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N ONE of the various methods which
has been proposed for reducing

the incidence of respiratory diseases
has ever been found completely effec-
tive. Immunizing sera and vaccines
have been of great value but the need
of: further measures is apparent. From
the time of Lister's early experiment
with phenol sprays, many investigators
have attempted to bring about reduction
in the bacterial content of air by
chemical agents. Until the last few
years, however, satisfactory materials
to accomplish this have not been avail-
able. The ideal substance is one which
would be non-toxic, odorless, impercep-
tible to the occupants, effective in very
small concentrations, easy to distribute,
and reasonable in cost. Certain of the
glycols, i.e., propylene and triethylene
appear to fulfil most of these require-
ments. They are non-toxic, essentially
odorless, available, reasonable in cost,
and their bactericidal action is dramatic
in its effectiveness.' Until the low
toxicity of these substances was estab-
lished, large scale investigation could
not be carried forward. The work of
Robertson 2 and his coworkers has
demonstrated that triethylene glycol

* Presented before the Engineering Section of the
American Public Health Association at the Seventy-
second Annual Meeting in New York, N. Y., October
13, 1943.

t The work described was done under contract,
recommended by the Committee on Medical Research,
between the Office of Scientific Research and De-
velopment and Northwestern University.

(TEG) and propylene glycol (PG) are
non-toxic, even in much greater concen-
trations than those which are required
for effective bactericidal action for air
sterilization.
Numerous tests have given evidence

'that effective killing of air-borne bac-
teria and viruses is accomplished by
either TEG or PG vapor.3 4 Since
practically all prior work had been
done in small test chambers, it was evi-
dent that before full utilization of these
glycols material could be possible and
controlled studies of their effect in the
reduction of cross-infections could be
carried out, experimentation in full-scale
chambers and with actual living groups
had to be made.
We have shown that in our experi-

mental room (10,000 cu. ft.) concentra-
tion of TEG ranging from 0.003 to
0.005 milligrams per liter (0.0013 to
0.0022 grains per cu. ft.) bring about
instantaneous killing of bacteria sprayed
into the space (Figure 1). Similar re-
sults are obtained with concentrations
of 0.1 to 0.2 mg. per liter (0.044 to
0.088 gr. per cu. ft.) using PG.5 A
humidity of 35-45 per cent should be
present to insure optimum effectiveness.
Our tests have shown that bactericidal
activity occurs exactly as had been
demonstrated in the previous small
chamber experiments.
The next phase of our study was

concerned with the development of the
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FIGURE 1-Bacterial plates showing the number of organisms per cu. ft. recovered after
spraying an equal quantity of a standardized suspension of Staphylococcus albus.
The room humidities were 45 per cent and the triethylene glycol concentration in
the test was 0.004 mg. per liter.
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AIR STERILIZATION
.^ .

FIGURE 2-Test room showing apparatus for the introduction of bacteria and for
air samples of glycol and orgranisms

engineering data required for the appli-
cation of the glycols as bactericidal
agents for occupied spaces.

TEST LOCATION

These tests were started at the Tech-
nological Institute, Northwestern Uni-
versity, in July, 1942. Use in particular
was made of the large air conditioned
test room of the Institute (Figure 2).
This room is 38 ft. long, 17 ft. wide and
16 ft. high, and has an approximate
volume of 10,000 cu. ft. It was insu-
lated and extremely tight in regard to
air infiltration or exfiltration. Large re-
frigerator type doors were used for entry
and over each of the windows. This
made it possible to observe the action
of the glycol supply without having to
consider large quantities of uncon-

trolled air. This room was connected
to a complete air conditioning system,
such that its temperature could be
varied from -20° F. to +1400 F., and
its humidity controlled. In the tests up
to the present, it has not been found
necessary to operate the air con-
ditioning system.

SIGNIFICANT PHYSICAL PROPERTIES OF

PROPYLENE AND TRIETHYLENE

GLYCOL
Careful studies were made in order

to ascertain the concentration of pro-
pylene glycol or triethylene glycol in
equilibrium with air of a given hu-
midity. These data are fundamental to
the entire problem of the use of glycol
vapor in air spaces. From such obser-
vations one may determine how great
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or small a quantity of glycol and water
vapor may be held in air at given tem-
peratures and humidities, at what point
condensation would be expected to
occur, and at what point perceptible
fog appears. Furthermore, as will later
be shown, the final development of
a practical " air-glycol atomizing
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humidities it will probably be impos-
sible to maintain a consistently high
glycol concentration in its vapor phase.

Before tests in living spaces could be
attempted, the inflammability charac-
teristics of propylene and triethylene
glycol were studied intensively.0 Our
observations, in brief, showed that:

HUMIDITY- PROPYLENE GLYCOL CONCENTRATION EQUILIBRIA
AT 70.5 F
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FIGURE 3-Curve showing quantities of propylene glycol and water in equilibrium at
a temperature of 70.50 F.

scrubber " will depend upon- a knowl-
edge of these values.
As shown in Figure 3, preliminary

data have been obtained. These data
are being restudied, using both PG and
TEG, by more precise technics so that
more accurate values will be available.
It may be seen, however, that at an

arbitrary temperature, i.e., 70.5° F.,
the vaporization of water-propvlene
glycol solutions results in constant con-

centrations of water and glycol vapor
in the air. Thus with high relative

1. The vapor-phase concentrations required
for air sterilization were completely free of
any fire hazard.

2. The presence of water in combination
with glycol greatly reduced its combustibility.
This was particularly significant, since samples
of condensed material from surfaces as cold
as -20° F. never contained more than 20
per cent glycol. It is impossible to ignite such
solutions even with prolonged application of
heat.

