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ABSTRACT

The decatungstate of sodiumMAa 05, (DTA) was synthesized according to the bibliogsaphd characterized by
the UV-visible spectra. It was used for the totadjchdation of the biocide “Triclosan” (TCS) and theduction of
the hexavalent chromium (€} into trivalent chromium (C¥) in aqueous solutions using ultraviolet radiation.
This was achieved through a photocatalytic cyclee €ffect of oxygen has been deeply investigateghpleared
essential for decatungstate regeneration sincalitsence induced the inhibition of Triclosan disagpace and
completely stopped the photocatalytic cycle.
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INTRODUCTION

The increase of the industrials activities has beza serious problem that leads to an increasintaoonation of
air, water and soil. In order to avoid this probJémportant scientific works have been devotedrid hew methods
to eliminate such pollution.

Various methods have been used for the degradafi@mganic pollutants [1], among them Advanced @sigh
Process (AOPs) that are considered to have a lénia, that have been widely developed. Thesknigoes are
very appealing alternatives for the degradation ooflanic pollutants since they mainly permit commplet
mineralization of organic pollutants. It is basadthe production of very reactive and nonselectiméties (more
particularly the hydroxyl radical OHhaving a higher oxidizing capacity than tradiaboxidants (@, Cl,, CIO,,
H,0,, Gs...) [2-4].

The development of new photocatalysts is attractmaye and more interest. Among them polyoxometal§ié
(POMSs) demonstrate an interesting redox chemistiim@ as electron as well as hydrogen relays. Nooweauthors
have confirmed that the decatungstate (DTA) ionshsas WqOs,', are efficient photocatalysts in homogeneous
solutions. [6-10]. The DTA reactivity under lightatation comes from the formation of an oxidatspecie in the
excited state WO3,*~" which allows the degradation of organic pollutdmgsHydrogen atom abstraction or/and by
electron transfer processes. The DTA reduced spéaénely W003457 lead to the regeneration of D3, in the
presence of oxygen. Thus, the obtained catalytitegyermits the continuous oxidation of organic ecoles and to
their total elimination and in some cases to thaimerlization. [11-12]. The application of this ghoatalyst in the
field of water decontamination was largely explobgydPapaconstantinou and co-workers. [13-14].
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The present paper is dedicated to the resultsidhtan of Triclosan (5-chloro-2-(2,4-dichlorophesydphenol) and
reduction of hexavalent chromium transformationuicet by homogenous photocatalysis using decatategst
sodium.

Triclosan (TCS) is an antibacterial product usegeénsonal and health product care. Due to thisiegtmn, TCS
has been largely detected in wastewaters [15-11ik dompound presents low toxicity and it is pdistisemoved
during usual wastewater treatments [18]. Howeviéendon has been drawn to this compound due tohiggmical
structural resemblance with very toxic and perststmntaminants such as dioxins, and the oddssdfansfer to
these harmful compounds. Therefore, the environahefate of triclosan is a subject of special angantant
concern [19-21]. Moreover, The hexavalent chrom{@df") is highly toxic and a well-known human carcinogen
mutagen, and due to its solubility, it is highly lole in aquatic systems. It is used in various stdal processes,
such as textile, dyeing, eventually making its wag soils and waters through industrial spillsa@ste depositions,
so reactions that reduce®Chave received great attention because they dimmisliminate the threat to aquatic
life and to human health owing to hexavalent chramcontamination.

MATERIALS AND METHODS

Triclosan (5-chloro-2-(2, 4-dichlorophenoxy) phénalas obtained from Dr. Ehrenstofer GmbH (Germaaydl
used as received. Decatungstate of sodium is mamanercial product. It was synthesized from,\N®,.2H,0O
according to the published procedure [22] and citar&zed by the UV-visible spectra by dissolving fowder in
water. Potassium dichromate was obtained from sigideich (99%) and used without further treatmestG®*
source.

Two irradiations devices were used: the device uUsedhe polychromatic irradiation is a reflectiemclosure
equipped with six circular fluorescent tubes tygalip 15 W with a maximum emission at 365 nm. Tlaéuson
was placed in a central position in a quartz tutwas cooled by a ventilator. The monochromataxdiation was
conducted with a Xenon lamp (1600 W) equipped witBchoffel monochromator.

The deaeration and the oxygenation of the solutwe&® accomplished respectively by bubblingaxd Q for 30
min at room temperature prior to irradiation anel deaeration was kept all along the irradiationqger

The degradation of the triclosan (TCS) was follovigdhigh performance liquid chromatography (HPLG)ng a
Hewlett Packard liquid chromatography system (10&)ipped with photodiode array detector and anraatic
injector. The experiments were performed by a Utedion at either 250 nm or 280 nm and by using\ense
phase Nucleodur column (C18 150x4.6mm, 5um). Tow flate was 1 mL.mihand the injected volume was 50
uL. The elution was accomplished with water, foramid (0, 05%) and methanol (80/20, v/v).

The disappearance of hexavalent chromium was mmexitby using a Thermo scientific ion chromatograpriye
experiments were performed by a UV-visible deteeto520 nm and by using a CS5A column and a CG®A pr
column. The flow rate was 0.5 mL rfimnd the injected volume was 0.25 mL.thin
UV-visible spectra were recorded on a carry 30(htlobeam spectrophotometer.

