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ABSTRACT KEYWORDS
The oxidation of total organic content (TOC) present in the two selected Photooxidation;
Bangalore city lake (Medahalli and Ulsoor lakes) water samples at two TiO,;
different seasons of theyear 2010 using photocatalyst TiO, asbeen studied. BOD;
COD;

Thedifferent formsof TiO, such as natase, rutile and mixed form (Degussa
P25) are used for the study. The mixed form (mixture of nataseand rutile) has
given better results in photooxidation than the individual TiO,forms. The
oxidation of these pollutants present in the wastewater will be oxidized by
photo/ photocatalysis and the extent of contamination and oxidation are
measured by COD and BOD tests. The photooxidation studies were made
under natural sun light illumination. The efficiency and the rate constants
for the oxidation of TOC are calculated and presented. The TOC oxidation
reactions are found to follow first order kinetics. The rate constants for
photocatal ytic oxidation of TOC of the Medahalli 1ake samples of Juneand
December monthsare0.333 and 0.49 (x 10+ s') and for Ulsoor lake samples
are0.52 and 0.666 (x 10*s™) respectively.
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L akewater contaminants.

INTRODUCTION

Degradation of wastewater contaminants of ur-
ban water bodiesor outside (rural /natural) water bod-
iesisoneof thechallenging areas of the environmental
pollution control as our hydrosphereisgetting con-
taminated with significantly high concentrationsof vari-
ous chemicals. These chemicals may includethe pes-
ticidesdomestic or agricultural use, dyesused in do-
mestic and textilefabrics, |aboratory reagents, etc.
Many of these chemica spersist for long periods caus-
ing contamination of water, soil and air environment.

However these chemica saremostly the organic com-
pounds. Many of these are highly toxic, carcinogenic,
mutagenic etc. The contamination of water by these
chemical s has become amajor and serious problem
globally and removal of these contaminants has be-
comevery chalenging.

There are several techniques of removal of con-
taminantsfrom thewater’*4 and someof themarefound
to beinefficient procedures. Biological oxygen demand
(BOD) and the chemical oxygen demand (COD)57
areamong the wastewater quality indicators, which
areessentialy laboratory teststo determinethe pollut-
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ant content. Any oxidizablematerid presentinanatura

waterway or inanindustrial or wastewater will be oxi-
dized both by biochemical (bacterial) or chemical

processes. Recent developments in the domain of
chemica water trestment haveled to improved oxida
tive degradation procedures, which aregenerally re-
ferred to as advanced oxidation processes (AOP).

AmongAOPthe photooxidation has attracted much
attention for the degradation of large variety and or-
ganic pollutantsin contaminated water’®*Y. Photooxi-
dationisthat usestheenergy intheform of light to de-
stroy environmenta contaminants, gpplicableasbotha
waste clean-up and apollution control technique.

In photocatalysis TiO, based catalystsare widely
used®, A wide range of photo efficiencies are ob-
served among various TiO, phases and formulations,
Studieshave shown that mixturesof anataseandrutile
TiO, perform better than either individua rutileor ana-
tase phases of TiO,*4 and the high photoactivity isre-
ported in somemixed-phase TiO, preparaionssuchas
DegussaP25. Thecommercid DegussaP25 TiO, con-
tains80to 90% of anataseand 10to 20% of therutile*2.
Thelower activity of pure-phaserutileisduein part to
rapid rates of recombination. In mixed-phase TiO,
chargesproduced onrutileby visblelight are stabilized
through electron transfer to lower energy anatase | at-
ticetrapping sites. Theseresults suggest that within
mixed-phase titania (P25) thereis a morphol ogy of
nanoclusters containing atypicaly small rutile crystal-
litesinterwovenwith anatase crystallites. Thetranstion
points between these two phasesalow for rapid elec-
trontransfer fromrutileto anatase. Thus, rutileactsas
an antennato extend the photoactivity into visblewave-
lengthd*¥ and the structural arrangement of the simi-
larly Sszed TiO, crystalites createscata ytic “hot spots”
at therutile-anataseinterface. Hencethe commercial
Degussa P25 TiO, photocatalyst has been chosen for
the photocatal ytic oxidation study in order to compare
with mere photooxidation and chemical oxidation.

