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In our earlier studies of the bacteri
cidal activity of triethylene glycol vapor 
on air-borne microorganisms, measured 
amounts of glycol were rapidly evapo
rated into an experimental room con
taining atomized cultures of bacteria 
(1, 2). Chemical analysis of the air {3) 
immediately following such vaporization 
seldom yielded more than half the theo
retical concentration calculated on the 
basis of the amount of glycol vaporized. 
This suggested that there was a fairly 
rapid loss of glycol from the atmosphere 
due to condensation on various surfaces, 
including particulate matter in the air. 
In view of the fact that the analytical 
method required 15 minutes to collect 
sufficient air for analysis of the con
tained glycol, whereas both the rate of 
removal of glycol vapor from the atmos
phere and the bactericidal action of the 
vapor would occur within a few minutes 
or less, this method could offer only an 
approximate index of the dependence of 
bactericidal action on factors such as the 
concentration of glycol vapor, the tern-
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perature and the relative humidity of 
the atmosphere. 

The development of the glycostat ( 4, 
5), an instrument which can measure 
and automatically control the per cent 
saturation of glycol vapor in the air at 
any desired value and the construction 
of experimental rooms in which condi
tions of temperature and humidity could 
be kept constant (6), made possible pre
cise experimentation on the effects of 
these various parameters. 

The experiments which constitute the 
subject of this communication were de
signed to provide information on rate of 
bactericidal action of triethylene glycol 
vapor under varying environmental con
ditions. Such information is of great 
importance for application of this 
method of aerial disinfection to the pre
vention of air-borne disease, particularly 
in those situations where the transmis
sion of pathogens from donor to re
cipient is fairly direct. 

METHODS AND MATERIALS 

1. Experimental room. The experi
ments were carried out in a chamber of 
640 cubic feet capacity which has been 
described previously (6), in which the 
relative humidity could be adjusted to 
any desired value from 5 to 95 per cent 
and in which the temperature could be 
accurately controlled between the range 
of 50 to 100 F. Once a setting was made, 
both temperature and relative. humidity 
remained constant for long periods. 
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A centrally located constant-speed fan 
was run at 500 r.p.m., a rate which was 
found to produce adequate mixing of the 
air in the chamber. The glycol vapor
izer, which consisted of a 60-watt light 
bulb immersed in a beaker of glycol and 
surrounded by a brass cylinder open at 
the top, was placed below and immedi
ately adjacent to the fan in order to per
mit the vaporized glycol to be drawn 
into the draught of the fan and be uni
formly distributed throughout the cham
ber. Variations in output of the vapor
izer were obtained by changing the 
voltage of the lamp by a variable trans
former. The maximum temperature em
ployed for vaporization was 130 C. 

Bacterial suspensions were dispersed 
from a Graeser atomizer (7) mounted 
in the center of the chamber about 12 
inches above the fan. All experiments 
were performed with the same atomizer 
which delivered particles whose mass 
median diameter was 0.7 p. (8). The 
compressed air which operated the atom
izer was first passed through an acti
vated alumina "Lectrodryer" which de
humidified the air to a relative humidity 
of less than 5 per cent. The atomizer 
containing the bacterial suspension was 
weighed before and after spraying and 
the loss in weight determined. These 
weights varied between 0.35 and 0.40 
grams for the atomization of 1-minute 
duration at 100 millimeters of mercury, 
the standard time and pressure em
ployed in all the experiments. 

2. Preparation of the bacterial sus
pension. Because of the importance of 
obtaining uniform bacterial suspensions 
containing approximately equivalent 
numbers of microorganisms in the active 
growth phase, the following standard
ized technique was employed. The mi
croorganism principally studied, Strep
tococcus hemolyticus, group C, was 
passed intraperitoneally at monthly in-

tervals through white mice and kept 
stored in the refrigerator in blood broth. 
In preparation for an experiment, 0.1 
ml of the stock blood-broth culture was 
inoculated into 10 ml of heart-infusion 
broth containing added serum (2 per 
cent) and dextrose (0.5 per cent) and 
incubated for 7.5 hours at 37 C. Cul
tures of type 1 pneumococcus, a highly 
mouse- and rabbit-virulent strain (A11), 

were prepared by exactly the same pro
cedure, while the Staphylococcus albus 
employed, which was an old laboratory 
strain, was cultured in plain heart-in
fusion broth. 

