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MICROBIOLOGICAL BACKGROUND*

[Following is a translation of an article by
¥. 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-
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 Figurc 1t
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1.

I1I.

II1.

IV,

VI.

VII,

VIII.

Two Krotov Instruments
a) original

b) with modificd motor equipment as

well as air supply with and withe-
out a funnel

Two S1lit sampler (Fort Detrick)
built according to specifications

a) original
b) slightly modified (as in Ib)

Eight Bronn capillary impingers
(Glass blowing laboratory or the
Institute for the Fermentation
Industry, Berlin)

Fritted glass impingers of domestic
construction

Four membrane filter instruments

(Sartorius Membrane Filter Company,
Inc. Gottingen)

One spray apparatus of domestic con-

struction (with permanent collecting
liquid)

Six centrifuges (vertical) of domes-
tic construction

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

b) with rotating liquid drums

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

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-

ences are mentionad which we made by air-

plane in the preliminary determinations of
air bacteria content in the upper atmos-
phere

Discussion of the experimental results

Summary
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II. Slit-Sampler (Fort Detrick)

[Legend]: 1) exhaust air; 2) air.
(Figure 1 continued on following page]
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IITI, Capillary Impinger

V. Membrane filter apparatus VI. Spray apparatus

{Legend]: 1) exhaust air; 2) air.

{Figure 1 continued on following page]
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VII. Vertical centrifuge

VIII. Horizontal centrifuge

a) agar drum pour apparatus
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b) with immovable cover plate
{Figure 1 continued on following page]
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with immovable cover head

c)

m e ade m———— - 4 S S8 e vl

air.,

2)

exhaust air

1)

with free air access

e)

d) with immovable air intake funnel

{Legend]
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Explanations:

A =« Agar surface i
(:) A, = Agar introduction |
Ab e cover head
A = collection liquxd ) l
A} = cxhaust air ‘ s
D = lid, cover !
DU =« mozzle 1 |
ER = filler pipe i }
F =« fritted area ; !
G = housing PR
K = wedge-belt L
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 e screw lid
Sp = spindle
St = support sieve
T = funnel
TG = drum housing
Tr = drum
O :
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 !
VIilIa-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
irstrument and the capillary impingers,
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For the collection and cultivati o AT bacier-

vation of the ai
ia collected w1fE the apparatus I, I{, VII and VIII we gen~
erally used nutrient acar (Difco) wzth the addition of 5-7%
defibrinated sheep blood; in this casc the agar content was

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 iilters 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
this procedure 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 wazs performed after an incubation

of 48 hours on agar plates and drums or, in other words,
after an incubation period of three days at 37°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,

Experimental Results

I. Determination of the Air Bacteria Content by Means of
a2 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 moctor. 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-
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liters pcr minute was examinced comparatively over a period
of scveral days., Siace we oualy had two pieces of equipnmcnt
avalriable for the four diflferent air samplces volumes, we ob-
tained a reference amount for cach instrument when we adjust
ed it to different arr sample volumes, Thus at an operation
time of 10 minutes and with 50, 100, 200 or 400 liters total
volume of the air samples we obtained on the average 280 or
190 per 330, or 270 or 165 bacteria per 33 mm of air. The
deviation which was obtained huiro rangoed butwoon +230% and
-65%. Because of these large scatter valuces 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
cxperiments in order to obtain reliable average values.

In the calculatior of the relative percentage values
it appeared that the hest 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., 1In 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
bad used an a‘rflow of five liters per minute,

It seems that these relatively low values for the
amcunts 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 ccnnected from the
outside to replace the resistances within the housing. Ib
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
2 heat production. However, in all subsequent experiments
both Krotov instruments were used with an outside variac,
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Table 1

(:f 45 Comparative Determinations of Air Bacteria Content
by Means of Two Krotov Instruments Using Different
Air Samples

e o

Experimental Tovom: small laboratory
Duration of experiments: 10 min. each

‘ i
| @rxroto v -G e
’ 1 ! ﬁ 1
l
® Luftdurch f“uB sro nin,
51 101ﬁ101 zo:j'laonn 40 1
© Xetinganlen pro 10 :.in, lLaufzeit
19 14 | 24 30 55 46
5 10 ’ 35 59 -6 36
11 19 42 55 J 7 o2
14 18 , 35 71 15 43
22 54 35 ) 29 4
<:> 33 37 28 44 34 40 )
12 21 28 4C 33 70 '
19 34 14 40 48 44
194 15 28 38 °o 41
7 8 17 37 Y] 145
13 5 53 122 ﬁ 54 117
14 13 21 22 64 30
9 1 I 9 sa f| 32 6¢
1 14 23 g% 54 n4
5 9 46 105 41 82
]
i@ 1ttel . :
verto 14 19 33 54 “ 42 ¢6
©£ ittel-d
werte 280 190 330 270 210 165
/ulLust]
D n | 40 68 €8 56 56 44
rel, & !
¢ i &
O -10.-

e 2t A S )
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{Legend: a) Krotov Instrume

O

e T T TN T

nt; b) air flow

per min; «¢) Bacteria count per 10 man. of
operation; d) average valuecs; &) average
values per m3 air; £) in rel. %.

Table 2

Comparison of Air Bacteria Yield With the Krotov
Instrument with Different Degrees of Heating (with
or without Outside Variac)

Experimental room: small laboratory
Duration of experiment: 10 min. each

Air Flow: 20 1l/min.
® ® ©x 1 (orig) K II
V;ra.- 'Gchause— (ohne Irafo)| Gohiuse- | (zit Trafo)
e Temperatur | . ; anien | ~+ZPeT8TUT| o4 zanlen
/200 1 /200 1
1 20° ¢ 28 20° ¢ 22
2 48° ¢ 64 31° ¢ 54
3 57° ¢ 53 36% ¢ 57
O 4 60° ¢ 18 36° ¢ 19
5 62° ¢ 26 39° ¢ 27
@ vittei~
werte 8 6
/200 1 Luft 2 2

[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
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(:) have to consider that according to the experiences of other
authors using this filter process, the destruction of the
vegetative bacteria can occur by dessication or when they
hit the agar pilate. Strangely cnough, however, the outgoing
air was just as free of bacteria when no agar plate was in-
troduced. 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 testing 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

@>K rotovy - Ger it

@ nit Agar?latte (o ohne igar-latte
O © suluft @ Atluft Siluft

(Azarplatte) (3. G ‘
@®Ketmzahl en s
11 1 0 ;

12 0 0

21 0 0

86 “C 1

0 o 2

32 G 0

@ h:-ittelwerte/n3 Luft
300 2 5

[Legend]: a) Krotov instrument; b) with
ngar plate; c¢) iutake air (agar plate); d)
¢xhaust air; e) without agar plate; £) num-
ber of bacteria; g) average values per m® air.