RESULTS AND DISCUSSION
3.1. Ultraviolet absorption Spectrum

The UV absorption spectrum of DTA at a concentra@0x10* mol L™ in aqueous solution is given in Fig.1. It
exhibits a characteristic band with a maximum ofaaption at 324 nm.
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Figure 1: UV- visible absorption spectrum of decatngstate sodium in water

The UV absorption of triclosan (3.5x¥@nol L) presents a band with a maximum at 280 nm andaldér at
232nm (Fig. 2).
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Figure 2: UV- visible absorption of Triclosan in waer
3.2. Effect of oxygen on Triclosan degradation and Chronum reduction

The oxygen plays an important role in photocatelgtiocess, to understand its role in the decatatgysystem two
solutions one of triclosan and the other with chromwere irradiated with three different oxygen centrations,

namely aerated, oxygenated and deoxygenated.
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3.2.1. Triclosan
The degradation of Triclosan (3,5x10nol L") was studied in the presence of DTA (2.0%Xfol L) under

irradiation at 365 nm in different oxygen concetitnas (Fig.3.).
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Figure 3: Influence of oxygen concentration on thehotodegradation of TCS (3, 5 x 10-5 mol ) upon irradiation in the presence of
DTA (2x10“ mol L™)

As shown in Fig.3. Triclosan degradation was irtieihin deaereted condition while in oxygened coouit the rate
of degradation increased. In the absence of oxylgemegradation inhibition could be explained by limited re-
oxidation of the reduce catalyst. This reactionunsdyy the accumulation of the reduced speciggdyy* in the
solution leading to the catalytic cycle interruptiand thus, justifies the observation of the blolemation during the

irradiation (Fig.4.)

About the degradation in oxygen statured condittbe, augmentation of the concentration of oxygenlseto the
increase of the reoxidation of MDs;, > and the anion superoxyde is produced improving degradation
photocatalytic.

These results confirm the role major of oxygen lie re-oxidation of W0Os, > and its involvement in the
photocatalytic reaction.
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Figure 4: Absorption spectrum of decatungstate anio and its reduced form obtained by irradiation at 5nm decatungstate ion (2.0T6
mol L™ in oxygen free solution
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3.2.2. Hexavalent chromium
The reduction of hexavalent chromium (1.0 x*18ol L) was studied in the presence of DTA (2.0%1fol L™

under a monochromatic (320 nm) and polychromatianbg365 nm) in three different conditions: aerated,
oxygenated and deoxygenated (Fig.5).
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Figure 5: Influence of oxygen on the reduction of €* (1.0 x 10-4 mol L-1) in the presence of DTA (2.08F mol L™). A: monochromatic
beam; B: Polychromatic beam

The results listed in Fig.5 shows that after 60 rofnirradiation CP* present in the deoxygenated solution
disappeared, whereas in aerated and oxygenatetiosslithe degradation reached 50% and 33% respéctiv

However when irradiated with polychromatic beanfi'@isappeared after 5 minutes in deoxygenated solwathd
20 min in aerated condition.

In the absence of oxygen, the reduction of*@ould be explained by the limited re-oxidationtbé reduced
catalyst, and the electrons are captured Bywahich will be reduced to Et.

In the presence of oxygen, chromium is competini wikygen which explains the fact that the reducté CF*
took time comparing to the deoxygenated solution.

The rate of the reduction of Ciby DTA also depends on the intensity of the lightirce as showed in fig.5 (B), the
irradiation by a polychromatic beam (365 nm) letidan efficient degradation of €r

3.3.Influence of Triclosan on hexavalent chromium redution.
The reduction of Cf (1.0 x 10" mol L™ in the presence of DT.0 x10* mol L) under polychromatic beam

(365nm) was studied by adding triclosan (3,5 X bl L) to the solution in two different conditions: ae@ and
oxygenated.

The influence of Triclosan addition on reductioe Bf* is shown in figure 6. i reduction is reached after 60

minutes of irradiation in oxygened solution, howeire aerated solution only 40% of Cwas reduced after 100
minutes of irradiation.

The reduction of Cf depends on the degradation of triclosan; thisctbel explained by the photocatalytic process
of DTA, in oxygened condition, the increase of twmcentration of oxygen leads to the improvementraflosan
degradation and oxidation of D5, ** to W05, " which leads to the an efficient reduction of Tr
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In aerated solution the reduction ofQwas delayed until the triclosan was degradedHermixidation of WyOs,"".
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Figure 6: Influence of Triclosan on the reduction Cr®* (1.0 x 10 mol L% in the presence of DTA (2.0x1&mol L) upon polychromatic
beam

CONCLUSION

During the present study, we established that theatlingstate of sodium was efficient in the reductof
hexavalent chromium and the degradation of Tricldsaagqueous homogeneous conditions under UV mtiat.
The reduction of Cf was delayed in the presence of triclosan, which explained by the photocatalytic process of
DTA.

The entire process revealed to be oxygen depebaeause of restrictatf;(Os,°" re-oxidation step. The intensity
of the light source has an important effect onrttte of the reduction of Eras was proven in the study.
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