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a b s t r a c t

Photocatalytic inactivation of Bacillus anthracis was studied by using titania nanomaterials and UVA light.
Experimental data clearly indicated that, time of exposure, quantity of catalyst, intensity of light, particle
size and Sunlight affected the inactivation. It also demonstrated the pseudo-first order behavior of inacti-
vation kinetics and pointed out the enhanced rate of inactivation in the presence of nano-titania existing
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vailable online 14 October 2008

eywords:
hotocatalysis

as a mixture of anatase and rutile phases. The values of rate constant were found to increase when the
quantity of catalyst and intensity of UVA light were increased. Nanosized titania exhibited better inacti-
vation properties than the bulk sized titania materials. Sunlight in the presence of nano-titania (mixture
of anatase and rutile phases) displayed better photocatalytic bactericidal activity of B. anthracis than sole
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treatment of Sunlight.

. Introduction

Bacillus anthracis, one of the most pathogenic microorganisms
nd etiological agent of deadly disease anthrax has attracted much
ttention and been in the lime light due to its significance in pub-
ic health and military sectors [1]. It occurs in three forms, namely
utaneous, gastrointestinal and pulmonary and causes distinct clin-
cal symptoms like flu followed by respiratory collapse, serious
astrointestinal difficulty, vomiting of blood, severe diarrhoea, boil-
ike skin lesions, etc. [2,3]. Owing to these highly lethal properties,
t has been designated as biological warfare (BW) agent and more
ecently, its spores were used for bioterrorism in 2001 after the
orld trade centre attack in United States. Inactivation or decon-

amination of such agent is one of the most challenging tasks in
elation to public health and environmental safety.

Many technologies have been employed till date for the decon-
amination of water polluted with similar kind of microorganisms.
ctivated carbon filtration, chlorination, ozonation, reverse osmo-
is have been used for the decontamination purposes, however,
ertain disadvantages like disposal problems, production of toxic
y-products like trihalomethanes, high cost, bacteria fouling, etc.,
rompted scientists to search for alternative technologies [4–10].

ecently, direct illumination of contaminated water with UV light
entered at 254 nm has been established as a possible method
or photolytic disinfection or decontamination at room temper-
ture. However, this type of radiation is injurious to health and
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E-mail address: gkprasad@lycos.com (G.K. Prasad).

a

2

2

I

304-3894/$ – see front matter © 2008 Published by Elsevier B.V.
oi:10.1016/j.jhazmat.2008.10.009
© 2008 Published by Elsevier B.V.

nvolves occupational risks [11–15]. Thereafter, this photolytic dis-
nfection method has been modified as photocatalytic oxidation
PCO) method by integrating semiconductor materials like tita-
ia along with UVA light (320–400 nm). This PCO method displays
xcellent disinfection efficiency towards microorganisms avoiding
ost of the above disadvantages of other methods, hence, has been
idely used. In this regard, several bacteria like Escherichia coli,

actobacillus helveticus, Salmonella choleraesuis, V. parahaemolyti-
us, L. monocytogenes, etc. have been successfully decontaminated
y using the synergistic photolytic and PCO methods facilitated by
ulk sized titania particles and UVA light [15–20]. In addition to
hese, photocatalytic properties of titania particles were critically
nfluenced by the size of the particles, phase of titania, i.e., anatase
r rutile, concentration of catalyst, irradiation time, intensity of
adiation, etc. [21,22].

Besides these, several methods for isolation and identification
f B. anthracis have been reported [23] until today, however, noth-
ng was reported on the inactivation of this microorganism by nana
itania. Inspired by the above studies, we have made an attempt
o study the photolytic and photocatalytic inactivation of non-
athogenic B. anthracis by using the synchronized effect produced
y UVA light and titania nanoparticles in anatase and rutile phases
nd compared the data with that of bulk titania.