3. The introduction of small quantities of
water with glycol renders large storage tanks
relatively inactive as far as inflammability is
concerned.
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BEHAVIOR OF GLYCOL VAPOR IN

TEST ROOM

Two effective means of generation of
glycol vapor were developed and both
were used in our experimental room.

The first employed an atomizing prin-

ciple, and the second generated the
vapor by heating. Both methods
showed that glycol vapor when de-
livered into the space had little or no

tendency to stratify, it diffused readily
through the space and, if air exchanges
to outside spaces were kept to a mini-
mum, the concentration decreased at a

slow rate. There was evidence of a

slight amount of absorption on room

surfaces.
Since relative humidities of 35 to 45

per cent are desirable, condensation of
water and glycol vapor takes place on

cold surfaces, such as windows or poorly
insulated walls in cold weather. The
necessity for the maintenance of 35 to
45 per cent humidity also means that
water vapor must be introduced into
heated- spaces during periods of low hu-
midity, such as exist in winter. It has
been found that the addition of water
with introduced glycol can easily be
made.

APPARATUS FOR GLYCOL GENERATION

As mentioned before, two means of
glycol vapor generation were developed.
The first utilized atomization of glycol
water solutions of automatically con-

trolled concentrations. In this method
the solution is sprayed into a large
mixing chamber containing a system of
baffles to eliminate droplets. Equi-
librium takes place between, the air
passing through the chamber and the
sprayed solution. Complete and final
data on the operation of this device
have not as yet been obtained. How-
ever, the glycol water solution produces
a definite concentration of glycol and
water vapor in the air issuing from the
outlet. It may also be seen that if the
room air is recirculated through the

mixing chamber it will pick up only the
difference between its glycol content and
the maximum content. The maximum
possible glycol content depends on air
temperature and on the glycol concen-
tration of the atomized solution. When
final details and refinements have been
worked out, it will be possible to pro-
duce a vapor of constant concentration
controlled by the amount and tempera-
ture of the air being passed through the
atomized mixture and by the concen-
tration of the liquid being sprayed. It
should be observed that by fixing the
solution concentration, the glycol con-
tent in air can never exceed a
predetermined maximum at any room
temperature. Vaporization of some of
the atomized water also contributes to
raising the space humidity. This
method will probably be most applicable
in the case of existing air conditioning
systems with duct work in place.
The second type of apparatus de-

veloped was one in which water glycol
solutions were boiled at constant tem-
peratures. The concentration of the
vapor 'emitted is dependent upon
the glycol water concentration of the
solution and the rate of production of
vapor depends upon the rate of boiling,
i.e., rate of heat input. Both the boil-
ing temperature and the concentration
in the reservoir can be automatically
controlled. Thus, just as in the
atomizing (scrubber) device, one can
introduce controlled quantities of water
vapor in conjunction with controlled
quantities of glycol. This apparatus is
small, compact, and easily portable so
that it offers certain advantages over
the first method.

SUGGESTED INSTALLATIONS
Although natural air and convection

currents in a space tend to distribute
the vapor to a certain degree, it is felt
that some means of air agitation is very
desirable. In ordinary living spaces of
moderate capacity fairly uniform dis-
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tribution can be obtained by the use of
oscillating fans.
When larger installations are to be

made, particularly in large gathering
places, such as auditoriums and hos-
pital wards, the use of a duct system
plus a blower-type fan seems desirable.
In the typical layout of Figure 4 a duct
is located near the ceiling and at the
center of the room, fitted with outlet
grilles to allow uniform escape of glycol
laden air. The volume of air to be
moved is dependent upon the size of the
space and the number of individuals
present.

fresh and recirculated air should be
accurately controlled by means of
dampers.
The ultimate answer to the rate of

introduction of glycol vapor and water
vapor will, of course, be dependent upon
the rate of infiltration and exfiltration
of air from outside or adjacent spaces.

MEANS OF DETECTION OF GLYCOL VAPOR

The final apparatus for practical ap-
plication depends upon the development
of a device which will readily detect
adequate concentrations of glycol vapor
in the treated space. This should

'-FRESHAViR

FIGURE 4-Diagrammatic illustration of suggested duct layout for glycol vapor distribution

The two types of glycol generators
are shown, the atomizing (scrubber)
device being indicated by broken lines.
It may be seen that allowance is made
for introduction of outside (fresh) air.
Thus, all the air to be introduced must
pass through or by the incoming glycol
vapor and be mixed with it so that only
" glycolized air " issues from the out-
lets in the duct. For best operation the
room should be sealed as completely as
possible and the relative quantities of

operate in a manner similar to a thermo-
stat, turning the glycol generator off
or on in response to variations of glycol
concentration in the room. Preliminary
studies on several types of such devices
are being carried out but none are as yet
completely satisfactory. Thus, for our'
studies in living groups manual opera-
tion of the generator will be necessary.

* DISCUSSION AND CONCLUSIONS
The data already obtained indicate
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that the results secured in the labora-
tory should be equally applicable in
occupied spaces. As yet no conclusions
can be drawn as to whether bactericidal
concentrations of glycol in the air of
living spaces will significantly affect the
incidence of cross-infections of air-borne
disease. Other factors such as the
amount of dust in the air, the proximity
of one person to another and the viru-
lence of the infecting agent, all play a
r8le in cross-infection. However, one
would expect that the presence of a
" bactericidal curtain " surrounding each
individual would reduce the possibility
of that individual transmitting or re-
ceiving virulent organisms. Final con-
clusions must depend upon adequate

and well controlled field trials which are
now being organized.
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