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Abstract          
      The activity of catalyst was tested against Escherichia coli (Gram negative bacteria). 
Photo catalytic disinfection reaction under UV-light in presence of  MnO2 in aqueous 

solution has been investigated. This method is effective for killing E.Coli bacteria in water. 

Semiconductor exhibits strong bacterial activity .The aim of this research is to design a new 

photo bioreactor and its application to sterilize the water from  bacteria . 

       Primary experiments have been done to determined the optimum conditions which lead 

to high killing efficiency of bacteria in aqueous solution . The results showed that the 

bacterial effect of MnO2  under UV- light irradiation on bacterial suspension was much 

higher than without using MnO2.The photo catalytic reactions were carried out with various 

MnO2weights. The highest photo catalytic E.Coli photo killing  rate was obtained at 0.2 g of 

weight MnO2. The effect of pH on removal of bacteria was studied and the photo killing of 

E.Coli was obtained at acidic pH . 
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1- Introduction 
Chemical treatment one methods of wastewater treatment which treated waste water by 

adding chemicals, including: materials to adjust the pH- value materials coagulation and 

sedimentation - materials oxidation and sterilization(1). 

      Transition metal oxide such as Manganese dioxide has special physicochemical properties 

arising from the particle size effect and high specific surface area(2). The bactericidal effect of 

metal oxide has been attributed to their small size and high surface area, which lead to closer 

interaction with microbial membrane(3). 

     Photo catalysis is a phenomenon that occurs when a reaction chain is taking place in the 

presence of light and solid catalyst in the solution the adsorption of photons by a molecule to 

produce highly reactive electronically excited states. The photon needs to have energy of (hυ) 

equal to or more than the band gap energy of the semiconductor. The energy absorbed will 

cause an electron to be excited from the valence band to the conduction band, leaving a 

positive hole in the valence band. This movement of electrons forms (e-/h+) or negatively 

charged electron/positively charged hole pairs . The positively charged holes in valence band 

are powerful oxidants, whereas the negatively charged electrons in conduction band are good 

reduced (4).  

      Applications of photo catalytic processes are widely recognized as viable solutions to 

environmental problems (5).  

      Many works have reported the successful killing of bacteria, viruses, algae, fungi or 

protozoa by semiconductor photo catalysis(6).        
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  Disinfection of bacteria is of particular importance, because traditional methods such as 

chlorination are chemical intensive and have many associated disadvantages (5).    

  In the present work ,the photo catalytic  oxidation of E.Coli bacteria over manganese 

dioxide (it's band gab 3.3eV)(7) in aqueous solution has been under irradiation with ultraviolet 

light from mercury lamp (50W) at 298K . 

    Manganese dioxide (MnO2) is capable to be activated by UV-light with wavelengths less 

than 400 nm for the degradation of organic pollutants in water and air.  

      Light energy from ultraviolet radiation (light) in the form of photons, excites the electrons 

on the surface of manganese atoms suspended in the contaminated water, moving them from 

the valence band to the conductance band. The result of this energy change is the formation 

of holes in the surface of manganese atom, and free electrons, which are now available to 

form hydroxide (.OH) or other  radicals, which can used as a powerful oxidizing agent to 

convert organic pollutants into CO2 or inactivated microorganisms(8).  

     The reactions that yield additional hydroxyl radicals may continue with other reactions. 

The hydroxyl radical is a very powerful oxidizing agent which can oxidize organic pollutants, 

directly or through intermediate compounds(9). 

 

2- Experimental  
    In all photo catalytic experiments , 100 cm3 of aqueous solution of bacterial suspension was 

added to a known weight of MnO2 particles in 200cm3glass beaker and suspended by using a 

magnetic stirrer . The temperature was controlled at 25C0 by using circulating thermostat. 

The suspension was irradiated for 25 min. 

   Other experiments have been done by adding 0.2 g/100ml MnO2 semiconductors to bacteria 

aqueous solution under dark and light conditions. 

     At each 5 min. samples of irradiated mixture were withdrawn by using a syringe with a 

long pliable needle .These were centrifuged at 1500 rpm for 15 min. to separate the 

semiconductors particles and the supernal liquid. For all experiments, 1cm3of the suspension 

was immediately added to 20cm3 nutrient agar media in a Petri dish (9 cm-diameter)with tri 

replicates per each treatments. Petri dishes were kept in the dark at 30C0 for 24 h. 