The turbidity of each culture was de
termined photometrically and, by use of 
a standard calibration curve, the bac
terial concentration was adjusted by di
lution with heart-.infusion broth to the 
value selected as standard, namely 4 to 
5 x 108 cells per ml. Serial dilutions of 
this standardized suspension were al
ways plated on blood agar to determine 
the actual numbers of microorganisms 
present. Exactly 4.5 ml of the stand
ardized suspension were placed in the 
Graeser atomizer since it had been found 
that the quantity of fluid delivered dur
ing atomization varied with the level to 
which the atomizer was filled. 

3. Control of glycol saturation of the 
air. The degree of glycol saturation was 
determined and controlled in all of these 
experiments by use of the '' glycostat'' 
which had been previously calibrated for 
triethylene glycol ( 4, 5) . By the use of 
a recording milliammeter a continuous 
record of the concentration of glycol 
vapor in the air of the experimental 
room during the complete course of an 
experiment was obtained. By varying 
slightly the voltage to the vaporizer 
lamp, the rate of glycol vaporization 
could be adjusted for each experiment 
so. as to maintain the desired concentra
tion with a minimum of fluctuation. A 



BACTERICIDAL ACTION OF TRIETBYLENE OLYCOL 177 

control test accompanied each experi
ment, and was run with the chamber 
freshly cleaned so as to eliminate any 
condensed glycol. Under such condi
tions the glycostat gave a zero reading 
indicating the absence of glycol vapor in 
the air. Following the control run, the 
chamber air was scavenged thoroughly 
for 10 to 15 minutes, during which 5 to 
7 complete air changes swept through 
the chamber. The vaporizer was then 
placed in the chamber and sufficient 
voltage supplied to produce a gradual 
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FIGuu 1. "Glycostat" reeord made with 
Esterline-An.gua milliammeter attached to gly
eostat. Eaeh horizontal line represents 15 
minutes. 

rise in the glycol concentration. When 
the desired per cent glycol saturation 
was reached, the vaporizer output was 
stabilized at this level. A record of gly
col vapor concentration is exhibited in 
figure 1 and a typical experimental pro
tocol is shown in table 1. Following each 
test all the surface~ of the chamber were 
washed with 70 per cent alcohol and the 
air scavenged as described above. 

4. Determination of bacterial cot~.tent 
of the air of the experimet~.tal room. 
Two techniques of air sampling were 
employed in each experiment. 

a. Bubbler samplers which have been 
described previously (9) collected bac
teria by passing air at the rate of 1-cubic 
foot per minute through broth contained 
in a large test tube and to which several 
drops of sterile olive oil were added as 
an antifoaming agent. Each sampler 
ran for a total period of 5 minutes and 
then aliquots were plated out and incu
bated for 18 hours. The colonies were 
counted and the number of bacteria per 
cubic foot calculated. The time se
quence of the bubbler samplers was the 
same for both control and test experi
ments as shown in table 1. 

b. The second type of sampling device 
used was that of the settling plates. 
Blood-agar plates were exposed for 5 
minutes in the same time sequence as 
the bubbler samples, incubated and the 
number of colonies counted. The par
ticular usefulness of the settling plate 
lay in the fact that it collected a greater 
proportion of the larger droplets than 
did the bubbler which was more selec
tive for the small droplets (6, 10, 11).5 

6 That settling plates actually recover a much 
greater proportion of larger particles was 
clearly demonstrated by tests in which baeteria 
sprayed into the experimental chambers were 
sampled simultaneously with bubbler samplers 
and with settling plates. It waa found that if 
the average particle size of the bacterial drop· 
lets was increased (through the use of coarser 
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TAJILE 1 

Rau at which hemolytic &treptococci, group C, are killed by triethylene glyool at 40 per cent &aturation 
with relative humidity and temperature of f4 per cent and 76 F, rupectively 

Control TEG• 4a per cent saturation 

Time at which 
Bacteria rceovercd by Bacteria recovered by 

samples were 
t&kon Broth bubbler Sottli,. plate (min.) . 

