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ABSTRACT

Introduction: Surgical site infections (SSIs) remain the most common health care associated infections in the surgical
population. Preoperative surgical preparation solutions containing alcohol are believed to be best at eradicating skin
microorganisms. The efficacy of alcohol is concentration dependant, with a concentration of greater than 60% most
bactericidal. Surgical antisepsis guidelines do not stipulate how long alcoholic preparation solutions can be left out prior
to use. Method: 30 ml of Alcoholic lodine (lodine 1% in Alcohol 70% (v/v)) and Alcoholic Chlorhexidine (Chlorhexi-
dine 2% in Alcohol 70% (v/v)) were left to stand in gallipots in an operating theatre equipped with laminar flow. Sam-
ples were taken at 0, 30, 60 and 120 minutes and the alcohol content was analyzed. The experiment was repeated 3
times for each time interval. Results: The Alcoholic lodine group demonstrated significant decrease in alcohol concen-
tration, from a mean of 76% (SD 3.6) to a mean of 37.7% (SD 2.9) in only 30 minutes. This effect was sustained,
reaching a mean concentration of 26% (SD 2.9) alcohol at 120 minutes. The Alcoholic Chlorhexidine group did not
exhibit the same degree of concentration drop, the concentration dropped marginally to 71.5% (SD 2.7) at 120 minutes
from 83.4% (SD 0.4). Conclusion: Alcoholic lodine exhibits significant evaporation under operating room conditions
after 30 minutes. Alcoholic Chlorhexidine does not appear to undergo similar losses in concentration. We recommend
that alcoholic surgical preparation solutions must be poured immediately prior to use, and must be discarded if left un-
covered for more than a few minutes.
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1. Introduction microbial counts on skin, but has no persistent activity,
and is therefore most effective when combined with agents
that exhibit residual antimicrobial effect [1,4,7].

Alcohol concentrations of 70% (v/v) are recommended,
as the bactericidal effect of alcohol decreases below this

concentration [4]. Morton investigated the relationship of

Despite multiple clinical interventions throughout the
perioperative process, surgical site infections (SSlIs) re-
main the most common health care associated infections
in the surgical population. SSIs impose a significant fi-
nancial burden on health care systems and adversely ef-

fect morbidity and mortality of patients undergoing sur-
gical procedures [1-3].

Current measures to reduce the risk of SSls include
face masks, hand washing, gowning and gloving, air fil-
tration techniques, antibiotic prophylaxis and patient skin
decontamination [1,3]. While there is insufficient evi-
dence in the literature to support the use of one skin an-
tiseptic over another, there is reasonable consensus that
alcohol based solutions are most effective in the preven-
tion of SSlIs [2,4-7]. The U.S. Centers for Disease Con-
trol (CDC) has labeled it “the most effective and rapid-
acting skin antiseptic” for preventing SSIs [2]. Alcohol
provides the most rapid and greatest reduction in initial
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alcohol concentration on bactericidal activity [8], and
found that a concentration of greater than 60% (v/v)
eradicated Streptococcus pyogenes and Staphylococcus
aureus species in less than 10 seconds, while a concen-
tration of less than 40% (v/v) required 45 and 60 minutes
for each organism respectively. The concentration related
efficacy of alcohol on bactericidal activity was demon-
strated more recently by Kampf, who reported superior
bactericidal activity in higher concentration hand anti-
septics [9].

Alcohol is known to be volatile, and while most guide-
lines warn against flammability, and recommend sealing
of alcohol containers [4,7], we could not find any guide-
lines that stipulate how long alcoholic surgical antiseptic
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solutions can be left in the preparation bowl (gallipot)
prior to use. This included the manufacturer guidelines,
our local hospital guidelines and state/international guide-
lines for surgical site antisepsis [4,7].

There are many reasons why surgical cases can be de-
layed including surgical, anaesthetic, nursing and patient
factors. These delays can be lengthy, and sometimes oc-
cur after surgical sets have been prepared—and surgical
preparation solution has been poured. We hypothesized
that there may be significant, time-dependant evaporation
of the alcohol in surgical preparation solutions prior to
use. If the concentration decreases significantly, it could
markedly affect the bactericidal activity of the solution.

