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In various operations connected with antibiotic
production and other microbiological processes, large
volumes of sterile air are required. One of the methods
commonly employed for sterilizing air for such pur-
poses is filtration through beds of materials such as
cotton, carbon, slag wool or glass wool.

Preliminary to coinducting pilot plant studies on
design of air filters, some laboratory work was carried
out to select the filtering materials which gave promise
of being most effective and most adaptable to plant
use. A description of the equipment used is given in
this report as well as some examples of test results
obtained.

MATERIALS AND METHODS

Equipment
The procedure used was to contaminate a stream

of air with bacteria, bacterial spores or bacteriophage
and feed the air into two small filters arranged in
parallel. Sampling devices were located before and
after the filters so that "breakthrough" or presence of
organisms in the air leaving the filters could be de-
tected. Thus, a direct comparison of any two filtering
materials could be made by packing them into the
two parallel filters and determining the times required
for breakthrough under identical conditions.
A diagram of the equipment used is given in figure 1.
Air is introduced from a compressed air line through

a cotton filter contained in a glass tube (GF) and a
flowmeter (Fl) into a Vaponephrin nebulizer (A-1)
containing bacteria, spores or phage previously in-
troduced through a port in the nebulizer. The con-
taminated air stream (A-1) is mixed with a secondary
air supply introduced at A-2 to give any air flow de-
sired above that required for nebulizing the culture.
The contaminated air then enters a mixing chamber
(MC) where the larger droplets settle out. The finely
dispersed droplets pass on with the air to the test
filters (TGF). Ahead of the filters is a mercury safety
valve (M.SV) which releases excess pressure if it
develops. Also, ahead of the filters is a sampler con-
taining an impinger (1M-1) for determining the
number of organisms in the air stream. The air divides
between the two test filters (TGF), one of which holds

a control filtering material and the other a test sample.
From the filters, the air passes through air samplers
containing impingers (1M-2 and 1M-3). The air then
passes through flowmeters for measurement of the
airflow through each filter. Finally the air is passed
through cotton filters to trap any residual micro-
organisms and prevent gross contamination of labora-
tory air.
The air samplers are the capillary impinger type

described by Rosebury (1947) and Kluyver anid
Visser (1950). They are 125-ml sidearm Erlenmeyer
flasks joined to the apparatus with ground glass joints.
The samplers hold 50 ml of sterile water. Air is intro-
duced under the surface of the water through 1-milli-
meter capillary orifices. The side arms of the samplers
are positioned so samples may be removed at intervals
during the test runs. The samples are plated to deter-
mine the presence and the numbers of organisms.
The test filters are glass cylinders with ground glass

removable ends. They are packed by introducing the
sample filtering materials directly into the cylinders
to the desired packing density. Suitable holders or
clamps are used if necessary to hold the sample filter-
ing material in place.

Operating Procedure

In most tests a well-sporulated culture of Bacillus
subtilis morphotype globigii (B. globigii) was used as
test organism. The culture was introduced into the
air stream at a rate of 2.5 ml per hour which gave an
air loading of around 20,000 cells per liter of air.

Air was passed through the nebulizer at 4 liters per
minute. The secondary air rate was 0.5 liter per min-
ute. The air rate through each of the samplers was
1.5 liters per minute.
The efficiency of the samplers in recovering or-

ganisms from an air stream was determined by using
two samplers in series and finding the numbers trapped
in each of the samplers by plate count. A second
method was to pass the vented air from a sampler
into a glass wool filter and determine the numbers of
organisms caught in the sampler and in the glass wool
filter. Some test results obtained by the latter method
are given in table 1. By both test procedures, the
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FIG. 1

samplers were found in all cases to be over 95 per cent
efficient and in most cases over 99 per cent.
The recovery of organisms over the nebulizing

system was determined by calculating the number
entering the air stream by making plate count data
of the suspensions used and determining the number
of viable cells in the air stream by use of a sampler,
INI-1, located just ahead of the filters. Table 2 shows
the recovery of different organisms over this part of
the system.

Noniabsorbent cotton was chosen as the standard
filtering material against which other samples were

compared. Six grams of cotton were packed into a

3-inch deep bed giving a density equivalent to 6.25
pounds per cubic foot. The linear air flow through the
bed was approximately 6 feet per minute.

It was found that channelling was minimized and

TABLE 1. Recovery of mtticroorganisms fro?n an air streaml by
mteans of inmpinger samplers

RECOERE INRECOVERED IN

RECOVERED IN SAMPLER AS PER
TEST ORGANISMS SAMPLER GLASS WOOL CENT OF TAL

SAMPLER CEFILTEROTA
RECOVERED

Bacillus globigii 7.5 X 105 102 99.99
spores

Escherichia coli cells 8 X 109 500 99.99
Streptomyces griseus 1 X 107 1000 99.99
actinophage

more reproducible breakthrough times were obtained
when the cotton was packed as a series of pads rather
than as one continuous packing. Therefore, six 1-gram
pads of cotton were used in the control filter. The use
of pads also made it easy to study penetration of the
filter by testing for numbers of organisms trapped on
each pad.

TABLE 2. Recovery of different mlicroorganismzs over
the nebutlizing systeml

TEST ORGANISM[S TOTAL NO. RECOVERED IN PER CENT
NEBULIZED SAMPLER RECOVERED

Bacilluts globigii 1.5 X 106 7.5 X 105 50
spores

Escherichia coli cells 1.0 X 1011 8.0 X 109 8
Streptomyces griseus 1.5 X 108 1.0 X 106 0.6
actinophage

TABLE 3. Test results with several filtering materials

BREAK-
FILTERING MATERIAL BED DEPTH THROUGH,

HOURS

Cotton ............................... 3 4
Carbon, 10 x 20 mesh............... 3f 2
Slag wool ............................ 31, 2
Glass wool ........................... 31, 3
Filter paper ........................... 1 sheet 3
Carbon, 30 x 50 mesh.............3.."..i3 t 5
Asbestos-cellulose .......... .......... 1 sheet >8
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The filters were sterilized by autoclaving at 120 C
for 1 hour.

EXPERIMENTAL RESULTS

The results listed in table 3 illustrate how this
equipment has been used.
Bulk materials were tested in volumes equal to

those occupied by the cotton controls. Sheet materials
were tested as single layers held between the ground
glass joints.
The cotton controls gave an average breakthrough

time of 4 hours. Slag wool and 10 X 20 mesh carbon
were comparatively ineffective. Laboratory filter
paper and 10 micron glass wool were somewhat better
but inferior to cotton. 30 X 50 carbon was slightly
better than cotton. A sheet of asbestos-cellulose
paper' was the most efficient of the materials tested.
In other experiments it showed no breakthrough in
up to 190 hours. This material is that contained in
the Cambridge Absolute Filter and is comprised of
cellulose and asbestos fibers. (Northrup, 1953)

I Cambridge Corporation, Syracuse, N. Y.
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SUMMARY
Laboratory equipment has been designed in which

filtering materials may be tested for effectiveness for
air sterilization.
Examples of filtration test results show that, in

general, materials with the smallest particle size or
smallest fiber size are more effective in removing
bacteria and spores from air. An asbestos-cellulose
filtering material was the most effective material
tested.
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