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At)straet-Phoa~c;~tal~ lic i~]:tetiwtfi,,n o f aIDte.. Inahaena. l I ]i~ll~ J [ }  I~l]i~l[ ~ ~d [~ Ielosh'U. WaX'~ perfi ~mted ~ ith ']i( ).~coated 
pyrex gla~ss beads under the i[[uminaIion of l JV light (370 nm ~ave~engthL After being irradiated with ti'V light in 
the pr~.~, ence t,f" the -liO.-c,,ated P5 re\ glass beads...~n~b~wna a~d .Uicr,~oslis. kr~mu~ as t.t pica[ c va~u~bavteria, lost 
thdr photo.s.~ ~thetk" acfi~ itv. and the sgk~g of.  tnabaen~z ~.'effs aad the r aries of ~ lh.'t~a:~ali.~' cell_,, ~err o~mplctdy 
separ.'tt~.'d imp> i*MMdual spherical ~mc:,. h; ~l~e ca'.e of .lldosir~,, which i.,, a typk':d diatom, hvwevcr. ,,mewhat lo,~r 
photocatal.~tic i~metix atitm c(ficiency was ONLth~ed. which ~u~, believed u, he due ~, the presence of the iao~an~r 
siliccx,us wall surr, mndh~g the cells of  Meh,ah=. 

Ket word.,,: PhokK:~tah tic Inacthatk,n. Algae. l]O:-~,a*:~xl IMlo~ Pyre2\ (linKs Ik~.xl. Phok~s~ntht,~.is..l,~uthaetua .Uic'*,~. 
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INTRODUCTION 

YK), in anatase cry,'slal fi)rm is a sc-miamduclor with 'bandgap 
CheWy of3 .2cV or mor~.. Upon excitation by. ligsht of  wavelength 
less th~  385 nm, the phot~m ener D' g~merates aa~ electron-hale Ixdr 
on the TiO surface. This el~,x,'m~qaole pair produces highly rcac- 
five oxygen species [Hoffmann et al., 1995]. These highb' reactiw 
sW~ies oxidize organic c~mlx~ands adsort~d on the catalyst sur- 
face. The application of  phot, vavabsts to desm.~y organic polh- 
rants from contaminat~ water has been extensively studkxt [Ollis 
et aL, 108% 

The pa'iblems created by atgal btot'gils in eutrophic water are to- 
day a ,~rious threat to tilt. LaNe populatitms ofalgae in w ' ~ r  sup+ 
ply reservoirs may result in the blocking of filters in the treatm~mt 
wod, cs. The reservoir may have to l~ vaken out of  ~'rvice some- 
times for sew:nil weeks, N.vause the water becomes untreatable. 
tLs~,cially when toxic cyandncterial bib)ms in drinking water sup- 
plit,~ appvar, drinking water may eau,,~' potential human h~ral~ pr~o- 
Ictus [Fritz ,:t aL 19.~)]. Prc.~ntly. the most commtm m~:th~nt lo 
conrail algal blooms is dining with copper based algicides. While 
this invarkd@ destrws algae, it is no Itmger r an eflbc- 
tire trc~_rln3c'nt method as it prtrduces secon 'dary envi~xmmental pre~ 
Ictus. 

Microbial cells in water were reported t~ be kilted by, tim a~'tion 
ofTiO_, photocalaty-sis [Maaun,ga et al.. lt)88: Ire 'land et al.. 1993: 
Cha[ m al.. 2G00]. This finding gwc us an insigaht that the massive 
gm~wth of  algae in eutrophic water can apricot be prevented ~, ap- 
plying the phomcatab~tk aetivit 5' of 1R)-. Despite a broad .,g'~.'c- 
tram of inve~igafion, the potential use of  this techmkNw." for the 

"I\, ~htm~ ct~masptmdcr~c~: .,,ht,uld he addrcs.~r 
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Fig. 1. A t~prc~enlati~,e photf~_j'aph of~he 'liO_,-~a~ed hoflo~ py- 
rex g~s.~ I~ads floating lit watel~ 

inactivafi~m &algae has been presently unexplored. 
Ill the pre.'-:z'i~t work die photocatalytk inactivation o f  algae in 

water was c~k,xt out with the TK). thin film coaled on the surfaoe 
of hollow Wmx glass b~ds. The beads were d~.~gned to float in 
water in order to enhance the close contact with algae. 

