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Abstract Bacteria prevalence has increased in health
centers and hospitals. Infection control can decrease the
number of bacteria. Bacteria cause 90% of nosocomial
infections and fungi, viruses, or protozoa are less in-
volved. Bacteria control can decrease the number of
diseases. The Simultaneous titanium oxide (SMTiO) is
a new method of disinfection. This process degrades
bacteria by producing hydroxyl radical. The present
study was conducted with the aim of analyzing the
bactericidal effect of simultaneous titanium oxide on
common hospital bacteria. In this study, SMTiO system
was placed under a laminar hood. Escherichia coli,
Klebsiella pneumonia, Staphylococcus aureus, Pseudo-
monas aeruginosa, and Citrobacter freundii were se-
lected as common hospital bacteria. Treatment opera-
tions were conducted at the bacteria concentration 10°
cells/mL and the exposure times of 1 to 48 h. Then, the
bacteria colonies were counted and removal rate
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calculated separately each of the bacteria. Finally, data
analysis was conducted by using one-way ANOVA.
Results showed that E. coli and C. freundii had the
highest removal rate (40%) and the lowest removal
(14%), respectively. Results confirmed that SMTiO
can degrade Gram-positive and Gram-negative bacteria,
but its effects were lower on Gram-positive bacteria.
Results showed that removal efficiency increased grad-
ually during exposure periods. We recommend that
future studies should analyze the structure of bacteria
after the treatment with SMTiO.
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Introduction

Microorganisms grow in different environments. Their
prevalence has increased in health centers and hospitals
(Pedrosa and Cardoso 2011). They can cause interfer-
ence in individuals’ immune system and increase their
treatment cost. The rate of hospital infections ranging
from 5 to 10% has been reported in developed countries
(Haley 1995). Bacteria cause 90% of nosocomial infec-
tions, while fungi, viruses or protozoa are less involved
in this regard (Jain and Singh 2007). Escherichia coli,
Pseudomonas aeruginosa, Staphylococcus aureus,
Klebsiella pneumonia, and Citrobacter freundii are the
pathogens commonly found in hospitals (Simon and
Jack 2015). Pastuszka et al. (2005) reported that 57 to
78% of hospitals in Poland are contaminated by
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Staphylococcus and Micrococcus (Pastuszka et al.
2005). Karlowsky et al. (2004) confirmed that
S. aureus, Klebsiella, and E. coli are the most common
bacteria in the blood samples of the patients of hospital
(Karlowsky et al. 2004). Bacteria control can decrease
the number of diseases. Owing to bacteria resistance
against chemicals, usual chemicals methods of disinfec-
tion cannot be effective in the long term. Using various
chemicals can have harmful effects. In the past centu-
ries, researchers used a variety of physical and chemical
methods against microorganisms. These methods in-
clude oven, autoclave, dry heat, ethylene oxide, and
gamma rays. Using these methods has a number of
disadvantages such as increasing power consumption
and remaining toxic substances (Mirzanejhad et al.
2008). SMTiO is a new method of disinfection. The
electrical discharge is conducted on the plate of poly
silicate titanium, coated by poly hydroxyl alkanoates
(PHA). Due to passing an electrical current through
the plate of poly silicate titanium, electrons are
transported from valence band to conduction band.
The result of electron hole pair and molecules occurs
on the surface of the semiconductor and a variety of
hydroxide radicals are produced in the air (Cai et al.
1992). Depending on laboratory conditions, degrading
microorganisms conducted by a variety of hydroxyl
radicals (Mills and Le 1997). As a result, water and
carbon dioxide gas are produced by the reaction be-
tween microorganisms and hydroxyl radicals (Jacoby
et al. 1998). Studies indicated that hydroxyl radical
plays a major role in the degradation of microorganism
(Wamer et al. 1997; Jaeger and Bard 1979; Harbour and
Hair 1986; Ireland and Valinieks 1992; Saito et al. 1992;
Ireland et al. 1993). Silva et al. (2010) used the mist of
hydrogen peroxide for the disinfection of hospital envi-
ronment (Silva et al. 2010). The present study was
conducted with the aim of analyzing the bactericidal
effect of simultaneous titanium oxide on common hos-
pital bacteria.

Materials and methods

This study was conducted in the basic medical diagnosis
laboratory of Doctor Ejtehadi in Mashhad. In this study,
SMTiO system (model of SM3427, Iran) was placed
under a laminar hood. E. coli (PTCC 1270),
K. pneumonia (PTCC 1290), S. aureus (PTCC 1431),
P aeruginosa (PTCC 1181), and C. freundii (PTCC
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1600) were selected as the common hospital bacteria.
The bacterial cells, including E. coli, K. pneumonia, and
C. bacteria were cultured on nutrient agar medium.
S. aureus was grown on Trypticase soy agar. 0.1 mL
of the bacterial cells with the concentration of 10° cells/
mL was cultured on the surface of plastic plates con-
taining sterile solid medium at 35.5 °C for 24 h. Then,
the bacterial cultures on solid media were treated with
SMTiO for 1, 5, 10, 24, and 48 h (Karlowsky et al.
2004). The concentration of hydroxyl radical produced
by SMTIO was 1.84 m*/h, being constant in all exper-
imental procedures. Treatment operations were conduct-
ed at room temperature (26-28 °C). Control samples
were separately placed in a laboratory hood, but no
SMTiO injection was used. To ensure the regrowth of
bacteria, the treated plates were incubated for 48 h.
Then, the bacteria colonies were counted and removal
rate was separately calculated for each of the bacteria.
Finally, data analysis was conducted by using one-way
ANOVA.

