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ABSTRACT

The photocatal ytic oxidation of metformin has been investigated at room
temperature in adynamic photoreactor with system UV/TiO, under UVA
(=365nm). The effect of various factors, such as photocatalyst dosage,
initial substrate concentration, solution pH and co-existing inorganicions
(H,PO,, NO,) and pharmaceutical compound (Paracetamol) on the photo-
catalytic degradation of metformin was investigated. The experimental
resultsindicate that the optimal pH for metformin elimination is about 8.
The optimum catalyst concentration was found equal to 0.5 g/L, under
optimal conditions, the extent of photocatal ytic degradation was 91% af-
ter 135 min. The removal efficiency decreased from 91% to 87.1% and
76.07%, for metformin aone, in the presence of H,PO,” and NO, respec-
tively. The results indicated that the photocatalytic degradation of
metformin followed the pseudo-first-order kinetics and the apparent first
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INTRODUCTION

Most of theactive pharmaceuticasingredients ad-
ministered to patients are excreted either as metabo-
lites or asthe unchanged parent compounds™. Phar-
maceutical compounds haverecently been detected in
sewage effluents, surfaceand groundwater'2?, The per-
sistenceof their residuesin surface watersisof great
concernin particular because of their potential impact
on ecosystem and public heathi. Antidiabeticsarea so
rel eased in theenvironment through urban wastewater
trestment plant’s discharges®™. Metforminoriginaly sold
as glucophage is an ora antidiabetic drug in the
biguanideclass. Itisthefirgt-linedrug of choicefor the

decreases with the increasing of theinitial con-
© 2012 Trade ScienceInc. - INDIA

treatment of diabetes mellitus type I1¢. In humans,
metforminisnot metabolized and itselimination only
occursviathekidneyd™. Over thelast decades, agreat
deal of interest has been focused on the
photodegradation of Pharmaceutical compounds
present inwater and wastewaterswith application of
TiO, asphotocatal yst. Reaction mechanismsof photo-
catal ytic processes have been discussed extensively in
theliterature®.

In polluted waters, organic matter andinorganicions
mixtureareprevaent. However, littleattention hasbeen
paid to systematically examinethe effect of the pres-
ence of second reactant on photodegradationin con-
trast to the effect of various operating parameters. In


mailto:yeddouna@yahoo.fr

RRBS, 6(12) 2012

Nacera Yeddou Mezenner and Amel Hamadi

379

this context, the objectives of thiswork wereto pre-
liminarily investigate the photocatal ytic degradation of
metformin, and to examinethe potentid interference of
inorganicanions (NO, and H,PO,’) and pharmaceuti-
cal substance (Paracetamol) on photodegradation of
metformin. To the best of our knowledge, thisisthe
first study that includesasystemati c examination of the
various parametersthat affect the photo-oxidation pro-
cessof metformininadynamic photoreactor. Inthelast
few years, alargenumber of publicationshave appeared
about the photocatal ytic reactor configurations. Ex-
amples of these reactors include cylindrical
photoreactor!®, helical photorector®, spinning disc
reactort’? and labyrinth flow photoreactor*3. In our
study, the photoreactor isin spiral formand dl of cata
lyst canbeilluminated.

MATERIALSAND METHODS

Chemicals

Metformin (Figure 1) and Paracetamol areobtained
from SAIDAL complex (Algiers). The photocatlyst
iSTiO, (P25, ca. 80% anatase, 20% rtile; particlesize,
ca. 20-30 nm; BET area, ca. 55 m?% g) issupplied by
Degussa. De-ionized water isused throughout thisstudy.

All other chemicasused in our experimentsare of
andytica grade.
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Figurel: Molecular structureof metformin.

Procedureand analysis

Photocatal ytic degradation of metforminis per-
formed inaclosed circulation system at room tempera-
ture (25°C) (Figure 2). The photoreactor has a spiral
formandismadefrom Duran glass. Theinner diameter
and the apparent length are 6.4 and 400 mm respec-
tively. Theirradiated volume of thereactor is 200 mL
and total volume of 2500 mL of pharmaceutical solu-
tionwasrecirculated usng aperistatic pump. lllumina-
tionisachieved by ahigh-pressuremercury lamp (Philips
PK 15W, 365 nm) placed on the bottom (3 cm) of the
photoreactor. The solution was stirred beforeirradia
tionand aso during irradiation. Samplesof 3mL are
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collected at regular timesand filtered through 0.45 um
milliporesdiscsto removeTiO, powder prior to anay-
sis. The concentration is monitored by measuring the
absorbanceat A =233 nm, using aPerkin-Elmer UV-
V1S Spectrophotometer. Theindicated absorbanceis
proportional to the Beer-Lambert law inthe range of
studied metformin concentrations.
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Figure2: Experimental sysem 1: UV lamp; 2: photor éactor;
3: liquid reservoir; 4: pump.

