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Research laboratories, hospitals, and civil defense
agencies are in need of a simple sampling device for
sensitive vegetative cells that wvill determine changes
in air-borne bacterial contamination with a high degree
of efficiency over a considerable period of time. Epi-
demiological studies of modes of transmission of air-
borne disease would be simplified if more were known
regarding the bacteriological content of the air in locales
where disease has been transmitted by suspected air-
borne routes. This is of extreme importance since several
hospitals are currently reporting epidemics of infections
by Staphylococcus sp. among patients and staff person-
nel. (Fekety et al., 1958; Murray et al., 1958)

Decker and Wilson (1954) have reported previously
on a slit sampler for collection of air-borne micro-
organisms. This earlier sampler possessed inherent ad-
vantages over those developed by previous workers.
However, its collection efficiency decreased if it was
used continuously for periods of time much longer than
1 hr.

Recently, Kuehne and Decker (1957) have reported
on several critical factors affecting the efficiency of air
sampling when vegetative cells of microorganisms are
collected for extended periods of time. Factors such as
increasing the volume of air per given area of agar is
detrimental to the viability of Serratia marcescens. De-
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creasing the agar concentration from 3 per cent to 1.5
per cent was also found to support greater growth of the
test organism.
As a result of these recent studies on air sampling, a

more efficient slit sampler has been designed, con-
structed, and evaluated. This sampler permits continu-
ous collection of air-borne vegetative organisms for long
periods with a much higher degree of efficiency by
providing a larger area for collection of microorganisms
than samplers previously developed by the authors
and others. Collection of a much greater number of
organisms with less dehydration of the media and
rendering of an accurate time concentration relation-
ship results. There is also incorporated within the
sampler an incubation chamber which is automatically
turned on at the completion of sampling, requiring
attendance of the sampler only once in a 24-hr period.

MATERIALS AND METHODS

The slit-incubator sampler and its component parts
are shown in figures 1 and 2. The sampler is composed
of a stainless steel and lucite sampling box 40 in. long,
4 in. wide, and 43 in. high, a slit and slit tube, media
culture tray, rotating drive shaft, electric clock motor,
and heating element.
The slit and slit tube assembly is threaded into the

sampling box. The slit opening may be adjusted by
moving one of the metal plates which are fastened to
the bottom of the slit tube. The height indicator, a
vertical metal shaft passing through the sampler top, is
temporarily set with its lower end on the media surface.
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The distance between the slit and the media is correct
wvhen the top surface of the outer rim of the slit tube is
flush with the top surface of the height indicator. The
indicator is then raised from the media surface. The
metal sampling box has a plastic top and houses the
rectangular culture tray and the incubation section.
The rotating threaded drive shaft is motivated by an

electric clock motor.
To utilize the sampler, a sterile rectangular tray

filled with a selective growth medium is inserted through
an opening and is engaged on the threaded shaft by
means of a metal clip. The opening is then sealed by an

airtight door. The shaft pushes the tray forward under-
neath the slit at a fixed rate for the sampling period.
Air is drawn through the slit at a rate of 0.5 cubic foot
per min. (cfm) by means of a suitable vacuum. The
width of the slit is set at 0.004 in., resulting in an air
velocity of 110 feet per second. The air-borne micro-
organiisms are impinged oni the surface of the passing
medium and the portion of the tray that has already
passed under the slit enters the incubation section.
After sampling is complete and the entire tray has en-

tered the incubator section, the rotating shaft and
motor are stopped by a microswitch and the incubator

is then turned on. Heat is mainitained by a heating tape
and the temperature is kept constant by a thermostat.
The tray can be removed through the door before
incubation, if desired.
The efficiency of the slit-incubator sampler was de-

termined in accordance with a statistical test plan
(randomized block design). S. marcescens was used as

the test organiism and the organisms were aerosolized
in a 1500 L plexiglas chamber at a temperature of 20
to 25 C and a relative humidity of 40 to 50 per cent. A
dynamic aerosol was maintained by atomizing a sus-

pension of S. marcescens with a Vaponefrin' nebulizer.
Eighty per cent of the particles produced were less than
2 i in size. Two types of samplers were used: a 1-hr
round slit sampler operating at 1 cfm (Kuehne and
Decker, 1957) and the slit-incubator sampler operating
at / cfm. The round slit sampler is shown in figure 3.

