bacteria content of the air is possible over only a very
narrow area. In addition a chance for collecting qualitatively
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Sdifferent bacteria increases with the size of the bacteria
yield. Otherwise it is not possible to say with certainty
whether these bacteria do or do not originate from the airsupply when one is dealing with small numbers of bacteria.

In the literature numerous instruments for the collec-tion of air bacteria are described which all work on differ-ent principles and can be modified in various ways (Bourdil-
lon, R. B., Lidwell, O.M. a-nd Thomas J. C., J. Hyg. (Cambr.)
41 (1941), 197; Lukiesh, M., Taylor, A.11. and -oaday, L.L.TT946), J. Bact. 52 (1946) 55; Proctor, B. IV. and Porter,B.W., ScTience ire•-, Lancaster (1942), 48; Vlodavec, V.V.,reference in l'itt. der Uebersetzergr. Ost - 300061; Wolf,
H.W. et al. Public Health Mono. .0 (1959). The efficiencyof thWe single apparatus is often evaluated in quite a dif-ferent fashion and partly even in a complete opposite fashion.
On the basis of a study of the literature, it is often im-possible to arrive at one's own opinion since important fac-
tors are often missing in the publications or are only men-
tioned briefly, for instance, more detailed data concerning
exact experimental conditions, adjustment of the instruments,
determinations with the use of different air sample volumes,
the number of single experiments which are the basis of the
average values as compared with other instruments under thesame conditions in simultaneous comparative experiments..Especially as far as most cases are concerned, there is noa 0ta concerning exhaust air controls. Very often the com-
parative values are based on experiments with aerosols con-
taining bacteria or bacteria spores which, of course, would
not permit any valid conclusion as far as corresponding re-Ssuts under normal conditions are"concerned. It is possible
that different instruments can have vastly different collec-tion abilities with the different kinds of bacteria, or thiswould also presuppose the possibility fora maximal collection
of certain bacteria with a certain instrument or, on occa-sions, a modification of the adjustments of the instrument
(Bourdillon, R. B., Lidwell, D. M. and Thomas, J. C., J. Hyg.* (Cambr.) 41 (1941), 197; Noller, E. and Spenellore, XAppl. Microbiol. 4 (1956), 305: One should also compare the
drastically different findings obtained in comparative exper-iments involving slit samplers and -he Krotove apparatus withthe use of aerosols containing Bac. subtilis; these findings
were reported in a letter, dated March 25, 1964, which waswritten by H. N. Glassmann (Fort Detrick) for Dept. T III 7.Furthermore one has to consider in the work with bacterial
aerosols that in the spraying of bacterial aerosol suspen-
sions of known bacterial concentration, an uncontrollable
portion of the bacteria would settle on the walls, on the
floor and on the ceiling of the small closed room or they
can settle anywhere over the course of the experiments. We
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S ourselves found that in our experiments in a small (250 1)
closd icubtorcontaining normal air during the simnultane-

ous operation of two or more instruments, air-streams and
turbulences originated which strongly influenced the normal.
efficiency of the single instrument in a different way. Fur-
thermore one has to be careful that in comparative experi-
ments in a large room the air taken in and the exhaust air
of the single instruments do not influence each other and
that there is sufficient distance between the instrume'nts
themselves as well as sufficient distance from the instru-
ments to the wall. In addition we have to add that only one
certain nutrient medium is used for the cultivation of the 1
collected bacteria; this way we also have different chances
for the cultivation with different kinds of bacteria. For
instance, we had the experience with certain air sarcina that
in the cultivation in nutrient broth an addition of normal
calf serum, in a dilution of 1 to 300, acted as a growth in-
hibitor. Altogether one can say that even with numerous com-
parative experiments only average values of the bacterial
content can be obtained, which, nevertheless, seem to simu-
late valid results. The valid judgment of the results obtain-
ed by different authors or an evaluation of the instruments
used by--them is, for this r'iason, not always possible.

Ske different instruments for the collection of air--
__ bacteria wao weh-A. eapXoy*d have been tested in regard

to their possible use for taking air samples with an airplane.-./
In the opinion that the efficiency of an -effective instrument

* differs only in degree, but not in principle, we carried out
o U•r-,asic and comparative.'determnt'n on the air bacterial

_-tontent in-the laboratory-,•werey" weV pt in mind the pre-
viously mentioned basic principles and c nsiderations.

Since the establishment of the laboratory and the
training of the personnel required time and since obtaining
the different instruments for the air collection took up
great amounts of time, we were by necessity forced to limit V
our experiments to purely quantitative determinations and H-
comparatives tests of aerobic bacteria which multiplied in
two or three days on blood nutrient agar at 37 0 C. Thus we-
did. not consider any of the slower growing bacteria, the
fungi or the bacteria which multiply only in strongly anacro-
bic conditions or those which require special nutrient media. I
The comparative examinations were always performed'simultane-
ously under the same conditions. In order to.obtain as valid i
and as average comparative values as possible, we always per-
formed a larger number of single determinations. Thus, we "-
believe that the results obtained by Us have a high degree 4-
of validity.
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IQ) Tabie S.2

Comparative Determinatioh~s of our Bacteria At
Altitudes of 3,000-6,000 ft With a Krotov

Instrumer~t, Slit Sampler andifI -Capillary Impingrer

(Average values ofG C omparative experimne.ts)

;31i.Zl zzplarý p. -Impingjer

zaftu2Gl1 j C/mInsf 5 ll/rin. 2 1/=mu.

Vae*uohadaatir 0 w In. 110 min. 0 ~oMin.

