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Introduction

To prevent the spread of water-borne diseases caused

by pathogenic microorganisms present in water and

wastewater, disinfection is performed using a physical or

chemical process by which oxidizing agents, such as chlorine

dioxide, chloramine and ozone, are distributed in the water to

kill or inactivate pathogenic microorganisms (Spellman,

1999). The main objective of the disinfection process is to

remove of pathogenic microorganisms present in drinking

water that can be transported with water and cause disease

and to prevent contamination (Chalmers ., 2004; Gray,

2014; Nocker, 2014).

T h r e e d i f f e r e n t g r o u p s o f p a t h o g e n i c

microorganisms, which are protozoa, bacteria and viruses,

can enter the human body via contaminated drinking water

(Percival ., 2013). The sources of pathogenic

microorganisms in drinking water are surface waters and

et al

et al

groundwater contaminated with fecal matter (Gray, 2014;

Shiddamallayya and Pratima, 2014). Drinking water supplies

are contaminated with fecal via

domestic wastewater, meat treatment processes wastewater

and the surface flow from farms (Percival, 2014). In addition,

are responsible for hospital infections

(Percival, 2014). is listed as total

coliform in the international guidelines (Arbuckle .,

1976). As for standard of WHO, the number of total coliform

in 100 ml of untreated ground water is limited to less than 10

cells (WHO 2004), and it is indicated in the guideline that

there should be no fecal coliform in water samples

(LeChevallier and Au, 2013).

The current water disinfection techniques followed

such as chlorination, ozonation and UV radiation, which are

widely applied for the prevention of pathogenic

microorganisms borne epidemic diseases, have conflicted
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nitrogen gas in water on ultrasonic disinfection was investigated. As a result of this study, it was

determined that 99% (2log) removal of from the water can be performed

with ultrasonic disinfection, and the media ions and nitrogen gas are effective in ultrasonic
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effects on human health. These are chlorinated by product of

chlorination and lack of residual effect of ozone and UV,

(Gray, 2014). For these reasons, the number of studies on

alternative disinfection technologies like ultrasound (Phull

., 1997; Spellman, 1999; Joyce ., 2003; Mason .,

2003; Mason ., 2003; Blume and Neis 2004; Antoniadis

., 2007; Hulsmans ., 2010; Wu ., 2013) is

increasing due to various disadvantages of the current

methods.

The ultrasonic disinfection process is performed

using cavitation and collapse effects created by the ultrasonic

waves in the aquatic environment generated at 16 kHz to 1

MHz frequency (Mason . 2003). A number of physical,

mechanical and chemical effects generated as a result of an

ultrasound acoustic cavitation can make bacteria inactive and

may separate bacterial clusters or flocks (Phull ., 1997;

Mason ., 2003). Collapse of cavitation bubbles produces

enough energy to weaken or break the bacteria or biological

cells mechanically (Wu ., 2013). The energy created

collapse via cavitation damages bacterial cell membrane, so

bacterial inactivation occurs in water with ultrasonic

cavitation. In addition, radicals (Joyce ., 2003) can be

formed in water with the increased energy of ultrasound,

increasing bacterial inactivation efficiency. Although

ultrasound provides strong bacterial disinfection alone, high

ultrasonic intensity is required to achieve 100% microbial

inactivation using ultrasound (Joyce, Mason . 2003).

