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Effects of 4 Hand-Drying Methods for Removing Bacteria From
Washed Hands: A Randomized Trial
DANIEL R. GUSTAFSON, MT(ASCP); EMILY A. VETTER, BA; DIRK R. LARSON, MS; DUANE M. ILSTRUP, MS;
MYRON D. MAKER, BS; RODNEY L. THOMPSON, MD; AND FRANKLIN R. COCKERILL III, MD

• Objective: To evaluate the effects of 4 different drying
methods to remove bacteria from washed hands.
• Subjects and Methods: One hundred adult volunteers
participated in this randomized prospective study. All bacterial counts were determined using a modified glove-juice
sampling procedure. The difference was determined between the amounts of bacteria on hands artificially contaminated with the bacterium Micrococcus luteus before
washing with a nonantibacterial soap and after drying by 4
different methods (cloth towels accessed by a rotary dispenser, paper towels from a stack on the hand-washing
sink, warm forced air from a mechanical hand-activated
dryer, and spontaneous room air evaporation). The results
were analyzed using a nonparametric analysis (the Fried-

man test). By this method, changes in bacterial colonyforming unit values for each drying method were ranked
for each subject.
• Results: The results for 99 subjects were evaluable. No
statistically significant differences were noted in the numbers of colony-forming units for each drying method
(P=.72).
• Conclusion: These data demonstrate no statistically
significant differences in the efficiency of 4 different handdrying methods for removing bacteria from washed
hands.
Mayo Clin Proc. 2000;75:705-708
CFU = colony-forming unit

SUBJECTS AND METHODS
Study Subjects and Sample Size
The study was approved by the Mayo Clinic Institutional Review Board and was conducted from October 7,
1996, through January 21, 1997. Potential recruits for the
study were excluded if they had acute or chronic nail or
skin disorders, including eczema, or were considered by an
examining physician to have compromised immunity. One
hundred healthy adults older than 18 years were ultimately
enrolled in the study after formal consent was obtained.
This number was chosen following the results of a pilot
study.
For the pilot study, the hands of volunteers were artificially contaminated with the bacterium Micrococcus luteus
(the hand contamination procedure is described below).
The SD of the difference in colony-forming units (CFUs)
among 4 hand-drying methods in the prewash to postdry
changes was estimated to be 5.27 × 107. Based on these
results, it was determined that a sample size of 100 subjects
would provide at least 90% power to detect a mean difference in the change in CFUs between any 2 of the 4 drying
methods that is greater than or equal to 1.7 × 107 CFUs
(α=.05; β=.10). This is equivalent to an effect size of 0.32,
which is considered to be between a small and medium
effect size.23 Alternatively, in the case of nongaussian data
where the analysis would not involve a comparison of the
means, 100 subjects would provide at least 90% power to
detect a difference in the proportion of subjects having a

