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Cellular phones and its accessories often harbour various microorganisms, particularly in the regions that
lack potable water and good sanitation. A constant use of such mobile phones thus serves as potential car-
riers of bacterial infection. The present study aims to establish the role of ultrasound in controlling micro-
bial growth present on the surface of the mobile phones for better cellular phone hygiene.

The presence of microbial load was assessed; microbial contaminants were identified and later exposed to
the non-invasive ultrasound at different frequencies and with varying time of exposure. Considering the
findings of this study, it can be concluded that ultrasound does have inhibitory effect on the growth of
bacterial agents present on the surface of the mobile phones. However, more exposure time at higher fre-
guencies in continuous mode could reduce the growth of microbes to a certain extent. The future scope of
this on-going research work is to carry out an in-depth controlled study for achieving a complete clean-
sing effect of the cellular phones.

Keywords: Cellular Phones, Microbial Load, Non Invasive Ultrasound, High Frequency, Exposure Time

1. Introduction

The global system for mobile telecommunication was established in 1982 in Europe with a view of
providing and improving communication network. Today, cellular phones have become one of the most in-
dispensable accessories of professional and social life. The dizzying pace of modern life demands that people
stay in constant contact via their mobile phones. Cellular phones aren’t just for talking anymore, but to send
text messages, e-mails and photos, as well browse internet sites, play video games and hold hundreds of mu-
sic files. Since mobile phones have become so vital to everyday life, carrying out routine maintenance tasks
on these phones is just as important. Although they are usually stored on bags or pockets, mobile phones are
handled frequently and held close to face [1, 2]. Countries where potable water and good sanitation are lim-
ited, inhabitants are exposed to the risk of contracting infections because these individuals carry phones, and
the potential of such accessories, as cellular phones in the spread of bacterial infection is not yet clear [3, 4].
However, due to their constant use, mobile phones can also serve as a home for various microbes.

The first study of bacterial contamination of mobile phones was conducted in a teaching hospital in
Turkey with a bed capacity of 200 and one intensive care unit [5]. One-fifth of the cellular phones examined
in yet another study conducted in New York were found to harbor pathogenic microorganisms [6]. The con-
tamination rate varied from 95.65 percent in mobile phones of staff members to 100 percent that of trainees
in an Indian dental school [7]. For many years, physicians, dentists and other medical professionals have
used different means for cleaning and sterilizing their equipment. Mobile phone users may also use some of
these means including the use of alcohol or liquid ultrasonic cleaners, to remove many of the bacteria and
viruses that can cling to the surfaces of their phones. In one of the studies’, mobile phones after being
cleaned with 70 percent isopropyl alcohol swabs, carried fewer bacteria. Simple cleaning of the cell phones
with 70 percent isopropyl alcohol could completely disinfect only twenty-two out of forty-nine contaminated
cell phones. In the remaining phones, there was a significant reduction in the number of colonies. Similar



mailto:n.sharma2@edu.salford.ac.uk

ICSV24, London, 23-27 July 2017

efficacy of alcohol in cleaning mobile communicating devices has also been demonstrated previously [6, 8].
Previous studies on mobile communicating devices decontamination have demonstrated no adverse events
during decontamination protocols [9, 10].

Many smart phone users are opting to use ultrasonic cleaners to remove dust, sweat and other particles
from these sensitive instruments. Mobile phone users also use their ultrasonic cleaners to remove many of
the bacteria and viruses that can cling to the surfaces of their phones, which comprises of an electronic trans-
ducer, similar to those found in stereo speakers and amplifiers, attached to a vibration-resistant metal tank.
When the user fills the tank with water and cleaning solution, the transducer produces high-frequency sound
waves that agitate the water, forming millions of microscopic bubbles. These bubbles reach into the narrow
crevices and tiny holes that hand-cleaning methods can’t touch. When the bubbles implode (a process called
“cavitation”), they loosen and carry off the contaminating particles. Yet the situation still remains confound-
ed by the lack of guidelines available and the fact that some manufacturers advise against the use of any
cleaning fluids [11, 12].