Theidea photocatalyst should processthe prop-
ertiessuch asphotoactivity, chemica andbiologicd in-
ertness, stability towardsphoto corros on suitability to-
wardsvisibleor near uv, low cost, non-toxicity, etc.4.
TiO, isknownto have such excellent propertiesdueto
high ultraviol et absorption and photocata ytic degrada
tion of chemicasinwater and air*>", Titanium di-ox-
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idehasdifferent crystdliteformsand themost common
formsareanatase & rutile. Thethird crystalineformis
brookitewhichisun common and unstable. Anataseis
themost stableform(*® which can beconvertedtorutile
by heating to temperatures ~ 70 °C*¥, the density of
rutileisgreater of about 4.26 gm/ml while anatase has
density 3.9 gm/ml. Inthe photocatalysisapplicationsit
isknown that, anataseismoreefficient thanrutile, hav-
Ing an open structure compared withrutile.

DegussaP25 iscommercidly available, consistsof
twoformsof TiO, (closaly goproximatingto 25%rtile,
75% anatase)?” and has been used in many studiesof
photocatal yti c degradation. Studiesemploying P25 have
beenwidely reported because of itschemica stability,
ready availability, reproducibility and asacatalyst for
oxidation processes?! it aso been suggested asastan-
dard for such studies?. Intensvestudiesarein progress
to develop the existing materialsor prepare new mate-
rialswhich can be used under solar energy and hence
shortening thetimeneeded for degradation.

Inthe present work, the oxidation of total organic
content (TOC) of the urban lakewater contaminants
by photooxi dation and photocata ytic oxidation employ-
ing chemical oxygen demand (COD) and biological
oxygen demand (BOD) measurement methodsisdis-
cussed. Thestudy asoincludestheoxidation of TOC
by solar light irradiation and by an oxidizing agent and
Microbesin the presence/absence of catalyst.

EXPERIMENTAL

Materials

Themateridsother than TiO, (anataseand rutile
forms: surfacearea49.5 m?/g and 50 m?/g respectively)
such asPotass um dichromate, Ferrousammonium sul-
phate (FAS), Silver sulphate, Mercuric
sulphate, Hydrogen peroxide, H,SO, and Ferroinin-
dicator of Merck chemicals are used for this study.
DegussaP-25 TiO, as supplied by the company has
surface areaof about 50 g/m? and anatase and rutile
ratiois4:1(80%: 20%). The BOD test donewith the
natural population of microbes present in the respec-
tivelakewater samples.

Analytical methods
Photo/photocatal ytic oxidation procedures are
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employed to study the oxidation of pollutantsinlake
water under solar illumination. COD and BOD mea-
surementsareused asandytica methodstofollow the
degradation of |akewater organic contaminants. The
value of COD/BOD indicatesthe concentration of the
organic carbon (OC) inthewater sample. Thedecrease
in COD valuesindicatesthe extent of degradation of
OC under solar illumination.

Reactors

Photor eactor

The photoreactor unit consistsof aglassreaction
vessd of the circumference 34 cm of 1000 ml capacity
whichwasmounted onamagnetic stirrer. It consists of
theoptica convergencelensof circumferenceof 34cm
whichwasfixed at the gppropriate height insuch away
that theentireareaof thereaction vessd would focused
by thesunlight and it wasmaintained carefully through-
out theexperiment. Theentire set upisencased witha
cabinet dlowingthesunlight tofdl directly othelens.

COD reactor

A typical COD experimental setup consistsof a
round bottom flask fitted with reflux (water cool ed)
condenser. Thehesting wasdoneus ng heating mantle.

BOD (Biological Oxygen demand) reaction setup

A typicd BOD experimenta setup includesthein-
cubation of thesamplefor the determination of theBOD
over 5days period. Theusual titrimetric method was
adopted.

Analytical methodsused

The oxidation methods such as COD, BOD, Pho-
tooxidation and photocata yti c oxidation (under solar
light) are usedin the present research. In addition, also
the COD and BOD procedures are used as the ana-
Iytical toolsto ascertain theextent of contamination and
the extent of organic compound oxidized and/ or the
level of OC remained un-oxidized.