EXPERIMENTAL 

1. Preparation of Supported Ti(k Film on Htdlow (;la.,~x Brads 
As can be se,an in Fig. I. hollow pyrex glass beads ~av~age di- 

ameter 20ram) were designed to float in water. TiO, was coated 
on the surf:ace of the be',Kts b5 ~ the well establish.ed metluKl of  dip 
coating [t'halk~, t984]. M k r  "t~ing carefully cleaned by sonieafion 
in acetone the beads were immersed in a ~,lution of  0.I M tita- 
nium leWaisoprolx~xide [TkOCH~CH-):h, fawn M~.~k] in dly eth- 

K, rc~ot.k t "hem./.)'*a'-- tgt {~). 8g.~?-893 ,,20t~1 ) 
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anol (2(,vO ml) and hydrochloric acid (2 N. 5A ml). The Ix'ads were 
removed from the ~x~{utitm at a conslam rate of  2 cm'min, The _~trn- 
pies were then dried in air for 15 minutes. Finally the s~m~p~es w ~  
calcined at 673 K for 2 h. 
2. Characterization of the S~mples 

ll~e scanning electron micrtrgraphs were obtained with a Ph[l- 
ti N (XL30) mic~N.x~pe uorkh~g at 20 KV. The in.nntmenl was fitted 
with an energy- disl'~xive X-ray ~EDS) accessory. X-my diffraco 
tim analysis {XRDI was carried out by using CuK, radialion in a 
Siemens D5000 diffractometer. 
3. Photocamlytic Inactivation of  Algae 

Three species of" algae, .O~thaena_ Micn~:~'ti~, and MefrMr~ 
which are comm~mly found in algal bkxrns in eutrophic waler, w'~'e 
employ'cxl for the experimenls of photocata[}~ic inactivation, The 
reactions were carried out in a hatch rca~)r (2.Ore width. 2.Ore 
lengqh. ~u~d 0.3 m deFah), The reactor was plactxt below black light 
UV lan~ps [Mtvdel F4T5-BLB: wavelength, 37{)nm (unfiltered); 
20 W]. When the lamps were switch~'d on. the lamps" irradiar~ce wzts 
0.60 mWcm--'. ~s determined with a radiometer (Optronic I.atx~ra- 
tories. Inc., Mt~del OL730C) al the reac'tkm solution surface. This 
UV intensi~ was seleciat ~ that test results could be relevm~t to 
solar-r ~-atmeN designs [the aw:vage int~.~sities o f  UV-A 
1330-390 nm) in sunligl~t in Seoul, Korea ~m the sttrlhce of riw:rs 
were 4,3 mWcm--' and 0.6 mWcm--' ~m clondle~s d~'s at 2 pm and 
cloudy days m 9 am, respectively]. 

Pure culture5 &the three kinds of algae were obtained fi'om the 
Nalional Institute of Environnwntal Research (NIERk Korea. The 
algae were grow~ in a laN~m|oty incubator through the pr~,:cdures 
as indicaled by NI ER. Algae u:sed in the cxNriments were oblained 
fr~-n ~tx~mic cultures *lint were ~,aart~ every 10-14 days to k~T~ the 
cells growing in log phase. 

