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Abstract

The photodegradation of anthracene has been studiegqueous solutions
containing soluble bio-organic substances isol&t@a urban refuses. To perform
a preliminary rapid feasibility study of this pr@se while reducing the amount of
analytical effort and reagents, an experimentatupetwas developed. This
consists in a Teflon coil surrounding a UV-lamp awlpled with an in-line

spectrofluorimeter. In this fashion only few mitidrs of solution are needed to
study the degradation process. Furthermore, tHmenspectroscopic approach
allows to monitor the process without reagents gontion. Additional studies

by liquid chromatography and toxicity tests cleaitgicated that the apparent
inhibition effect of bio-organic compounds on aattene degradation is not
relevant. The results imply that urban refuses in@yused as auxiliaries in the
recovery of polycyclic aromatic hydrocarbons frooontaminated soil by

washing, without deleterious effects on the phogoaéation of anthracene and
other aromatic pollutants.
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Introduction

Process monitoring usually requires performing g bumber of runs which
include sampling and off-line analyses. Howeverpirliminary phases, a fast
screening procedure would be desirable in ordewolitain in a short time
significant information to be used for designing gpecific trials, while reducing
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the amount of analytical effort and reagents. Inegal, screening methods tend to
be qualitative, involving little or no sample trewnt, and the response is used for
immediate decision-making, with confirmation requy a conventional
alternative. The present paper reports a greerytasalapproach [1] applied to a
case study. This consisted in a process for testiagcapacity of refuse derived
water soluble bio-organics (SBO) to perform lighthiced degradation of
polycyclic aromatic hydrocarbons (PAH) as photogeress. Indeed, SBO
isolated from urban biowastes (UBW) of differentmgmsition and aging
conditions have been reported to enhance the pbgtadation rate of a number
of potential organic pollutants, such as organio-dges [2], phenols [3]and
pesticides [4], present in many industrial efflieenthe interest in using SBO for
the PAH photodegradation stemmed from other wotkr¢porting that SBO is
also an efficient surfactant to use for environrakntmediation of PAH
contaminated sites. These data therefore prospdweadse of the same substance
to remove pollutants by soil washing and succegsieepromote cleaning out of
the recovered agueous waste by photolysis. Thenadter reported analytical set
up for the above case study investigation comprésesiniaturized continuous
irradiation system equipped with a sample circalatioop, coupled with an in-
line fluorimetric detector. This system requiresywemall amount of testing
solution, no additional analytical reagents or satg, and at the same time allows
a high number of rapid measurements.

Experimental

Materials

Anthracene from Fluka (Buchs, Switzerland), NaOH &tH;CN from Scharlau
(Barcelona, Spain) were used as received.

Four SBO, namely FORSUD, CVDT110, CVDFT110 and C®33 were
collected from different biowastes, aged for diéigr time under non aerobic or
aerobic digestion which were obtained from AceneRilese waste treatment
plant in Pinerolo (Italy). The SBO were isolated a pilot plant located in
Rivarolo Canavese, ltaly [6] and characterized byadreported in Table 1 as
previously indicated [7]. The refuse materials wsueplied MilliQ"™ water was
used throughout the work.

Integrated irradiation-analytical set up

According to Figure 1 scheme, the sample soluatirculated using a peristaltic
pump from the sample reservoir through a Tefloh swirounding the cylindrical
UV lamp, to the fluorimeter cell located inside tfieorescence spectrometer
cavity, and back to the sample reservdine UV lamp was used to irradiate the
sample solutions, and therefore to induce the mplegi@adation of the solute in the
test solution, while the fluorimeter cell was usednonitor the whole fluorescent
emission abatement, thus allowing to evaluate tliwamcement of the
photodegradation reaction as a function of time.PArkin Elmer LS 50
luminescence spectrometer was employed; the emissid excitation slits width
were set at 5 nm and a 200 nm miscan speed was used. Three UV-lamps
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Vilberb Lourmat of 220 volts and 50 Hertz were udadturn, respectively
emitting at 254 nm, 312 nm and 350 nm.

UV Lamp

A 4

Pump

I
Sample Cell

...................

Fluorescence
Snectrometer

Fig. 1 Scheme of the integrated irradiation-analyticet-.go employed for photodegradation of
anthracene in the presence of SBO

All degradation experiments were run in triplicddata are reported as average
values. Calculated relative standard deviation 3v&s5.0 %.