In light of these facts that the cellular phones carry a potential microbial threat not only to the individ-
ual carrying and using it but also in spreading among others coming in close contact of the mobile phone
user, the present study was undertaken. One of the main objectives, therefore, was to assess the presence of
microbial load on the mobile phones, collected randomly. Further, to identify the microbial contaminants
found on the cellular phones under study and to be exposed to the non invasive ultrasound to establish its
effect on microbial growth present on the surface of the mobile phones.

2. Methodology

In the present study, microbial load and their type were assessed in the microbiological laboratory us-
ing standard procedures. Thereafter, in the laboratory, ultrasound was used at different frequencies for vary-
ing time period to establish its effect on the microbial growth of commonly occurring microbes. In situ stud-
ies were then carried out wherein ultrasound was used on mobile phones to observe the effect on the growth
of the microbes present on the surface of the mobile phones.

2.1 Microbiological studies:

A total of 50 mobile phones randomly collected were sampled. The samples were collected aseptically
using dry sterile cotton swab by rotating over all exposed outer surfaces of the mobile phones including the
keys, mouthpiece, and ear-piece. These cell phones had been used for at least two months. A new pair of
latex gloves was worn while sampling each mobile phone to avoid cross-contamination. The samples were
then transported within thirty minutes to the microbiological laboratory for culture and identification of bac-
teria. For assessment of bacterial load these were incubated at 37°C for twenty-four hours. Plates were ob-
served for growth and colonial morphology of the isolates. Culture results were measured as mean number of
colony-forming units (CFU). Isolated microorganisms were identified using Gram stain, morphology and all
isolates were allocated to the appropriate genera.

2.2 Ultrasound device:

In the present study, ultrasound was delivered with DIGISONIC (HMS Medical Systems, Chennai)
operating at frequencies of 1 MHz and 3 MHz, with both continuous and pulsed modes, and intensity up to 3
W/cm?. As per the study groups shown in Table 1, the surface of the mobile phones in treated groups were
insonified for 1, 5, and 10 min duration with an acoustic field produced by the 1 MHz and 3 MHz transducer,
operated at an intensity of 1 W/cm?, in the continuous mode, respectively.

Table 1: Study Groups

Group No Exposure time Ultrasound frequency employed
1 1 min 1 MHz
2 1 min 3 MHz
3 5 min 1 MHz
4 5 min 3 MHz
5 10 min 1 MHz
6 10 min 3 MHz
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Untreated control |

3. Results

Out of 50 samples assessed, presence of a bacterial agent was observed in 42 cases. The results
showed a very high percentage (84%) of bacterial contamination of mobile phones sampled. These 42 mo-
bile phones were then randomly grouped under seven groups such that each group (treated and untreated
control) had six cellular phones.

In all, eighty bacterial pathogens were isolated. Staphylococcus aureus was the dominant pathogen
followed by Micrococcus luteus, Pseudomonas aeruginosa, Proteus mirabilis, Escherichia coli, Klebsiella
pneumoniae, Enterobacter aerogenes, Bacillus spp, and Salmonella typhi. The distribution of different path-
ogens isolated is as shown inTable 2.

Table 2: Pathogens isolated from the surface of mobile phones

Bacterial agents isolated No. %
Staphylococcus aureus 24 30
Micrococcus luteus 17 21.25
Pseudomonas aeruginosa 13 16.25
Proteus mirabilis 9 11.25
Escherichia coli 8 10
Klebsiella pneumoniae 5 6.25
Enterobacter aerogenes 2 2.5
Bacillus spp 1 1.25
Salmonella typhi 1 1.25
Total 80 100

The percent change in the CFU counts, before and after treatment, in different groups and controls are
as shown in the Table 3.

The effect of ultrasound at 1 MHz and 3 MHz frequencies on CFU counts (Mean + S.D.) of microbes

isolated from the surfaces of the mobile phones, with respect to exposure time (1, 5, and 10 minutes) are
represented graphically in the Figs. 1 and 2, respectively.