In both cases, the slit opening was 2.0 mm above the
surface of the agar and the organisms were collected
on Wilson'.S4 peptone medium containiing 1.5 per cent
agar.

I Vaponefrin Company, Upper Darhy, Pennsylvania.
4Wilson and Company, Chicago, Illinois.

Figurae 1. Slit-incubator sampler

Figure 2. Slit-incubator sampler

Figure S. One-hour round slit sampler

TABLE 1

Recovery of Serratia niarcescens using the slit-incubator
sampler

Speed Total Time No. of Mean Hourly 95 Per Cent Confidence
Setting* of Sampling Trials Recoveryt Limits

hr hr N N

12 1 21 59.0 52.2-66.7
12 5.5 18 57.4 49.9-66.1
12 11 18 32.4 28.2-37.3
7.5 1 I 11 74.0 65.3-81.7
7.5 7 30 74.0 55.8-92.1

* Time required for passage of entire length of tray under
the slit.

T Based on a 1-hr rouind slit sampler as IIIuity.

I
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RESULTS

Tests were first made to determine the efficiency of
a 12-hr slit-incubator sampler when sampling for 1-hr
periods only. The efficiency of the slit-incubator
sampler was obtained by considering the average

number of organisms collected per cubic foot of air
sampled with a round slit sampler (making one com-

plete revolution per hr) as unity and comparing this
number with that collected with the slit-incubator
sampler. The results of 21 trials (table 1) show that
operating the sampler for 1 hr gives an average recovery

of 59.0 per cent of a 1-hr round slit sampler. The
analysis of these data did not indicate the presence of
appreciable sampling variation.

Evaluation was then commenced, sampling continu-
ously for 5.5 hr with a 12-hr slit-incubator sampler and
determining the per cent recovery for the first hr and
last hr of sampling (4.5 to 5.5 hr) using the 1-hr round
slit samplers as controls. These results (table 1) show
that, when sampling is done for 5.5 hr, an average

of 57.4 per cent of the organisms are collected per hr
when compared to the 1-hr round slit sampler and
this recovery does not differ significantly from the first
hr of sampling to the last.
The slit-incubator sampler was then run for 11 hr

and the per cent recovery determined in the same

manner for the first (0 to 1 hr) and last (10 to 11)
hr of sampling. The results (table 1) show that when
the sampler is used for 11 hr an average of 32.4 per

cent of the organisms are collected every hr of the
sampling period, based on a 1-hr round slit sampler as

unity. Again the recoveries of the first and last hr of
sampling do not differ significantly. This recovery is
twice the recovery reported by Kuehne and Decker
(1957) when a round slit sampler is used for 12 hr.

It is interesting to note that, when the sampler is used
for 5.5 hr, the same recovery per hr is obtained as when
it is run for only 1 hr. However, somewhere between
5.5 and 11 hr, a decrease in growth occurs, not merely
of the organisms collected on the first hr of sampling,
but also of the last hr.

Therefore it was believed that a 7 to 8 hr sampler
would give a higher efficiency and would have practical
application, as this time simulates that of a working

day. A sampler was modified to run 7.5 hr by replacing
the motor with a faster one and evaluated as above.
This change resulted in greater agar surface area per
unit of time for collection of the organisms. When this
sampler is operated for 7 hr, an average of 74.0 per cent
of the organisms are collected per hr, using the 1-hr
round sampler as unity (table 1) and the recovery is
again constant during the entire sampling period. When
it is used for only 1 hr, the hourly recovery is the same
as when operated for 7 hr.
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SUMMARY

A sampler has been designed which permits con-
tinuous sampling of vegetative organisms with a high
degree of efficiency. The organisms in the air are col-
lected on a selective agar in a stainless steel tray which
passes under a slit opening located in the top of the
sampler. A unique feature is the incorporation of an
incubator chamber which is automatically turned on at
the completion of sampling, requiring attendance of the
sampler only once in a 24-hr period. Civilian defense
agencies, hospitals, and research laboratories can
utilize this sampler for time-concentration detection of
microoganisms in the atmosphere. Air-borne transmis-
sion of disease over long time periods should be traced
more readily by the use of this sampler.
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