Experimental procedure

Photo/photocata ytic oxidation of TOC of thelake
water sampleshave beeninvestigated by solar light ir-
radiation. Thelakewater samplesof about 300 ml were
kept under constant stirring duringirradiation. The so-
lar irradiation was performed between 11 amto 2 pm
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during June and December monthsin 2010. Theex-
perimental setup wasmade on theroof of theresearch
labinBangdore, India. Thelatitudeand longitudeare
12.58 N and 77.38 E respectively. Theaverageinten-
sity of sunlight was around 1.16 x 10 W cm2. The
solar light was concentrated by using convex lensand
the reaction solution was exposed to this concentrated
solar light. The samplesfor analysiswerewithdrawn
beforethestart of irradiation and at 30, 60, 90 and 120
min during irradiation in about 30 ml quantitieseach
time. Thesimilar procedurewasinvolvedin photoca-
tayss, but inthe presence of anatase, rutileand Degussa
-25TiO, photocataysts. The samplesfrom the photo-
cataysiswere centrifuged to remove suspended pho-
tocatayst. Theprocessislargely followed by measur-
ing COD of the solution and also BOD
measurements. The COD determination, which involves
the use of oxidizing agent such as potassium dichro-
mateto oxidizethechemical inacidic agueousmedium.
Theother reagentssuch assilver sulfateascatayst and
mercury sulfatein order to avoid theformation of slver
halidewere added!>"2324,

RESULTSAND DISCUSSION

Characteristicsof water collected from lakes

The TABLE 1 givesthe characteristicsof thelake
water samplesasobtained from thelakes. Thesedata
show thephysicd contamination of thewater whichin-
fersusthe changesin the physical parametersof the
|ake waterswith seasons. In the month of December

TABLE 1: Physical propertiesof thelakewater samplesas
observed and deter mined.

Physical M edahalli lake Ulsoor lake
properties  June December June December
. Light .
Colour Colorless Greenish Green Greenish
Fishy Fishy Fishy Fishy
Odour odour odour Odour odour
pH 7.5 7.6 7.2 7.4
Conductivity ) 29 0.8 067 073
(mho /cm)
}?ne'%s'ty kg o983 009922 099853 0.99948
COD (mg/l)  78.0 850 920 550
BOD (mgll) 127 135 143 5.8
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duetolessraining, thewater accumulation and con-
centration due to water evaporation takes place and
thevaluesof physical parameter increaseswhen com-
pared to month of June.

COD analysisof medahalli and ulsoor lakewater

The extent of oxidationisfollowed by chemical
oxygen demand (COD) measurements. The samples
from photooxidation and photocatal yti c oxidation ex-
perimentswere subjected for COD measurements. In
generd the COD vadueindicatestheextent of contami-
nation by chemically oxidizable organic matter. Inthis
study, it also impliesthe concentration or amount of
organic contaminants (OC) oxidized. Thegeneral re-
action of potassumdichromaewith OC solutionisgiven
by:

CH,2Z, +2Cr,0*+2H,80,CO,+14H,0++

2Cr S0, )

The COD cdculationsaremade using followingrela-
tion:

COD =8000 (V,~V )N/ V @)
Where V, is the volume of FAS used in the blank
sanple, V, isthevolumeof FASintheorigina sample,
and N isthenormality of FAS. If millilitersare used
consistently for volume measurements, theresult of the
COD cdculationisgiveninmg/L.

Contaminated water sampleisoxidized by usnga
strong oxidizing agent, K,Cr,O,. The COD values
for water samples are determined. Oxidation of water
samplewasdone with using two different catalysts and
without catalyst. Initially COD values are recorded
without catalyst and thenwith different catdysts. A COD
va ue of asamplefrom theexperiment without catayst
was compared with the COD value from the experi-
ment with catalyst and found that thereisaconsider-
ablechangeinit. The water sample was filtered to re-
move coursemateria 25ml of water samplewastaken
inaCOD reactor (round bottomed flask fitted areflux
condenser) and 10ml of 0.1m K_Cr,O_, 10ml of 1:1
H,SO, 4-5 dpsof indicator isadded to it. Refluxed for
about 2h and COD values were calculated.