. Experimental
.1. Materials

Non-pathogenic B. anthracis Sterne strain was obtained from the
nstitute of Veterinary and Preventive Medicine, Ranipet, Vellore. It

http://www.sciencedirect.com/science/journal/03043894
http://www.elsevier.com/locate/jhazmat
mailto:gkprasad@lycos.com
dx.doi.org/10.1016/j.jhazmat.2008.10.009
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face of titania the photo generated hole sites in the valance band of
titania seemed to react with water or surface hydroxide groups to
form hydroxyl radicals (OH•), whereas excess electrons promoted
to the conduction band seemed to react with molecular oxygen to
ig. 1. Photocatalytic inactivation of Bacillus anthracis under the treatment of only
VA light and UVA light in the presence of nano-TiO2 (A + R) or nano-TiO2 (R) as a

unction of time at 1.2585 mW/cm2, using 25 mg of catalyst.

as grown in a 250 mL Erlenmeyer flask containing nutrient broth
n a shaking incubator at 37 ◦C for over night. The biomass was
iluted with phosphate buffer saline at pH 7.2 and cell counts were
easured with turbidity readings at 600 nm with spectrophotome-

er (Molecular Devices, USA) and the cell counts were correlated
ith plate count.

Nanosized TiO2 samples nano-TiO2 (A + R) (13463-67-7, mix-
ure of anatase and rutile phases, average size ∼70 nm) and
ano-TiO2 (R) (1317-80-2, only rutile phase, average size ∼40 nm)
ere obtained from Sigma–Aldrich chemicals, USA. Bulk sized

iO2 (1317-80-2, average size 1–2 �m) was also procured from
igma–Aldrich chemicals, USA.

.2. Photocatalysis and analysis

Aqueous solutions containing ∼700–1900 CFU/mL of B. anthracis
ere magnetically stirred with and without nanosized and bulk

ized titanium dioxide at room temperature (30 ± 1 ◦C) under the
llumination of UVA light (320–400 nm) for investigating the pho-
olytic (without photocatalyst) and photocatalytic inactivation of B.
nthracis. The 100 �L of samples were withdrawn at regular inter-
als of time for plate count experiments. Subsequently, the plates
ere incubated at 37 ◦C and colony counts were taken after 24 h.
VA light irradiation experiments were performed in a photore-
ctor obtained from M/s. Luzchem, Canada of LZC 4V model. The
ntensity of light was varied by glowing more number of lights.
ntensity of light was measured by digital light meter (SLM 110

odel) of A.W. Sperry Instruments, USA with the help of the
dopters provided.

. Results and discussion

The synergistic effect of UVA light treatment and the addition
f nanosized titania particles on the inactivation of B. anthracis
as studied by using UVA light of intensity 1.2585 mW/cm2 and

y adding 75 mg of either nano-TiO2 (A + R) or nano-TiO2 (R) to B.
nthracis contaminated water. Plate counts were recorded at var-

ous intervals of time until 60 min and the data is illustrated in
ig. 1. As per the figure, 100% of B. anthracis (1900 CFU/mL) was
bserved to be inactivated within 50 min due to the combined
reatment of nano-TiO2 (A + R) (sample existing as a mixture of
natase and rutile phases) and UVA light. Only 63% of B. anthracis
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as seemed to be inactivated within 50 min when the contami-
ated water was treated with UVA light. This observation can be
ttributed to the additive effect of nano-titania existing as a mix-
ure of anatase and rutile phases. However, only 52% B. anthracis
as seemed to be inactivated when the contaminated water was

reated with nano-TiO2 (R) (nano-titania existing as only rutile
hase) along with UVA light indicating the absence of noticeable
dditive effect thereby illustrating inferior photocatalytic proper-
ies of rutile phase titania. In addition to these, Fig. 1 also displayed
he exponential decrease of the remaining B. anthracis (CFU) with
he progression of time exemplifying the pseudo-first order kinet-
cs. As can be seen in Fig. 2, the plot of Log (CFU/mL) on Y-axis and
ime on X-axis illustrated linear curves for the above three types
f treatments confirming pseudo-first order behavior of photolytic
nd photocatalytic inactivation of B. anthracis. The values of kinet-
cs rate constant and half-life of inactivation were established from
he slope (slope × 2.303, 0.6932/k) of the linear curves and were
ound to be 0.010 min−1 and 69.32 min when solely UVA light was
sed. Figs. 1 and 2 also indicate the low kinetics rate at initial stages
0–30 min) (half-life 69.32 min) and enhanced rate at later stages
30–60 min) (half-life 21.7 min) of inactivation. This observation
an be ascribed to drastic enhancement of rate of inactivation on
rolonged exposure to UVA light and is consistent with the reported
ata [24]. The values of kinetics rate constant and half-life were
bserved to be 0.040 min−1, 0.010 min−1 and 17.33 min, 43.3 min,
espectively for UVA light in the presence of nano-TiO2 (A + R) and
ano-TiO2 (R). Comparative examination of data clearly indicates
hat, initial rate of inactivation of B. anthracis is strongly enhanced
four times) by the addition of nano-TiO2 (A + R) to UVA light and
.6 times when nano-TiO2 (R) was added to UVA light. Although,
VA light photolytically inactivate the bacteria by inducing DNA