Broth bubbler Settling 
(per cubic fool plate 

Total of air) total Per cent Per cent (per culnc foot survivors Total survivors ola•r) 

-
0 4,000 123 702 11 33 27 
1 6,540 . ll8 147 2 23 19 
2 7,280 126 53 <1 10 8 
3 7,280 114 0 0 5 4 
4 5,600 122 1 <0.01 3 2 
6 5,720 91 0 0 0 0 

10 5,300 124 0 0 1 1 
15 4,471 92 0 0 0 0 

• TEG = triethylene glycol. 

It was felt that the use of both these 
methods of collecting bacteria from the 
air would provide more accurate infor
mation than either one alone. 

5. Interpretation of experimental 
data. In order to compare the results of 
a large number of experiments con
ducted under differing conditions it be
came necessary to devise a means of ex
pressing simply and concisely the rate of 
bacterial kill for each experiment. To 
this end the number of bacteria per 
cubic foot obtained from the bubbler 
samples and the total counts of the set
tling plates were charted on semi-loga
rithmic paper. As described previously 
(12) , the points obtained in a single ex
periment, for each type of sampling de-

atomizers and by incorporation of small amounts 
of glycerin in the suspending medium) the 
ratio of the numbers of microorganisms reeov· 
ered by the settling plates as compared to those 
captured by the bubbler also increased. It 
proved possible to vary the relative recovery of 
these two types of samplers several hundred
fold, simply by controlling the particle size of 
the bacterial aerosol. 

• 

vice used, fell on a straight line, the 
slope of which, K , could be calculated 
from the equation : 

No K LogtoN, = t 

where Nt and No represent the numbers 
of microorganisms present in samples 
taken at the times t and o, respectively. 
The K value for bubbler and settling 
plate samples was determined in each 
experiment, both for control and test 
runs, and was found to be a reproducible 
expression of the rate of death of the 
microorganisms. An example of the 
transformation of the results of a given 
experiment into the value K is shown in 
figure 3. 

In view of the recent observations of 
Dunklin and Puck (12) that the death 
rate of microorganisms suspended in 
moist particles in the air is profoundly 
influenced by variations in the atmos
pheric humidity, particularly in the 
range of 50 per cent relative humidi~y 
(a finding amply confirmed in the pres-
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ent study), it seemed advisable to sub
tract from the K value of each test, the 
K observed in the corresponding control 
experiment in order to obtain an expres
sion of the rate of kill due solely to the 
bactericidal action of the glycol vapor. 
Under conditions in which the action of 
the triethylene glycol was optimal, the 
lethal effect of relative humidity per se 
was found to be greatly overshadowed 
by that of the glycol but where the ac
tion of tricthylene glycol was minimal, 
the effect of humidity was often appre
ciable. Thus, without correct ion of the 
K values a true comparison of the effects 
of glycol vapor at varying relative hu
midities would not be possible. 

EXPERIMENTAL 

Protocol of a typical expe1·iment. The 
two parts of each experiment (first the 
control, then the test), were carried out 
with equal quantities of the same bac
terial suspension under identical condi
tions of temperature, humidity and air 
movement. All the procedures were 
standardized as described above. The 
data presented in table 1 are represen
tative of the bactericidal action of tri
ethylene glycol on hemolytic strepto
cocci, group C under optimum conditions 
of glycol saturation, relative humidity 
and temperature.8 In calculating the 

e It will be noted that tbe numbers of bacteria 
recovered by successive bubbler samples (of 5-
minute duration) from the air of the control 
or uonglyc.olized atmosphere showed an increase 
to a maximum in the third sample taken at 2 
minutes. Thill phenomenon, which WIIB com· 
monly observed, is due to the fact that atomiza
tion of the bacterial suspension was .oeeurring 
during part of the time during which the first 
sample waa taken so that, in effect, this sam

pling period was shorter than the subsequent 
ones. The settling plate counts, on the other 
hand, tended to be maximal in tho first 2 or 3 
samples, probably because the very large par
ticles released during atomization quickly settle 
out of the air. 

