UHWERSITA
| DEGLI STUDI

[T1S AperTO

DI TORINO
AperTO - Archivio Istituzionale Open Access dell'Universita di Torino
Urban biowaste-derived sensitizing materials for caffeine photodegradation
This is the author's manuscript
Original Citation:
Availability:
This version is available http://hdl.handle.net/2318/1615959 since 2017-06-20T13:14:08Z

Published version:
DOI:10.1007/s11356-016-7763-1
Terms of use:

Open Access

Anyone can freely access the full text of works made available as "Open Access". Works made available
under a Creative Commons license can be used according to the terms and conditions of said license. Use
of all other works requires consent of the right holder (author or publisher) if not exempted from copyright
protection by the applicable law.

(Article begins on next page)

15 October 2023



UNIVERSITA
DEGLI STUDI
DI TORINO

115 AperTO

Thisisthe author'sfinal version of the contribution published as:

Bianco Prevot, A; Baino, F.; Fabbri, D.; Franzoso, F.; Magnacca, G.; Nistico,
R.; Arques, A.. Urban biowaste-derived sensitizing materials for caffeine
photodegradation. ENVIRONMENTAL SCIENCE AND POLLUTION
RESEARCH INTERNATIONAL. None pp: 1-9.

DOI: 10.1007/s11356-016-7763-1

The publisher's version is available at:
http://link.springer.com/10.1007/s11356-016-7763-1

When citing, please refer to the published version.

Link to thisfull text:
http://hdl.handle.net/2318/1615959

Thisfull text was downloaded from iris - AperTO: https://iris.unito.it/

iris - AperTO

University of Turin’s Institutional Research Information System and Open Access Ingtitutional Repository




Urban biowaste-derived sensitizing materialsfor caffeine photodegradation

A. Bianco Prevdf, F. Baind, D. Fabbri, F. Franzosh G. Magnacc¥, R. Nisticd, A. Arques
tUniversita degli Studi di Torino, Dipartimento dhitnica ancNIS Centre, Via Giuria 7, Torino, Italy

SUniversitat Politécnica de Valéncia, Dpto de Ingeia Textil y Papelera, Plaza Ferrandiz y Carbasiall Alcoy,Spain

*alessandra.biancoprevot@unito.it
+39 0116705292

Abstract

Caffeine photosensitized degradation has beenestuidithe presence of bio-based materials derioad @irban biowaste
after aerobic ageing. A peculiar fraction (nameB33), soluble in all the pH range, has been usqthawsensitizing
agent. Several caffeine photodegradation tests baea performed and positive results have beerninglkan the
presence of BBSs and®, without and with additional Fe(ll) (photo-Fentbke process). Moreover hybrids magnetite-
BBSs nanoparticles have been synthesized and ¢barad, in order to improve the sensitizer recg\serd re-use after
the caffeine degradation. In the presence of sacloparticles and 4D, and Fe(ll), the complete caffeine degradation
has been attained in very short time. Both homogesiand heterogeneous processes were run at pidikd&r condition

compared to the classic photo-Fenton process.

Keywords: caffeine photodegradation; bio-based substancesopfephoto-Fenton, magnetic nanopatrticles; urbastev

Introduction.

In recent years the organic fraction of urban wastean bio-waste, UBW) has attracted the atterdistientists as well
as Institutions and policy makers, driven by thecef reducing society climate footprint and otkerironmental
burdens, of achieving a more secure supply of messuand of boosting the bio economy (O’Callagiz@xi6 and
references therein). UBW can indeed be considavedmly as a possible source of energy and/or fater as feedstock
for the production of chemicals, inside the soezhlbiorefinery, a facility that integrates physjadiemical, biochemical
and thermochemical processes to efficiently corviernass feedstock. In this respect, biorefinelgved the valorization
of bio-waste beyond energy applications.(Satchatipm et al. 2016; Gonzalez-Garcia et al. 201&t@iret al. 2015).
The feasibility of bio-waste upgrading has beemsgiigated through several European projects (Bioelnergy, Biocore-
europe, biowaste4sp, eurobioref). Among differgriraaches, in the present work we focused on wadestged bio-
based substances isolated from UBW, anaerobicadlioa aerobically treated, following the findingshontoneri et al.
(Montoneri et al. 2011; Montoneri et al. 2013). Yheolated several bio-based substances (hereinB®&) and
characterized them under structural and physicoridad point of view, evidencing the similarity beten BBS and soil
humic substances (Montoneri et al. 2011). Basic8BS have been described as supramolecular aggsegdth a
complex lignin-derived structure containing sevdualctionalities (namely, acid and basic functiogadups bonded to
aromatic and aliphatic chains); moreover the presef both hydrophilic and hydrophobic moieties feos to BBS
amphiphilic properties. Figure 1 is a schematiaesentation of the BBS isolation process and ofsthge of the art

concerning their applications.