esions due to the formation of dimeric pyrimidine photoproducts,
ts effect is seemed to get enhanced by the presence of nanosized
itania [21,22,25]. Titanium dioxide in the anatase form inherently
ehaves as semiconductor and upon illumination of TiO2 dispersed

n water with UVA light, excess electrons are generated in the con-
uction band and positive holes are generated in the valance band.
ubsequently, the photon generated electrons and holes migrate
o the surface of titania and serve for redox reactions. On the sur-
ig. 2. Kinetics of photocatalytic inactivation of B. anthracis under the treatment of
nly UVA light and UVA light along with nano-TiO2 (A + R) or nano-TiO2 (R) as a
unction of time at 1.2585 mW/cm2 using 25 mg of catalyst.
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Table 1
Effect of catalyst quantity (in mg) on kinetics of inactivation of Bacillus anthracis of 1900 CFU/mL at 1.2585 mW/cm2.

Amount of catalyst
(mg)

Only UVA rate
(min−1)

Only UVA
half-life (min)

UVA + TiO2 (A + R)
rate (min−1)

UVA + TiO2 (A + R)
half-life (min)

UVA + TiO2 (R)
rate (min−1)

UVA + TiO2 (R)
half-life (min)

10 0.010 69.32 0.010 69.32 0.007 99
25 0.010 69.32 0.010 69.32 0.007 99
50 0.010 69.32 0.040 17.33 0.008 86.65
75 0.010 69.32 0.040 17.33 0.016 43.32

100 0.010 69.32 0.060 11.55 0.050 13.86

Table 2
Effect of intensity on kinetics of inactivation of B. anthracis of 1900 CFU/mL using 25 mg catalyst.

Intensity of UVA
in mW/cm2

Only UVA rate
(min−1)

Only UVA half-life
(min)

UVA + TiO2 (A + R)
rate (min−1)

UVA + TiO2 (A + R)
half-life (min)

UVA + TiO2 (R) rate
(min−1)

UVA + TiO2 (R)
half-life (min)

0.4195 0.010 69.32 0.010 69.32 0.008 86.65
0
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.8390 0.010 69.32 0.010

.2585 0.010 69.32 0.010

.5941 0.020 34.66 0.030

.4331 0.055 12.60 0.035

orm superoxide ions which further react with water to form addi-
ional amount of hydroxyl radicals [15–20]. These OH• seemed to
e responsible for the above synergistic inactivation of B. anthracis

n the presence of titania nanoparticles by photocatalytic oxidation
ethod.
Afterwards, the effect of quantity of catalyst on photocatalytic

nactivation of B. anthracis was investigated by varying the quan-
ity of nanosized titania either nano-TiO2 (A + R) or nano-TiO2 (R)
hile keeping the concentration of bacteria (∼1900 CFU/mL) and

ntensity (1.2585 mW/cm2) of UVA light constant and the results
re incorporated in Table 1. As per Table 1, when the amount of
ano-TiO2 (A + R) was increased from 10 mg to 100 mg, the value
f kinetics rate constant of inactivation of B. anthracis was found
o increase from 0.010 min−1 to 0.060 min−1 while the value of
alf-life decreased from 69.32 min to 11.55 min. In the case of
ano-TiO2 (R) the value of kinetics rate constant was found to

ncrease from 0.007 min−1 to 0.050 min−1 while the value of half-
ife decreased from 99 min to 13.86 min when the quantity of
he catalyst was increased from 10 mg to 100 mg. Whereas, the
alues of kinetics rate constant and half-life under sole treat-
ent of UVA light were found to be 0.010 min−1 and 69.32 min.

he data also indicate that nanosized titania containing mixture
f anatase and rutile crystalline phases exhibited considerably
nhanced photocatalytic activity than that observed due to sole
reatment with UVA light or that with nano-TiO2 (R) and this
bservation can be attributed to the presence of anatase phase
n the former material. Anatase phase of titania possesses better
hotoactivity when compared to rutile phase due to the larger
ermi level in the former as per the previously reported literature
26].