percentage of survivors of the test ex
periment, an average of the first 5 con
trol samples was employed. The bac
tericidal effect of the glycol vapor, as 
shown by the bubbler samples in par
ticular, was very rapid. The initial 
sample, begun during the period of 
atomization of the bacteria, collected 
only 11 per cent of the number of 
streptococci recovered from the first 
sample in the preceding control test. By 
3 to 4 minutes the air samples were es
sentially sterile. It will be noted that 
streptococci disappeared more rapidly 
from the bubbler samples than was the 
case with the settling plates. This may 
be interpreted as indicating a greater 
effect of the glycol on the smaller bac
terial droplets collected by the bubblers. 

Presentation of data. The data given 
in table 1 may be graphed and pre
sented in several ways. The percentage 
of surviving microorganisms at succes
sive time intervals is exhibited in figure 
2 which shows quite clearly the differ
ence in disappearance rates of strepto
cocci from the air as sampled by the 
two methods. SteriJity of the air, how
ever, was demonstrated at the same time 
(6 minutes) by both bubblers and plates 
(table 1). 

The rate of kill in terms of numbers 
of microorganisms is best expressed in 
terms of the slope of the survival curve 
charted on logarithmic paper as in fig
ure 3. In plotting the bacterial counts 
made from the air samples taken at 
successive intervals, the point on the 
time scale chosen for each sample was 
that of the median period of the dura
tion of the sampling. Thus, the number 
of bacteria per cubic foot of air recov
ered in the bubbler sample which began 
at zero time was plotted at 2.5 minutes, 
the second samp]e which extended from 
1 to 6 minutes was plotted at 3.5 min
utes, etc. The plate counts were simi-
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FIGURE 2. Percentage of surviving microorganisms at successive time intervals at 40 per cent 

saturation of the air with triethylene glycol and 24 per cent relative humidity. 

larly treated. The best straight line 
through the points determined the slope 
as shown in figure 3. The results of the 
K values on the control plate counts and 
on the test bubbler samples and test 
plate counts are also shown in figure 3. 

The results of another experiment, in 
which the atmospheric conditions w~re 
not optimum for the bactericidal effect 
of the glycol, are shown in figure 4. 
Employing a slightly higher per cent 
saturation of glycol than used in the test 
exhibited in figure 3, but in an atmos
phere of 70 per cent relative humidity 
instead of 24 per cent, a much slower 
rate of bacterial kill was obtained. The 
K value for the bubbler samples is ap
proximately one-fifth that of the value 
shown in figure 3. For relative hu-

midities of 60 per cent and above, cor
rection of the K value for the death rate 
in the absence of glycol is important 
since the slopes of the test and control 
experiments are much less widely sepa
rated than at lower humidities. The 
K values for test and control settling 
plates are essentially the same, indicat
ing absence of glycol effect on droplets 
collected by this method. 

Influence of relative humidity on the 
rate of bactericidal action of trietkylene 
glycol vapor at varying percentages of 
atmospheric saturation. About 400 ex
periments, in which the effects of differ
ent per cent saturations of triethylene 
glycol from 15 to 100 at relative hu
midities varying from 6 to 80 per 
cent, were conducted at temperatures 
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of 72 to 76 F as described in the fore
going section. For the most part varia
tions of glycol saturation and relative 
humidity were tested in steps of 10 but 
in some instances smaller intervals were 
employed. The whole range of humidi
ties was not studied for every per cent 
glycol saturation for reasons that will 
become apparent later in the discussion. 

However, a sufficient number of com
binations was tested to give what we 
consider is an adequate picture of the 
activity of triethylene glycol vapor as 
affected by atmospheric humidity. 
Each experiment was repeated at least 
once and usually 2 or 3 times, and the 
figures given represent averaged results. 