 

3-Results and Discussion  

 

3-1 Primary Experiments   

 
      Photo catalytic inactivation of E.Coli bacteria was studied using MnO2 photo catalytic 

and UV-light irradiation. A number of primary experiments have been done to determine the 

optimum conductions which lead to high killing efficiency . Fig. (1) show that,  in the first 

three experiments  the number of bacterial cell was low decreased with time when using 

MnO2 alone in dark because once the bacteria adsorbed on MnO2 particles. Also, the particles 

interact with the building elements of the outer membrane of bacteria and might cause 

structural changes, degradation and finally cell death . MnO2 possess well-developed surface 

chemistry, chemical stability which make them easier to interact with the microorganisms (10). 

Fig. 1 show the effect of UV irradiation and MnO2 on removal of E.Coli. It is evident that in 

the presence of both of MnO2and UV are necessary for bacteria killing . In the presence of 

both of MnO2 and UV irradiation, the reactive oxygen species  generated by MnO2 which is 

responsible for bactericidal activity(11). Hydroxyl radicals (.OH) are produced, which increase 

the efficiency of the process. The effective of MnO2 can be explained also on the basis of the 
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oxygen species released on the surface of MnO2 , which cause fatal damage to bacteria (12). 

The generation of highly reactive species such as OH−, H2O2 and •O−2is explained as follows: 

MnO2+ hv →e− + h+             (1) 

h+ +H2O→OH• + H+           (2) 

e−+O2 →O2
•−

                       (3) 

O-•
2 + H+→HO2

•                    (4) 

HO2
•+H+ +e− →H2O2           (5) 

     When the suspension of MnO2 irradiated with light , the photon energy excited valance 

electrons and generated pair of an electron in conduction band and a positive hole in the 

valance band(13).The excited electrons react with the dissolved atmospheric oxygen to yield 

super oxide Photo holes are trapped by hydroxide groups of water to produce hydroxyl 

radicals .Hydroxyl radical contact with each other to yield the hydrogen peroxide(14) .When 

bacterial cell contact with MnO2 surface they may be direct photoelectron or hole transfer to 

the organism or one of its components . The authors concluded that a direct contact between 

cells and semiconductor is a prerequisite for cell killing . The thick wall of bacteria spores is 

impermeable to most damaging agent(15) . Hydroxyl radicals generated by MnO2 irradiation 

are highly reactive and therefore have a short half lived. Super oxide ions are more long half 

lived however due to the negative charge. Both super oxide and hydroxyl radical cannot 

penetrate the cell membrane(16), while hydrogen peroxide can enter the cell and interact with 

ferrous ion in the per plasma space or inside the cell, either as iron clusters or iron storage 

protein (such as ferrite) to produce the more damaging hydroxyl radical and this type of 

reaction is called Fenton reaction(17)
.  

Fe+2+H2O2OH.+OH-+Fe+3  

oxygen species released have been proposed to attack poly unsaturated phospholipids in 

bacterial cell membrane and causes a breakdown of the cell membrane structure  and 

therefore its associated to cell death, also the reactive oxidizing species can disturb cell 

membrane lipoprotein and nucleic acids, which place cell in state of oxidative stress and 

eventually leads to cell death So that MnO2 particles can  oxidative action directly on all the 

essential components in the cytoplasm and oxidative the cell membrane(18) . 

     Complete photo catalytic inactivation of E.Coli was obtained in about 20 minutes, due to 

natural well water containing surrounding the cells(19). Fig. 1 show that the photo killing rates 

of E.Coli after exposure to UV light irradiation and MnO2 suspension for 20 min, are 100% .  
 

 
 

Fig. 1: Effect of irradiation time on E.Coli removal: MnO2= 0.2 g L-1, pH=7.0 
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3-2.Effect of MnO2 weight on photo killing of Bacteria  
    The amount of catalyst is one of the main parameter for the photo killing studies .In order 

to determine the effect of catalyst amount, the experiments were performed by varying 

catalyst weight from 0.1 g to 0.6 g  at pH 7 . The disinfection efficiency for various catalyst 

weight for bacteria has been depicted in Fig.2. 

      Fig. 2 reveals that disinfection efficiency increase greatly by increasing catalyst weight 

from o.1 g to 0.2 g for E.Coli after the disinfection efficiency of killing decrease.  