SBO solubilization procedure

The following procedure was adopted to prepare S&lutions. After the
addition of Milli-Q™ water to solid SBO, the resulting aqueous suspansias
stirred and sonicated. Then the SBO suspensioncemsifuged three times at
3500 rpm for 10 minutes. The supernatant soluti@s weparated and filtered
through a cellulose acetate 0.4B pore diameters filter (Millipore) to remove
residual insoluble matter. The resulting soluticasvkept frozen at —10 °C before
use.

HPLC analysis

The degradation of anthracene was followed by HPe&@ploying an Agilent
Technologies 1100 Series instrument, equipped hithrospher PAHS column
250 mm x 4 mm i.d., d.p. gm from Merck (Darmstadt, Germany). Anthracene
was eluted in isocratic conditions, employing w0 % V/V) and acetonitrile
(70 % VIV) as eluent. The flow rate was 1.0 mL thir fluorescence detector
was used; the excitation wavelength was fixed @ B85 and the emission
wavelength at 402 nm.

Results and discussion

As in previous work [7]the four SBO sourced from different biowastes (see
Materials section) were characterized by their &land N content, and by their
liphophilic/hydrophilic (LH) C ratio (see Table 1).

Table 1 Characteristics of the SBO employed through thidys

SBO acronym | Starting organic fraction of urban waste| Ash| C | N LH




and treatment (%) | (%) (%)

Organic fraction of municipal solid wastes after
FORSUD 15 days of anaerobic digestion - Extracted with| 20.2 | 35.7 |4.66|9.27
NaOH

Green wastes and FORSUD composted for 110
CVDT110 27.3 | 35.7 |4.41|5.23
days - Extracted with KOH

Green wastes, FORSUD and sludge composted
CVDFT110 30.2 |38.4|4.61|5.34
for 110 days - Extracted with NaOH

Green wastes composted for 365 days -
CVT365 53.7130.7|3.71]4.00
Extracted with NaOH

Note: Ash, C and N content, LH (liphophilic/hydraljghratio).

Optimization of instrumental fluorescence parameters

In order to optimize the detection parameters,ipiahry test were performed on

1 mg L* of anthracene aqueous solution. Fluorescencerspeete recorded in
the emission wavelengti\d,) range from 250 to 600 nm, under a continuous
variation of the excitation wavelength.{) in the range from 264 to 500 nm.
From the resulting tri-dimensional plot it was db&a the contour plot reported in
Figure 2. As can be observed, two areas are pragtmhighest signal intensity,
the first one in the e range from 350 to 400 nm and the second ong,dower
than 264 nm. Further spectra were therefore redolideting the Aex to the two
areas of interest anthr anthracene analyses, it was established;,aange from
250 to 500 nm for a fixeflex at 250 nm being monitored the degradation process
by following the fluorescence intensity evolutionaawavelength corresponding
to the maximum Xem = 402 nm). Figure 3 shows a typical anthracene
fluorescence spectrum obtained at a concentrafi6rbang L.
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Fig. 2 Contour plot of the excitation and emission flismence spectra of anthracene. 1 g L
anthracene solution, Starting, = 264 nm\, increment = 10 nm, Number of scans = 25
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Fig. 3 Fluorescence spectrum of an aqueous solution tirarene 0.5 mg T obtained upon
excitation at 250 nm

Before performing irradiation studies, the effedt ®BO on the anthracene
fluorescence emission was checked by recordingsfiectrum of a solution
containing SBO and anthracene at a concentratic®®06fmg * and 1 mg [*

respectively. In the presence of any of the exathi@BO a quenching
phenomenon occurred and a decrease of anthraceoeedtence signal was
observed compared to the signal recorded in putervemlution. Moreover the
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whole spectrum, both the number and the relatitensity of the peaks, appeared
rather modified by the presence of added SBO. Sincannot be excluded a
priori that SBO themselves undergo degradationir thpeenching effect could
vary during the irradiation. This fact would makena difficult the quantitative
evaluation of anthracene abatement. Under thesensgtances, two solutions
containing the same amounts of CVDT110 were prehamed one was irradiated
for two hours. Afterwards, 1 mg'Lanthracene was added to both solutions and
their fluorescence was measured. The two signasndi show any difference,
thus allowing to consider the SBO quenching effast constant during the
irradiation. The possible thermal degradation doelamp heating was also
excluded, since only a slight increase of abouC3after 90 minutes irradiation
was observed.