Thereafter, effect of intensity of UVA light on photolytic and pho-
ocatalytic inactivation of B. anthracis was explored and the data is

ncluded in Table 2. This table demonstrates that, when the inten-
ity of light was increased from 0.4195 mW/cm2 to 1.5941 mW/cm2,
he value of rate constant of inactivation under the sole treatment
f UVA light seemed to increase from 0.010 min−1 to 0.020 min−1

hile the value of half-life decreased from 69.32 min to 34.66 min.

s
o
5

l

able 3
ffect of particle size of titania on photocatalytic inactivation of B. anthracis at 1.2585 mW

ource of inactivation UVA + TiO2 (A + R)

Average size Rate (half-life) min−

anoparticles ∼70 nm 0.01 (69.32)
ulk particles ∼1–2 �m 0.006 (115.5)
69.32 0.007 99
69.32 0.007 99
23.10 0.020 34.66
19.80 0.010 69.32

he value of rate constant in the case of nano-TiO2 (A + R) increased
rom 0.010 min−1 to 0.030 min−1 when the intensity was var-
ed from 0.4195 mW/cm2 to 1.5941 mW/cm2. Whereas, in the
ase of nano-TiO2 (R) when the intensity was increased from
.4195 mW/cm2 to 1.5941 mW/cm2, the value of rate constant was
ound to increase from 0.008 min−1 to 0.020 min−1. Analysis and
omparison of kinetic data indicate the enhanced photocatalytic
ctivity of titania containing the mixture of anatase and rutile
hases, however, rutile phase exhibited even poorer activity rela-
ive to the sole treatment of UVA in the above mentioned range
f intensity. However, when the intensity was increased up to
.4331 mW/cm2 the UVA effect surpassed the additive effect of tita-
ia as per the data observed in Table 2. It also reveals that the rate of

nactivation of B. anthracis considerably increased with the increase
f intensity of UVA light.

In addition to this, effect of particle size of titania on the pho-
ocatalytic inactivation of B. anthracis was studied and the data is
hown in Table 3. As per the data portrayed in Table 3, the values
f kinetics rate constant and half-life of inactivation in the case of
VA and nano-TiO2 (A + R) (particle size ∼70 nm) were observed

o 0.01 min−1 and 69.32 min while for UVA and bulk TiO2 (A + R)
particle size ∼1–2 �m) they were observed to be 0.006 min−1

nd 115.5 min. In the case of UVA light and nanosized TiO2 (R)
particle size ∼40 nm), the values of kinetics rate constant and
alf-life were observed to be 0.007 min−1 and 99 min while bulk
iO2 (R) (particle size ∼1–2 �m) did not participate in inactiva-
ion at all. As indicated by the above data, relatively nano-TiO2
A + R) or nanosized TiO2 (R) exhibited better inactivation efficien-
ies than bulk TiO2 (A + R) or bulk TiO2 (R). This observation can
e accredited to larger specific surface area, larger number surface
ctive sites and enhanced surface charge carrier transfer rate of
anosized TiO2 samples like nano-TiO2 (A + R) (50 m2/g) or nano-

ized TiO2 (R) (190 m2/g) relative to bulk samples [surface area
f bulk TiO2 (A + R) is 6 m2/g and surface area of bulk TiO2 (R) is
m2/g].

After this, we have investigated the combined effect of Sun-
ight and nano-TiO2 (A + R) or nano-TiO2 (R) on the inactivation of

/cm2 using 25 mg of catalyst.

UVA + TiO2 (R)

1 (min) Average size Rate (half-life) min−1 (min)

∼40 nm 0.007 (99)
∼1–2 �m No inactivation
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ig. 3. Effect of Sunlight on the photocatalytic inactivation of ∼700 CFU/mL of B.
nthracis in the presence of nano-TiO2 (A + R) or nano-TiO2 (R) as a function of time
y using 25 mg of catalyst.