<:) - 12 -




O

—— v ———

Considering the large variation of the valucs for the
air bacteria as listed in Table 1 and considering the ncces-
sity of carrying out air bacteria counts at diffcrent times
of the day, closer knowledge of the daily variations of these
bacteria was desirable., We, therefore, used these two Krotov
instruments during ecight different experimental days at two
hour intervals to cstablish the air bacteria content of our
laboratory arca, During the tests, this area, which had an
approximate volume of 95 m3 and vas locatcd on a major traf-
fic artery, contairned on the average one to four persons and
the windows remained closed at all times. The average values
which we determined per m3 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. periocd
and the evening. Thus, the bacteria count decreased irom an
average ot 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%., 1In similar prelimainary
orientation investigations with the same apparatus in a smal-
ler laboratory which contained no people (volume 34 m3) 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 m3 air, These small bacteria yields left us with
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
in use had any ecffect 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 ¢t which had exactly
the same settings, but one instrument was operated in the
indicated sequence and the other one in the reverse segucace.
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 factor 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 Tablc 5 the average values for
the bacteriz counts with decreasing experimental duration
corresponded only to the proporticn 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.
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@.:.-..mr.l
o
. 735
700 L * 790
60C ¢
500 ¢ . . o
400 |
300 | y
200 ¢
’ 100 | . )
% . : . : E ‘?\E
§ * ‘ : : i
3 Y . - . . . .
i 800 1000 1200 1460 1600 1800 2000 2200
| @ Tages~
& ze1t
.% ® o
n ";:;:i' 415 235 303 142 220 93 90 68
: Fig., 2, Daily fluctuation of the air bacteria con-
2 tent (Single and mean values of 8 experimental
A days, each obtained with 2 Krotov instruments)
1 Experimental area: large lahoratory
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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Air Bacterial Yicld with the Krotov Instrument 1in
Successive, Decrcasing or Increasing Sequence

Experimental Arca:

-

Table 4

small laboratory

Air flow: uniformly 20 1/min
‘rotev Yrotov rrotov
11 Il 1 l Il I [ I1
®Xeilmzahlen
@DVeriuchs- ® Versuchsdauer
Nre 5 min.{ 10 min.| 20 min,
1 61 64 991 1261 1511} 227
2 51 60 ] 103} 1031 81 54
3 451 481 T2 664 831} 100
4 571 451 711 81 91 97
5 44 32 61 784 102 | 89
(€)
¥ittelvwerte 52 50 92 91} 102 113
51 86,5 1073
Versuchsdauer
20 min.! 10 min. 5 min.
€ 4301 324 | 2473 222 80 80
7 215} 189] 125 121 7T0}| 37
8 1C0 96 29 45 17 14
9 91 551 31 30 11 22
10 471 52 151 24 .8 g
lidttelwerte 1774 133 89 88 37 32
160 80,5 34,5
[Legend]: ExperimentNo.; b) No. of

bacteria;

c) Experimental duration; d)
mean values.

o e a e aa——— ——

—— o aw

e e e e

o AR SRR

e bt At =

w

JETUDYENPC S s

| E—




B,

w1y t’:s 0 0

poe; py

ypeiv v

-~

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 decrecase cannot be ex-
plained by an increasing heating cffect, 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 &

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

@ V;reuchsdauer
5 min. 1G wmin. 20 uzin.
® theoretisch 1 2 4
®tataﬁchlich bei zunehnenderi
*Vorsuchsdauer 1 1,70 2,10
» © ,vei abnehmender| :
Versuchsdauer C,86 2,21 4

d]: 2a) Theoretical; b) Actual with
ikggggslng e%perimental 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

S1it damplers (Fort DelricCk)
Iin the middle of March 1965 we had two instruments

- 16 -




available which were built according to the specificatiouns
of the American slit samplers (Fort Detrick) (see Fig. 1,

and II)., The clock work running for 60 minutes 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 measurcment
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 conditicns the slit samplers had abcut
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 supplyv
with or without a funnel, we suspectedthat this may be the
cause for the different bhcteria yields. For this reason
we substituted the original clockwork in the housing of the
slit sampler by a Kleinst electromotor, in order tc 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 usecd
a second instrument for comparison purposes which had a slit
to agar distance of 3 mm, a slit width of 0.2 mm and an air
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Table 6
Comparative Determinations of the Air Bacteria Content
with the use of Two Slit-samplers (Fort Detrick)
and Two Krotov Instruments
Experimental Arca: small laboratory
Experimental Duration: 10 min,
Air Flow: [0 1/min,
Slit-Sampler +) ® Krotove(ertt
@ Versuclis~ i I I I1
tag
©Keimgzahlen
47 48 67 56 ‘
35 32 72 62 :
38 60 43 58 f
43 49 35 61 }
24 46 26 38 ;
© 19. 5, 38 44 62 28 ’
38 36 53 51
37 28 41 33 i
: !
23 26 32 47 ;
21 20 31 32 g
28 14 52 56 i
@ 26, 1. 15 14 50 31 |
20 14 29 33 }
10 19 39 44 {
9 6 20 19 %
@ 27. 7. 1 9 17 16 3
20 26 57 39 ?
15 17 20 35 f
®E1ttelwerte !
28,8 42,7 1
- 18 -
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air flow 20 1/min,
slit width 0.2 mm
slit/agar distance 3 mm

[Legend]: a) experimental day; b) Krotov
Instrument; c¢) Xo. of bacteria; d) May 10;
e) May 19; () 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 iastrument (sce 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 scttings 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 always

to a slit/agar distance of 3 mm, a slit width of 0.4 mm and
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. Tablc 8
lists the average bacteria count obtained per cubic meter of
air which was obtained in a total of 25 similar trials with
4 operational bacteria collectors being used at each run.
These resulis show that with an optimal air flow of 5 iiters
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
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81 Comparative Determinations cf Air Bacteria Content
by mecans 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 (= 100%)

Experimental area:
operation time:

large laboratory

uniformly 10 min,.