The purpose of this study was to measure the concen-
tration of alcohol in Alcoholic lodine (lodine 1% in Al-
cohol 70% (v/v): ORION Laboratories Pty Ltd) and Al-
coholic Chlorhexidine (Chlorhexidine 2% in Alcohol
70% (v/v): ORION Laboratories Pty Ltd) solutions after
evaporation for half hour increments up to two hours. We
chose to investigate these solutions as they are the two
most commonly used at our organization for preoperative
skin antisepsis, and are two of the most widely recom-
mended in the literature [1,4,5,10-14] .

2. Method

We set up three 120 ml gallipots, 50 cm apart, on a stan-
dard 92 cm high surgical trolley in an empty operating
room with laminar flow activated, with the temperature
set at 20 degrees Celsius (68 degrees Fahrenheit).

30 ml of Alcoholic lodine (lodine 1% in Alcohol 70%
(v/v): ORION Laboratories Pty Ltd) was poured into
each of the gallipots (from 3 separate sealed bottles) and
left to stand for 30 minutes, after which a 2.5 ml sample
was drawn up from each gallipot and transferred into
separate 2.5 ml test-tubes with sealable lids. The remain-
der of the solutions was discarded.

Three new Alcoholic lodine solutions were opened
and 30 ml was poured into a new set of three gallipots,
which were left to stand for 60 minutes, after which a 2.5
ml sample was collected from each and sealed as de-
scribed above. This was repeated again at 120 minutes.

The same procedure was undertaken with Alcoholic
Chlorhexidine (Chlorhexidine 2% in Alcohol 70% (v/v):
ORION Laboratories Pty Ltd), at 30, 60 and 120 min-
utes.

Three sets of 2.5 ml were taken from three new bottles
of Alcoholic lodine and Alcoholic Chlorhexidine, and
immediately sealed in three separate 2.5 ml test-tubes—
in order to validate our results at time “0”.

New syringes and gallipots were used for each phase
of the experiment, to ensure that there was no mixing of
different concentrations of solutions. New bottles of Al-
coholic Chlorhexidine and Alcoholic lodine were used
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for each gallipot to ensure that no alcohol evaporated
from opened bottles between experiments, and that a
different bottle was used for each individual experiment.

The 24 sealed 2.5 ml test-tubes were labeled and
transported to our organization’s pathology research la-
boratory, where the alcohol concentration of each was
measured using a Beckman Coulter SYNCHRON DXC800
(Beckman Coulter Diagnostics: Sydney, Australia).

Institutional review board (IRB) approval was not re-
quired as no human participants were involved in the
study.

3. Results

The Alcoholic lodine group demonstrated significant de-
crease in alcohol concentration, from a mean of 76% (SD
3.6) at time “0” to a mean of 37.7% (SD 2.9) in only 30
minutes. This decrease was sustained reaching a mean of
26% (SD 2.9) at 120 minutes. The average standard de-
viation for the Alcoholic lodine groups was 2.6. This
data is summarized in Table 1 and Figure 1.

The Alcoholic Chlorhexidine group did not exhibit the
same degree of concentration drop, maintaining a mean
concentration of 84.3% (SD 1.3) at 30 minutes, from
83.4% (SD 0.4) at time “0”. The concentration dropped
marginally to 71.5% (SD 2.7) at 120 minutes. The aver-
age standard deviation for the Alcoholic Chlorhexidine
groups was 2.2. These results are summarized in Table 2
and Figure 2.

4. Discussion

Findings from our study indicate that Alcoholic lodine

Table 1. Alcohol concentration (iodine 1% in alcohol 70%
VIv) vs. time.

Alcohol concentration (% v/v)
Time Mean alcohol

Standard

(min) Sample Sample Sample conc. (% v/v) deviation (SD)
setl set 2 set3

0 73.2 80.1 74.7 76.0 3.6

30 34.3 39.2 395 37.7 2.9

60 35.2 34.6 33.1 343 1.1
120 273 22.6 28.0 26.0 2.9
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Figure 1. Alcohol concentration (iodine 1% in alcohol 70%
V/v) vs. time.
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Table 2. Alcohol concentration (chlorhexidine 2% in alco-
hol 70% v/v) vs. time.

