Rorcan F Chom, Fre 180, SREY3 2001

Photocatalytic Inactivation of Algal Growth in Eutrophic Water with
Hollow Glass Beads

Dong-Keun Lee', Min-Sa Kang, -Sang Chung. in-Cheol Cho, Seung-tfce Woo,
Sung-Chul Kim asd Sung-Woo Kim*

Dopartment of Chemical Engmceering/Environmental Protection.
Research hnstitute of Environmental Protection, Gyemgsang National Umiversily,
Kapwa-dong 900, Chinju. Kyongnam 663-701. Korea
*Sam Hyup Resource Development Co., Maeeri, Sang-dong, Kimbae, Kyongnam 668-701, Korea
(Received 3 Seprember XHIE « uccepted 28 Seprember M

Abstraet—Photocituh e lnaativition ol abuse.  taobocna, Viorocystis, sid Melosirg, v performed with 110O-coated
ey plisy bewds under the Huminagion of TV Bl €378 mm oaavelensth), Aller being Irvadiated with 17V light in
the presence of the T -couted pores gluss bewds, Anoferene and Yiorocystiv, Ronowe as bopicel ovanobacteria, Bost
their photoss nthetie sctiyive and the siring of L aafoeses cells and the colimies of Vicroonstiv cells were conplutel
separtied inte individuad spherieat ones, [n e e of Jledosine which & o bepicsd distom, iosever soinewhal jower
phiotocutadyvite inuctivation efficieney was vbtutned, which wiss befioved o be due 1o the presence of tie itrorganic

sificcots wul surrounding the eelly of Aefoxira.
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INTRODUCTION

TiOh i anatase orysta form s a semiconductor with bandgap
enerngy of 3.2 ¢V o more. Upon excitation by Huht of wavelength
fess than 385 nm, the phioton encerey generaes an ekectron-hole pair
on the TiO. surface. This elecon-hole pair produces highly reac-
tive oxygen species [Hoffinann et al., 1998%, these highly reactive
species oxidize organic compounds adsorbed on the catalyst sur-
face. The apphication of photocatadysts to destroy organic poths-
tants from contaminaied water has been extensively studied [Ollis
vt al., 1089],

The problems crested by algal blooms in eutrophic wakey are to-
day @ serious threat to life. Lange populations of algae in water sup-
ply reservoirs may result in the blocking of filters in the treatment
works. The reservolr may have 1o De taken out of service some-
times for severnd weeks, because the wager becomes untreatable.
Especially when toxic cyanohacterial blooms in drinking waler sup-
plies appear, drinking water may vause potential huran health prob-
femns [Fettz ©f al, 1999) Presently. the most common method 0
controt algal blooms 1s dosing with copper based algicides. While
this invariably destrovs algae, # is no onger comsidered an effec-
thve treatment method as it produeces secondary envitenmentat prob-
femns,

Microbial cells in water were reported to be kalled by the action
of TiO. photocatadysis [Matsunaga et al.. 1988: reland et al.. 1993
Chat et al.. 2000]. This finding gave us an msight that the massive
growth of algae in eutrophic water cun o priori be prevended by ap-
plying the photocatabytic activity of Ti0. Despite a broud spec-
trum of mvestigation, the potential use of this technology for the
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tactivation of algac has been presently unexplored.

In the present wirk the photocabvtic mactivation of algae in
water was carried out with the TiO. thin film coated on the surface
of holtow pyrex glass boads. The beads were desgned to float in
water in order to enthance the close contact with algac.

EXPERIMENTAL

L. Preparation of Supported TiO, Film o Hollow Glass Beads

As can be seen in Fig. 1. hollow pyrex glass beads {average di-
ameter 20 mm) were designed o float in water, TiO, was coated
on the surface of the beads by the well established method of dip
ooating [Pulker, 1984, After being carefully cleaned by sonication
i acctone the beads were immersed in a solution of 0.1 M tita-
niun letraisopropoxide [THOCHICH. ), o Merck] in dry oth-

Fig. 1. A representative photograph of the Ti(.-coated hoflow py-
rex glass heads floating in water.
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anol {200 mi) and hydrochlorice acid (2N, 34 mi). The beads were
remnoved from the sohution at a constant rate of 2 cmviman, The sam-
ples were then dried in air for 15 minutes. Finally the sumples wore
calcined at 673 K for 1 h.