Anthracene photodegradation

Anthracene irradiation experiments were perfornmethé presence of one SBO at
a time, and results were compared with those oddaimradiating a pure
anthracene aqueous solution of the same concemtrati

In the following plots (Figures 4-6) the abatempatcentage of the fluorescence
intensity, vs. the irradiation time are reportedifoadiations performed with three
different monochromatic light sources emitting &842m, 312 nm and 350 nm,
respectively.
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Fig. 4 Fluorescence abatement percentage of a solutiantbfacene (ANT) (1 mg1) containing
different SBO (200 mg ) vs. irradiation time Xex = 250 nm,Aem = 402 nm). Irradiation
performed with monochromatic light at 254 nm
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Fig. 5 Fluorescence abatement percentage of a solutiantbfacene (ANT) (1 mg1) containing
different SBO (200 mg B) vs. irradiation time Xex = 250 nm,Aem = 402 nm). Irradiation
performed with monochromatic light at 312 nm
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Fig. 6 Fluorescence abatement percentage of a solutiantbfacene (ANT) (1 mg1) containing
different SBO (200 mg ) vs. irradiation time Xex = 250 nm,Aem = 402 nm). Irradiation
performed with monochromatic light at 350 nm

It may be cleary observed that using all the caersid irradiation wavelengths,
anthracene undergoes direct photolysis in the poesef SBO and complete
fluorescence abatement occurs when the irradiasiqrerformed at 254 or 312
nm, whereas about 90 % of abatement seems to wtair irradiating at 350 nm.
In the presence of SBO different effects can beenesl depending on the
irradiation source. Figure 4 shows that when thadiation is performed at 254
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nm, the degradation process is initially slowed ddyy the presence of SBO, but
ultimately almost 100 % of fluorescence abatemant lse achieved at the same
time as for the photolytic degradation in the albseof SBO. This behavior was
the same for all investigated SBO. On the contr&igures 5 and 6 show that
when irradiating at 312 and 350 nm respectivelyy @DFT110 and CVT365
seem to delay the degradation process whereashtbe ®BO do not significantly
modify the degradation kinetic compared to thateobsd in their absence. This
behaviour cannot be easily rationalized becaustefconcomitant phenomena
occurring during irradiation. Actually, anthracemdsorbs the radiation and
undergoes photolysis. At the same time also SBOrhbsdiation, in competition
with anthracene, and can produce reactive spebled@promote the degradation
of anthracene. In this fashion, the inhibition effexerted on the anthracene direct
photolysis would be compensated. Nevertheless,thisphotodegradation of the
SBO can occur and this process can consume reagaced8-10]. Therefore, it
can be assumed that the degradation kinetics bfaggne in the presence of SBO
are the result of a balance between possible mealedind detrimental effects of
SBO light absorption.

The inhibiting effect of SBO is directly relatedite concentration as it appears in
Figure 7, which shows the results obtained by iataty anthracene at 312 nm in
the presence of CVDFT110 in a concentration rang@ 5 to 200 mg [
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Fig. 7 Fluorescence abatement percentage of anthracén®sdl mg L) vs. irradiation time.
Experiments performed in the presence of CVDFTaf@ifferent concentrations. Irradiation
performed with monochromatic light at 312 nm. Dateparametersiey, = 250 NnmA¢, = 402 nm.

The degradation rate of anthracene increases with decrease of SBO
concentration. Nevertheless, at least 200 mb df added SBO might be
considered, in view of coupling the photodegradapoocess with a previous soil
washing treatment, in order to obtain good yieldghe desorption process of
pollutants from the soil.



Even if the kinetic of fluorescence abatement hasenb considered as
representative of anthracene degradation Kkineticisiclear that this is a
simplification, since probably formed intermediaempounds, emitting in the
same experimental conditions, would affect the aigfior this reason further
investigations on anthracene degradation in thegmee of the above mentioned
SBO were performed using traditional devices as Séarbox, Co.Fo.Megra
(Milan, Italy) equipped with a Xe-lamp and a cut-fiter below 400 nm; 5 mL of
solution containing only pure anthracene (1 m knd anthracene (1 mg?y
with CVDT110 (200 mg L[!) were irradiated at different irradiation times. A
traditional off-line spectrophotometric analysissmaerformed by recording the
fluorescence emission at 402 nm, in order to agbeskinetic of the degradation
process.