Among the wide range of BBS applications, the “wdset cleaning waste” approach has deserved giteaitian (Avetta
et al. 2013). It consists in the use of BBS as ¢balauxiliaries to drive photochemical degradatibpollutants. Actually
it has been already demonstrated the capabilitBR$ to sensitize the photodegradation of phends;dyes and
emerging pollutants through different mechanisingirect sensitization, upon UV-VIS irradiation, means of reactive
oxygenated species production or excited triplatesformation; ii) auxiliaries in mild photo-Fentdike processes
(Canonica et al. 1995; Wenk et al. 2011; Biancaétret al. 2011; Gomis et al. 2015; Carlos et @lL2).

Recently, attention has been paid to the heterégmimn of the BBS, by synthesizing hybrid magreBBS
nanoparticles (Magnacca et al. 2014). Magnetite@fenanoparticles represent promising candidatesataysts for
advanced oxidation processes (AOP) due to theigherature and low-cost; furthermore, their proigsrtan be tailored
according to their purpose. Finally, the nanopbasicsurface can be functionalized with a wide griE non-toxic
materials containing (photo)active groups thatiath as stabilizers against the magnetite oxidatimhalso as catalysts
(Nadejde et al. 2015; Nadejde et al. 2015a). Int@idmnagnetite-organic hybrid materials are eashd recovered from
the solutions after their purification treatmentuitdz et al. 2015).

In the present work, a peculiar BBS fraction (nan&BSs) has been studied as photosensitizing aB&8s is soluble
in all the pH range, whereas BBS typically precitat pH lower than about 3; under the solubgiint of view BBSs
can be considered more similar to the fulvic fraetof the natural organic matter, while BBS areilginto the humic
one. Data previously obtained about the BBSs fadtidicated that BBSs aggregates have lower hyehaic radius
than BBS ones, reduced aromaticity and higher aunaiion of carboxylic groups, thus yielding to Ihég hydrophilicity
(Avetta et al. 2015).

The attention has been focused on the applicafi@B&s to the photodegradation of caffeine, chasenepresentative
compound among the so-called emerging pollutargseut in aqueous solution. Caffeine is a psychaastiibstance,

widely consumed either for beverages or for phasuticals and personal care products; it has betettde in natural

water streamfMetcalfe et al. 2003) over many different countriesing not fully degraded in biological water traant

plants. Moreover caffeine has been considered cieemical marker for surface water pollutiBuerge et al. 2003).
Caffeine degradation studies are already reponelitarature using Ti@ and photo-Fenton approaches under solar
conditions (Bernabeu et al. 2011; Klamerth et 8L @ Klamerth et al. 2009; Klamerth et al. 201@ajd the caffeine
photolysis was also studied in the presence ofdéldeic acid (Jacobs et al. 2012).

BBSs performances have been studied following tifferént approaches: i) homogeneous degradatiooegss)y using
BBSs aqueous solution; ii) heterogeneous procsssy unique hybrid BBSs-magnetite nanoparticlesigimafter BBSs-
NPs). This work includes therefore the synthes@araracterization of BBSs-NPs.

Materials and methods

Reagents

Caffeine, CHOH, NaOH, NHOH and FeGl where purchased from Aldrich; GEIN and HCI were purchased from
Merck; HO,, HCIO4 and FeS&x7H,0O were purchased from Panreac. All reagents were wihout further purification.
For the preparation of BBSs solution, the startimajerial called BBS-GC, isolated from urban biowastampled from
the process lines of ACEA Pinerolese Industriafe/S.waste treatment plant in Pinerolo (Italy), h&gn chosen. The
urban biowaste was obtained in the compost prooluctction, from urban public park trimming and leogardening
residues aged for more than 180 days (green comB@t The process is an advanced system that cesspspecific

technological facilities, developed by ACEA Pines# Industriale S.p.A, and under European validateolation of