2. Characterization of the Samples

The scanning electron micrographs woere obiained with a Phil-
fips (XL30)rpicroscope working at 20 KV, The instrurrient was fiited
with an energy dispeisive Xeray {EDS) accessory, Xeray diffuc-
tion analvsis {XRD) was carried out by using Cob rudiation ina
Siemuens D300 ditlractometer.

3. Photocatalytic Inactivation of Algae

Three specivs of almae, druhaend Aficrocysti, and Aefosipg,
which are commmonly Tound i algal blooms in eutrophic waler were
eniploved for the experiments of photocatalylic inactivation. The
reactions were caried out i a batch reactor (2.0 m width. 20m
fength. and 0.3 m depth). The reactor was placed below black liaht
UV lamps [Model FAT3-BLB: wavelngth, 370 nm wnliltered);
20 W1 When the lamps were switched on. the lamps” sradiance was
0.60 mWern™. as determined with a radiometer {Opwronic Labora-
tories. Inc., Maodel GL730C) al the reaction solution surface. This
UV intensity was selocted so that test results could be relevirt to
solar-excited treatment designs fthe average intonssities of UV-A
{330-390 nm) i surdight i Seoud, Korea on the surthee of rivers
were 4.3 mWen and 0.6 mWent™ on cloudiess days a1 2 pim and
cloudy days at 9 am. respectivehv k.

Pure cultures of the three Kinds of algae were obtained fom the
National instituie of Environmental Rescarch (NIER) Korea, The
algae were grown in & laboratory incebator through the procedures
as fidicated by NIER. Algae used in the experiments were obtained
from axenic cubtures that were started every 10-14d days to keep the
cells growing in log phase.

T ~coated hollow pyrex glass beads were addod to the reactorn.
andd suspension of the algac was roduced into the reactor 1o have
the mitial chlorophyll-a concentration of 130 mg/ny,

4. Measurements of Photosynthetic Activity of the Algae

An indication of photesynthetic efficiency of abzae was deter-
mined by carbon 14 method, which is known to be basically more
sensitive than other micthods fGreenberg ot al. 1992], Samples were

withdravwa from the reactor during the reaction @ different reaction

times. and were charged into light and dark bottfes, A soluion of
radivactive carborite ("CO™) was then added 1o the sample bot
thes. After being incubated i s, the aluae were collected on a meme-
brane flter, were treated with hydrochloric acid (HCD funes to re-
move inorganic carbon B4 and were assaved for radioactivity with
a Houid scimtiflation counter {Packard Co. Triscarb model 1500),
The quantity of carbon lixed by algae is proportiona to the frac-
tion of radioactive carbon assimilated. A more detatled procedure
of this method s deseribed in the reforence [Greenbenz of ol 1992],

RESULTS AND DISCESSION

1. Characterization of Ti(); Film

SEM micmgaph-; of Ti(h film on the hollow pyrex glass bead
gre shown in Fig. 2. SEM analysis of the TiO, film on the glass bead
shows a fractred appearance. The fmcturing of the fiim s believed
to be due to contraction and stress on dryving. Addiional fracturing
may have ocourred during the caleination process due @ the differ-

November, 2001

Fig. 2. SEM micrograph and EDX analysis of the 10, film im-
mobilized on the pyrex glass bead.

Fig, 3. Detailed SEM micrograplh of the 1i(), film immobilized on
the pyrex glass head.

ent thermal cocthcients of the overluyer and the substrute. From
the EDX analysis of the ilm. Gtaniam is found to be one of e major
CUIMPOTICNES.

When the THO: film s observed in more detaib with SEM (Fig. 3).
the TEY. {ilm i known to have porous surface morphology. The
thickniess of the T30, filn could be measured Forn the SEM mase
of the cross section of the glass bead (Fig. 44 The average thick-
ness of the film was estimated to be 0.3 pm.
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Titanium dioxide thin fllm

Fig. 4. SEM micrograph of the cross section of the TiO.-coated hol-
low pyrex glass bead.
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Fig. 5. XRD diffractogram of the TiO, film immebilized on the py-
rex glass bead.