The rates of bactericidal action, ex-
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pressed in corrected K values, were 
plotted as shown in figures 5 and 6 for 
6 representative glycol saturations.7 

1 The uneven distribution of the saturations 
chosen between 15 and 100 per cent was in
ftueneed by the selection of 60 and 70 per eent 
as those concentrations which have been found 
most suitable for use in inhabited spaces. 

These two graphs demonstrate clearly 
the profound effect which variations in 
the quantity of atmospheric moisture 
have on the bactericidal activity of tri
ethylene glycol vapor for group C hemo
lytic streptococci. The rate of kill is 
greatest when relative humidity is be
tween 15 and 40 per cent. Then, as 
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the humidity is increased progressively 
from 40 to 60 per cent there occurs a 
marked and progressive diminution in 
the effect of the glycol which is most 
pronounced between 50 and 60 per cent 
relative humidity. Above 60 per cent 
relative humidity, the killing action of 
the glycol is relatively slow even for 
atmospheres saturated with the vapor. 
As indicated by the bubbler samples 
(figure 5) the ratio between the log
arithmic rate of kill at 25 per cent and 
at 60 per cent relative humidity is ap
proximately 6 to 1. In terms of num
bers, the time required for death of 90 
per cent of the streptococci by glycol 
vapor at 40 per cent saturation, for ex
ample, is 2 minutes at 25 per cent rela
tive humidity and 10 minutes at 70 per 
cent relative humidity. These relation
ships are shown in figures 3 and 4. The 

0.6S 

0.110 

0.55 70Y. 
1001(. 

~ 

z 0.45 
0 
-(/) ._w 0. 0::> 
ct..J 
..Jet 0.36 
<l> 
0 
0~ 0 

4 

a::z 
W- 0.2!1 ._0 
ow 
<l(/) 20!. 
m<ll 
u..w 
oa:: 0.15 wa. ._x 
<lw 0.10 
a:: 

0 
15'-

bactericidal action of triethylene glycol 
vapor at 60 or 70 per cent relative hu
midity on droplets collected by the 
settling plates, was almost nil (figures 
4 and 6) . 

In an attempt to depict in more con
cise form, the rate of bactericidal action 
as influenced by per cent saturation of 
glycol and relative humidity, a nomo
gram based on the time required for 
death at 90 per cent of the streptococci 8 

was constructed. These figures were 

s Any other per cent kill might have been 
equally well chosen for this purpose ; 50 per 
cent, for example. However, in relation to im· 
plications for aerial disinfection, death of 90 
per cent of the bacteria has considerably more 
significance than less complete killing. It was 
not practical to choose sterility of the air as an 
end point since this was not achieved within the 
time limits of the experiment under conditions 
unfavorable for the action of the glycol. 
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group C, at various per cent saturations of triethylene glycol vapor. Data obtained from 
bubbler samples. 
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plate samples. 

taken from the logarithmic plots of the 
bacterial counts of the bubbler samples 
since it seemed probable that the results 
of this method of sampling provided a 
more significant estimate of the bac
tericidal action of the glycol vapor in 
relation to air-borne infection than did 
the results of the settling plates which 
are selective for the larger and more 
rapidly falling bacterial particles. 
However, it should be pointed out that 
analysis of the settling plate data 
yielded results comparable to, but of a 
somewhat different order of magnitude 
from those provided by the bubbler 
samplers. From the nomogram, exhib
ited in figure 7, it is possible to ascer
tain at a glance the optimum ranges of 
triethylene glycol vapor saturation and 
relative humidity as well as the limita
tions which these two factors place on 
the rate of action of the glycol. With a 

relative humidity of 50 to 60 per cent, 
for example, the nomogram shows that 
no matter how high the glycol satura
tion, 90 per cent killing of air-borne bac
teria cannot be achieved within less than 
6 to 10 minutes. To secure more rapid 
bactericidal action the relative humidity 
must be lowered. On the other hand, 
with rising humidity, up to 55 per cent, 
the maximum rate of kill can be main
tained provided the per cent glycol 
saturation is progressively increased. 
Very low relative humidities, i.e. below 
15 per cent (see figure 5 for details), 
are likewise seen to be a limiting factor. 