Uniform Setting of the Control Instrument:

Slit/agar distance 3 mm
slit width 0.2 mm
air flow 10 1l/min.
operation time 10 min.
o ® Luftmenge in 1/min,
Schlitze
2,5 [ 5 l 10 20 40
breite
i) © Schlite/Ager~Abstend 3 mm
c) Qi’)
0,1 154 % 87 ¢ 130 ¢ o o
0,2 147 % 135 % 126 % 57 % 59 &
0,4 113 % 180 % 72 % 55 % 23 %
2,6 150 % 152 % 96 % 67 % 35 %
0,8 854 | 1695 | 24| 4% | 574
© Schlitz/Agar-Abstand 6 rm
Q) *n)
0,1 140 % 98 % 72 ¢ . :
0,2 149 % 131 4 70 % 121 % 34 %
C.4 140 % 175 % 34 % 46 % 48 4 _
0,6 167 % 125 -% 58 % 65 < 63 %
0,8 128 % 107 % 82 % 86 % 2g %

* Average values of 2 comparative experiments
** Average values of 3 comparative experiments
*** Average values of 4 comparative experiments
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[Legend]: a) slit wicih; b) air volume in 1/
min; c¢) slit/agar distaace,

Table S

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 10

min,
® Slit-Senpl y Cerk
-Senpler ® Krotov-lerit
IuZtdurehfliug
51 20 1 c 51
pro nin, "fthooretisch)*>
" ‘@ @
Trichter ni¢ chne mit olne nit oane

o Yeimzahl-
mittelvwerte

172 207 136 164 {25 0
w® Tutt (255) | (304)

* conpare Table 1 )

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

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

the Xrotov apparatus as shown by a count of 207 bacteria

per m? 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 thedetermination 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 liters
per minute, (compare Table 1), which we did not carry out
because ¢f the danger of overheating the electromotor, we
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Jind % odeliniig supersority of the Russ
Amcerican instrument tncluding also ths
sugply occurs by means of 3 funneil,

an coupared wilir Lo
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With the zlit sampler we had i1ne game expericnce as
before with the Xrotov inztrument (see Table 4) in that the
bacteria viecld of the instrument is impaired by cxtended op-

; cration times, When the apparatus was successively operated
for 2, 5, 5 and 10 minutes, as well as in the reverse scguen=-

ce. an approximation of the theoretical bacteraia yield per

: poertion of 1:2:4 was only obtained in thelatter casc with

valves of 0.8:1.7:4, whereas in the case of increasing op-

cration tines 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 (sce 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
cfficiency 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 1III),
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 sliit sampler becausc it can

(:) be adjusted without Adifficulty for a smaller air flow which
is necessary fcr the impinger procedure. With an air sample
volume of § liters per minute and an experimental duration
of 1 hour, the exhaust air was divided equally (each at 1.25

1 liters per minutc) on the four impingers which were nounted

! in parallel, The resuits 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. FYurthner exhaust air tests were performed
with three slit sanpler copnected 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 praimary
yield in the exhaust air. Thus one can sece that the imping-

er method is definitely svuperior to the method employing
agar plates,

et et o e A M
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C) Table 9

Determination of the air bacteria content in the cxhaust .
air of the slit-sampler Ly mezns of four capillary :
impingers connected in parallel :

Experimental area; large laboratory
Air flow thoough the slit samplers: 3 1/min,
Experimental duration: 1 hr,

@Xeizzahlen

® Zulust ©@idluzi
(slit=-Scmpler
@ Vers - 1
yp, c,j’:apilzarolmpin:org@Smo wvon I,-I4
@ pro Itdp p§° 11 12 13 I,' pro Stde! pzo n3
o
1 16 53 | 45 G127 {18 59 327 ‘
2 48 160 16f 15§ 21 24 78 260
(:> 3 111 370 1 2% 124 12 | 12 57 180
4 ’ 43 141 291 151 15 1 21 90 297
5 71 234 1271 121 & 18 63 308
L), , ;
Liticle
wexvo 152 275
in % 41 59

[Legend]: a) Number of bacteria; b) Air
supply (slit-campler); c¢) exhaust air;
d) Experiment #; e) per hr; f) Capil-
lary-impinger; g) sum of; h) mean
values,

III. Determinations Of Air Bacteria Content By XMeans o
Capiilary Impicgers

b4

Thus, it scemed advisable to further test ihe imping-
er process for its efficiency. For this reason we chose
original Bronn capillary impingers (see¢ Fig. i, I11), whzch,
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accord:ing tu andisch (Zb.. Baat., I Or:ig., 1966, in print)
a0C sujposed Lo make an aliv bacierin yield of 93% possible.

Cirst we eoxauined the extent to which the bacteraa
yiecliu was dependent upon the quantity of the air bubbling
through the instrument containing 130 ml of a collecting li-
quidd, We ecxaminead hic bacieria yield at an zir flow of 25,
50, and 1090 liters per hour with a total of six comparative
duplicate cxperiments; since vie had only two instruments
available which contained a built-in rotametcr, the middle
setting always served as our reference amount (bacteria yield
always set at 70%). The resulis vresented in Table 10 show
as expected, that similar 1o the Hioitouv instrument ana the
slit sampler, a larger bacter:a yielad can be obtainec with
less air flew than with larger air sample vcolumes. Thus the
yield obtained with 25, 50 and 100 liters per hour were re-
spectively 967,680/620 and 497 bacterial per cubic meter
which in a percentage proportion would be 100 ; 70 : &G.

On the contrary the volume of the collecting liquid
influences the effectivenessoi the capilliary 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 mli., re-
commended Windisch, we systematically used 150 ml. of col-
lecting fluid in the instrument.

We compared the efficiency of the capillary impinger
with that of the slit sampler and the Krotov apparatus by
using 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 S
times greater than that obtained with the American or Rus-
sian instruments was obtained with this instrument.