H

and washing is the single most important procedure
in hospital infection control. Many studies reported
in the medical literature have shown that disease-causing bacteria are carried on the hands of health care workers.1-9 Good hand-washing techniques can prevent the
spread of these bacteria to patients.3-8 Many studies have
also demonstrated the usefulness of antibacterial soaps
and the physical washing of the hands to remove bacteria.10-19 Fewer studies have been reported that evaluated
the effect that drying the hands has on removing bacteria.20-22 The purpose of the present study was to determine the difference between the amount of bacteria on
the hand before washing and after drying with 4 different hand-drying methods: cloth towels accessed by a
rotary dispenser, paper towels from a stack on the
hand-washing sink, warm forced air from a mechanical
hand-activated dryer, and spontaneous evaporation.
We hypothesized that no significant difference in bacterial reduction occurs among any of these hand-drying
methods.
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higher change in CFUs that is equal to 0.16 (relative to a
null value of 0.50). This is considered to be approximately
a medium effect size.23
Allocation of Study Participants
Each subject was tested under 4 methods of hand drying: paper towel, cloth towel, warm forced air, and evaporation. To eliminate any confounding effect due to test
order or residual bacteria, the treatments were administered
to the subjects in a balanced design created by randomly
assigning the 4 drying methods to the letters of a 4 × 4 Latin
square. First the rows, then the columns of this square were
randomly permuted. This process of permuting the rows
and columns of the Latin square was repeated 25 times,
resulting in 100 treatment allocation sequences. The effects
of this design were that each drying method was applied
first, second, third, and fourth an equal number of times and
that each method was followed by each other method
equally often. Also, with use of the 4 × 4 Latin square, after
every 4 subjects the design was balanced. Each subject was
required to wait a minimum of 3 complete days before
participating in the next drying method.
Artificial Contamination of Hands With Bacteria
A modified glove-juice method was used for bacterial
contamination of hands and performance of prewash and
postdry bacterial counts. One of the subject’s hands was
artificially contaminated with approximately 1 × 107 bacterial cells of M luteus. The bacterial inoculum was prepared
by seeding 500 mL of tryptic soy broth with M luteus and
incubating the flask overnight at 35°C in room air on a
shaker incubator. Ten milliliters of inoculum were pipetted
into a sterile, quart-size resealable plastic bag. One hand of
the subject was placed into the bag and wetted with the M
luteus broth culture. The subject then dried the hand using a
warm air hand dryer (Model A, World Dryer, Berkeley, Ill)
until the hand did not appear visibly moist.
Washing and Drying of Contaminated Hands
The contaminated hand was then placed into another
sterile resealable bag to which 50 mL of Butterfield phosphate-buffered water was added. The hand was massaged
externally for 1 minute to remove bacteria from the hand into
the buffered water. The hand was removed from the bag, and
the subject washed in warm running water with a nonantibacterial soap (Camay, Procter & Gamble, Cincinnati, Ohio)
for 30 seconds and then rinsed for 10 seconds with cold
running water.
After washing and rinsing, each subject, based on randomization schedules, dried the study hand with cloth towels accessed by the study subject from a roller dispenser,
with paper towels from a stack on the hand-washing sink,
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with warm forced air from a mechanical dryer that the
study participant activated with the nonstudy hand, or by
spontaneous room air evaporation. The same warm air
hand dryer was used immediately following artificial bacterial contamination of hands and for this step. Fifteen
seconds were used for drying with the cloth towel or paper
towels, and a single 30-second cycle of the warm air hand
dryer was used. For the spontaneous room air evaporation
method, the hand was allowed to air dry until no visible
moisture was present. The dried hand was then placed into
another sterile plastic bag, and 50 mL of Butterfield buffered water was added. The hand was again massaged
externally for 1 minute.
Processing of Samples
The buffered water samples obtained before washing
and after drying were serially diluted (1:10,000 and
1:1000, respectively) with Butterfield buffered water, and
0.2 mL of each diluted sample was pipetted onto the surface of a Letheen agar plate, which was incubated for 72
hours at 30°C in room air.
Bacterial CFUs were determined on the dilutions,
which appeared to have fewer than 100 colonies of M
luteus. Counting of only the M luteus colonies was aided
by their bright lemon-yellow appearance. Colonies without such pigment were not counted.
Statistical Analysis of Data
For each of the 4 hand-drying methods, the end point of
interest was the change in the number of CFUs, defined as
the difference between the prewash CFU count and the
postdry CFU count. The prewash, postdry, and change in
CFU counts were examined graphically and tested for
normality. These values were found to be highly nongaussian. Therefore, the analysis was carried out using the
Friedman test, a nonparametric procedure for randomized
complete block designs, and the associated rank sum multiple comparison procedure.24,25 The experiment was conducted according to the O’Brien-Fleming rule.26 That is,
when the data for approximately half the subjects (n=52)
were obtained, the results were analyzed and tested for
statistical significance at α=.001. If the results had been
found to be significant, the experiment would have been
concluded. However, at that point, there was insufficient
evidence to stop the study, and the experiment continued
until all subjects were tested. The analysis was repeated on
the complete data set, this time at α=.049.
RESULTS
Of the 100 people recruited to participate in the study, only
1 failed to complete the experiment under all 4 handdrying conditions and hence was removed from the data
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Table 1. Prewash Colony Count*
Percentile
Method

Mean (SD)

25th

50th [median]
(95% CI)

75th

Warm air hand dryer
Cloth towel
Evaporation
Paper towel

7.09 (9.58)
5.56 (5.63)
5.87 (6.76)
5.73 (6.92)

1.98
1.50
1.70
1.90

3.70 (2.62-5.00)
3.10 (2.45-4.48)
3.40 (2.80-4.78)
3.80 (2.85-4.60)

8.20
8.00
7.90
7.30

*Data are based on results from 99 study participants. All values are reported as
number of organisms × 107. CI = confidence interval.