Effect of temperature on rate of bac
tericidal action. A series of experi
ments was carried out at 84 F in which 
30, 60 and 90 per cent saturations of 
triethylene glycol were tested at 30, 50 
and 70 per cent relative humidities, re
spectively. The results obtained fol-
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lowed the same general pattern as did 
those of similar tests performed at 72 to 
74 F (figures 5 and 6} but the rates of 
kill were approximately 50 per cent 
greater. 

That this effect was due to enhanced 
activity of the glycol and not to more 

. rapid death rate of microorganisms 
atomized into the air at the higher tem
perature, is shown by the fact that the 
K values or logarithmic slopes of the 
control experiments conducted at 72 F 
are essentially the same as those carried 
out at 84 F for similar relative humidi
ties. Lowering the temperature, on the 
other hand, to 64 F resulted in only a 
slight reduction in the rate of bacteri
cidal action. 

Tests with pnettmococci and staphylo
cocci. In order to determine whether 
the bactericidal activity of trietbylene 
glycol for microorganisms other than 
hemolytic streptococci group C was in
fluenced by relative humidity and per 
cent saturation of glycol in a manner 
similar to that described above, a series 
of experiments on pneumococcus type 1 
and StaphylococcttS albus were carried 
out. Three glycol saturations, 20, 40 
and 70 per cent, were tested at 3 rela
tive humidities of 20, 50 and 70 per cent. 
The results of these experiments re
vealed the same relationships between 
per cent saturation of glycol, relative 
humidity and rate of kill as found with 
group C hemolytic streptococci. The K 
values for pneumococci with some ex
ceptions coincided quite closely with 
similar points on figures 5 and 6. In 
the case of staphylococci, however, the 
rate of kill was about half that exhibited 
by streptococci and pneumococci. 

DISCUSSION 

The general shape of the survival 
curves of microorganisms in atmos
pheres containing varying quantities of 

triethylene glycol vapor and water 
vapor is that to be expected on the basis 
of the considerations concerning the 
mechanisms of action, previously dis
cussed (13). From the equation which 
was derived, 8 one would predict that at 
any given relative humidity, increasing 
the concentration of glycol vapor in the 
air will increase the rate of bactericidal 
action. Figures 5 and 6 bear out this 
behavior. Similarly, at high relative 
humidities, the bactericidal action of 
glycol vapor should be diminished, be
cause with increasing humidity, the pro
portion of glycol in the condensate 
which deposits on the air-suspended 
droplet decreases. This, too, is ob
served experimentally. 

The theoretical equation fails to pre
dict the decreased bactericidal action at 
low relative humidities, even when high 
glycol concentrations are employed. 
This discrepancy has been discussed 
earlier (13) and attributed to a failure 
of condensation to be initiated upon the 
completely desiccated bacterial particles 
which result. when the atmospheric rela
tive humidity is lowered sufficiently. A 
more detailed consideration of the 
course of events at low humidities will 
be presented later, together with a quan
titative comparison between the experi
mentally observed killing action and 
that predicted by the theory. 

The curves of rate of bactericidal ac
tion shown in figures 5 and 7 should not 

t Ng "" S { 1 - !!) where N g is the con· 

centration of bactericide condensed in the drop· 
let surrounding the air-suspended microorgan· 
isms; S is the degree of saturation of germi· 
cidal vapor in the air, defined as the ratio of 
the amount of vapor present to its saturation 
concentration at the prevailing temperature and 
relative humidity; RH is the atmospheric rela
tive humidity; and 'Y H ,o is the activity co· 
efficient of. water in the solution which forms 
about the microorganism (13). 
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FIGURE 7. Nomogram demonstrating the relationship of various saturations of triethylene 
glycol and relative hwniditics in terms of the time required to kill 90 per cent of the air·borne 
organisms. These values express the differing survival rates for Streptococcus hemolyticua, 
group C, as determined by the bubbler samples under the conditions described in the text. 