Ontreating any particular waste water (of particu-
lar concentration) the COD should decreaseé®!. Here
COD testitself isconsidered asthe chemica oxidation.
However thismethod itsalf introduces| otsof toxicants
suchaschromiumions, acid, etc. dongwiththedegra-
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dation of OC. Henceasuitableenvironmentd friendly
method isessential for remova of water contaminants.
Inthisregard photo oxidation by natural or artificial
light irradiationis prominent and hencethe experiments
were performed asdiscussed in the experimental sec-
tion.

First of all after sampling from thelakesthewater
wasfiltered to remove suspended coarse substance and
the COD of the samplewasdetermined. TheFigure 1
depictsthe COD vauesfor the water samplesfrom
Medahdli Lake. Thelakeissituated somewhereoutskirt
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Figurel: Bar diagram of COD values(mg/L) versus sam-
pling season for medahalli lake

at adistanceof about 15 km from Bangal ore city core
towardseast. It will receivethe watersfrom various
sourcesfromthedity at two different seasons. The COD
values of sample, tested in the month of June2010is
found to beless, on contrary thevaluefor the sample
tested inthemonth of December isfoundtobehigh. The
reason could betheless contamination of water asthe
rainwater entersthelake, which dilutesthewater and
fresh water sweepsthe stagnant contaminated water
whereasinthe month of December therain wasfound
to be less and the streams, drainages carrying the
waste accumulate in the lake and the sample would get
polluted sincethelakeismore opentoreceivethewa
ter from urban streams. Hence COD values are found
tobehigh.

The COD vauesarefound to bein contrast with
Ulsoor lakewater (thelakeissituated at core of city. It
will receiveonly therainwashingsinrainy season. The
Lakeismaintained by the concerned (corporate) au-
thority. Figure2istheplot of COD vauesasafunction
of season in which the sampletested in the month of
June is high compare to that for the Month of
December. The run off waste waters, during the rainy
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seasons entersthelake and water gets more contami-
nated where asinthe month of December sinceit re-
ceivesno runoff water the contaminationlevel isless
and hence COD vauesarefound to be high. However
it isto be noted that the COD of both lake watersis
foundto beless, within the permissiblelimit as set by
the Pollution Control Board.

60

COD (mg/L)
w
=
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DECEMBER

Figure 2 : Bar diagram of COD values (mg/L) versus
sampling season for ulsoor lake.

BOD analysisof medahalli and ulsoor lakewater

The BOD isanimportant measure of water qual-
ity. Itisameasure of theamount of oxygen needed (in
milligrams per liter or parts per million) by bacteria
and other microorganismsto oxidizethe organic mat-
ter present inawater sample over a period of 5 days.
The so called BOD method of treatment isto allow
the undissolved solidsin raw sewageto settle out of
suspension forming sludge. Such primary treatment
removes only one-third of the BOD. In secondary
treatment, the effluent isbrought in contact with oxy-
gen and aerobic microorganisms. They break down
much of the organic matter to harmless substances
such ascarbon dioxide.

The BOD, Procedure includes the use of well
cleaned 14 cleaned 300 mL BOD bottlesfor thetest
which werenumbered. Each samplewas prepared as
aduplicate asthe Winkler DO method™. Two of the
bottleswere used for the blank, six for thethreediffer-
ent dilutionsof thesample, twofor aduplicate of one of
the dilutions and two each for the G/GA (glucose-
glutamic acid) and KHP (potassium hydrogen
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phthalate)”. The initial pH of each sample was re-
corded. Somedilution water to each BOD bottlewas
added, and then the necessary amount of well mixed
sampleusingaserologica pipette (withawideopening
tip) waswithdrawn and the corresponding amount was
recorded. Each bottlewasfilled tothetopwith dilution
water and Stoppard so that no bubblesarevisiblein
the sample. Each bottle was placed with awater sedl
and aplastic cap over the stopper.