In order to better determine the cfficiency 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 connecct
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 40% of the bacteria
yield is obtained in comparison with the other iastrument.
Considering the tendency toward a decreased count from the
five exhaust air controls we can conclade that under the
given conditions only about 5-10% of the aercophilic air
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Table 10

Determination of Air Bacteria with Two C-piliary
Impingers wath Various Aixr Flows

(Mean values of six comparative experiments)

Experimental area: large laboraiory i
Experimental duration: unifermly 1 hr, :
Air Flcw: 25, 50 or 100 1/h,.

¥

@)Kapillar-lmpinger
I II 11 i I
®©y
Tuftdur h
" prg ?tgfus <5 1f 50 1t 501} 001
© Keinzahlen/n’ i
© min ﬁiiéﬁl W ac7 680 620 497

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

bacteria content is obtained with one single capillary im-

pinger. This would mean that the 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,

IV, 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
wnich a commercial fritted glass plate (emersion suction
apparatus Gl, Schott and Gen Company, Mainz) is welided 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

- 25 -




Table 11

Comparative Determinations of Air Bacteraia Content With
Capaillary Impinger, Slit Sampler and 2
Krotov Instrument

(Mean values of 5 comparative experiments)

Experimental area:

Experimental duration:

large laboratory
uniformiy 1 br.

O

. . f ® slit~Sampler rotev~Goriv !
4 - insenr Froa s it fehald :
®Xap.~Inp SC7 (4 riure & 15 min.)| (4 Liufe £ 15 rin ;!
©
Luftdurchflug 0'?’501{%‘)" 5 1/min. 20 1/min.
@Keinzahlan
@ pro 1 5td. 58 g0 232
@pro o’ Luft 1160 267 193 !
® relative !
Keizgu;baute 100 23 ToT I

[Legend]: a) cap. impinger; b) 4 runms;
¢) 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 prescnted 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 2

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 oifthe 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-
er. 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.

- 26 -

—— -




Determinations of the Air Bacteria Content in
the exhaust air of capiilary imningers by
means of & capillary impingers connected

in

Experimental area:

air flow:

serices

50 1/n (=0.84 1/min.)
experimental duration:

each 1 hr,

large laboratory

® Zuurd O Loluf s
d fﬁar-*: iner ' Culz2
Xapill SEpLnes @ Lwize
@vers.“ I1 I:?{ I—j Iéz'i I; Ié von 12 - 16
¢ §
Er. : | . _
©Xeiazcaklen
@pra @ oro QGDn ro S+t4d. jodate) o0
Std. 5 ook Stdel 3 «yion
o K o -l W
b
1 42 84d 33F 13p 332 . o] 81 1620
2 45 gcyy 21 2t 15 . « 57 1140
3 27 540 24y 24 27 . 4 15 1500
4 24 48C 12 15 21 9 G 66 1320
5 18 156G 12¢ 7 78 30 301 339 6780
6 36 724 4 4z o i 2%) 165 33C0
7 21 420 15 15 12 12 12 €6 1320
8 21 420 15 12 15 S 9 57 1140
D 4espa
Hitteld 5 75 3¢l 27] 32l 5] a6} 193 ] 2260
et o 24,5 75,5
[Legend]: a) Experimental No; bh) Supply air;
¢) exhaust air; d) sum of; e) No. of bac-
teria; f) per hr; g) per m3 air; h) per
hr; i) mean valucs.
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<:> Table 13

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

Experimental area: 1large laboratory
Experimental duration: 1 hr
Collection liquid: each 150 ml

Air flow: 25 1/h

®@Yopillor= |© Fritice
® Iopinge> Izpinesor
Yorg.- v
@Leinzchlen
Xr
e i® s 3
pro lpro =’ivro |prc @
Stds| Iuft {Stds | Luft
1 39 1580 57 2289
2 57 222 51 2040
3 24 650 27 10C0
4 35 1440 48 1920
<:) 5 24 9c0 | 27 1080
6 36 1440 | 48 1920
7 48 | 1920 | 54 | 2160
8 30 1200 66 2640
E)
Mittels
worte 1470 1890
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 mnembrane filter instruments or air-water-spray
instruments are used for the examination of the bacteria

O 28 -
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Tiblc 14

Determinataon of the sir Bactieria Content in the
Exhaust Air of the Fritied Glass Impinger by
Means of Six Capillary Impingers
Connected in Series

Expcerimental area: 1large laboratory
air flow volume: 25 1l/h

experimental duration: one hr., cach

® 2.20L% é ©1Lviuzs
.’
S P sl dteeTnningen | © 7 Dot el ! Sommd
Y'cms- § N - ; D
Vvade - , + T ; ; .- | - e
L, & - - -~ Vi3 I1 - I.
- § oo “3 iy
“Te . ‘
@Leiz-salk2cn
B=s C%“”° o 8%c. { pro R
%de | @ Tuos ot2e | n” Zafe
z
K b
1 27 1€20 o 12; 155 C? 15% €4 3200
2 5 €0 | 17 . i 4 g ¢ 65 25490
3 30 1200 |20 1 s agd ad 21 o
4 53 1320 | 2 2% 2-:& 17119 18] 12 51€0
5 18 729 ?:; (é 12S i° 123 % B 24 3300
@'{Tit#r i
Eittelel o ca4 2':3 ‘.;"- 1c§ i) 14 1 o5 2320
in & 20,6 3%
[Legend]: a) experiment no.; b) intake air;

¢) exhaust air; d) fritted glass impinger;

e) capillary impinger; f) sum of; g) per hr;
h) per m3 air; i) No of bacteria; j) mean
values.

content of the air, and since these procedures have been des-
cribed in the litecrature as being quite suited for these pur-
poses, we also have included these two methods in our examin-
ations.
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With a total of six simultaneous comparative experi-
ments involving a membrane [ilter instrument, a slit sann-
ler and a Krotov instrument, we determined the average bac-
teria counts listed in Tablc 15, According to these results
the relative bacteria yield of the rather troublesone and
awkward membrane filter process was only 38% that of the
slit 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 voluae of 20 liters per
mionute whereby the bacteria collecting ability is strongly
diminished {corpare 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,

ﬁplembran~ ® ;11t- @DKrotov-

Gerdy
Tilter Campler (orne ;:i:hto*)

&%urtdurchflua 10 1/nin.} 5 1/min. 20 1/nin,

©Xeimzanlen

{®
pro 10 min,
Gesantlauizeit 9 12 32
(O] 3
Pro ¥ Iuft g0 A0 160

%%elative Felne
auadbecute in v

o
s}
s
(@]
D

67

[Legend]: a) Membrane filter; b) slit-
sampler; c¢) KXrotov instrument (without
funnel); d) air flow; e) No. of bacteria;
f) per 10 min. of operation time; g) per
m3 air; h) relative bacteria yicld in %.