BBS-GC was performed following a previously repdrfgocedure (Nistico et al. 2015). The BBSs frattims been
isolated in solution, after precipitation of thedatuble fraction at pH =1.5 with HCI.
Hybrid BBSs-NPs have been synthesized followingac@dure reported in the literature (Magnacca.€2@l4, Cesano
et al. 2015). In details, 3.7 g of Fe@hd 4.17 g of FeS®7H,O (molar ratio Fe(lll)/Fe(ll) = 1.5) were dissolved100
mL of deionized water and heated up to 90°C. Oheddmperature was reached, two solutions weredaidds=quence:
a) 10 mL of 25 vol.% ammonium hydroxide, and b8l of a previously prepared BBSs aqueous solufitwe. mixture
was mechanically stirred at 90°C for 30 min anchtbeoled down to room temperature. In this wayspelision of BBSs-
NPs has been directly obtained in a one-step psdneso-precipitation method. Such dark-brown nialemwere washed
twice with deionized water, deposited onto gladsi Feshes, and oven-dried at 80°C overnight.
Instrumental aspects
Fourier transform infrared (FTIR) spectra were rded in transmission mode using the sample disgensEBr (1:20
weight ratio) by means of a Bruker Vector 22 spmatotometer equipped with Globar source, DTGS dateand
working with 128 scans at 4 chresolution in the 4000-400 chmange.
X-ray diffraction (XRD) patterns were obtained tsing an X’Pert PRO MPD diffractometer from P ANadyti, in Bragg-
Brentano geometry in a flat sample-holder, equippi#d Cu anode, working at 40 kV and 30 mA. Theusitjon was
performed in a 0.002° interval steps, with 45 g'$ie order to improve the signal to noise ratio. Tiegnetite particles
size was also estimated by means of the Schervatieq (Equation 1):

1=KM(BcoP) Q)

wheret is the mean size of the crystalline domains (esged in nm), K is a shape factor (typical valuepaed for
symmetrical shaped particles is 08)s the X-ray wavelength (0.154 nnl)is the line broadening at half the maximum
intensity (FWHM) of the selected Bragg angle (espsal in radians), artds the Bragg angle (expressed in radians). For
the magnetite NPs size quantification, the Braggeaselected is the magnetite reflection (311)patdt = 35.6°.
Thermo-gravimetric analyses (TGA) were carried lmpimeans of TGA Q600 (TA Instruments). The powdees 30
mg) were placed in an open alumina pan and heeted 40 to 800°C at the rate of 10°C rhiander either nitrogen or
air atmosphere. In order to calculate the orgamiction in the BBSs-NPs, the following equation wpglied to the TGA
results carried out in oxygen:

Wt.% om = [Wt.%(T) 150°d — [wt.%(T) s00°d 2

Where: wt.%m is the percent mass content of organic matte®p(Wso-d is the initial percent dried mass content of the
sample, and wt.%(ho-g is the percent mass content before any Fe-inddiransition.

Magnetization measurements were carried out withlkeShore 7404 vibrating sample magnetometer. setesis
loop of the samples was registered at RT as thenetadgield was cycled between -20000 and 20000s&au

Total organic carbon (TOC) content was determinethbans of a ShimadzuTOC-VCSH analyzer. MeasureudutH
were performed using a Methohm 713 pH-meter equipméh a combined glass electrode. ICP-OES, Pdekmer,
Optima 5300 DV with cross-flow nebulizer was used ifon determination, with the following set-uprgon C-45
(99.995% purity). 1300 W, gas plasma =15 L/min,ilgary gas = 0.2 L/min, nebulizing gas = 0.8 L/mgampling flow
rate = 1.1 mL/min.

Caffeine was determined with a UHPLC Flexar FX-@fuipped with a S200 KIT-1022 PLUS autosampler, Blexar
FX 10 UHP PUMP MASTER pumps, FL degaser and a US/KIT-UHPLC detector. A Brownlee Analytical DB C18

column (30 mm length, i.d. 2.1 mm, particle diamdt® um) was used. C#N (ACN) and water were used as eluent
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A and B respectively, upon the following elutiomddions: t = 0.0 min, A: 10%; t = 2.5 min, A:70%z= 4.0 min, A:
3%. Eluent flow = 0.3 mL/min; detection wavelengt205 nm.