on-pathogenic B. anthracis and the graph is portrayed in Fig. 3. It
ndicates 71%, 100% and 57% of inactivation of B. anthracis in 60 min,
0 min and 60 min under the sole exposure of Sunlight and that in
he presence of nano-TiO2 (A + R) or nano-TiO2 (R), respectively.
pparently, the addition of nano-TiO2 (A + R) augmented the inac-

ivation efficiency of bacteria indicating the synergism in activities
ccurred due to Sunlight and nano-TiO2 (A + R). As we know, Sun-
ight inactivates the microorganisms due to the synchronized effect
f UV and IR parts of it and his power varies with time in a day and
lso when the clouds are passing by. In the present case we have
erformed our experiments at around 11:00 a.m. (Indian standard
ime) and we have not measured the intensity of Sunlight. Later
he graphical plot was made by taking Log (CFU/mL) on Y-axis and
ime on X-axis and it shows the linear curves indicating the pseudo-
rst order behavior of the inactivation kinetics of B. anthracis either

n the presence of nanosized titania particles or under the sole
reatment of Sunlight. The values of kinetics rate constant and half-
ife were observed to be 0.020 min−1 and 30.1 min, 0.050 min−1

nd 13.8 min, 0.020 min−1 and 34.6 min, respectively for only Sun-
ight, Sunlight in the presence of nano-TiO2 (A + R), Sunlight in the
resence of nano-TiO2 (R). The data clearly indicates the occur-
ence of enhanced inactivation of B. anthracis due to the addition
f nano-TiO2 (A + R), while, nano-TiO2 (R) exhibited poorer inacti-
ation efficiency and is consistent with the above observations. All
he above observations collectively illustrated the superior compe-
ence of photocatalytic oxidation method facilitated by using titania
anomaterials and UVA light or Sunlight in the decontamination of
eadly bacteria B. anthracis. This method uses UVA light that is rel-
tively less hazardous than UVC light which is very injurious to
ealth. It also uses minimum amount of titania (as a mixture of
natase and rutile) due to the advantage of nano-size over the bulk
ized titania. The nano-sized titania possesses superior photocat-
lytic properties over bulk sized owing to high surface-to-volume
atio. This method due to established bactericidal mechanisms have
ot only improved the safety level by reducing the microorganism
e-growth but also justified the complete decontamination of B.

nthracis. Moreover, it has the advantages such as low cost, absence
f disposal problems, bacterial fouling and toxic by-product forma-
ion which are expected to occur in the case of the other methods
hereby promising futuristic biological warfare decontamination
pplications.
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[
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. Conclusions

The above observations clearly indicate that photolytic and pho-
ocatalytic inactivation of non-pathogenic B. anthracis assisted by
itania nanomaterials and UVA light. Exposure for longer intervals
f time enhanced the percentage of inactivation of B. anthracis.
ncrease in the quantity of catalyst, intensity of UVA light enhanced
he rate of inactivation of bacteria. Nanosized titania exhibited bet-
er photocatalytic bactericidal properties than bulk material and
unlight in the presence of nano TiO2 (mixture of anatase and rutile)
xhibited dominating photoactivity than sole treatment or that in
he presence of rutile phase.

cknowledgement

Authors thank Aravind Tiwari for extending timely support.

eferences

[1] R.J. Manehec, M.G. Broster, A.J. Stag, S.E. Hibbs, Formaldehyde solution effec-
tively inactivates spores of Bacillus anthracis on the Scottish Island of Gruinard,
Appl. Environ. Microbiol. 60 (1994) 4167–4171.

[2] J.E. Holty, D.M. Bravata, H. Liu, K.M. McDonald, R.A. Olshen, D.K. Owens, Sys-
tematic review: a century of inhalational anthrax cases from 1900 to 2005, Ann.
Intern. Med. 144 (4) (2006) 270–278.

[3] T.C. Dixon, M. Meselson, J. Guillemin, P.C. Hanna, Anthrax, N. Engl. J. Med. 341
(11) (1999) 815–826.

[4] Arai, M. Arai, A. Sakumoto, Exhaustive degradation of humic acid in water by
simultaneous application of radiation and ozone, Water Res. 22 (1986) 123–
126.

[5] D.D. Sun, J.H. Tay, K.M. Tan, Photocatalytic degradation of E. coliform in water,
Water Res. 37 (2003) 3452–3462.

[6] J. Huang, L. Wang, N. Ren, F. Ma, Juli, Disinfection effect of chlorine dioxide on
bacteria in water, Water Res. 31 (3) (1997) 607–613.

[7] A. Abarnou, L. Miossec, Chlorinated waters discharged to the marine envi-
ronment chemistry and environmental impact, Sci. Tot. Environ. 126 (1992)
173–197.

[8] K. Urano, H. Wada, T. Takesmasa, Empirical rate equation for trihalomethane
formation with chlorination of humic substances in water, Water Res. 17 (1983)
1797–1802.