Four capillary impingers connected in parallel with
an air supply of 1,25 liters per minute each, were installed
at the exhaust line for the determination of the efficiency
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of the membrane filter apparatus having an air supply of 5
Jiters per minute.

Tablc

16 lists the

average

bacteria count

of a total of four such cxperiments lasting 30 minutes cach.

containod at legast twice an muchh bacteria as was collected

With a relative bacteria yiecld of 32% the cxhaust air

by the installed mcmbrane filter. In rcality the bacteria
yield with this 1nstrument is untoubtedly very nuca lower

since we have shown with tihe impingers connected 1n scries

(sce Tables 12 and 14) that wiih one single impinger instru-

ment with an aitr flow or 1.25
only about [ive Lo 10% of the

can thus conclude

estimaced to contain 3,000 to

2 ~ .
mvY cei air,

vVI).

that in

ihe

liters per minutle,
air bacteria was collected.
nrescnt
6,000 acrophilic bacteria per

wore

case the air can be

or less

We

Similarly, unsatisiactory results were obtained
with a spray apparatus of our own construction (see Fig., 1,

Table 16
Determinations of bacteria an the intake air and
exhaust air by means of a mcmbrane filter or
four capillary impingers connected
in series
(Average valuecs of 4 experiments)
Experimental arca: large laboratory
Experimental duration: each 30 min.
©®© Avlultikentrollea
. e - mitiels
® Yembran-Tiltex parailel-cschalicten
4 FasxillareIrninrers
”C&mftdurchfluﬁ 5 1/zin. 4 x 1,25 1/z=in.
@Kedingcahlen
@ iitielerio 21 .
pro I nit. < 49
O iuteln . i
N i 149 320
R
Onelative 1ol ~§ =~ €3
rusTeute i ; = v
[Legend on following page]
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[Legend]: a) air flow; b) membrane filter:
c¢) cxhaust air controls by means of 4 capil-
lary impingers connected in series: d) Yo, of
bacteria; e) mean values per 30 min; {) mean
val;es per m3 air; g) relative bacteria yicld
in %.

The development of this instrument originated from
the concept that in the permanent atomization of a cexrtain
small liquid volume by means cf the air to be tested, a
greater loss in bacteria will occur in the collecting fluid
For this purposc we installed a liquid atomizer at the base
of a pear-shapsd glass dome which widened toward the top.
This way the collection fluid is sprayed intc the glass dome
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 a2 "dead space™ at the upper end
o7 the dome., With optimal atomizing functions this instru-
ment could be operated at approximately 450 litcrs 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 undartaken f{ive compara-
tive experiments with the capillary impinger and the slit
sampler. 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.

VIiI. Determinations Of Air Bacteria Content With A Vertical
Centriiuge Developed In Our Laboratory

A few outhors have described instruments for the col-
lection oi air bacteria in which the bacteria are collected
by means of the centrifugal force produced by the rapidly
rotating drums on whosc 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 1n a spiral manner. This
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Table 17

Simultancous Comparison of Spray Apparatus,
Capillary Impinger and Slit Sampler

(Mean valuces of 5 experiments)

pxperimental area: large laboratory
experimrential duration: uniformly 1 hr,

@orul oo Mllhel tlrzu, LALhe i
] ' = ' -
, o S, TS Sy ol &
' ® j . 5oa/ ot
Luftguncnilnd {450 3/2 | 20 1/n [em-tiTa Plostin
; { 0 Vaxoan)
.
@rLoizgerlicna
® 1 573 : E
oo wile - ~o -
Casomtlowlocly £ ev 2
»
3
@pzo n” Izfe 173 520 i a2
@ - PR & }
rolatlisa ]
Reimrus-outd o4 $CO 45
in g

[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
air; relative bacteria yxe;d in %.

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 ccmbination c¢f these
two tunctional pVinciples.

As should be obv1ous from the figure; a chamber is
present in the inner side of the stationary housing into
which an agar drum is placed; the chamber and drum ave
driver by ar electric moior (2 000-2,500 rpm) which is sii-
uated on the outside of the housing. An axially located slit
casing extends from the bottom of the chamber inte the area
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"of the darum; this slit casing only rotates at the rate of
one revolution per minute by meaas of the relative drive of .
a rotating delay mechanism., The air intake line which enters i
. 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
o . the nozzle whose distancz firom the agar drum and nozzle open-
N ) ing is adjustable, moves along the agar drum wall in the
. A space of about 15 minutes in a spiral fashion, The exhaust
1 air line is installed in the upper housing cover 1lid onto ,
’ ‘which a Wright respirometer is mounted., The air flow occurs A4
by means of an aspirater which is connected to the line and .

- ) which can be regulated 5
- with a valve, . ‘
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B, A prerequisite for the work with such an agar-drum-
centrifuge was an instrument, 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).
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L Iection in air bacteria (see page 35). The air intake line
AN which- reaches into the interior of ‘the drum in a horizontal
K S " fashion when the instrument is used as a collection appara-
: i tus for air bacteria, is closed when the agar is beiug poured.