Irradiation devices

Two different irradiation devices have been usedughout the work:

i) open solar simulator ORIEL INSTRUMENTS 81160 gxped with a Xenon lamp (300 W), whose emissiorcspen
closely matched the solar one; a cut off Pyreeffivas employed to filter the small fraction of piws emitted below
300 nm. Experiments were performed on 250 mL aitswh, kept under magnetic stirring. Water was ¢wely added
to compensate for the evaporation loss.

i) Cylindrical Pyrex reactor equipped with a XendW-TXE150 PESCHL ADVANCED lamp (150 Watt). Expeémis
were performed on 250 mL of solution under contisioxygen bubbling (1 L/min flow rate).

The first set-up was used in the BBSs mediatedgsRenton, while the second one was employed whaopaticles

were involved in order to allow air bubbling inteetsample to keep the particles in suspension.

Results and discussion

Preliminarily TOC measurements have been perforomeal BBSs solution isolated from an initial aquesaisition of
500 mgl:* of BBS-GC. The obtained TOC average value was #8.4 mgl?, corresponding to 9.3 wt.% of the
original BBS-GC. From this solution, aliquots hdeen properly diluted with water, in order to obttie desired
BBSs concentration, expressed as rhgk organic C. For the experiments performed wiBSB, the TOC has indeed
been taken as reference parameter in order to genepaeriments run in different conditions.

Moreover, since BBS-GC powder presents 0.77+0.04wWé6 of iron (Nistico et al. 2015), this elemevis

determined in the BBSs solution obtained fromBES-GC initial solution, giving a value of 1.2388.mgL2.

BBSs-NPs characterization

In order to better understand the chemical comipositf BBSs-NPs, a wide physico-chemical charaz#gion has been
realized and data summarized in Figure 2.

Infrared spectroscopy was used to investigate tesgnce of BBSs in BBSs-NPs and the spectra acetegpin Figure
2A. In particular, the presence of magnetite phaseghlighted by signals at 575 and 620%cdue to Fe-O stretching
vibrations, the presence of BBSs is confirmed leyBiBSs-carboxylate stretching mode at ca. 1600 @gvtagnacca et
al. 2014), the signal at 1120 @ris due to C-O stretching mode of organic mattesodaed onto the iron oxide surface
(i.e. polysaccharides and other BBS-derived sulsgn(Ou et al. 2009) and the very sharp band @@ t' witnessed
the interaction between BBSs-carboxylate functiieal and the iron oxide surface (Ou et al. 2008).evidence of
iron/iron oxide present as impurities in BBS-GCgai$o prepared the BBSs) is observed in the spadciuce the organic
matter modes hidden all the possible present signal

Thermogravimetric analyses have been performedderdo assess the BBSs-NPs stability as well@sithanic matter
content. Figure 2B reports the profiles obtainedkivay under air (oxidant) or nitrogen (inert/redug) atmosphere. The
thermal profile of BBSs-NPs treated in air (blackwes in Figure 2B) shows three weight losses|ezsly evidenced by
the DTG curve: the first one, in the range 30-15@&responding to water evaporation; the secord complex, in the
range 150-500°C, corresponding to BBSs oxidatiof®@p and the third one, at temperatures higher thafi@Qfat can
be assigned to the magnetite to hematite transitioispite of the Curie temperature reported fas thansition (i.e.
580°C), a peak is observed at T > 600°C, suggeatipgptection role of the organic matter towardgnedite oxidation,

since the phase transformation occurs only afeectimplete removal of the organic matter. Vice agwhen TGA was
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run under N atmosphere (red curves in Figure 2B), the maifieidihce concerned the transformation of the BBBs;w
is a three steps process. As evidenced by the Dofdep the three maxima at ca. 230, 310 and 43@5€espond to the
degradation of the ammonium-containing salts (a88°C), and the pyrolysis of the BBSs carbohyafection (at ca.
310°C, according to FTIR results) and the BBSsitigike fraction (at ca. 430°C), thugelding to the formation of a
carbonaceous resid{®u et al. 2009, Franzoso et al. in preparationgdi#ahally, the transition magnetite to wustite,
which is a diamagnetic iron oxide (FeO), at ca.°2(3 also registered. Since at the end of TGAy@mmthe material is
still magnetic, it can be hypothesized that wuslisproportionate giving magnetite and zero vaient (both magnet-
sensitive iron-containing phases) (Cesano et 450

Basing on TGA experiments performed on BBSs-NRsigen flux, the amount of BBSs present in the li/BBSs-
NPs can be estimated by means of weight loss iretinge 150-500°C, following the Equation 2. Thegkited amount
corresponded to 14.2 wt.% of organic matter.