      This observation can be explained as follow, at low concentration the number of MnO2 

particles are few as compared with number of incident photons and according to the second 

law of photochemistry each atom or molecule can absorb one photon only. So that the rate of 

bacteria photo killing is increased with increasing MnO2 particles, but when using MnO2 

weight more than 0.2 g. This particles form inner filter(20)which absorbs high portion of the 

incident light as well as the excess number of scattering another part of it, which lead to 

reduce the rate of photo catalytic reaction(21-23). 

The disinfection efficiency, E, is calculated as  :𝐸 =
𝐶𝑖−𝐶

𝐶𝑖
× 100     (1) 

Ci and C are the initial and final MPN/100ml respectively. 

 

 
Fig.2: Effect of weight of MnO2on disinfection efficiency of bacteria at pH=7.0 

 

3-3Effect of pH 
      The effect of pH on the rate of photo catalytic killing of bacteria was studied by keeping 

all the other experimental conditions constant and changing the initial pH values of 

suspension from 3 to 11, the results show in Fig.3.  
The results show that pH effect on Bacteria inactivation was observed at the acidic conditions 

at pH=5. 

The pH of suspension is a complex parameter because it is related to the ionization state of 

the surface of catalyst as shown in the following equations(24): 

MnO2-OH+ H+ MnO2-OH2
+          (6)                                               

MnO2-OH+OH- MnO2 -O
- +H2O     (7) 

 The photo killing of bacteria was found to be strongly dependent on the pH solution because 

the reaction of heterogeneous photo catalytic takes place on the surface of semiconductor. 

The photo killing of bacteria increases with the increase of the pH solution until to 5 and then 

decrease This behavior could be explained on the basis of zero point charge (zpc) of 

manganese oxide which  equal to 7.86.(25,26)   
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    With the increase in the pH solution the surface of catalyst will be negatively charged by 

adsorbed hydroxyl ions however, if pH is lower than ZPC, the hydroxyl ions adsorbed on the 

surface will be decreased and, therefore, increase the hydrogen ions adsorbed on the surface 

and the surface will be positive charge because of the amphoteric behavior of most 

semiconductor oxides, an important parameter governing the rate of reaction takes place on 

semiconductor surface(26).                                                                 

      The cell surface charge of E.Coli bacteria  has a negative charge character(27,28) Thus, the 

semiconductor surface is positively or negatively charged at low or high zero point charge 

(zpc). This behavior can be expected to primarily influence the adsorption of the bacteria on 

the catalyst, thus affecting the overall photo catalytic process. Thus, it was expected that 

electrostatic repulsion between the MnO2 surface and bacteria at high pH would be higher 

due to their both having the same negative charge(29).  

      However, such a trend was not observed. Increasing the pH of the solution could cause 

the mineral surface to decrease in positive charge, thus limiting its ability to hold onto the 

negatively charged bacteria.  The more the pH is raised, the less positive the surface 

becomes(30). 

 

 
 

Fig.3: Effect of PH on disinfection efficiency of bacteria at 0.2 g of MnO2. 

 

4-Conclusions 
      The presence of catalyst , light  are very essential to generate (e-/h+) pairs. These pairs are 

very important to occurs any photo catalytic reaction in aqueous solution. 

It is evident that in the absence of each of MnO2 or UV irradiation, killing in microorganism 

with time was low, while in the presence of both of them, microorganism efficiently 

decreased this means that the presence of light, MnO2 catalyst was very essential for photo 

catalytic reaction. 
      In the presence of both of MnO2 and UV irradiation, hydroxyl radicals (.OH) are 

produced, which increase the efficiency of the process.  

 The photo killing rate of E.Coli after exposure to UV light irradiation and MnO2 suspension 

for 20 min, are 100%. 

The disinfection efficiency increase greatly by increasing catalyst weight from o.1 g to 0.2 g 

for E.Coli after the disinfection efficiency of killing decrease. The photo catalytic photo 

killing of bacteria has been increased with the amount of catalyst due to the complete 

absorption of incident light potentially absorbable by MnO2  and with increasing catalyst 

amounts the reaction was found to occur faster due to increase in the number of active 
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surfaces on the catalyst. However, beyond 0.2 g the reaction rate decreased, which could be 

due to the hindrance to the pathway of light to reach the catalyst molecules. 
pH effect on Bacteria inactivation was observed at the acidic conditions at pH=5.      The cell 

surface charge of bacteria  has a negative charge character and the surface of MnO2 at this pH 

is positively charge and this increase  the adsorption of the bacteria on the catalyst. 
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