Oneset of bottleswere placed in theincubator in
the dark for 5 days at 20 + 1° C. The temperature,
date and time of the beginning of theincubation were
recorded. The DO on the duplicate set of bottleswas
withtheWinkler titration” at the end of theincubation
period, thetemperature, date and timewere recorded.
The DO on each bottle was determined by Winkler
titrationthe BOD for the sampleswere cd cul ated.

To comparethe COD vauewithBOD value, the
solution was prepared with tap water, sincethe BOD
experiment hasto be carried out in the presence of
microorgani sms (which were present in thetap wa-
ter). TABLE 2 showsthe higher COD valuesfor the
samples collected in the month of Junewith Ulsoor
lakeand of December with Medahdli lakes. TheBOD
valuesarealsoin accordancewith COD but they are
found to be 6- 8 times|esser than the COD vauesas
one can expect dueto the limited capability of micro-
organismsin oxidizing pollutantsand also may bedue
to insufficient population of microorganismsto oxi-
dize the TOC. Hence the BOD experiments were
performed by increasing themicrobid concentration.
Thiswas done by adding the stored sump water of 25
ml to each bottle. The BOD valuesthus obtained are
alsotabulatedinthe TABLE 2.

TABLE 2: COD and BOD valuesfor the samplesfrom ulsoor
and medahalli lakein two different seasons ( June and
December 2010).

Ulsoor lake Medahalli lake
Test method
June December June December
COD (mg/L) 92.0 55.0 78.0 85.0
BOD (mg/L) 143 58 127 132
BOD (mg/L)
(with increased
Microbia 45.2 17.4 40.6 475
Popul ation)
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Photocatalytic oxidation of lakewater samples

A largevariety of reactions can take placeonthe
semiconductor surfaceunder light illumination. Some
of thecommomon reactionsare asgiven below.

TiO, + hv——=3 e +h*, €)
OZ + e-cbﬁ 02- (4)
H,O+h', = OH +H" ©)

The OH- radicalsformed on theilluminated semi-
conductor surfacearevery strong oxidizingagentswith
anoxidation potentia of 2.8V. Thesecan easily attack
adsorbed organic molecules or thoselocated closeto
the surface of the catalyst mostly by hydrogen abstrac-
tion. Thisreection generatestheorganicradicas, which
by the addition of molecular oxygenyield peroxy radi-
ca 9%, Theseintermediatesinitiate chain reactions of
oxidativedegradation leading findly to carbon dioxide
and water asgiveninthefollowing scheme.

OH+RH—=3 R+H,0 (6)
R+0,—3 RO, 7)
OH+RX ——=3 RX*+H, ®

The Lakewater sampleswerefiltered to remove
course material s such as sticks, leaves, dung, paper,
etc. About 300 ml of thewater samplewastakenina
glass photoreaction vessd. It was subjected to sunlight
irradiation. The experiment was carried out in bright
sunlight asdiscussed earlier. The samples were with
drawnat 0, 30, 60, 90 and 120 minutes and they were
subjected for COD analysis. Similar experimentswere
carried out with both thelakewater samples. The COD
vauesaretabulatedinthe TABLE 3. The COD values
for Medahalli lake water without and with catalystin
the month of June decreases aswe movefrom left to
right asgiveninthe TABLE 3. In case of photocatal yst
TiO, and itsdifferent phases (anatase and rutil€) the
COD values decrease comparably whereas with
Degussa P-25 TiO, the values decrease much faster
when compareto the other casesand henceitimplies
that DegussaP-25TiO, isabetter photocatalyst when
compared to other TiO, catalyst phases. Figure 3isa
plot of COD vauesversusirradiationtimeinwhichthe
line arepresentsthat the COD values remains same
even after 2h of irradiation, theline b showsthe de-
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creasein COD valuesandtheline c representsthede-
crease of COD va uesfaster thanthelinesaor b how-
ever therateof decreasein COD vauesismuch faster
withtheexperiment with Degussa-P25TiO, when com-
paredto al the other experiments.