The main factors affecting the ultrasound utilization

and efficiency are the physical properties of the fluid (Mason

., 2003); ambient temperature and pressure (Crum,

1999); ultrasonic frequency (Zhang ., 2006); presence of

dissolved gas in the liquid; particles in the liquid (Rooze

., 2013); ultrasonic contact time (Hulsmans ., 2010);

microorganism strains and morphology (Blume and Neis,

2004; Duckhouse ., 2004); initial microorganism

concentration (Hunter ., 2008); applied power (Cairós

., 2014); power density applied to volume of water to be

disinfected (Hulsmans ., 2010); amplitude of the

ultrasonic wave (Mason ., 2003) and the power density

applied to the transducer area (Hunter ., 2008). Another

parameter to be considered in ultrasonic disinfection is the

presence of media ions present in the liquid. It is

acknowledged that a greater amount of cavitation is being

created by ions that form cavitation initiator weak points

associated with the system (Joyce ., 2003; Mason .,

2003;Gogate, 2008). In addition, it must be examined

whether the media ions have the effect of reducing the

disinfection efficiency because the energy created as a result

of collapse of cavitation can be used in different mechanisms.

Gas dissolved in the liquid affects the physical and

chemical properties of acoustic cavitation bubbles (Mason

et
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., 2003). Variation in the amount of dissolved gas in the

liquid affects the production of collapse and formation of

radicals (Thiemann, 2011). The change in type of dissolved

gas influences the adiabatic rate, thermal transmission,

surface tension of the liquid and the hot spot temperature of

micro-bubbles (Rooze ., 2013). Dissolved gases are

found as nuclei in the liquid (Ashok kumar, 2011). Although

the gas added to the ultrasonic system facilitates the

formation of micro-bubbles by reducing the surface tension

of the liquid, the shape stability of the bubbles decreases

(Mettin ., 1999; Thiemann ., 2011; Merouani .,

2015).

In the present study, an ultrasonic reactor operated at

an ultrasonic frequency of 22 kHz was developed to disinfect

water of different ion compositions with different power. In

ultrasonic disinfection of water with different ion

compositions, separate and simultaneous existence at

particular concentration of sulphate, bicarbonate and nitrate

ions were investigated. Nitrogen gas with two established

flow rates was added to the ultrasonic disinfection system

deprived of external chemical addition to determine whether

nitrogen gas should be used with the aim of enhancing

disinfection efficiency.

The effect of power applied on disinfection process at

ultrasonic frequency of 22 kHz in the continuous and batch

reactor was determined. The effective surface area of

ultrasonic reactor was 56.5 cm . To determine the effect of the

media ions in water, sulphate (Na SO ) (Jiang ., 2006),

bicarbonate (NaHCO ) (Jiang ., 2006) and nitrate

(NaNO ) ions, which are dominant anions in most surface

water and groundwater (Nair ., 2006; Prakash and

Somashekar 2006), were added to the ultrasonic system.

Previous researches focusing dissolved gas in water have

indicated that carbon dioxide, argon and nitrogen dissolved

in water affect the bubble stabilization created by cavitation(

Mettin ., 1999; Sunartio ., 2007; Ashok kumar, 2011,

Thiemann ., 2011; Cairós . 2014; Kang ., 2014;

Gielen ., 2015). To determine the effect of dissolved gas

in the water on ultrasonic disinfection processing, nitrogen

gas at different flow rates were added to system. During all

the experimental research studies, the working solution and

ultrasonic reactor was set at ambient temperatures using an

external cooler system (Broekman, Pohlmann . 2010).

The external cooler system was used to investigate the test

parameters effects on ultrasonic disinfection without

temperature effect created by cavitation.

Microbiological studies were

performed at laminar flow sterile cabinet (Hereous KSP-18

Class) at ambient temperature with 100 ml of

Materials and Methods
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(Percival ., 2013) prepared in the 1 - 2 x 10

CFU ml initial bacteria concentrations. During the

ultrasonic disinfection process, samples were taken from the

reactor and the necessary dilutions of the collected samples

were performed. The samples with dilutions were inoculated

on plate count agar (Merck) solid medium (Percival, 2014)

(Krishnan, Dharmaraj, Kumari, 2007).Inoculated plates were

incubated in an incubator (Innova Shaker-42 Series) at 37 °C

for 18-24 hrs. At the end of incubation period, the number of

colonies growing in the plates was determined.