T~O,-coated hollow pyrex glass beads were added to the reactor. 
alld Stl~llSi~m of the algae w~  intrtxtuced into the r~ractor to havtt 
the initial chloropilyll-a c~mcemradon ~f 150 m~/m-'. 
4. Measurements of Photo,synthetic Ae|ivity of the Algae 

An indic~ttion of  photosynth~tic efficiency of  algae was deter- 
mined by carN~n 1,1 md]l,,Xt, which is known to be I~sicallv more 
scnsi6ve than ~ c r  meth~,r [(]r,,,~,nbc~ et aL, 1'-)~]. Samples w~,~ 
withdrawn lh)m the r~r~-tor during the reaclion at diftL~'ent reaction 
times, and were Cll~Wg~xl into light and da,"k Nmles. A solutkm of  
radit~ctive earN.male (HCO.~-) ~-a~s then ackted to the sample bot- 
tles, After being inculxttcd m situ, t!~ a ~ e  were coll~t~J on a mem- 
brane filler, were tr~med wi~h hvdnrch[oric acid ~HC[) fumes to re- 
move inorganic carbon t4, and were ass~b'ed for radioactivib, with 
a liquid scimiIlation coumer (Packard Co. "rri-carb model I5(K~). 
The qtmnti~, of carbon fixed by algae is proportional to the lilac - 
tion of radioactive c~'[x)n assimilated. A more detailed pr~x:edure 
dfl~is meth~ is &_~,rib_,d in the refe~ce [Greenbt.ng d al.. lt)92]. 
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Fig. 2. SEM micrograph anti EDX analys~ of tile '1"iO5 film ira- 
m~bitized on the pyrex glas.s bead. 

Fig. 3. Detailed SEM mierogrzph of the r io ,  film immN0iliTed on 
the pyrex glass bead. 

RESULTS AND DISCUSSION 

I. Characterization of  TiO~ Film 
SEM micro@aphs of-fi(~ film ~m the hollow pyrex glass b~ad 

arc ~om~ in Fig. 2, SEM analysis o f~e  3gO: film on the g'h.~ [~id 
shows a fi'actured alv~arance. "[he fi-acturing r film is beliew.,d 
to be due to contraction and swess on drying. Additkmal fracturing 
may have occulted during the calcination process due to the differ- 

~ t  thermal c~r of the overlayer and the subslrate. From 
the EDX ~lab~sis of  the film. tit~ium is tbund to be one ofthe major 
corn portents. 

Wl~,n the 150, tilm is ob,x~,,,xt in more detail with SEM tFig. 3). 
the 'UO. film is known to have porous surface m~qc~hology. The 
thickness of the: TiO, film could be measured N~m the SEM image 
of  the c~ss sec'tion of  the glass bead (Fig. 4 I. The average thick- 
ne~ of  the film was estimated to be 0,3 pro. 
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Fig. 4. SEM micrograph of the ero~ section of the TiO2~coated hol- 
low pyrex glass bead. 
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Fig. 5. XRD diffractogram of the TiO, film immobilized on the py- 
rex glass bead. 

Fig, 5 shows the XRD pattern of the Ti-Q, film. The peak ap- 
pearing at 44.5'' is attributed to the crystalline silica of the hollow 
pyrex glass bead. The ~l]~ film on the glass bead has anatase struc- 
ture. Since anamse samples are generally, but not always, more active 
than mtile ones [Sclafani et aL I990: Suri el aL ~993: Lee and Cho, 
2001], the immobilized "fiO~ film is expected to show hi~'~ eft]- 
ciency for the inactivation of algae. 
2. Photocatalytic lnaetivation o f  Algae 

Fig. 6 shows the optical microscopic hnages of the algae before 
reaction and after 30 minutes reaction with the Ti(~-coated hollow 
glass beads, Photograph A was obtained forAnabuena, Anu&~ena 
is a typical filamentous cyanobacterium. Cons~ictions between adja- 
cent cells of Anabaem~'s unbranched filaments give the appearance 
of a string of beads [Sze, [998]. When irradiated by UV light in 
the presence of TiO:-coated glass beads, the string ofAnahaena 
came to be separated, and each spherical cell was completely iso- 
late& The luminant brigJ~t yellow color {shown in the colorful pho- 
tograph) of the cells before reaction is indicative of the vigorous pho- 
tosynthetic activity of Anabaena. But most of the isolated cells of 
Anabaena lost their photosynthetic activity, 