TABLE 3: COD valuesfor medahalli lakewater without/
with catalyst themonth of June

Irradiation COD Values
Timein  without Rutile— Anatase- DegussaP25-

min catalyst TiO; TiO, TiO,

0 78.0 78.0 78.0 78.0

15 77.4 75.1 72.2 70.8

30 76.2 73.6 67.1 62.5

60 75.3 72.0 60.4 53.6

90 74.1 64.1 55.3 46.7
120 73.1 62.2 50.8 41.2

TheTABLE4 showsthat the COD vauesaredightly
highin the Month of December dueto fewer rainsand
asotheaccumul ation of largeamount of waste hasbeen
expected sinceit isan opentypeof laketoreceivethe
wastefrom various sourcesand it hasno maintenance.
COD vauesfor sampletested for without catalyst un-
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Figure3: Plot of COD valuesversustimein which thecurves
a, b, cand d arecorrespond totheexperimentswithout catalys,
catalyst Rutile- TiO,, Anatase- TiO,, and Degussa-P25-TiO,
for the TOC oxidation of medahalli lakewater sasmplesampled
inthemonth of June.

der solar irradiation are found to be decreased moder-
ately. Where asin case of photocatayst TiO, phases
(rutileor anatase) the decreasein COD vauesismore
indicating the faster photodegradation of TOC. The
degradationrateisfound to bemuch faster with Degussa
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P-25TiO, (mixed phases). Figure4 showsthe plots of
COD vauesasafunction of solar irradiation timefor
oxidation of TOC from the contaminated | ake water.
Theexperimentsarecarried out in presence of photo-
catayst TiO, anditsphasesand a soin absence of pho-
tocatalyst. The COD remova with Degussa-P25-TiO,
isfound to beleast abut >30% for medahdli |akewater

TABLE 4: COD valuesfor medahalli lakewater without/
with catalyst themonth of December

Irradiation COD Values

Timein — without Rutile— Anatases Degussa
min catalyst TiO, TiO, P25- TiO,

0 85.0 85.0 85.0 85.0

15 84.2 82.3 82.8 80.1

30 83.3 80.2 78.2 74.8

60 82.0 71.2 74.3 69.5

90 80.1 74.3 70.2 65.6

120 76.2 71.0 66.2 60.2

sampl e tested in the month of December whereasin
other casesit isabout 50% of theinitial COD of the
samplesof both thelakesand both seasons. Thisindi-
catesthe presence of more stable organic matter andin
thehigher concentration than that in the month of June.

The COD valuesinthe TABLE 5 arefound to be

90 - —0—a
%
80 —+b
70 ——c
g60 8 i
j=] 4
550
0 40
[s]
(8] 40 -
20
10
0 T T T 1
0 50 100 150

Time (min)

Figure4: Plot of COD valuesver sustimein which thecurves
a,b, cand d arecorrespond totheexperimentswithout catalyd,
catalyst Rutile- TiO,, Anatase- TiO,, and Degussa-P25- TiO,
for the TOC oxidation of medahalli lakewater ssmplesampled
in themonth of December.

decreased comparably faster with the TABLE 4 and
these val ues arefound to be more when compared to
all the samplesin both seasons. Thehigher COD isdue
to theaccumulations of the contaminantsduetorain
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wash of the urban ground. Though the COD ishigher
the other lake sampl e, the degradation rateisfound to
befaster. Thiscould be dueto the contaminantslargdy
of smpleorganic molecules, becausetheurban domestic
usage might involvesthe simpleenvironmentally | east
stable chemicals. Hencethe photodegradati on of these
chemica sbecomesfaster when compared to the con-
taminantsof theother lake. The other |akeislocated at
about 15 km from the centre of thecity. It may receive
the chemicalsfrom other sourceslikeindustries, etc.
These chemica moleculesmay be of stablekind and
their photodegradation becomes s ow.