Disinfection

was performed at room temperature by applying 36, 67 and

95 W of power to the ultrasonic reactor. Power applied to the

process in literature differed from 30 W l (Blume and Neis

2004) to 450 W 100 ml (Antoniadis ., 2007), referring

low and high power densities respectively, regarding the

studies aims and operating conditions. The ultrasonic reactor

was operated with an ultrasonic frequency of 22 kHz as

power ultrasound, which enables microbial inactivation

mechanically, (Joyce ., 2003) under batch and

continuous flow conditions. Although the great numbers of

ultrasonic disinfection studies (Lavigne ., 2011; Doosti

., 2012) performed under batch flow condition, this

research was conducted both batch and continuous flow

conditions. The continuous system was operated at a flow

rate of 5 ml min with 10 min hydraulic retention time, while

the batch system was operated at a flow rate of 75 ml min

with 60 min hydraulic retention time.

To examine the effect of media ions in water on ultrasonic

disinfection, 0.02 M SO , 0.01 M SO , 8.2 mM HCO , 4.1

mM HCO -, 4 mM NO and 8 mM NO ions were added to

the system in the form of Na SO (Merck), NaHCO (Merck)

and NaNO (Merck), which are water soluble salt (Jiang

., 2006), to working solution according to the limit values

specified in the National and International drinking water

standards (Arbuckle ., 1976; MFW 2004; WHO 2004) of

these anions. In the case of the simultaneous presence of ions

in the water system, their effect on the disinfection process

was determined by adding 0.02 M SO , 8.2 mM HCO , and 4

mM NO to the system.

Nitrogen gas was added to the system with 0.1 l min

and 0.2 lmin gas flow rates to determine the effect of gas

dissolved in water on ultrasonic disinfection. For

determination of nitrogen gas effect in the ultrasonic

disinfection system, its flow rate was limited to 0.2 l min

because increasing the flow rate of nitrogen gas has no effect

on soluble amount of N gas in the working solution (Rooze

., 2013). Ultrasonic disinfection was performed by adding

0.02 M SO , 8.2 mM HCO , and 4 mM NO to the system at

0.2 l min N fed for the purpose of investigation of the

5
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combined effect of media ions and nitrogen gas on the

ultrasonic disinfection process.

In the present study, the parameters affecting

ultrasound, such as applied power, media ions and nitrogen

gas in water, on disinfection of were

examined. To determine the effect of media ions in water,

disinfection efficiency results were given after adding

sulphate (Na SO ), bicarbonate (NaHCO ) and nitrate

(NaNO ) ions and nitrogen gases dissolved in water two

different flow rates to the ultrasonic system.

The results of disinfection studies were performed by

applying 36, 67 and 95 W of power in batch and continuous

reactors at an ultrasonic frequency of 22 kHz (Table 1)

without any additions to the ultrasonic system. The

inactivation rate of was 19.46%,

22.85% and 25.33% in a continuous reactor, however, the

inactivation rate of in batch reactor

was 59.56%, 62.81% and 65.38% respectively. On applying

95 W of power at 22 kHz frequency in an ultrasonic reactor,

25.33% bacteria inactivation in a continuous system

(USR22C) and 65.38% in the batch system (USR22B) was

achieved during disinfection process. In the continuous

(USR22C) and batch (USR22B) systems, 95 W of power was

more effective to inactivate .

One of the parameters affecting ultrasonic

disinfection efficiency is the microorganism strains and

morphology of microorganisms (Blume and Neis, 2004,

Duckhouse ., 2004). are

immobile, asporogenic, bacilli 1-2 m in length and 0.5-0.8 m

in width, Gram-negative and encapsulated in polysaccharide

structure characteristic of aerobic and facultative anaerobe

bacteria. Enhancing bacterial inactivation efficiency

requires higher power density for Gram-negative bacteria

like than Gram-positive bacteria. In

addition, the previous research (Mason ., 2003) has

predicted that energy requirement also increases during

ultasonic disinfection due to large power consumption,

especially industrial usage of ultrasound. It was observed that

bacterial inactivation increased with increasing power

applied in the batch and continuous reactors at 22 kHz

frequency for .