Fig. 5 shows the XRD pattern of the Ti(), fiim, The peak ap-
pearing at 44.5" is attributed to the crystalline silica of the holiow
pyrex glass bead. The TiO. film on the glass bead has anatase struc-
ture, Since anatase samples are generally, but not always, more active
than rutile ones [Sclafani et al,, 1990; Suri et al., 1993; Lee and Cho,
2001}, the immobilized TiO, film is expected to show high effi-
ciency for the inactivation of algae.

2. Photoceatalytic Inactivation of Algae

Fig. 6 shows the optical microscopic images of the algac before
reaction and after 36 minutes reaction with the TiOs-coated hollow
glass beads. Photograph A was obtained for Anabaena. Anahaena
is a typical filamentous cyancbacterium. Constrictions between adja-
cent cells of Anabaenda’s unbranched filaments give the appearance
of a string of beads [Sze, 1998). When irradiated by UV light in
the presence of TiO.-coated glass beads, the string of Arahaen:
came to be separated, and each spherical cell was completely iso-
lated. The luminant bright yellow color {shown in the colorfid pho-
tograph) of the cells before reaction is indicative of the vigorous pho-
tosyrithetic activity of dnabcena. But most of the isolated celis of
Anubaenc lost their photosynthetic activity,

Microcystis is a typical nonfilamentous and a colonial cyano-
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Fig. 6. Optical microscopic images of the algae before and after
photecatalytic reaction with the TiO-coated hollow glass
beads for 30 minutes (A: .4nabaena, B: Microcystis, C: Melo-
sira).

bacterian [Sze, 1998}, Colonies of Microcystis consist of hundreds
of spherical cells in a mucilaginous sheath. As shown in photograph
B, the colonies of spherical cells were completely isolated after 30
minutes reaction with the TiO.-coated glass beads. and each cell
almost lost its photosynthetic activity.

Melosira is a kind of diator, which is an important component
of plankionic communities in water habitats [Sze, 1998]. A distine-
tive siliceous wall, called a frustle, surrounds its nonflageliated
vegetative cells [Sze, 19981 As in the cases of drabaeno and Micro-
cysitis, the cell of Melosira was severely damaged and lost its pho-
tosynthetic activity afier 30 minutes reaction with the TiO-coated
glass beads (photograph C).

The results in Fig. 6 could be a direct evidence for the photocat-
alytic role of the Ti(),~coated glass beads on the inactivation of the
algae.
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Fig. 7. Changes in photosynthetic activity of Anabaena (A), Micro-
cystis (B) and Melosira {C) with reaction time {@: photo-
cafalytic reaction with the TiO-coated glass beads, A: dark
reaction without the TiO,-coated glass beads, O: blank
reaction under UV ilumination without the TiQ.-coated
glass beads).

The photosynthetic activities of the algae during the reaction were
also measured by carbon 14 method. Fig. 7 shows the photocata-
Iytic reaction occwrring with Anahaena. Microcystis and Melosiva
al different reaction times. The relative “C-assimilation recorded
on the Y-axis is the ratio of the "C-assimilation before reaction and
that during reaction. Most of the inactivation of the photosynthetic
activity of Anabaena and Microcustis took place within 30 min. But
in the case of Melosira much lower photocatalytic inactivation ¢f-
ficiency was observed. About 60% of the cells lost their photosyn-
thetic activity in 40 minutes. The lower inactivation of Melosira is
believed to be due to the presence of inorganic siliceous wall. called
a frustule, surrounding the cells.

CONCLUSION

Ti0, was coated on the surface of the hollow pyrex glass beads
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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 successfifly be immobilized as a film on the surface
of the glass bead. The Ti(). film had anatase form and a porous struc-
ture. The average thickness of the film was estimated to be 0.3 um.

Three species of algae, Arahaena, Microcvstis and Melosire, were
talen for the inactivation experiments. When irradiated by UV light
in the presence of the TiO-coated glass beads, the structure of the
algac changed greatly, The string of Arubaena cells and the colo-
nies of Microcysiis cells were completely separated into individual
spherical ones, and most of the isolated cells lost their photosyn-
thetic activity. The cells of Aelosira were also damaged severely
afler being contacted with the TiOs-coated glass beads. Complete
photocatalytic inactivation of Anabaena and Microcystis was ob-
tained in about 30 min, while the inactivation efficiency for Melo-
stre was somewhat fower than the cyanobacteria. The lower effi-
ciency was believed to be due to the presence of the inorganic si-
liceous wall surrounding the cells of Melosira.
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