é’ ; } The liquid nutrient agar (about 55°C) is poured into

& - . the angular agar filling line which reaches into the inner

E 3 area ofthe drum, This agar-pour-instrument can aiso be used ‘
el ;, as-a .so=-called horizontal centrifuge as well as for the coli- T

Our first determinations of the bacteria content of
] - air with this verticai agar drum centrifuge were disappoint-
. q- -7 ing. As an example- of this we can refer to Table i8. The
R ’ ! results shown in this table were obtained with two compara-~
’ o tive experiments involving two such instruments, one slit

>~ sampler and one Krotov apparatus. The bacteria yield ob-
i tained with these two last mentioned collecting instruments

3 was three to four times higher than with our ceantrifuge; we

1 should further note that with an optimal air {low of only
- five liters per minute (see Tables 1 & 7) far better values
£ . would have been obtaired with the American and Russian instru-
g = ments., Furthermore we have to consider that with the dgum

B - centrifuge a much larger agar area is available (635 cm“ as
compared to 152 cm2 or 75cme) but, nevertheless, the bacteria
yield in this apparatus was only 20 to 25% that of the slit
4 ‘ sampler or the Krotov instrument.
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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 iastrument

(Mean values of 2 comparative experiments)

Experimental area: large laboratory
experimental duratien: 15 min each

zé9Ve.'cllu..1--2emri £2 Slit-~ k)I{rcn.ov---
I ix Senplex Gexils
© piiscne baw,
Seblitctffmmg| 202 %3} 50 m |} 0,2m}
@’uftdurcnfluﬁ
pro min 5 1 15 1 18 1 20 1
@ Luftkeimzahlen (iittelwerte)
A Py
©pro Agersiticne| 33 38 148 215
@ 3 :
- pro m” Luft 170 ! 170 552 718

[Legend]: a) vertical centrifige; b) Kro-
tov 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-
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 agar drum was left to rotate,
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-~
sults were obtained.

Similar unsatisfactory results were obtained when we
substituted the agar drums by liquid drums (73 nl of NaCl
solution per drum) by using slowly rotating slit nozzles;
the corresponding drums have a liquid collection grill in
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their lower margin, With the hope for better results we
pernmitted the ambient air to erter into the drum area by re-
moving both covers for the chamber an¢ the centrifuge hous-
ing. This way we obtained a bacteria yield which was on

the average double that obtained in similar simultancous ex-
perimonts with the slit sampler, We still have to perform
comparative experiments with the impinger procedure,.

The most impressive bacteria yiecld was obtained when
a rotating slit nozzle and agar arum were used in the open
vertical centrifuge. With an operation of oanly 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 (sce page 38).

VIXII. Determination of Air Bacteria Content With A Horizon-
tal Centrifuge 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 undertook more detailed examinations of the
simpler horizontal centrifuge. Thus, we partially modified
the apparatus which was used for the agar-drum-instrument
(see F%g. 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-
trifuge 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. 1, VIiI A).

For this purposc the agar £illing line was closed.
The air supply occurred via a pipe reaching axially into the
drum area into the proximity cf the air foils. The exhaust
air left via eight narrow slit-like openings which were sit-
uvated along the outer rim of the screw cover (similar to the
apparatus shown Fig. 1, VIII B).

In comparison this iastrument with the Krotov instru-
ment we were first interested in finding out how the duration
of the experiment (2, 4, 8 and 16 xinutes) affects the bac-
terial yield. The average values obtained with five parallel
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experiments are shown in Table 19 and show that with a hori-
zontal centrifuge (a2 modified gar«erm-pour instrument) the
bacteria yield obtained was 3 to 5 times greater than that
obtained with tlie Krotov instrument; in both ¢cases no pro-
portional relationship was found between experir al dura-
tion and bacterial yield. One can explain Lhese _uwer bac~
teria counts by the fact that these experimesnts were carried
out in the relatively bacteria-poor evening hours.

We have obtained an even better bacteriz 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 ir front of the drum housing; - the
diameter of these metal discs was about 7 to 1« mm smaller
than the drum diameter (see Fig. 1, VIII B), With an air
supply volume of 15 liter per minute, an operation time of
two mintites and an optimal drum to disc surface to slit dis-
tance of flve mm, we obtained bacteria counts of 1700 to
2600 per mS 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 measurcment of
the air sample volumes was only an illusioan, For this reason
we carried out no further experiments with this instrument.

In order to guarantee a more exagt measuresent of the
air sample volumes we surrounded the rotating drum housing
with an immobile cylinder containing the ¢xhausgt line which
was connected to the cover chamber containing an air supply
Iine in such a manner that there was a distance of one centi-~
meter between the chamber and the drum-through which the air
could pass (see Fig. 1, II1 C). 1In comparative ecxperimerts
with the Krotov instrument and asing an experimental duration
of ten minutes with a uniform air flow of 20 liters per min-
ute;, we found, however, that this modified horizontal centri-

.fuge only yielded 80% of thre bacteria count obtained with

the Krotov instrument,

The air iatake funnel shown in Fig. 1, VIII D proved

-to be-a lot better than this cover chamber. %hus, i1t appear-

ed in correspotiding comparative experiments using this in-
strument and the slit sampler, that with an operation time
of two minutes and an z2ir” flow of five liters per minute, on

~ the average 2,006 pacteria per nt of air were obtained with

the former instrument; this is twice the bacteria yield
which could be obtaxn@d with the latter iinstrument. It does
rot sgenm 1mpossxble that the efficiency of the horizontal
centrifuge can be increased by modifying the air foils and
the exhaust shield mounted oo the funnel.
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Table 19
Comparative Determinations of Air Bacteria with an
Agar-drum-pour-instrument (siit exit) Krotov
Instrument with Various Experimental Durations
(Mean values of S comparative experiments each)

“Experimental area: 1large laboratory
air flow: uniformly 12,5 1/min

@Agartromeloaieﬁacr&’c ® Krotove~Gorit -
® Proeitnsanle
Laufzeit | @ o s @ N @ =
‘pro Trommolipro m’ Iuft |- pro Platte | pro n’ Iuft
2 nin, 7 2¢0 2 80
L ® 11 220 2 40
‘8w 1 140 5 50
16 » 31 155 7 55

[Legend]: a) Agar-drum-pour instrument;
b) Krotov-~~Instrument; -¢) 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 sez from the results given in Table 20,
already after one minute of operaticn 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 Aix Bacteria with an
Open Vertical Centrifuge Having a Rotating Slit
Nozzle, an Open Horizontal Centrifuge and
Slit-Sampler at Various Experimental
Durations

Experimental area: large laboratory

Revolutions in vertical centrifuge:
2.400 U/RPM

Revolutions in horizontal centrifuge
1.600 U/RPM

air flow: be in Slit-sampler: 5/1 min.