TABLE 5: COD valuesfor ulsoor lakewater without/with
catalyst themonth of June

Irradiation COD Values
Timein  Without Rutile— Anatase- Degussa
min catalyst TiO, TiO, P25-TiO,
0 92 92 92 92
15 90.2 88.2 83.5 80.5
30 88.3 83.5 76.4 72.8
60 86.1 78.6 69.5 63.6
90 84.2 73.8 61.7 55.8
120 82.3 67.9 52.1 48.7

TABLE 6 showstheleagtinitia COD vaue, however
amost smilar COD removal rateisobserved asinthe
other cases. Onthewnhol ethe contaminantsare degraded
moreeffectively in caseof DegussaP-25TiO, thanthe

TABLE 6: COD valuesfor ulsoor lakewater without/with

catalyst themonth of December
Irradiation COD Values
Timein ~ without Rutile- Anatase Degussa
min catalyst TiO, TiO, P25- TiO,
0 55 55 55 55

15 54.1 53.2 52.1 49.0
30 53.2 51.0 49.1 43.1
60 52.0 49.1 46.2 37.2
90 51.2 46.2 43.1 30.1
120 50.0 44.0 40.2 25.1

other formsof TiO,. Onthewhole TABLES 3,4,5& 6
clearly indicatesthat the TOC ismorein the month of
December and will belessinthemonth of June. Andthe
DegussaP-25TiO, ismoreefficientin catalyzing theso-
lar degradation of organic carbon presentinthelakewater
this may be due to the mixture of both phasesasdis-
cussedin earlier section. Inthisstudy the samplestested
inthemonth of JuneshowslessCOD vauesindicating
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| ess contamination where asthe samplestested inthe
month of December show high COD vauesduetolarge
concentration of contaminants.

Figure5and Figure 6 arethe plotsof COD vaues
versustimeasintheFgures3and 4 for the TOC oxida
tion of Ulsoor |akewater sample sampledinthemonth
of Juneand December respectively. Inthefigure5the

100 7
90 ¥
80 1
_ 70 A
3 60 - 3
E 50 — —~4—a
§ 40 | ——b
30 ——C
20 —x—d
10 A
0 T T !
0 50 100 150
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Figure5: Plot of COD valuesver sustimeinwhich thecurves
a, b, cand d arecorrespond totheexperimentswithout catalyst,
catalyst Rutile- TiO,, Anatase- TiO,, and Degussa-P25- TiO,
for the TOC oxidation of ulsoor lakewater sample sampled
in themonth of June.
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40 ) .\x T —x=d
-l 5
g S~
£ 30 3
[=] ;
] T~
20 4
10 A
0 T T |
0 50 100 150
Time (min)

Figure6: Plot of COD valuesver sustimein which thecurves
a,b,cand d arecorrespond totheexperimentswithout catalys,
catalyst Rutile- TiO,, Anatase- TiO,, and Degussa-P25- TiO,
for the TOC oxidation of Ulsoor lakewater sample sampled
in themonth of December.

initid COD is92mg/L whichishigher thanthat withthe
COD of sampleof December. Thisisduetothereason
asexplained earlier theentry of chemica contaminants
trough rainwashingsinthemonth of June(rainy season).
Ontheother handin December sincetherewasno entry
of rainwashingsthe only existing contaminantswill be
concentrated duethewater evaporation under hot sun.
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Hencethe COD will beless, about 55 mg/L. however a
similar rate of COD remova isfoundinboth the cases.
The COD has reduced to amost 50% and the rate of
oxidation of TOCismorewith Ulsoor lakesamplethan
theMedahalli |akewater sample.

Efficiency of oxidation of TOC

Theefficiency ‘n’ of photo/photocatalytic oxida-
tionisdefined by percentage efficiency asfollows:
1(%)=(COD," COD)/COD,*100 (7)

Where, COD, and COD denotethe concentrations at
initia (zero) timeand giventimet duringirradiation,
respectively. Figure 7 isaplot of n) (%) versusirradia-
tion time, which imply the percentage of oxidation of
TOC for the samplesfrom Medahalli lake (curvesa
and b) and for the samplesfrom Ulsoor lake (Curvesa
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X /;é —&— €
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Figure7: Efficiency of oxidation of TOC asa function of
irradiationtime.

and b) respectively in the presence of Degussa P25
TiO,. The high efficiency isfound with Ulsoor lake
samplein the month of December and the lowest is
with M edahalli lake sample of December month. The
june month samplesfrom both the lakesfound to be
intermediate. Thelowest efficiency of themedahdli 1ake
could beduetothereason asexplained earlier the pres-
enceof morestable chemicalsin higher concentration
fromindustriesand other urban wasteson contrary the
high efficiency of ulsoor lakeinthemonth of December
could be dueto the presence of |ess stable organics of
domestic use. The Degussa P25 TiO, hasfoundto be
better thanthe other TiO, forms.