set, leaving 99 subjects available for analysis. In addition, 2
treatment sequences were inadvertently skipped during the
latter part of the experiment. However, these omissions
affected the balancing only slightly.
Tables 1 through 3 summarize the prewash and postdry
numbers of CFUs and the changes in CFUs by method. No
statistically significant difference in the change in the number of CFUs among the 4 hand-drying methods was identified (P=.72).
DISCUSSION
Most nosocomial infections result from the transmission of
bacteria on the hands of health care workers.1-9 Good handwashing technique involves both washing and drying of
hands. Many studies reported in the medical literature have
demonstrated the importance of proper hand washing for
removing harmful microorganisms from the hands.10-19
Fewer studies have evaluated the effects of different drying
methods for removing microorganisms from the hands, and
the reported results have been inconsistent.20-22 Ansari et al20
demonstrated that warm air hand dryers performed better
than paper towels or cloth towels, whereas Blackmore21
showed that either paper towels or cloth towels outperformed warm air hand dryers. In a third study, Davis et al22
observed no difference among these 3 hand-drying methods.
The protocols for each of these studies differed considerably. Ansari et al20 artificially contaminated fingerpads
with known quantities of Escherichia coli or rotavirus.
Reduction in the numbers of these organisms was then
assessed following the use of different hand-washing

agents and different drying methods. Organism counts were
determined by manually scraping the area of the inoculated
fingerpad on the inside rim of a vial containing broth. The
total drying time for all methods averaged 10 seconds.
Blackmore21 assessed reduction in indigenous bacterial flora
by directly contacting fingertips to a Petri dish containing
nutrient agar. Drying time was only controlled for the forced
warm air method and varied from 30 to 55 seconds. Davis et
al22 also assessed reductions in indigenous flora. After drying, the entire hand was then immersed and rubbed in Ringer
lactate solution for 30 seconds. Drying times for all methods
approximated 10 seconds.
For the current study, we artificially contaminated the
hands of study subjects with a known inoculum of the bacterium M luteus. We also used a modified glove-juice method
for assessing bacterial counts. Our pilot studies demonstrated that this method produced more consistent results
than inoculating fingertips onto the surface of nutrient agar
contained in Petri dishes. Theoretically, the glove-juice
method should permit sampling of interdigital areas, which
is not possible with imprinting techniques and therefore
should provide a more comprehensive sampling of skin
bacteria. Interdigital areas may not be dried as efficiently as
palmar or volar surfaces of the hands, and fewer organisms
may be removed by the drying process. This method has
been recommended by the Food and Drug Administration as
the preferred method for assessing the effectiveness of antiseptics for removing microorganisms from hands.27
The drying time for the warm air hand dryer in our study
was equal to 1 cycle of the machine (approximately 30

Table 2. Postdry Colony Count*
Percentile
Method

Mean (SD)

25th

50th [median]
(95% CI)

75th

Warm air hand dryer
Cloth towel
Evaporation
Paper towel

0.06 (0.08)
0.03 (0.05)
0.05 (0.10)
0.02 (0.03)

0.008
0.005
0.006
0.006

0.02 (0.01-0.03)
0.01 (0.01-0.02)
0.02 (0.01-0.02)
0.01 (0.009-0.02)

0.08
0.03
0.04
0.03

*See footnote to Table 1 for explanation of data.
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Table 3. Change in Colony Count (Prewash – Postdry)*
Percentile
Method

Mean (SD)

25th

50th [median]
(95% CI)

Warm air hand dryer
Cloth towel
Evaporation
Paper towel

7.03 (9.53)
5.53 (5.60)
5.82 (6.67)
5.71 (6.91)

1.92
1.49
1.69
1.89

3.61 (2.61-4.95)
3.09 (2.44-4.47)
3.39 (2.79-4.76)
3.79 (2.82-4.57)

75th
8.02
7.98
7.87
7.24

*See footnote to Table 1 for explanation of data.

seconds). We are unaware of any studies that have assessed
how many people dry their hands the length of 1 drying
cycle for a mechanical dryer. This time period approximated the air dryer time used by Blackmore21 (30 seconds)
but was considerably longer than that used by Ansari et al20
(10 seconds) or Davis et al22 (10 seconds).
The results of the current study showed that there was no
statistically significant difference between prewash and
postdry absolute counts of bacteria (CFUs) when any 2
hand-drying methods were compared (Tables 1-3). For this
analysis, the warm air drying method had the highest average
numeric rank. This ranking means that the change in the
number of CFUs for this method compared with other methods from prewash to postdry was greatest. Although this
difference seems to favor the forced warm air method as the
best method for removing bacteria from the washed hand,
the difference was not statistically significant. Of interest,
the prewash CFU counts for the warm air hand dryer tended
to be higher (although not statistically significantly) than
those of the other 3 methods (Table 1). We have no explanation for this. What, if any, impact these higher counts had on
corresponding postdry counts is also unknown.
In conclusion, the results of the current study suggest
that there are no differences in the efficiencies of removing
bacteria from washed hands when hands are dried using
paper towels, cloth towels, warm forced air, or spontaneous
evaporation.
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