In the study, the effect of 0.02 M SO , 0.01 M SO ,

8.2 mM HCO , 4.1 mM HCO , 4 mM NO and 8 mM NO

ions added to the continuous and batch conditions was

investigated. The disinfection experiments were performed

at an ultrasonic frequency of 22 kHz and 95 W of applied

power, which had highest inactivation yield. The effect of

media ions on the ultrasonic system by applying a retention

Results and Discussion
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time of 10 min in continuous systems is shown in Fig. 1 and

the effect of media ions on the ultrasonic system by applying

a flow rate of 75 ml min in batch systems is shown in Fig. 2.

Inactivation rate of due to the

effect of 0.02 M SO , 0.01 M SO , 8.2 mM HCO , 4.1 mM

HCO -, 4 mM NO and 8 mM NO in a continuous reactor

(USR22C) were 39.86%, 71.74%, 41.30%, 60.87%, 17.39%

and 15.22%, whereas in a batch reactor (USR22B) were

99.08%, 95.18%, 41.30%, 77.94%, 57.78% and 50.57%,

respectively. Adding some media ions to the ultrasonic

system increased bacterial inactivation efficiency if the

cavitation initiator weak points were created by these ions.

Another parameter to be considered in the ultrasonic

disinfection is the presence of media ions such as sulphate

(Jiang, 2006), bicarbonate (Jiang 2006) and nitrate (Tauber,

2000; Silva, 2007) present in the liquid. High amount of

cavitation is created due to the effect of forming weak points

of cavitation initiator by ions associated with the system

(Joyce, 2003; Mason, 2003;Gogate 2008). In addition, it was

determined that the presence of sulfate ions from the ions

-1

-2 -2 -

- - -

Klebsiella pneumoniae

4 4 3

3 3 3

accompanying system increased the ultrasonic etching on

steel and metal surfaces more than bicarbonate and chloride

ions (Jiang, 2006). In addition to this, it was examined

whether the energy as a result of attenuation of the cavitation

of other media ions have the effect of reducing the

effectiveness of this disinfection process using variety of

different mechanisms. While in the previous research (Silva,

2007), maximum efficiency of the reduction of nitrate ions to

nitrite accompanied by various catalysts was 68%, it was

observed that the efficiency of the formation of nitrite was

92% if reduction process took place in an ultrasonic process.

The effect of the nitrogen gas given to the system at

0.1 l min N and 0.2 l min N gas flow rates by applying 95

W of power in 100 ml of working solution with the USR22C

and USR22B systems in 1 - 2 x 10 CFUml initial bacterial

concentration on ultrasonic disinfection was examined. The

effect of nitrogen gas flow added to the USR22B system is

given in Fig. 3, and the effect of nitrogen gas flow added to

the USR22C system is given in Fig. 4. It was noted that

adding nitrogen gas increased bacterial inactivation

efficiency in ultrasonic disinfection.

-1 -1

5 -1

2 2

F.B. Karel1016

Table 1:

Reactor Applied power Initial bacteria Average bacterial concentration Bacterial inactivation

(W) concentration (CFU ml ) after treatment (CFU ml ) ratio (%)

Effect of applied power on ultrasonic disinfection process without any addition to the ultrasonic system at an ultrasonic frequency of 22 kHz