Kinetics of photo/photocatalytic of TOC of lake
water samples
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GKrishnamurthy and M.Sona Bai

Thekineticsgenerdly includesthe study of rate of
areaction, order of reaction, etc. Similarly inthe present
study alot of rate of oxidation of TOC of |ake water
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Figure8: Plot of COD/ COD asafunction of irradiation
time showing thekineticsof oxidation.
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Figure9: Plot of log COD/ COD asafunctionirradiation
timeshowingtherate constantsfor theoxidation reactions.

sampl es has been discussed in terms of decreasein
COD on solar irradiation in the above sections. The
plot of (COD)/ (COD), versusirradiationtime (Figure
8) is another way of expressing rate of degradation
TOC. Thisfigureimpliestheresidua TOC asafunc-
tion of timeduring irradiation. It showsthe minimum
residua concentrationishigh about 0.4 which means
the maximum TOC oxidized isabout 0.6 (or 60%) in
120 minof irradiation inthe presence of DegussaP25
TiO, photocatalyst.

The COD concentration can befitted well by the
following apparent first-order kinetics,
In (COD,/COD)=kt )
Where, kisthe apparent first-order reaction rate con-
stant for the oxidation of lindane. Consider the Figure

8, whichisaplot of log (COD),/ (COD) versusirra-
diationtime, inwhichtheinitia rateof oxidationisfast
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asthelinesaremorelinear in the beginning up to about
30 minof irradiation and deviate dightly showing the
gradual increasein the oxidation rate. Therate con-
stants for photocatalytic oxidation of TOC of the
Medahdli |ake sampl esof Juneand December months
are 0.333 and 0.49 (x 10* s?) and for Ulsoor lake
samplesare0.52 and 0.666 (x 10 s*) respectively for
thecurvesa, b, candd respectively. Thehighest rateis
found for the oxidation of TOC of Ulsoor lakeinthe
month of December and the lowest is found for
Medahdli lakein theinthe month of December.

CONCLUSION

In this study the oxidation of TOC of the water
samplesfrom two different Banga orecity (India)lakes
by COD, BOD and photo/phtocatlytic oxidation under
solar light hasbeen conveniently performed at two dif-
ferent seasons. Thesamplestested inthemonth of June
show lessCOD vd uesindicating lesscontaminationand
thesampl estested in themonth of December haveshown
significantly high COD vauesdueto large concentra-
tion of contaminants. The higher COD valuesinthe
Month of December could bedueto fewer rains, large
amount of waste has been expected to accumulatein
lakeasit isan opentype of laketo receivethe waste
from various sourcesand unmaintained. COD values
for sampletestedintheabsenceof catayst catayst under
only solar light irradiation arefound to decrease mod-
erately. Whereasin case of photocatayst TiO, phases
(rutileor anatase) the decreasein COD vauesismore
indicating the faster photodegradation of TOC. The
degradation rateisfound to bemuch faster with Degussa
P-25TiO,(mixed phases). Inmixed-phase TiO, charges
produced onrutileby visblelight are stabilized through
electron transfer to lower energy anataselatticetrap-
ping sites. Hence the Degussap 25 TiO, has shown
better efficiency inoxidizingthe TOC of thelakewater
samples.

Thedecreasein COD with Degussa-P25-TiO, is
foundto behigh (up to >30%) for medahalli [akewater
sampletested in the month of December whereasin
other casesit isabout 50% of theinitial COD of the
samples of both thelakesand seasons. Thisindicates
the presence of more stable organic matter andinthe
higher concentration than that inthe month of Junein
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theMedahalli |lakewater sample. Thisstudy will pro-
vide auseful procedureto study thelakewater TOC
oxidation under natural light in rainy and summer sea-
sonsusing TiO, based photocataysts.
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