be interpreted to signify that the lethal 
effect of triethylene glycol vapor is com
pletely inhibited by relative humidities 
of 60 per cent or above. On the con
trary, considerable killing of air-borne 
bacteria can be produced at relative 
humidities of 70 per cent and even 80 
per cent if the microorganisms are pres
ent in very small droplets (figure 5, 
bubbler sampler data). The bacterici
dal activity of triethylene glycol vapor 
shown in :figure 5 at relative humidities 
from 60 to 80 per cent represents death 
of 90 per cent of the air-suspended bac
teria occurring in about 10 minutes. 
However, the larger bacteria-bearing 
droplets, as collected in proportionately 
greater numbers by the settling plates, 
are practically unaffected by the glycol 
when the relative humidity reaches 60 

per cent (figure 6). Thus, humidity 
does limit not only the rate of action but 
also the eventual bactericidal effect of 
triethylene glycol. The size limits of 
bacterial droplets which are susceptible 
to the action of glycol vapor have not yet 
been determined. 

In a previous study of propylene gly
col (14) it was found that variations in 
relative humidity exerted a pronounced 
effect on the bactericidal activity of this 
compound. The middle range of hu
midities appeared to be most favorable 
and both high and low relative humidi
ties less favorable for maximum killing 
of bacteria. However, even at very low 
humidities propylene glycol was found 
to be highly bactericidal if present in 
sufficiently high concentrations. These 
earlier experiments on propylene glycol 
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cannot be compared in detail with those 
of the present study on triethylene gly
col since the precise techniques employed 
currently were not then available. No 
further study of the effect of relative 
humidity on propylene glycol has yet 
been made. 

SUMMARY 

A study was made of the rate at which 
freshly atomi7..ed bacteria are killed by 
triethylene glycol vapor under varying 
conditions of atmospheric humidity and 
per cent saturation of the air with gly
col vapor. By means of specially con
structed experimental rooiDS and the 
glycostat it was possible to maintain the 
temperature, relative humidity and the 
degree of glycol vapor saturation at any 
desired value. The microorganism prin
cipally studied was Streptococcus hemo
lyticus, group C. Pneumococcus type 
1 and Staphylococcus albus were also 
employed. Determinations of the bac
terial content of the air were made by 
means of the bubbler sampler and blood
agar settling plates. The bacterial 
counts per cubic foot of air or per set
tling plate were plotted on semi-loga
rithmic paper and fell on a straight line. 
The rate of kill, K, was calculated from 
an equation employing the logarithms 
of the numbers of bacteria in samples 
taken at successive time intervals. 

It was found that under optimum 
conditions (15 to 40 per cent relative 
humidity and 40 to 100 per cent satura
tion of glycol vapor at room tempera
ture) bactericidal action was very rapid. 
Eighty to 90 per cent of the bacteria 
were killed within the first minute or 
two of exposure and by 3 or 4 minutes 
the air samples were essentially sterile. 
The rate of kill at any relative humidity 
between 5 per cent and 55 per cent rose 
progressively with increasing per cent 
saturation of glycol vapor. A.s the rela-

tive humidity was increased beyond 50 
per cent a rapid diminution in the rate 
of bacterial killing occurred with any 
given per cent saturation of glycol vapor. 
At 60 per cent relative humidity the rate 
of kill was one-fifth to one-sixth that of 
the optimum occurring at lower humidi
ties. These data are presented in the 
form of a nomogram. 

Comparison of results of collection of 
bacteria by bubbler samplers and 
settling plates brought out the finding 
that the glycol effe.ct on the larger bac
terial droplets, selected particularly by 
the settling plates, is inhibited at rela
tive humidities of 60 per cent or above, 
while the bacteria in smaller particles, 
captured in the bubblers, are still sus
ceptible to the lethal effect of the glycol 
at relative humidities up to 80 per cent 
but killing proceeds at a much reduced 
rate. 
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