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Introduction

TiO2 photocatalysts generate strong oxidizing power when illuminated with UV light with wavelength of less than 385nm. With holes and hydroxyl radical (OH() generated in the valence band, and electrons and superoxide ion (O2-) generated in the conduction band, illuminated TiO2 photocatalysts can decompose and mineralize organic compounds by participating in a series of oxidation reactions leading to carbon dioxide. 
Waste water from hospital, factories, and contaminated sites sometimes contains microorganisms, virus, and organic compounds [1]. To date efficiently treat these solutions, little work has been reported.

One of the typical sterilization method is the photocatalytic sterilization by illumination of UV light with the wavelength of 254nm, which provides a high rate of sterilization at room temperature. On the other hand, it is well known that the titanium oxide in anatase form is capable of oxidizing and the decomposing various kinds of bacteria [2].

In 1985, Matsunaga and coworkers reported that microbial cells in water could be killed by contact with a TiO2-Pt catalyst upon illumination with near-UV light for 60 to 120min [3].

Since then, research work on TiO2 photocatalytic killing has been intensively conducted on a wide spectrum of organisms including viruses, bacteria, fungi, algae, and cancer cells. 

In this study, we selected food pathogenic bacteria, Salmonella choleraesuis subsp., Vibrio parahaemolyticus and Listeria monocytogenes, set up the photocatalytic batch type reactor in order to investigate the bactericidal effect with difference near-UV illumination time and TiO2 concentration.

Materials and Methods

· Titanium dioxide
The photocatalyst used in this study was TiO2 (anatase, Yakuri pure chemical Co, Osaka, Japan) particle. The physical properties of TiO2 particle are shown in table. 1.

Table 1. Physical properties of TiO2
	Properties
	Yakuri Co.

	Surface area [m2/g]
	2.95

	Pore size [Å]
	409

	Pore volume [ml/g]
	0.06


· Microorganisms and culture conditions
Microorganisms, Salmonella choleraesuis subsp. KCCM 11806, Vibrio parahaemolyticus KCCM 11965, and Listeria monocytogenes KCCM 40307 were purchased. The culture medium of S. choleraesuis subsp., V. parahaemolyticus, and L. monocytogenes was typtic soy broth (TSB, Merck, Germany), TSB with 3%(w/v) NaCl, and a brain heart infusion (BHI, Becton Dickinson, USA) respectively. Their working cultures were prepared by growing bacteria in 300ml conical glass flasks containing 50ml of medium. They were aerobically incubated on a rotary shaker at 33℃ for 24 hr.

· Photocatalytic reaction in batch reactor experiment
Photocatalytic reaction was performed at 1000 ml working volume of batch reactor (Fig.1). UV lamp was centered to illuminate properly the inner of vessel while cells and TiO2 mixture were agitated continuously. Temperature was maintained at 30℃ using the thermostat circulating bath during the reaction.

Washed cells (approximately 107 cfu/ml) were resuspended in either deionized water or water added NaCl. To investigate the optimal dose of TiO2, photocatalytic reactions were carried out with TiO2 concentrations ranging from 0.25 to 1.25mg/ml and add to 2000ml pyrex jar reactor containing 990ml of sterilized deionized water and 10ml of washed cells. In the dark and only UV-light were added to 2000ml photocatalytic batch reaction containing 990ml of sterilized deionized water and 10ml of washed cells. The TiO2-cell mixtures was placed on a magnetic stirrer plate with continuous stirring, and illuminated with UV lamp from center of jar reactor. Temperature of reactor was maintained at 30℃ using the thermostat circulating bath. 

The cell viability was examined by the viable count procedure. Suspension of cells without TiO2 in the dark is used as a control, and the reaction of TiO2-cell mixture illuminated with UV-light was also carried out. Samples were taken at 30min and 1hr intervals for 4 h in triplicates. The viable count was performed on typtic soy agar (TSA, Merck, Germany) and plates after serial dilutions of sample in PBS.
V. parahaemolyticus washed twice in sterile deionized water added natural salt 3%(w/v). And L. monocytogenes was determined by a viable count procedure on BHI agar mixture in the plates after serial dilutions of the culture in PBS.  All plates were incubated at 33℃ for 24 h. 
The media of Salmonella choleraesuis subsp., V. parahaemolyticus, L. monocytogenes and used for vial cell counting were a TSA, TSA containing 3% (w/v) NaCl, and TSA containing BHI.  Bacterial cells sampled from culture broth in the photocatalytic reactor were counted by a serial dilution method.  After harvest bacterial cells, they were diluted with a PBS, and transferred aseptically onto agar plates.  They were incubated at 33℃ for 24 h, and then vial cells were counted.  

Result and Discussion 

  To determine the optimal concentration of TiO2 for a certain cell concentration(107 cfu/ml), photocatalytic reaction were carried out with cell concentrations ranging from 0.25 to 1.25mg TiO2/ml in the batch reactor system. 

In fig. 2, after 30min of irradiation with UV light in the presence of 1mg TiO2/ml, 62% of S. choleraesuis subsp. were killed. However, when the concentration TiO2 was decreased to 0.25mg/ml, killing efficiency was decreased to 55% of bacteria. 

TiO2 concentrations greater than 1mg/ml resulted in decreased in killing efficiency. This was probably due to shading of the cells by the TiO2 particles so that UV light in the TiO2-cell suspension became weak. Thus, the most effective TiO2 concentration for killing bacteria at cells concentrations 107 cfu/ml was 1mg/ml. In case of 1mg/ml TiO2 concentration, complete killing time was observed at 3hr and more than 99% of the cells lost their viability. 

The survival curve in fig. 3 indicated that after illumination 30 min, more than 85% (TiO2 1mg/ml) of the bacteria lost their viability. In batch reactor system, killing activity and complete killing time was stronger and very fast than other bacteria respectively. Complete killing was achieved after 2 h of illumination.
The survival curve of L. monocytogenes in Fig. 4 indicated that killing activity was very lower than other bacteria. At 30min illumination, 35% of cells was killed and their complete killing does not arrived at 4hr. 

In this study, a sensitive approach using the TiO2 photocatalyst has been adapted successfully to examine TiO2-mediated damages and their contribution to cell death.   

Data from Fig. 2, 3, and 4 suggest that TiO2 particles remaining in the slurry may still retain their bactericidal activity. Another explanation is that certain lethal reactions would continue to propagate even after the UV illumination stops. This effect may be masked by the standard viable count procedure involving serial dilutions in buffered saline, as it allows cells to form colonies on rich nutrient media, which in turn allows the injured cell to recover. It is not surprising that cells would lose viability even after the removal of TiO2 and/or UV-light. 
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Figure 1. Photocatalytic reactor: 1. UV-A Lamp, 2. Sam-          Figure 2. Effect of TiO2 concentration on the survival

pling port, 3. Magnetic stirrer, 4. Air filter, 5. UV-A pow-          ratio S. choleresuis subsp. in the reactor under UV-A 

er supply, 6. Peristaltic pump, 7. Sample, 8. Constant tem-         illumination and without a TiO2 particle under UV-A

perature bath                                             illumination.(●: Only UV light, ○: Dark, ■: UV+

TiO2-0.25mg/ml, □: UV+TiO2-0.50mg/ml, ▲: UV+TiO2-1.00mg/ml, △: UV+TiO2-1.25mg/ml 
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Figure 3. Effect of TiO2 concentration on the survival            Figure 4. Effect of TiO2 concentration on the survival
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