The presence of magnetite forming the BBSs-NPs idewstified through XRD (see Figure 2C). All the stalline
reflections in the figure at2= 30.1° (220), 35.4° (311), 43.0° (400), 53.9°qNB7.2° (511), and 62.6° (440) are
consistent with the neat magnetite phase. No reteedlections are expected from BBSs since its Xiilern presents
only one broad amorphous contribution centered afic= 25° and few negligible signals (Franzoso eingbreparation).
Extra peaks (the main relevant one at ¢a=32.5°) are due to by-products (mainly ammoniwntaining salts) of the
coprecipitation reaction for the magnetite syntheSicherrer formula applied to the (311) magnsigeal was used to
estimate the average BBSs-NPs size. The calcwaled corresponded to ca. 16.7 nm.

The magnetic properties of both BBSs-NPs and neghetite are reported in Figure 2D. In generah lsaimples reveal
superparamagnetic behaviors, with negligible reme@end very low coercitivity (< 10 G). The valwgssaturation
magnetization of BBSs-NPs was 47 emy glightly lower than neat magnetite (64 emt).drhis behavior suggests a
different amount of magnetite per gram of sample ttuthe presence of the BBSs covering shell (Gesaal. 2015;

Franzoso et al. in preparation).

Caffeine photodegradation.

BBSs

A previous study reported in the literature showeatkgligible caffeine photodegradation (5% of dafeabatement after
8 hours irradiation) due only to light irradiatiomhen using the same experimental set-up (Gomid)201

In the present research 5 mg bf caffeine have been firstly irradiated for thieeurs in the presence of BBSs at a
concentration corresponding to 5 mig &f organic C (about 54 mgiBBSs), at pH= 5.0. As can been observed in Fig.3
the abatement of caffeine was negligible after @tiof irradiation.

Further experiments have been performed in the samerimental conditions but adding® 7.5x 10* M. This is the
stoichiometric amount of hydrogen peroxide requitednineralize the caffeine present in the samplejer these
conditions, 85% of caffeine abatement was attaafest two hours of irradiation.

As it clearly appears in the Figure 3, the irradiabf caffeine solution in the presence of th®©Halone, in the absence
of BBSs, yields to a worst degradation efficienagderlying a synergistic effect of.8, and BBSs on the process. It
could be hypothesized that BBSs sensitizes @hé radicals generation from28. and/or a photo-Fenton-like process
occurs in the BBSs solution, due to presence of énen if at very low concentration.

Based on these results and on previously repostieidrces of the capability of bio-based substatcemplex iron
ions yielding to experimental conditions similarth@ ones applied in photo-Fenton process (Pign&28D6, Ou, 2007,

Sulzberger 2015), further experiments have beefopeed adding iron salts. It is worth to be notidbdt all the
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experiments have been run at pH=5.0, whereas Iptteralues are usually required as optimum conditialue to the
low solubility of Fe(lll) at mild pH. This pH haselen chosen because in previous papers it was deéstas the highest
value where photo-Fenton can be run in the preseh@BS with an acceptable loss of efficiency, & gloser to
neutrality resulted to be inconvenient (Gomis gt2015).

Figure 4 shows the results obtained by irradiativegcaffeine aqueous solution in the presence @8B.5 x 18 M of
H,0. and 5.0 mg & of Fe(ll), at pH = 5. For the sake of comparisthe results obtained by operating in the dark,
adopting the same experimental conditions areralsorted.

It clearly appears that the addition of Fe(ll) inds both Fenton and photo-Fenton-like degradationesses, yielding
to the 40% and to the 80% of caffeine disappeararspectively, after 15 minutes of reaction. linieresting to note
that the initial reaction rate is similar in botiises (Fenton process) but after 2 minutes, th@R@mbcess results clearly
slower than photo-Fenton. The pH modification wegligible along the experiments, as final valuesavggystematically
above 4.5.