RESULTSAND DISCUSSION

TiO, hasreceived agreat deal of attention dueto
itschemica stability, non-toxicity, and low cost™. There
aremany reported studiesusing TiO, as photocatal yst
in photocatal ytic degradation of pharmaceutica. pol-
lutants. however, photocata yti c degradationisstrongly
influenced by various parametersin thiscontext, the
influence of some experimental parametersasinitia
concentration of metformin (5-35mg/L), catalyst-load-
ing (0.2-0.5g/L), pH (5.4-8), inorganic anionssuch as
NO, and H,PO4 and pharmaceutical compound
(Paracetamol) isinvestigated. In accordancewith the
reported articles'>1¢, thekinetic of the photocatalytic
degradation rate of most organic compoundsis de-
scribed by pseudo-first order kineticsaccordingtothe
followingequation:

C
L r{c—o) = —kappt 1)

Where kap . (min?)isthe apparent rate constant of the
photocatal ytic degradation.
Half- livest, ,arecalculated using Eq. (1) by re-
placing Cwith C /2
(. __Ln2 _06931
% Kapp Kapp @)

Linear plots of Ln (C/C,) versustime are obtained.
For our experimenta conditions, dataareingood agree-
ment with apseudo-first order reaction. Theresultsare
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lisedinTABLES1and 2.
Effect of TiO, concentration

The catayst dosage asan important parameter has
been extensively studied in many photocatal ytic reac-
tionssuggestingthat theoptima TiO, variesfrom0.1to
5g/L¥. Hence, the effect of TiO, dosage on the
photodegradation of metforminwasinvestigated by
employing different concentrationsof TiO, varyingfrom
0.2t00.5g/L andat 5mg/L initial substrate concentra-
tion (Figure3).

bl " D2g/L

e D4g/lL

the semi conductor 2 (Daneshvar et a. 2003)

As expected, the apparent rate constant (k - p) is
foundto increasewith theincreas ng concentration of
TiO, (Figure4). Thisenhancement isdueto theincrease
of thenumber of activesiteswiththe semi conductort”.
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Figure3: Photocatalytic degradation of metformin at differ-
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TABLE 1: Photodegradation of metforminin singlesystem

80 200

Kapp ro ty, Removal
(minY)  (mg/L.min) (min) (%)
Co(mg/L)
5 1.44x10% 7.21x10% 48.06 a1
8 114x10% 911x10° 60.85 837
15 0.76x10° 11,43x10% 90.96 71.63
20 0.64x10° 12.88x10% 107.62 66.77
35 050x 10% 17.60x 102 1378 538
TiOx(g/L)
0.2 0.63x10? 3,15x10° 110.06 66.77
0.4 134x10% 6,12x10°% 5658  87.09
05 1.44x 10% 7.21x10% 4806 91.00
pH
5.4 0.82x10° 4,12x10% 8401 755
6.7 123x10% 6,13x10° 56.48 88
8.0 1.44x 102 7.21x10° 48.06 a1

Intheabsence of TiO,, no significant decreasein
the concentration of metforminisobserved (<10%)
under UV. Thus, degradation of thisantidiabeticisex-
clusively dueto photocatal ytic processesviathefor-
mation of hydroxyl radicasgenerated at the surface of
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Figure4: Rateof metfor min degradation at different T1O2
concentrations(C0O=5mg/L; pH =8).

Thedosageof TiO, reachesan optimumvaue(0.5y/
L), after whichthereisno marked increasein thereac-
tionefficiency (TABLE 1).

Effect of metfor min concentration

Experimentsarecarried out varying theinitia sub-
strate concentration in therange 5-35mg/L at 0.5 g/L
catalyst loading and pH solution of 8. Theresultsare
shown in Figure 5 and 6. Evidently, the amounts of
metformin degraded increasewithincreasinginitial con-
centration; however, anincreaseinthe concentration of
metformin from 5 to 35mg/L decreases the
photodegradation rate constant from 1.44 102 to
0.5x102min*(TABLE 1). Therefore, adecreaseinthe
intensity of light reachingthe TiO, surfacewill causea
decreaseinthevaueof k__indeed, at high metformin
concentration; the photons are absorbed by the sub-
sratemol eculesin agqueoussol ution rather thanthe semi-
conductor particles. Theseresultsindicatethat the pho-
tocatalytic degradation processis quite promising at
lower substrate concentrations.