Results

In this study, the effect of parameters such as bacteria
genera and exposure time was studied on the removal
efficiency of bacteria. Figure 1 shows the effect of expo-
sure time (1-48 h.) on the removal efficiency of E. coli,
K. pneumonia, S. aureus, P. aeruginosa, and C. freundii.
The highest removal rate of bacteria was 40% at the
exposure time of 48 h. Figure 2 demonstrates the bacte-
ricidal effect of SMTiO on E. coli, K. pneumonia,
P aeruginosa, C. freundii, and S. aureus in 48 h. E. coli,
and C. freundii had the highest removal rate (40%) and
the lowest removal (14%), respectively.

Discussion

SMTiO technology produces the short circuit and spark
using corona discharge. Then, the voltage with constant
current was produced and titanium plates coated with
PHB were charged. This is caused by changing the
surrounding air of plate, increasing the adsorption of
double bonds. Finally, free radicals chiefly produced
OH radicals. The attack of hydroxide radicals to the cell
wall leads to degrade bacteria (Tortora et al. 2010).
SMTiO with degrading protein and lipid bonds in the
membrane of bacteria can cause the death of cells.



Environ Monit Assess (2017) 189: 342

Page 3 of 4 342

Fig. 1 Effect of exposure time on 359
the removal efficiency of E. coli,
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Dobrynin et al. (2011) showed that oxidative methods
such as natural active species, ozone, H,O,, and hydrox-
yl radicals as well as atomic oxygen destroy the bacteria
(Dobrynin et al. 2011). Similar studies indicated that
using corona discharge can produce oxygen radicals and
hydrogen peroxide, and OH radical is considered the most
effective agent (Cai et al. 1992; Dunford et al. 1997).
This study confirmed that this method can remove
Gram-negative and Gram-positive bacteria. The bacteri-
cidal effect of SMTiO was more significant against Gram-
negative bacteria than Gram-positive bacteria. E. coli and
P, aeruginosa had the highest removal rate and their resis-
tance was less. The highest removal rate was 40, 19, 17,
16, and 10%, respectively, for E. coli, P. aeruginosa,
K. pneumonia, C. freundii, and S. aureus in 48 h. The
complexity and density of the cell wall are the main factors
affecting the resistance of bacteria against environmental
elements. The cell wall of Gram-negative bacteria such as
P, aeruginosa and E. coli is thin and slack, but in Gram-
positive bacteria such as S. aureus, it is thick and dense
(Klaus et al. 2003). The thickness of cell capsule affects
bacteria resistance against SMTiO (Pastuszka et al. 2005).

Fig. 2 Bactericidal effect of 351
SMTiO on E. coli, P. aeruginosa,
K. pneumonia, S. aureus, and 30 -

C. freundii in 48 h
25 -

20 +

Removal efficiency (%)

E. coli

5 10 24 48
Time (h)

As Fig. 1 shows, K. pneumonia compared to E. coli is
resistant to SMTiO, since the capsule of E. coli was
extremely thin and less dense so that it was less than 1/
10 as thick as that of K. pneumonia (Pastuszka et al. 2005).
Laroussi et al. (2003) confirmed that the cell wall of Gram-
negative bacteria was more vulnerable than Gram-positive
bacteria, since Gram-positive bacteria had stable peptido-
glycan structure (Laroussi et al. 2003). Kowalski et al.
(1998) indicated that using ozone can reduce 99.99% of
E. coli (Kowalski et al. 1998). According to Fig. 2, there is
a direct relationship between the removal efficiency of
bacteria and exposure time. Results showed that removal
efficiency increased gradually during exposure periods
(P < 0.05). This is because with increasing time, SMTiO
has enough time to produce hydroxyl radicals and degrade
the cell wall of bacteria.

Roth et al. concluded that using active species of
plasma can prominently reduce both E. coli and
S. aureus in 25 min (Roth et al. 2000). Boxhammer et al.
(2012) indicated that using cold atmospheric plasma can
reduce bacteria (with density of 10° cells per 20 ul) up to
five logs in 5 min (Boxhammer et al. 2012).
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Conclusion

Results indicated that SMTiO can degrade Gram-
positive and Gram-negative bacteria, but its effects were
lower on Gram-positive bacteria. Results showed that
removal efficiency increased gradually during exposure
periods. We recommend that future studies should ana-
lyze the structure of bacteria after the treatment.
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