[9] G.M. Szal, P.M. Nola, L.E. Kennedy, C.P. Barr, M.D. Bilger, The toxicity of chlori-
nated waste water: in stream and laboratory case studies, Res. J. WPCF 63 (6)
(1991) 910–920.

10] C.H. King, E.B. Shotts, R.E. Wooley, K.G. Porter, Survival of coliforms and bacterial
pathogens within protozoa during chlorination, Appl. Environ. Microbiol. 54
(12) (1988) 3023–3033.

11] J. Calmer, J.B. Neethling, D. Murbach, Nitrification effects on chlorination and
disinfection, in: Proceedings of the Conference on Disinfection 98, Spec. WEF
Conference, Baltimore, MD, USA, 19–22 April, 1998, pp. 59–70.

12] G.R. Heltz, A.C. Nweke, Incompleteness of waste water dechlorination, Environ.
Sci. Technol. 29 (4) (1995) 1018–1022.

13] H. Junli, W. Li, L. Nenqi, L.X. Li, S.R. Fun, Y. Guanle, Disinfection effect of chlorine
dioxide on viruses, algae and animal planktons in water, Water Res. 31 (3) (1997)
455–460.

14] S.S. Madaeni, N. Ghaemi, Characterization of self-cleaning RO membranes
coated with TiO2 particles under UV irradiation, J. Membr. Sci. 303 (1–2) (2007)
221–233.

15] K.P. Kunh, I.F. Chaberny, K. Massholder, M. Stickler, V.W. Benz, H.G. Sonntag,
L. Erdinger, Disinfection of surfaces by photocatalytic oxidation with titanium
dioxide and UVA light, Chemosphere 53 (2003) 71–77.

16] H.L. Liu, T.C.K. Yang, Photocatalytic inactivation of Escherichia coli and Lactobacil-
lus helveticus by ZnO and TiO2 activated with ultraviolet light, Process Biochem.
39 (2003) 475–481.

17] T. Matsunaga, M. Okochi, TiO2 mediated photochemical disinfection of
Escherichia coli using optical fibers, Environ. Sci. Technol. 29 (1995) 501–
505.

18] T. Matsunaga, R. Tomoda, T. Nakajima, H. Wake, Photo electrochemical steril-
ization of microbial cells by semiconductor powders, FEMS Microbiol. Lett. 29
(1985) 211–214.

19] T. Matsunaga, R. Tomoda, T. Nakajima, N. Nakamura, T. Komine, Continuous-
sterilization system that uses photosemiconductor powders, Appl. Environ.
Microbiol. 54 (1988) 1330–1333.
20] A. Mills, S. LeHunte, An overview of semiconductor photocatalysis, J. Pho-
tochem. Photobiol. A 108 (1998) 1–35.

21] C.C. Wang, Z. Zhang, J. Ying, Photocatalytic decomposition of halogenated
organics over nanocrystalline titania, 9 (1–8) (1997) 583–586.

22] Z. Zhang, C.C. Wang, R. Zakaria, J.Y. Ying, Role of particle size in nanocrystalline
TiO2 based photocatalysis, J. Phys. Chem. B 102 (1998) 10871–10878.



5 ardous Materials 165 (2009) 506–510

[

[

10 G.K. Prasad et al. / Journal of Haz
23] P.C.B. Turnbull, J.M. Krammer, J. Melling, in: M.T. Parker, B.I. Dverden (Eds.),
Topley and Wilsons Principles of Bacteriology, Virology and Immunology, vol.
2, 1990, pp. 187–210.

24] A.G. Rincon, C. Pulgarin, Photocatalytic inactivation of E. coli. Effect of
(continuous-intermittent) light intensity and of (suspended-fixed) TiO2 con-
centrations, Appl. Catál. B: Environ. 44 (2003) 263–284.

[

[

25] C. Bock, H. Dittmar, H. Gemeinhardt, E. Bauer, K.O. Greulieh, Comet assay detects
cold repair of UVA damages in human B lymphoblast cell line, Mutat. Res. 408
(1998) 111–120.

26] A. Wold, Photocatalytic properties of TiO2, Chem. Mater. 5 (1993) 280–283.


	Photocatalytic inactivation of Bacillus anthracis by titania nanomaterials
	Introduction
	Experimental
	Materials
	Photocatalysis and analysis

	Results and discussion
	Conclusions
	Acknowledgement
	References