Thelimited number of surface siteson TiO, par-
ticlesmay control photodegradation. For example, 91
and 53.8% of metformin are photodegraded within 180
min, when metformininitia concentrationincreasesfrom
5 to 35mg/L respectively. As the photoreactivity of
metforminislowinthiscase, theresultisadecreased
efficency of metformin degradation. Similar resultshave
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been reported concerning the photocatal ytic oxidation
of otherspollutants®.
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Figure5: Photocatalytic degradation of metforminin the
TiO2 suspension with different initial concentrations(TiO2
loading=0.5¢/L , pH =8).
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Figure6: Rateof metformin degradation at different init-
ial concentrations(TiO2=0.5¢g/L; pH =8).

pH effect

Inthe photocataytic process, pH caninfluencethe
degradation rates. It was observed that the rate con-
stant increasesdightly withincreasing pH upto 8 (Fig-
ures 7 and 8). Thiscan be attributed to enhanced for-
mation of ‘OH, because at high pH more hydroxide
ionsavailableon TiO, surface can beeasily oxidized
and form more-OH, which consequently increasesthe
efficiency of metformin degradation (Figure8). Thezero
point charge (pHzpc) of TiO, is6.25 1 (yang 2008)
and soitssurfaceis predominately positively charged
below pHzpc (i.e. TIO2+H*<«>TiOH,") and negatively
charged above Pzpc (i.e., TIOH + OH <> TiO-+ H,0).
The pKa value of metformin is about 11.519, so
metformin ismostly protoned at pH=8 or below. Un-
der an acidic condition (pH 5.4), the protonated
metforminisdifficult to adsorb onto such small possi-
bilitiesof contactswith metformin.

Time (min)
Figure7: Photocatalytic degradation of metformin at differ-
ent pH solutions(CO=5mg/L, TIO2=0.5¢g/L).
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Figure8: Rate of metfor min degradation at different solu-
tionspH (CO=5mg/L; TiO2=,0.5g/L).

Effect of co- existing inorganic anions

Surfacewaters, wastewaters contain not only or-
ganic contaminantsbut aso consderableamount of in-
organicions. Theseions changetheionic strength of
medium and thus affect catal ytic activity of the photo-
catalyst. Theeffect of the presenceof dissolved inor-
ganicionssuch asNaH,PO,, and NaNO, sdtson the
photocatal ytic degradation rate of metformin wasin-
vestigated (Figure9). Thesameamount (5mg/l) of these
saltsisused. Figure 10. Showsthe effect of anionson
the photocatal ytic degradation rate of metformin. The
parametersk o and initial rate of degradation process
areshownin TABLE 2. Theremoval efficiency de-
creased from 91 % to 87.1% and 76.07%, for
metformin alone, inthe presence of H,PO, and NO,
respectively. Itisobserved that NO, exhibited thestron-
gest inhibition effect. These substances may compete
for the activesiteson the TiO, surfacethen, decrease
thedegradationrate of the sudied molecule. Also, inhi-
bition effectsof NO,, H,PO, can beexplained asthe
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reaction of hydroxyl radical (OH.) and positive holes
(h+) withtheseaniong®!.
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Figure9: Effect of anionicionson the photocatalytic degr a-
dation of metforminintheTiO2 sugpension (TiO2loading =
0.5¢/L, pH =8).

TABLE 2: Effect of paracetamol and anionicionson photo-
catalytic degradation of metformin (5mg/L) and degradation
of paracetamol

Kapp (min™) ro (mg/L min) ty, (Min) Removal (%)

Photocatalytic degradation of metfor min

I'n the presenceof anionicions (5mg/L)

NaH,PO4 1.03x10% 5.15x 107 67.22 81.3
NaNO; 0.89x102  4.48x 107 77.35 76.07
I'n the presence of paracetamol (mg/L)
Paracetamol (mg/L)
5 1.28x10°% 6.41x 102 54.06 87.15
10 1.08x10% 5.39x 102 64.23 81.73

In the presence of paracetamol and NO3 (5mg/L)
Paracetamol (mg/L)
5 0.72x10%  3.61x 102 95.86 68.5
10 053x10% 267x10%  129.79 60.9