Mi~roo:~'~i~ is a typical nonfilamentous and a colonial cyano- 
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Fig. 6. Optical microscopic images of the algae before and after 
photocatalytic reaction with the 1]Oz-coated hollow glass 
beads for 30 minutes (A:Anabaena, B: Ytlicr(~ysti~, C: Melo- 
sira). 

bacterium [Sze, 1998]. Colonies of Microc3'stis consist of  hundreds 
of spherical cells in a mucilaginous sheath. As sho~n in photo~aph 
B, file colonies of spherical ceils were completely isolated after 30 
minutes reaction with the ~nO~-coated glass beads, and each cell 
almost lost its photosynthetic activity. 

Mek)sira is a kind of diatom, which is an important component 
of planktonic communities in water habitats [Sze, 1998]. A distinc- 
tive siliceous wall, called a frustule, surrounds its nonflagellated 
vegetative cells [Sze. 1998], As in the cases of,4nabaenaand Atic~r)- 
~y~'ts the cell of Melosb'a was severely damaged and lost its pho- 
tosynthetic activity after 30 minutes reaction with the TiQ-coated 
glass beads (photograph C), 

The results in Fig, 6 could be a direct evidence for the photocat- 
alytic role of the Ti(~-coatcd glass beads on the inactivation of the 
algae. 
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Fig. 7. Changes in photosynthetic activity ofAnahaena (A). Micro- 
O, stis (B) and Melosira (C) with reaction time (Q:  photo- 
catalylie reaction with the TiO_.-coated glass beads. A:  dark 
reaction without the TiO_,-coated glass beads. O: blank 
reacthm under UV illumination without the l"iO,-coated 
glass beads). 

The photosynthetic activities of  the algae during the reaction were 
also measured by carbon 14 method. Fig. 7 shows the photocata- 
lytic reaction oCCmTing with Anahaena, Micro?.'~t& and Mdosira 
at different reaction times. The relatNe "C-assimilation recorded 
on the Y-axis is the ratio of  the ~C-assimilation belbre reaction and 
Nat during reaction. Most of  the inactivation of the photosynthetic 
activity, of Anahaenu and Microo:vtb took place within 30 min. But 
in the case of  Melosira much lower photocatalytic inactivation ef- 
ficiency was observed. About 60~ i~ of the cells lost their photosyn- 
thetic activity in 40 minutes, The lower inactivation of Metosira is 
believed to be due to the presence of inorganic siliceous wall. called 
a frustule, sun'ounding the cells, 

C O N C L U S I O N  

TiO, was coated on the surface of the hollow pyrex glass beads 

through a sol-gel method. The TiO:-coated hollow glass bead was 
employed as a photocatalyst to inactivate the algae under the illumi- 
nation of  UV light. 

TiO: could successfully be immobilized as a film on the surface 
of the glass bead. ~ "Ii~ fihn had anatase form and a porous struc- 
ture. The average thickness of  the film was estimated to be 0.3 lam. 

Three species of algae, Anal, aena~ A.licrr~tis and Mdosira, were 
taken for the inactivation exp~ments. When in,--diated by UV light 
in the presence of the TiO_,-coated glass beads, the structure of  the 
algae changed greatly, "l]qe string of Anahaena cells and the eofo- 
nies of Microo:stb cells were completely separated into individual 
spherical ones, and most of  the isolated cells lost their photosyn- 
thetic activity. The cells of  Melosira were also dmn~ed severely 
after being contacted with the Ti~-comed gIass beads, Complete 
photocalalytic inactivation of Anabaena and Microo,s'tis was ob- 
tained in about 30 rain, while the inactivation efficiency for Melo- 
sira was somewhat |ower than the cyanobacteria, "Ihe lower effi- 
ciency was believed to be due to the presence of the inorganic si- 
liceous wall sun'ounding the cells of MeIosira. 
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