ýFpro Patt-ab397G30 +)

I j*in 150 mal nolt-gfui

fLegend: a) -air flow; b) experiment dura-
10tion; c) per plate-or instrument; d) per i

M R, air; e) Krotov ins trur~cn t; f) cap. im-] pinger; g)- Av~erage bacteria' coun 't".

The- experiments perfornmed by us with a Total of eight

different instruments and- sdvaral modifications often sh-Owed

} ut~hors. Thus it- was sh~own -for exarnple, that the opti~mal 1
air f owfo 338 A r er minute (--7 I foot per minute) or'

30 liters per minute, asr mended ~ythe manufacturer for
dhe sl sar~sVn-i' -(Yort Detrick) and the Krotov instrumernt,

j h bctri orbe valid since ~e always obtained double

lies1e minute; inthlvs_ case the iatter instrument was
sli~hty sperorto tho forxeý% To be sure, the rotameter
-h rotov i-nstrum,,nt peizitted 4o measurement o mleJ airvolues ~its lectomotor did not permit constant

opera toni un~der trhese canditions. It is also important to
szate that by installing an air intake funnel, Nvbich i~s moreIcr less unavoida -ble tar t**ha tak~ing of air samples by means

Iof 4n airp-lanej the bacteria yield of a slit sampler is de-
creased so tha-t under tthesii conditions both instrume.nts have
approx(imatelv the same eaffici oncy F~urthermore, wve could
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8) Slit-sampler with funne; 9) spray
instrument; 10) gelatine/membrane filter.

not verify the PbsolutC bacteria collecting capacity of 98%

which was reported by Windisch for the Bronn capillary im-
pinger. While the low bacteria counts obtained values of
5-10% on the basis of the corresponding exhaust air test.
Thiz value of approximately 10% was used as a reference value4 and made possible an approximate evaluation, derived from the
average values of the comparative experiments, or, as a re-
sult, the more or less absolute bacteria counts obtained with
these instruments under normal atmospheric conditions. Table
23 lists ten instruments, including the modifications, in the
sequence of their percentage bacteria collecting ability
(these values correspond to the experimental data in the text).
According to this table the gelatin membrane filter instru-

a mont with which we obtain a bacteria yield of only 17, is
the worst, which is not too surprising because even the manu-
facturing firm Sartorius, Gottening, called attention to the
fact that poor results are obtained when collecting vegeta-
tive bacteria with this particular instrument: Goetz, A.,
Amer. Ind. Hygiene 10 (1955), 16: Albrecht, J., Arch. f.
Hy,-.. 142 (1957), 210. With a 5ield of 2.5% it seems--Ciht the
spray apparatus developed by us as an experimental model is
similar in efficiency to the American and Russian slit samp-
ler, but the Russian one has the advantage, because it is

shion. The same can be said for the horizontal centrifuge
(agar drum-pour-instrument) which has been developed by us
in comparison with our fritted glass impinger having an abso-
lute bacteria yield'of approximately 10 or 13%. The best
and fastest bacteria collecting capacity was found in our
vertical and horizontal centrifuges even if they did not
permit any measurement of the air flow volume. The superior
efficiency of these instruments seems to erase this disad-
vantage wnen determinations of the air bacteria content are
performed close to the ground, since with the high quantita-
tive yield there is a much larger chance of collecting quali-
tatively different kinds of bacteria. In addition to the
high efficiency of these instruments we can also mention tne
fact that with these instruments a proportional relationship
or their further modifications, if possible with the device
which can measure the air flow, are suitable for the deter-
mination of air bacteria counts with an airplane.

SUMIARY: -
Eight different instruments for the collection of air

bacteria, together with their several modifications, some of
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w-hich ailrcady atre well known and others having. been developed
in our own laboratory, were tested in the laboratory under
laboratory air conditions in the view of the possibility of
their use in the determinations of the air bacteria content

*with-an airplane. The experiments were limited to the de-
termination of bacteri.ý vthich multiplied aerobically at 37*C
on predetermined nu~trient media. By a thorough examination
of the optimal experimental conditions and numecrous compa~ra-
tive experiments and determinations of the bacterial content
in the exhaust air, it was possible to compare the efficien-
cyof the instruments with each other as well as their advan-
tages and disadvantages. In this manner we arrived at con-
clusions which sometimes differed ~significantly from those
reached by other authors. With an approximate bacteria col-

I /I , lecing ablitay arf el thew geatnd lemrsavng filerenstruenelpe

of 2.5%, were our own spray instrument, the american slit
sampler (Fort Detrick) and the Russian iKrotov instrument.
The agar drura-air-centrifuges which were built in our own
laboratory with an adjustable air flow had an efficiency of

er as far as their capacity for bacteria collection is con-

cerned, A home-made, simple fritted glass impinger having
antefficiency of 13% b ias slightly mored efficient than the I

:on10 ardtened thustorespnd edi to th throngh capilnaryimiong

capillaryimpinger. An efficiency which was some 50 to 100
tis bet anerd than both the American and the Russian sliten
saler s an, which was much more superior to all the other in-

o struments as far as speed of bacteria collection is concern-
ed, uas possible-with the air centrifuges designed and con-
structed in orhr own laboratory which, however. did not peo-

lectizngregulaion or mteasuelnmentbrfate airsmler voltumes.

The experiences gathered in our own laboratoe A experimentslit
were. expanded by -preliminary orientational dertermtnations
of the air bacteria contents in the higher layers of the
atmosphere by means of an aiapisane.
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