Degradation of paracetamol in binary system
(par acetamol/metfor min)

Paracetamol (mg/L)
5 1.75x 10

8.77 x 10 39.49 94.49

Effect of co- existing NO, and phar maceutical
compound

The co-existing pharmaceutical compound onthe
metformin degradation efficiency isinvestigated, as
showninfigure 11, paracetamol was selected as co-
existing compound, Snceit isoneof thecommon and-
gesic and antipyretic drug used aspainrelief and ac-
cordingto Swerdlow?Y, paracetamol isexcreted from

the body during therapeutic useand i sdetected in sew-
agetreatment plant effluentsaswell asin surfacewa
ters. Different concentrations of paracetamol (5 mg/L
and 10 mg/L) are added into metformin sol utions (5mg/
L) respectively, and theresultsarereported in TABLE
2. Itisobserved that the metformin photodegradation
isrestrained with the addition of paracetamol (Figure
12). Also, accordingto theresultsshowninfigures 13
and 14, it can be seen that the paracetamol photode-
gradation occursfaster than metformin photodegra-
dation. Asshownin TABLE 2, 94.49% of paracetamol
is degraded within 180 min. It is inevitable that
paracetamol competed with metformin for theavaible
photons. Therefore, withincreasing paracetamol con-
centration, the photons consumed by paracetamol in-
creased, and the photocatal ytic degradation efficiency
for metformin decreased from 87.15t0 81.73% with
anincreaseinthe concentration of paracetamol from5
to 10mg/L (TABLE 2). Thisphenomenon meansthat
hydroxyl freeradicalsa so attacked paracetamol. On
theother hand, AsNO, hasastrong inhibitive effect
on the photodegradation of metformin, the effect of
paracetamol on the metformin photodegradation was
investigated in the presence of thisanion (Figures 15
and 16). WhenNO, (5mg/L) was added into the solu-
tion containing paracetamol of 5mg/L and metformin
(5mg/L), the photodegradati on of metformin decreased
from 87.15t0 68.5% after 180 minirradiation. Similar
inhibitiveeffect of NO, isobserved inthesol ution con-
taining paracetamol of 10mg/L.
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Figure10: Effect of anionicionson therate of metformin
degradation (CO=5mg/L; pH =0.5¢g/L).
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Figure 1l : Effect of paracetamol initial concentration on
photocatalytic degradation of metformin (CO=5mg/L,
TiO2=0.5¢/L, pH=8).
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Figurel2: Effect of paracetamoal initial concentration onthe
rateof metformin degradation at different TIO2 concentra-
tions(CO=5mg/L; pH =8, TiO2=0.5¢/L).
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Figurel13: Photocatalytic degradation of metformin(5mg/L)
and paracetamol (5mg/L) (TiO2=0.5g/L , pH=28).

0.0

Ln(C/C)

-2,5

-3.0

383

—> Regulor Peper

= Deégradation of Metformin
e Dégradation of Paracetamol

0

20 40 60 80

100 120 140 160 180 200

Time (min)

Figure 14 : Photocatalytic degradation of metfor min and
paracetamol in binary system C0=5mg/l, pH= 8 and

TiO2=0.5g/L).
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Figure15: Effect of paracetamol initial concentration and
nitrateson photocatalytic degradation of metformin (CO=
5mg/L; pH =8, and TiO2=0.5g/L ).
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Figure 16: Effect of paracetamol initial concentration and
nitrateson therate of metformin (CO=5mg/L; pH =8, and
TiO2=0.5g/L).

CONCLUSION

The performance of adynamic photoreactor for
the photocatal ytic oxidation of metformin dependson
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the operating conditions employed such asthe concen-

tration of TiO,, initial substrate concentration, solution

pH, and co-existing anionicions (H,PO,, NO,) and

pharmaceutical compound (Paracetamol). Themain

conclusionsdrawn from this study are summarized as

follows

e Therateconstantsdecreasewith anincreaseinthe
initial concentration of metformin.
Theoptimal loading of TiO, isfoundtobe0.5g/L.
An optimal pH valuewasfound to beequal to 8.
The photocata ytic degradation foll owsthe pseudo
first kineticmodd.

* NO,exhibitedthestrongest inhibition on photocata-
Iytic degradation of metformin.

¢ The photocatalytic degradation efficiency for
metformin decreased from 87.15t0 81.73% with
anincreaseinthe concentration of paracetamol from
5to10mg/L
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