P :
i@ ® Feotikale Qiavicanta}’.a 72 ¢
Vorsuchom | Zemtmifuso | Comteifons | V->v~3aapler
deunez @ Kedmzaklon/Azasober2ilicho™,
1 min, 1169 520 .
[ £
2 2400 1020 .
S -} 4 5600 1760 .
: _ . 8 7060 . 4200 o
L =
15 £029 4200 . -
50 nin, e o 110

[Legend]: a) experimental duration; b)
vertical centrifuge; c¢) horizontal cen-
trifige; d) No. of bacteria/agar surface,

This result is worthy of consideration since in none
of the other bacteria collectors tested by us, such a good
proportional relationship between operation time and bacter-
ia yield was obtaired. Thus in comparison only 110 bacteria
vere 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-
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

¢ are photographs of the corresponding agar drums or the

agar plaite of the slit sampler. In spite of this superiority
these open air centrifuges have, however, the disadvantage
that no measurcment of the air sample volume is possible. So
far our experiments with slit covérs, 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.

SN TR

T e g e
e — T
et W

N R Akt

R

. ) AW 7
>

. 3 ~
3 3 *
H £ -4 s
t 3
- - 4
L : .
? I3 a
. vy
g ‘u
5| s o gom !
: .- ’
: ) e et aratios ]
- ‘. . -‘”qﬁ‘. - - N
P - i N
7 - » s .
pa - . H
b . N “
g 5. @ ! H 8§ 4
24 d o
tj - -t W
- . % p B
B . N Ly
) B - P e k)
B3 & ~ z| 4
N ; ? . 2
- . & L # .
A . B v H
b 8 . 31 3
3. 3 i .
ES ¥ S 3%
3§~ . 2 e h
'} . N 5 ®
,1 4 ® Y 3 f‘,
ki o d
B . 3 .
“ L
P ~- K £ )2
! H
; : »
: : . ) e) g
< g et . O il R —— — - i %
s B T
-3 k3
Y oL
. . B
4 . Fig. 3. >
3 -
: . .3
E H
P

A, IX. Installation of Accessory Instruments in the Airplane
A . . and Preliminary Determinations of the Air Bacteria Con-
- - tent at Different Flight Altitudes.
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.4 o In order to take air samples at different flight al- ,
X titudes, an air intake pipe was installed in the air foil of ‘
an airplane; this air intake pipe 'is then connected to a ) 2§
PVC hose leading into the cabin. On the air foil we also -
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installed a thermometer and an instrument to measure humidity
and whose remote dial ‘was mounted in the cabin. As an instiru-
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 (¥ort
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
rather invalid values of bacteria per m3 of air; (this oc-
curred as a result of small conversion factors).

; Table 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 minite. In experiments 1 through
4a the obtained bacteria yield was-very slight (0.3 to 5.2,
bacteria per plgte), 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 topographxc
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 operatioan 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

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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<:> In simultaneous comparative determinations at flight
altitudes of 3,000 to 6,000 feet by mecans of Krotov instru-
nents, slit samplers, and capillary impingers, the valucs
shown in Table 22 were obtained; these data verify by {ar
the other conclusions and previous comparative results (see
Tables 11 and 17),

Corresponding experiments 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 naver collected. Under very favorable condi-

tions such values are only rough approximations of a 100%

bacteria collection, For such s:iatemcits comparative tests
(:) with approved bacteria collecting instruments and correspond-

ing 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 bacteria
must have all of the following requirements: It must have
a large capacity for collecting bacteria, which will act to
the 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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different 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 air
supply 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 he modified in various ways (Bourdil-
lon, R. B,, Lidwell, O.M. aad Thomas J. C., J. Hyg. (Cambr,)
41 (1941), 197; Lukiesh, M., Taylor, A,H. and Holladay, L.L,
(I946), J, Bact. 52 (1946) 55; Proctor, B. W. and Porter,
B.W., Science PresSs, Lancaster (1942), 48; Vlodavec, V.V.,
reference in hitt. der Uebersetzergr, Ost - 300061; Wolf,
H.W. et al. Public Health Mono, 60 (1959). The efficiency
of the 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-

A ot AL A W W e cloniwrs et st o e 72 i R atas 6o e

TR e

tors are often missing in the publications or

are only men-

tioned briefly, for instance

exact experimental conditions

, more detailed data concerning
, 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 the
Same conditions in simultaneous comparative experiments, .
Especially as far as most cases are concerned, there is no
data 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-
sults 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 this
would also presuppose the possibility for a maximal collection
of certain bacteria with a certain instrument or, on occa-
sions, a modification of the adjustments of the instrument

(Bourdillon, R. B., Lidw
- {Cambr,.) 41 (1941), 197;

ell, D. M. and Thomas, J, C., J. Hyg.

Noller,

E. and Spenellore,

* L2

Appl, Microbiol. 4 (1956), 305:

One should also compare the .

rasticalily

1tferent findings obtained in comparative exper-

the use of aerosols containing Bac,.

iments involving slit samplers and the Krotove apparatus with

subtilis; these findings

were reported in a letter, date

d March 25, I964, which was
written 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

LA

s 117

e

N B N

L

ErvavI— 5
" by R Y N s P Gt e > ar wrrear
LRI ROV PECICN SUE I Soiek 356 LUK WEENCIR A S M SN e DR S Sy

Psaten . meane ke

g




b - o - it a3 g BRI Q i QNS S ,.
g T IS ST ST Ao NeR RN YN «;N:‘R,V».rw;:;‘:a;:«w VR K ?v"'u:’v [T LA )
- - . - - . R
P ' B R e nd S

RN =

. -

E
«
-
B
b
4+
AR
PURPUTSUE A

st S , .

*
i .