The effect of iron concentration has been expldoedhe photo-Fenton-like process; experimentsltesue shown in
Figure 5. Only in the presence of Fe(ll) at 4 andgbL?, after 5 min of irradiation a dark precipitate h&en observed,
probably due to iron oxides precipitation. Compaethe caffeine degradation performed in the pres®f BO. alone,
the addition of Fe(ll) starts to affect the degtamtarate at concentration higher than 2 myj Under the applicative
point of view, the gain in terms of degradatiorerapon addition of iron salt, cheap and non-todlzstance, compensates
the cost increase. However, further addition of thetal is not always convenient, as it is limitgdegislation.

In the presence of 5 mgilof added Fe(ll) the effect of pH has also beerckbe by performing several experiments in
the pH range from 2.8 to 5.0 and the best perfoo@sihave been obtained at pH=3.9 that is probhblgést compromise
between reactive species production and Fe(lIbil&zation by BBSs (Figure 1S in the supplementaterial). Shift of
the optimum pH towards slightly acidic values whieady reported (Gomis et al. 2015) and variatibthe key species
driving the photodegradation process was hypothkdsi#/hile Fe(OHY is considered the specie responsible when the
optimum results are obtained at pH = 2.8, a relekaer was attributed to photoactive Fe(lll)-BBSwuexes when the
best results were obtained at pH about 4. Moreowken ethylenediamine-N,N-disuccinic acid was uasdiron
complexing agent (Huang et al., 2013), the bestites/ere reached at neutral or even slightly basdium and it was
proposed a completely different mechanism, in wiigberoxide played a key role.

However, the complexity of the system makes diffitau find clear evidence for this mechanistic issu

The BBSs concentration was then decreased dovin9tang L as organic C; in the absence of added iron some
degradation of caffeine was observed. This couldtbé@uted to two different reasons: a) the phensgizing effect of
BBSs that is able to catalyze decomposition of bgdn peroxide intdéOH radicals and b) the small amount of iron
originally present in BBSs solution that could d@riat certain extent a photo-Fenton process (Goima.,e2013).
However, caffeine degradation efficiency increagpdn iron addition (Figure 6); this evidence akotw hypothesize
that, in the presence of added iron, the main effEBBSs is due to its capability to stabilizerirons in solution at mild
pH, allowing the Fenton-like process to take plaehis case the minimum amount of added BBSs @d¢abilize iron
ions in solution is enough, and reduces the comipetior light harvesting; on the opposite sidethia absence of added
iron, if the photosensitization is mainly relatedréactive species production assisted by irradiB@Ss, an increase in
BBSs concentration favors the process. FurthernBB&, also plays a competitive role fog® which could be expected
to be more significant in the case of photo-Fepimtess, which is more efficient than BBSs serstitn.

Regarding to the environmental problems associattioe addition of BBS to the effluent, previousults showed that

the toxicity of these substances at the conceatraimployed in this work (few mg™) is negligible, according to
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different bioassays (Gomis et al, 2015b). Hendbhpahh it could be a concern if the treated wateleisignated to human
consumption, this should not be a problem whenhdisged in ecosystems, because of BBSs biocomjigtibind

similarity between BBSs and humic substances thastitute the major fraction of natural organic teat

BBSs-NPs

Caffeine photodegradation in the presence of BBBs-Nas been studied in a Pyrex reactor under cmutinair
bubbling, to guarantee the suspension stirringptitained results are reported in Figure 7. PreBmily, the absence of
caffeine direct photolysis has been verified; tloaffeine degradation experiments have been pertbrumeler light
irradiation, in the presence of 200 mg &f BBSs-NPs. Based on TGA results, a corresponBB§s content of about
30 mglican be roughly estimated, that is in the same ooflenagnitude than the BBSs concentration empldged
homogeneous tests; analogously to what observéhd inomogeneous system, caffeine degradation vgdigiide (data
not reported). On the opposite, when addin@X+halone (blue squares in Fig.7) about 70% of caffeibatement was
attained after 30 min of irradiation; the genenatid *OH radicals through #D. photolysis could be invoked, as in the
case of tests performed in the open reactor, puslyaliscussed. The different degradation kinesteserved in the two
reaction devices could be reasonably ascribedattioe geometry and dissolved oxygen content (Lt@&aduanes et al.,
2011).