Table 3: Change in the CFU counts under different conditions of ultrasound exposure

Exposure time | Treatment Frequency
1 MHz 3 MHz
1 min Before 84.33+4.72 | 77.67£5.32
After 81.5+4.46 | 71.67+5.50
% change (-) 3.36 (-)7.72
5 min Before 84.17£5.53 | 83.84+.62
After 75.67+6.44 | 60.84+4.02
% change (-) 10.1 (-) 27.43
10 min Before 73.34+4.89 | 85.84+5.60
After 54.84+3.54 | 49.84+4.26
% change (-) 25.22 (-) 41.94
Control 0 hrs 68.17+3.31
24 hrs 73.17+4.40
% change 7.33
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Figure 1: Change in CFU counts at 1 MHz frequency at different exposure time period
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Figure 2: Change in CFU counts at 3 MHz frequency at different exposure time period

Likewise, comparison of CFU counts (Mean + S.D.) before and after ultrasound exposure at different
frequencies (1 MHz and 3 MHz) for fixed time period of 1 min, 5 min, and 10 min is shown graphically in

the Figs. 3, 4, and 5, respectively.
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Figure 3: Change in CFU counts after 1 minute of ultrasound exposure
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Figure 4: Change in CFU counts after 5 minutes of ultrasound exposure
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Figure 5: Change in CFU counts after 10 minutes of ultrasound exposure
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4. Discussion

Ultrasound is defined as acoustic energy or sound waves with frequencies above 20 kHz.
Ultrasonication is commonly thought to be detrimental to cell growth; however, cells can grow in low inten-
sity insonation due to the following properties of ultrasound: 1) its ability to increase the transport of small
molecules in solution, and 2) its inability to completely remove cells (or even non-living particles) from sur-
faces. High intensity (high power density, > 2 W/cm2) and low frequency (<100 kHz) ultrasound is com-
monly used to clean solid surfaces such as the surfaces of glassware, metallic instruments, plastic parts, and
more. Ultrasonic “cleaners” are commonly found in laboratories and industrial settings for such purposes.
The mechanism by which dust and particles are removed from these solid surfaces is commonly believed to
be related to cavitational events and the related shear forces adjacent to the surface [13, 14, 15, 16].

Ultrasound is known to damage biological cells and tissues through two primary mechanisms, heating
and cavitation. Each bubble has a sharply defined resonance frequency that depends upon the bubble size,
the composition of any contaminating surface layer, and the characteristics of the surrounding fluid (e.g.,
viscosity). If the bubble is driven near its resonance frequency, the resulting violent collapse may be sym-
metrical, producing temperatures in excess of 5,000 K at the collapse point and pressures of thousands of
atmospheres that can be measured as acoustic emissions. These conditions are sufficient to produce hydroxyl
free radicals. If the bubble collapse is asymmetrical, however, as is the case when the collapsing bubble is
within a few radii of a solid surface, a jet of liquid can form that pierces the bubble and strikes the surface at
velocities up to 200 m/s. These microjets, which have been shown to be responsible for damage to both kid-
ney and gallstones in lithotripsy, have the ability to puncture or shear cell walls. Sonication is often used by
investigators as a method of lysing bacterial cells. It depends upon bubble activity, heating, and the shear
forces produced by the sonicator tip itself (“jackhammer effect”). Sonicators such as the Branson W-350
model operate at ultrasonic frequencies in the range of 20 to 25 kHz in a continuous wave or slowly pulsed
mode (pulse duration of several seconds). Spatial and temporal average intensities for sonicators are typically
a few watts per square centimeter. In contrast, diagnostic (imaging) ultrasound is typically composed of very
short pulses (a few microseconds) in the frequency range of 1 to 10 MHz, with spatial peak pulse average
intensities (I SPPA) of tens or hundreds of watts per square centimeter [17, 18, 19].

The present study elaborates on initial findings to determine whether treatment of bacterial cultures
with high-frequency pulses of ultrasound induces specific stress responses. The end product of such an in-
vestigation was to determine how much megahertz frequency ultrasound and duration of exposure is neces-
sary to kill bacteria. The microbes present on the external surfaces of the mobile phones were directly ex-
posed to the ultrasonic waves at 1 MHz or 3 MHz frequencies for a time period of either 1 min, or 5 min, or
10 min. The heat generated by the exposure was probably the reason to disrupt the microbial growth. How-
ever, even the higher frequency exposure for greater time period could result in a limited success.

5. Conclusion

Considering the findings of the present study it can be concluded that ultrasound does have effect on
the bacterial agents present on the surface of the mobile phones. However, more exposure time at higher
frequencies in continuous mode could reduce the growth of microbes but with limited success. For complete
cleansing effect, an in-depth controlled study is warranted.
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