.

d

O

ourselves found that in our experiments in a small (250 1)
closed incubator containing normal air during the simultanc-
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., Fure-
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 instruments
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
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 i
. calf serum, in a dilution of 1 to 300, acted as a growth in- g :
] hibitor, Altogether one can say that even with numerous com~ . B R
g ’ ’ parative experiments only average values of the bacterial ST
. content can be obtained, which, nevertheless, secem toc simu- R
late valid results. The valid judgment of the results obtain- K
ed by different authors or an evaluation of the instruments ]
used by--them is, for this r-2ason, not always possible,

3 ' Zhe different instruments for the collection of air ™ . !
3 . bacteria which-we_hayve..employed have been tested in regard )
" 4 to their possible use for taking air samples with an airplane./ R A

: In the opinion that the efficiency of an .effective instrument S
S differs only in degree, but not in principle, we carried out 4
N . our-basic and comparative ‘determinations on the air bacterial R

] ‘“‘”conzght in -the 1aborator?35§5é?€%??83%ﬁ t in mind the pre- 3.1
, "viously mentioned basic principles and cpnsiderations. 3

Since the establishment of the laboratory and the ' ] o
. training of the personnel required time and since obtaining
F the different instruments for the air collection took up

3 great amounts of time, we were by necessity forced to limit 1.
-5 1 our experiments to purely quantitative determinations and iE
o comparatives tests of aerobic bacteria which multiplied in - hm
two or three days on blood nutrient agar at 37°C. Thus we- S e
; did not consider any of the slower growing bacteria, the |
1 fungi or the bacteria which multiply only in strongly anaero- A
: bic conditions or those which require special nuirient media, Fg
SN - The comparative examinations were always performed -simultane~ e
F. ously under the same conditions. In order to.obtain as valid
and as average comparative values as possible, we always per-
. formed a larger number of single determinations. Thus, we

o believe that the results obtained by us have a high degrece
3 of validity.
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Comparative Determinatious of our Bacteria At
Altitudes of 3,000-6,000 ft With a Krotov
) Instrument, 31it Sampler and : .
i Capillary Impinger

1 {Average values of G comparative experiments)
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Tﬁe exgerzmen*s perforned by us with a total of elbht

. - different instruments and several modifications often showsd -

B . significani deviations from the resuits obtained by other

- B authors., Thus it was shown, for example, that the optimal !

i air flow of 38 .liters per minute (= 1 foot per minute) orx

S 30 liters per mintte, as recommended by the manufacturer for

4 " the slit sampler (Fort Detrick) and the Krotov instrumert,

; . dces not prove. to he valid since »e always obtainad doubLe
thhe bzcteria over m3 of air with air sample volumes of five .
liters ser minute; 1in gh&s,case the iatter ipstrument was .
slightly superior to tha former, To be sure, thes rotameter

) of the Xrotav instrument permitted 20 measurement of smaller
air volumes aad its electrometor did not permit constant
operatisy under these conditions. t is also important to :
state that Ly installing ap air iatake funnel, which is more ;4
cr less unavoldnnle for the taking of air samples by means
of an airplane, the basteris yield of a slit sampler is de-
eveased so that under these conditions both ianstruments have
approximatelv the same efficiency Turthermore, we could
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(j} ' Tunnel; §8) slit-sampler with funne; 9) spray
insirument; 10) gelatine/membrane filtey. : ]

not verify the 2bsolute bacteria collecting capacity of 98%
which was reported by Windisch for the Bronn capillary im-
pinger, While the low bacteria counts obtained valucs of
5-10% on the basis of the corresponding exhaust air test.
Thies value of approximately 10% was used as a reference value o
and made possible an approximate evaluation, derived from the }g
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 i{he
sequence of their percentage bacteria collecting ability
(these values correspond to the experimental data in the text) .
) 1 According to this table the gelatin membrane filter instru-
P b ment with which we obtain a bacteria yield of only 1%, is

: K 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-
. i tive bacteria with this particular instrument: Goetz, 4.,
Ty i Amer, Ind., Hygiene 10 (1953), 16: Albrecht, J., Arch. 1.
y o - Hygz. 142 (I957), 210. VWith a yield of 2.5% it seems that the

¢ R sSpray apparatus developed by us as an experimental model is
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similar in efficiency to the American and Russian slit samp- 4
<:> ler, but the Russian one has the advantage, because it is ’:i
siznificantly faster and can yield results in a simpler fa- A
.3 E: shion. The same can be said for the horizontal centrifuge ;
i ; (agar drum-pour~-instrument) which has been developed by us L
in comparison with our fritted glass impinger having an abso- A
lute bacteria yield ‘of approximately 10 or 13%. The best C
: ; and fastest bacteria collecting capacity was found in our
] : vertical and horizontal centrifuges even if they did not
. I permit any measurement of the air flow volume. The superior
7 | efficiency of these instruments seems to erase this disad-
vaintage wnen determinations of the air bacteria eontent are
performed close to the ground, since with the high quantita-
tive yield there is a much larger chance of collecting quali-
L \ 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 reiationship
g or their further modificaticns, if possible with the device
3 which can measure the air flow, are suitable for the deter-
F ’ mination of air bacteria counts with an airplane.
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SUMMARY :

.l Eight different instrumeants for the collection of air
R 9 bacteria, together with their several modifications, some of
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(i which alrecady are well known and others having been developed
in our own laboratory, were tested in the laboratory under
laboratory air concitions 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 bacteris which multiplied aerobically at 37°C
on predeternmined nutricen: media. By a thorough examination
of the optim2l experimental conditions and numerous compara-
tive experiments and determinaticns of ihe bacterial content

X in the exhaust air, it was possible to compare the efficien-

: cyof the instruments with each other as well as their advan-

i tages and disadvantages. In this manner we arrived at con-

' clusions which sometimes differed sign:ficantly from those
reached by other authors. With an approximate bacteria coil-
lecting ability of 1% the gelatin/membrane filter instrument
of the Sartorius works in Gotteningen was the least suited.
Somewhat better and on equal terms with the bacteria yield
of 2.5%, were our own spray itstrument, the American slit
sampler (Fort Detrick) and the Russian Xrotev instrument.

The agar drun-air-centrifuges which were built in our own
laboratory with an adjustable air flow had an efficiency of

5 to 10% and thus corresponded to the Bronn capillary imping-
er as far as their capacity for bacteria collection is con-
cerned. A home-made, simple fritted glass impinger having

an efficiency of 13% was slightly more efficient than the
capillizry impinger., An effiiciency which was some 50 to 100
times better than both the American and the Russian slit
sampler and which was much more superior to all the other in-

- struments as far as speed of bacteriz collecficn iz concern-
ed, was pogsible with the air centrifuges designed and cen-
structed in oLy owan laboratory which, however. did not per-
mit any regulation or measurement of the air sample volumes.
The expericnces gathered in oucr own laberatory experiments
were expanded by »relininary orientational determinations 3
of the air bacteriz contents in the higher iayers of the 1
atnosphere oy means of aa airpiane,
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