The highest caffeine degradation efficiency haslreached in the presence of BBSs-NP£t+and Fe(ll), both in the
dark and under light irradiation; the total subtgtrdisappearance occurred in both cases after diaiontact time. This
result is apparently in contrast to what observedkimg with BBSs in homogeneous system, where tioegss was
rather faster under light irradiation. An explaoaticould be found in the role played by i) the metga present in the
BBSs-NPs structure, and ii) the high oxygen comegion. Indeed it has been demonstrated (Nadejdé,€2015) that
magnetite nanoparticles mediate the productioradfcals from HO. decomposition and that the phenomenon is not
hindered by coating the iron oxide core with organiOn the other hand, magnetite could activateoutdr oxygen via
single-electron reduction pathway to produce reaatixygen species. Both mechanisms are effectae ialthe dark
and this should explain why no significant caffedegradation improvement has been observed urgtdritradiation.

In any case, due to its complexity, the BBSs-NPgkimg mechanism deserves further investigation.

Conclusions

The obtained results show the viability of photadeigtion of caffeine assisted by waste derivedbaised materials
(BBSs). In particular, both homogeneous and hetregus systems are promising approaches to drivi-tenton
processes under mild pH, which results in an erdduscstainability of the process. It can therefweconcluded that
biowaste are worth to be considered as a greeridotie preparation of materials for water treaitse
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Figure captions

Figure 1. Schematic representation of BBS isolation and tested applications.

Figure 2 Physicochemical characterization of reference B&&s and BBSs-NPs. Panel A: Absorbance FTIR spéttr
the 1800-400 crhrange relative to neat magnetite (A, black satid), BBSs-NPs (B, red solid line), and neat BBS (C
red dotted line). The main relevant peaks are ébelll spectra are collected in transmission mibdeugh KBr pellets.
Panel B: TG (solid line) and DTG (dotted lines)vas of BBSs-NPs heated either in air (black) onitnogen (red)
atmosphere. Panel C: XRD patterns of the neat migriblack) and BBSs-NPs (red). The main refletsialue to
magnetite are highlighted and labeled. Panel D:ritgation curves evaluation of neat magnetitecijland BBSs-
NPs (red).

Figure 3 Relative caffeine concentration vs. irradiation time. Expeintal conditions: caffeine at time 0, 5 mg,L
pH=5.0.LegendsBlue diamondsBBSs 5 mg ! (as organic C). Black trianglesz® 7.5x10* M. Red squares: BBSs
5 mg L* (as organic C), kD, 7.5x10* M.

Figure 4 Relativecaffeine concentration vs. contact time. Experiraeoonditions: caffeine at time 0, 5 mg,lpH=5.0,
BBSs 5 mg ! (as organic C), #D,7.5x10* M, Fe(ll) 5 mg L. Legend: Blue triangles: Fenton experiméntthe dark.
Green triangles: photo-Fenton experiments undét iigadiation.

Figure 5 Caffeine relative concentration vs. irradiatioméi Experimental conditions: caffeine at time Ong L*,
pH=5.0, BBSs 5 mgL (as organic C), kD, 7.5x10* M. Effect of the Fe(ll) concentration. Legend: &tasquares: Fe(ll)
1 mg L. Red circles: Fe(ll) 2 mg L Blue up-triangles: Fe(ll) 3 mg™L Dark cyan down-triangles: Fe(ll) 4 mgtL
Magenta squares: Fe(ll) 5 mg-.L

Figure 6. Caffeine relative concentration vs. irradiatiomei Experimental conditions: caffeine at time Ong L?,
pH=5.0, HO, 7.5x10* M. Red series: Solid squares, red solid line: BB®sg L (as organic C); Open squares, dotted
line: BBSs 0.9 mg £ (as organic C). Green series: Fe(ll) 5 myg 8olid triangles, solid line: BBSs 5 mg'l(as organic
C); Open triangles, dotted line: BBSs 0.9 my(ks organic C).

Figure7. Caffeine relative concentration vs. contact tifsperimental conditions: caffeine at time 0, 5 Img pH=5.0.
Blue diamonds: kD, 7.5x10* M. Red squares: #, 7.5x10* M, BBSs-NPs 200 mgL Green solid triangles: 40,

7.5x10* M, BBSs-NPs 200 mgt, Fe(ll) 5 mg L%, photo Fenton experiments under light irradiati@reen open
triangles: HO, 7.5x10* M, BBSs-NPs 200 mg't, Fe(ll) 5 mg L%, Fenton experiments in the dark.
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