The degradation process was also monitored by medndHPLC with
fluorescence detection, in order to evaluate tlwuddon of anthracene separately
from the formed intermediates.

Data reported in Figure 8a evidence that, whenptoezess is monitored by
analysing the global solution fluorescence, an#mac abatement is
underestimated. The results obtained by HPLC aisalysow indeed higher
abatement percentages than the one calculatecedratiis of spectrometric data.
After 45 minutes irradiation, an anthracene abateragabout 90 % was reached,
whereas, only about 40 % of the global fluorescaatz@ement was attained (see
Figure 8b). A possible explanation could be thamation of anthracene and
CVDT110 fluorescent degradation products, that wowbntribute to the
fluorescence of the whole solution. Other workease indeed reported the light
induced formation of several anthracene oxidatimdpcts containing hydroxyl,
aldehyde and keto groups [11,12]. Thus, in the gresase, the decrease of
fluorescence due to the abatement of anthracenédvimucompensated by the
increase of fluorescence due to the degradatiodugts. Figure 9 reports the
chromatograms obtained by analyzing solution ohi@wene in the presence of
CVDT110, before and after irradiation; the appeeeanf a new peak having a
retention time g=3.95 min in the chromatogram corresponding toitresiated
solution, confirms indeed the formation of someofkscent intermediate.
Nevertheless, the peak intensity contributed by thiermediate cannot account
for the % abatement values reported in Fig. 8ahduld therefore be considered
the presence of other intermediates. Optimizatibrihe HPLC conditions to
identify such compounds was however out of the scopthe present work.
Under an applicative point of view, the chromatpdia results completed the
proposed in-line monitoring approach making it aseliminary fast and
environmental friendly screening tool.
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Fig. 8 a) Fluorescence abatement percentage of an aetlgaolution vs. irradiation timed =
250 nm,Aem = 402 nm). Initial concentration: 1 mg*lanthracene and 200 mg'ICVDT110.
Irradiation performed in Solarbox (cut-off filteB@ nm).

b) Effect of irradiation on the fluorescence spectrof anthracene solution containing added
CVDT110 qex = 250 nm)
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Fig. 9 Effect of irradiation on the chromatograms of aatiene solution containing added

CVDT110 Qe = 250 NnmAem = 402 nm). Initial concentration: 1 mglanthracene and 200 mg L
! CVDT110. Irradiation performed in Solarbox (cuf-fliter 400 nm)

Effect of additives on anthracene degradation kinetic

Since the addition of SBO did not enhance the antwe photodegradation, the
effect of other photoactive substances was chedkgd, (0.01 M) was chosen
since it allowed to work in homogeneous system iang well known that its
photolysis under UV irradiation yields the formati@f highly reactive®OH
radicals. Experiments were performed by irradiating Solarbox aqueous
anthracene solutions in the presence of CVDT110H¥® . Figures 10a and 11
report the results obtained by monitoring the pssceby fluorescence
spectrophotometry and HPLC with fluorescence dieteckespectively. As can be
observed, the choice of the suitable detection aampr is in this case crucial.
Indeed, the whole fluorescence measurement appargmticates that KD
inhibits anthracene abatement. On the contrarpfip@site is evident through the
HPLC measurements. One explanation could be thateruirradiation in the
presence of added.8,, SBO undergoes phototransformation with consequent
change of its quenching effect on anthracene fhamece. To confirm this
hypothesis, two solutions containing the same ansoahCVDT110 and bD»
were prepared, and one was irradiated for 30 ménuddterwards, 1 mg t
anthracene was added to both solutidhg. fluorescence spectra reported in
Figure 10b show that the fluorescence of anthragenke irradiated solution is
significantly higher than that recorded in the noradiated one. This effect
obviously leads to overestimation of the residuatheacene content by
measurement of the solution total fluorescence.
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Fig. 10 a) Fluorescence intensity evolution of anthracesiation vs. irradiation timeXg, = 250
nm, Aem = 402 nm); b) Fluorescence spectrum of non-irtadisaqueous solution of anthracene,
CVDT110 and HO, (black line) and of aqueous solution of CVDT11@ &0, irradiated for 30
minutes (red line) and afterwards added with actma... Experimental conditions: 1 mg L
anthracene, 200 mg'LCVDT110 and 0.01 M bD,. Irradiation performed in Solarbox (cut-off
filter 400 nm)
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Fig. 11 Anthracene (ANT) percentage abatement determigddRi C with fluorescence detector
vs. irradiation time Xex = 250 NnMAem = 402 nm). Initial concentration: 1 mg'lanthracene, 200
mg L CVDT110 and 0.01 M bD,. Irradiation performed in Solarbox (cut-off filtd®0 nm)

The addition of HO, leads to an increase of the anthracene degradktietic
(Figure 11), then a synergistic effect between3B©® and this other photoactive
substance was observed.