Alcohol concentration (% v/v)
Time Mean alcohol

Standard

(min) Sample Sample Sample conc. (% v/v) deviation (SD)
setl set 2 set 3

0 83.5 83.7 83.0 83.4 0.4

30 835 83.5 85.8 84.3 1.3

60 745 73.7 66.6 71.6 44
120 73.6 724 68.4 715 2.7
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Figure 2. Alcohol concentration (chlorhexidine 2% in 70%
alcohol 70% v/v) vs. time.

solution (lodine 1%, Alcohol 70% v/v) exhibits signifi-
cant evaporation of the alcohol component to less than
40% alcohol when left in a gallipot for only 30 minutes.
This concentration of alcohol could take up to 45 and 60
minutes to eradicate Streptococcus pyogenes and Staphy-
lococcus aureus species respectively [8].

The same concentration drop was not seen in the Al-
coholic Chlorhexidine solutions, which maintained a
mean alcohol concentration of 71.5% (SD 2.5) after be-
ing exposed to the same conditions for 2 hours.

It is not clear why the Alcoholic Chlorhexidine solu-
tions did not demonstrate the same trend, possibilities
include:

1) The Alcoholic Chlorhexidine solutions we sampled
may have contained a higher alcohol concentration to
begin with.

Our mean concentrations at time “0” were 83.4% (SD
0.4) for Alcoholic Chlorhexidine versus 76.0% (SD 3.6)
for Alcoholic lodine. In addition, the composition infor-
mation sheets from the supplier (ORION Laboratories
Pty Ltd) list a proportion of “70% Alcohol (v/v)” for
Alcoholic lodine and “>60% Alcohol (v/v)” for Alco-
holic Chlorhexidine, indicating that the concentration of
alcohol may be slightly variable in these solutions.

The scientific literature indicates that in an ethanol-
water mixture, the rate of each component’s evaporation
is different, and that the ethanol component’s evapora-
tion rate increases as the concentration of alcohol de-
creases [15]. This means that the evaporation of the al-
cohol component would be faster in solutions with lower
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alcohol concentrations, and this effect would be com-
pounded as time progressed.

2) The Alcoholic Chlorhexidine solution may have
decreased volatility compared with the Alcoholic lodine
due to differing chemical structure and bonds.

3) The apparent difference may be due to observa-
tional error, however this is unlikely given the repro-
ducibility of each result three times and consistent nar-
row standard deviations.

5. Conclusions

1) Alcoholic lodine (lodine 1%, Alcohol 70%) solu-
tions exhibit significant evaporation to less than 40%
alcohol when left in a gallipot under operating room con-
ditions for 30 minutes.

This effect is sustained, reaching a mean concentration
of 26% (SD 2.9) alcohol at 120 minutes.

2) The time after which Alcoholic lodine begins to
significantly lose alcohol concentration is unknown.

3) Alcoholic Chlorhexidine (Chlorhexidine 2%, Alco-
hol 70%) does not appear to undergo significant losses of
alcohol concentration secondary to evaporation after 120
minutes under operating room conditions.

Based on these observations, we recommend that al-
coholic surgical preparation solutions must be poured
immediately prior to use, and surgical antisepsis guide-
lines should explicitly state this. We also believe that
alcoholic preparation solutions left in a gallipot for more
than a few minutes prior to use must be discarded, and a
new solution opened immediately prior to use.

5.1. Limitations

The main limitation of our study is the relatively small
sample size, which precludes statistical significance—
meaning that we cannot prove that our results did not
occur by chance. However, based on our rigorous ex-
perimental design, and narrow standard deviations through-
out the results, we feel that the results are valid.

5.2. Recommendations for Future Research

Further studies on this topic should incorporate a larger
sample size, in order to achieve statistical significance.
They could also investigate alcohol concentration after
shorter periods of evaporation (e.g. 10, 20 minutes), in
order to delineate a “safe” period, after which the solu-
tion must be discarded. There is also scope to further
investigate the evaporation of Alcoholic Chlorhexidine
solutions, to confirm whether these solutions exhibit less
alcohol concentration loss due to evaporation.
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