Continuous condition 36 1.02E+05 8.19E+04 19.46

51 1.02E+05 8.00E+04 21.33

67 1.02E+05 7.84E+04 22.85

95 1.02E+05 7.59E+04 25.33

Batch condition 36 1.02E+05 4.11E+04 59.56

51 1.02E+05 3.81E+04 62.53

67 1.02E+05 3.78E+04 62.81

95 1.02E+05 3.52E+04 65.38
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Fig. 1 : Effect of sulphate, nitrate and bicarbonate ions on ultrasonic

disinfection process in USR22C

Fig. 2 : Effect of sulphate, nitrate and bicarbonate ions on ultrasonic

disinfection in USR22B
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The inactivation rates

disinfection process performed at 0.1 l min N and 0.2 l min

N gas flow rates in the continuous reactor (USR22C) were

36.73% and 40.82%, respectively. The

inactivation rates resulting disinfection

performed at 0.1 l min N and 0.2 l min N nitrogen gas flow

rates in the batch reactor (USR22B) were 90.11% and

92.13%, respectively. The amount of nitrogen gas dissolved

in the liquid affect the production of collapse (Rooze, 2013)

and accelerate the bacterial inactivation due to modifying

adiabatic rate, thermal transmission, and the surface tension

of the liquid and altering hot spot temperature of micro-

bubbles (Rooze, 2013).

For simultaneous presence of media ions in water,

0.02 M SO , 8.2 mM HCO , and 4 mM NO were added to

the continuous and batch systems. To determine the effect of

media ions and nitrogen gas in water, disinfection was

performed by 0.02 M SO , 8.2 mM HCO , and 4 mM NO to

the system at a 0.2 lmin nitrogen gas flow rate. The

simultaneous effect of media ions and nitrogen gas in the

Klebsiella pneumoniae via

Klebsiella

pneumoniae
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continuous reactor (USR22C) is given in Fig. 5, and the

simultaneous effect of environment ions and nitrogen gas in

the batch reactor (USR22B) is given in Fig. 6.

The inactivation rate of was

71.43% after disinfection by adding 0.02 M SO , 8.2 mM

HCO , and 4 mM NO in the continuous reactor (USR22C).

The inactivation rate of was 73.47%

after disinfection by adding 0.2 l min nitrogen in addition to

0.02 M SO , 8.2 mM HCO , and 4 mM No in the continuous

reactor (USR22C). The inactivation rate of

was obtained as 98.30% after disinfection by

adding 0.02 M SO , 8.2 mM HCO , and 4 mM NO in the

batch reactor (USR22C). The inactivation rate of

was obtained as 99.09% after disinfection by

adding 0.2 l min nitrogen in addition to 0.02 M SO , 8.2

mM HCO , and 4 mM No in the continuous reactor

(USR22B). The simultaneous presence of media ions (0.02

M SO , 8.2 mM HCO , and 4 mM NO ) in

disinfection with ultrasonic system and feeding

of nitrogen gases (0,2 lmin ) resulted in 73.47% average rate
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Fig. 3 : Effect of dissolved nitrogen gas on the ultrasonic disinfection

process in USR22B
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of bacterial inactivation efficiency in the continuous system

(USR22C) and 99.09% in the batch system ( USR22B).

In the present study, the effects of the power applied

to the ultrasonic disinfection system, the ions in the water and

the nitrogen dissolved in the water on the removal of

was examined. It was observed that

sulphate and bicarbonate ions had a considerable effect on the

ultrasonic disinfection process due to their creation of weak

points accelerating the formation of cavitation. The nitrogen

dissolved in the water has a favourable effect on the

ultrasonic disinfection. It was observed that the rate of

inactivation of bacteria increased as nitrogen gas flow rate

fed to the system increase. The simultaneous presence of

media ions and nitrogen gas in

disinfection with the ultrasonic system resulted in a 73.47 %

average rate of bacterial inactivation efficiency in the

continuous system (USR22C) and 99.09% in the batch

system (USR22B). This study found a 38.77% increase in the

batch system (USR22B) and a 40.82% increase in the

continuous system (USR22C) according to ultrasonic

disinfection system without any additions. As a result of

these studies, it was determined that the removal of

from water can be performed with

ultrasonic disinfection, and media ions and nitrogen gas had

an additive effect on ultrasonic disinfection.
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