Toxicity test

The final aim of a photodegradative process coeltbbcompletely mineralize the
contaminants or at least to establish a treatmiem¢ suitable to eliminate or
reduce the waste toxicity. In addition it is venyportant to evidence the eventual
formation of intermediate products, possessing drigbxicity than the original
molecules. Commonly the evaluation of the mineation level is performed by
total organic carbon (TOC) analysis. However, ia ftesence of SBO this type
of analysis is very tricky since SBO itself contries, in a large excess, to the
organic C concentration. Also the identification infermediate products is not
straightforward, since, in the presence of SBQq @ksdegradation products must
to be taken into account. A simpler approach tduata the treatment goodness in
the presence of complex systems may be the evauafithe global toxicity of
the investigated solutions before and after irriaaia

In the present work, toxicity was evaluated by gdine Microtox® test, which
measures the inhibition of the natural bioluminesee(Effect (%)) of the/ibrio
Fischeribacteria due to the substrates in solution. Té&ss is a powerful tool for
screening the toxicity of a set of samples contgna multitude of chemical
compounds.

To understand the significance of the experimeahdigd, it must be known that an
Effect (%) lower than 20 % corresponds to the abseri acute toxicity, whereas
an effect in the range from 20 to 50 (%) corressainca weak toxicity.
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Tests were performed on pure anthracene aqueousossl (1 mg [}) and on
solutions containing anthracene (1 mg land CVDT110 (200 mg'1), irradiated

in Solarbox (cut-off filter 400 nm) at differentiies.

In Figure 12, for pure anthracene, a slight inaeeafsthe Effect (%) was observed
in the early hours of treatment, followed by a éase of the inhibition effect up
to -20 % after 1 h irradiation. Almost the samatrean be observed in Figure 13
for samples containing also SBO. However, in tlasecthe curve seems to be
shifted to lower Effect (%) values. In any casecflations of Effect (%) in the
range from -10 % to 10 % should not be considergdifgcant, and thus, these
results imply that no toxic compounds arise frora tkegradation of anthracene
nor from the degradation of SBO itself thus coniirgrthe goodness of the
treatment also from this important point of view.

Effect (%)

0 10 20 30 40 50 60
Irradiation time (min)

Fig. 12 Effect (%) measured in biotoxicity Microt8xest of anthracene solutions (1 md) lat
different irradiation time (contact time = 5 - 130 min)
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Fig. 13 Effect (%) measured in biotoxicity MicrotBxest of anthracene (1 mg'Lirradiated in
the presence of CVDT110 (200 mg)Lat different irradiation time (contact time = 45 - 30
min)

Conclusions

The obtained results evidenced that anthraceneg@bagtadation is not negatively
affected by the presence of SBO, thus allowingreisage the use of SBO as
additive in anthracene removal from contaminatets.simn any case even in the
presence of SBO almost completely abatement ofacghe was achieved and, at
all the considered wavelengths, no significantedéhces were observed among
the four different SBO evaluated through this stulfpreover the addition of
H.O, leads to a synergistic effect, enhancing anthmadegradation.

The adopted experimental set-up evidenced thelpligsto perform preliminary
screening of photodegradation process efficienaghout produce any waste,
since the examined solutions, at the end of thedystvere considered safe to be
discarded, as confirmed by the toxicity tests. A¢ tsame time, the results
obtained in the presence of addedOk underlined the need of an accurate
knowledge of the system reactivity and of the magffect, in order to ensure that
the results obtained by rapid and environmentaigntlly approach are reliable
with the evolution of the considered system. Addhigil HPLC analysis resulted to
be mandatory to complete the in-line fluorescenoeening studies when the
matrix effect cannot be considered constant albegtocess.
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