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The photochemical reactions of anthracene and benzo[a]anthracene polycyclic aromatic
hydrocarbons (PAHs) in polar and apolar solvents (cyclohexane and water/acetonitrile)
were studied using spectroscopic and chromatographic techniques. These homogenous
photolysis experiments are used as simplified models to compare PAHs photochemistry
in water and oil (or oil films). Moreover, these processes were to some extent used as
model in literature in order to study those occurring on particulate matter and aerosol
surfaces. In both media, new photochemical reaction products were found. Generally,
the reaction rate in the polar medium is faster than that in the apolar medium, and
the photodegradation quantum yields increase with increasing polarity of the medium.
HPLC-absorption/emission analysis confirmed the literature reports that mainly oxy-
genated photoproducts, such as PAH-hydroxides, were formed. The novelty of this arti-
cle is that GC-MS data revealed the presence of new photoproducts that have not yet
been described. This simplified model system allowed us to characterize the product
distribution, thus simplifying the interpretation of the photodegradation mechanism.
The identification of new photofragmentation paths, originating by irradiation of pri-
mary PAH photoproducts, may suggest an innovative way of remediation triggered by
light.
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INTRODUCTION

PAH photolysis in bulk phases (air, water, and oil) are typically homogeneous
reactions. Moreover, PAH photolysis in interfacial phases of fly ashes, diesel
soot, and wood smoke particles in known to be the main process in particulate
matter; all these processes are heterogeneous reactions (1,2). Solar UVA-B ra-
diation initiates a photochemical reaction which represents the main degrada-
tion process for chemicals in both bulk and interface regions. Polycyclic aro-
matic hydrocarbons (PAHs) are often associated with solid particulate matter
(3-5). PAHs photolysis can proceed in different ways depending on the sur-
roundings. Thus, PAH photolysis in vapor phase can include direct and indirect
(i.e., OH mediated) processes.

PAHSs can absorb sunlight (300—420 nm) and are thermally stable due to
their delocalized m-electron clouds and large resonance energies. On the other
hand, they can be photolyzed via different reaction paths:

a. Reactions that occur in the homogeneous gas phase proceed more slowly
than those occurring on surfaces via heterogeneous processes. In this case,
the rate-determining factor is the concentration of compounds on the sur-
face (6). PAHs can also be washed away in aquatic systems (7) resulting in
increased hydrophilicity, where the compounds are photodegraded (8).

b. The homogenous photoreactions, kinetics, and reaction products of PAHs
were studied both in aqueous (9,10) and nonaqueous environment (11-13).
Photolysis in these bulk phases is driven by two main factors: UV radiation
and ozonation (9,10). Many UV photolysis products are more toxic than
the parent compounds (14). Some reports describe photoproduction of PAH
derivatives with light sources that contain high levels of UVC (<280 nm).
This component, however, is not present in sunlight (1). Generally, UV pho-
tolysis in homogenous phases results in ring opening of PAHs by photo-
chemically generated radicals (2,15), analogously to what is found in other
pollutants (5,16).

c. Films of water (for example, on wood smoke particles and aerosol particles)
and the composition of particulate matter affect the way that organic com-
pounds are processed in the atmosphere (17). Various atmospheric com-
pounds can be contained in particulate matter (PM) and interact with wa-
ter and support a variety of heterogeneous reactions (7,18).

This article focuses on the photochemical transformation of two PAHs.
Benzo[alanthracene (BaAN) and anthracene (AN) were studied on homoge-
neous solutions and points out the value of contrasting the photochemistry in
water and oil (that can be extended to oil films, i.e., an apolar layer). Indeed,
because the photochemical reaction of PAHs adsorbed to particles could also
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occur in an organic layer surrounding the particle core, irradiation of the com-
pound in an organic solvent could roughly simulate in laboratory the direct
photolytic pathways of pollutant degradation, as described in the literature
(12). Thus, these compounds were studied by irradiating the pollutants in or-
ganic and aqueous solvents. Cyclohexane, a relatively inert solvent, was used
to further simplify the photoreactivity scheme. These photodegradation simu-
lations offer a reasonable approximation and provide good yields of the photo-
products (12) and can suggest an innovative way of remediation triggered by

light.

benzo[a]anthracene (BaAN)

LI

anthracene (AN)

MATERIALS AND METHODS

Reagents

The PAHs, benzo[a]anthracene (BaAN), anthracene (AN), and pyrene-d;g
(internal standard, Py-dio), were obtained from Sigma (Milano), and some
other standards were obtained from J. T. Baker (New Jersey) and Chiron
AS (Chemical Research 2000 Srl, Roma). Cyclohexane, acetonitrile (ACN),
methanol (MeOH), and water were HPLC grade. All other chemicals were
reagent grade.

Irradiation Conditions

All samples volume was of 3 ml and a concentration of 4.4 uM BaAN and
20 M AN in H,O/ACN (70/30), as well as of 50 uM BaAN and 165 uM AN in
cyclohexane, was used. Irradiation was performed in cuvette (optical length,
1 cm) using a Rayonet photochemical reactor, model RPR-100, (maintained at
35°C with a thermostat) equipped with sixteen black light phosphorus lamps
(RPR-3500 A) that emits in the 310-390 nm range, with a maximum intensity
at 350 nm. A “merry-go-round” irradiation apparatus (model RMA-500) was
used to ensure that all parallel samples received equal radiation. The fluence
rate at the irradiation position was approximately 1300 xW/cm? as measured
by a radiometer (Spectroline, Model DM-365X) equipped with an UVA sensi-
tive sensor (DM-365X) with a spectral range of 320-400 nm. More accurate
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Figure 1: UVA induced photolysis of 4.4 M BaAN (-B-) in H,O/ACN (70/30) af various
irradiatfion times; | (-a-), Il (-¥-), lll (-e-). HPLC data.

light measurements by ferric oxalate actinometry, carried out by taking into
account the integrated area of absorbed light in the 310-390 range of the black
light lamps, showed that the incident photon flux on the irradiated solutions
in quartz cuvettes (optical length, 1 cm) was 3.9 x 10 quanta s~ 'em 3. More
details about the experimental procedures of irradiation and light intensity
measurements have been described previously (19-21).

Quantum Yield

The quantum yield (¢) of the investigated processes (PAH photodegrada-
tion and the formation of their photoproducts, generally indicated as X) can be
calculated from the initial rate of each process, based on the following Equation

(1)):

d[X] _ oF1
& Vv Y

F=1-104 represents the fraction of light absorbed by the PAH. A is the
mean absorbance of the PAH overlapping the emission range of the black light
lamps. In this case, data corrected for A, fit the absorption spectrum of the com-
pound with that of the lamp only in the overlapping region. Thus, the result-
ing fraction of light absorbed (F') by the sample represents the exact correction
factor in the quantum yield calculus (see Figure 1 in supplementary data). I is
the measured light intensity (mol of photons min~!) and V is the volume of the
irradiated sample. To calculate photoproducts quantum yields, the determina-
tion of their absolute formation rates was achieved with analytical standards
to calibrate the instruments.
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Analytical Instrumentation

UV-VIS absorption spectra were recorded on a Jasco V-560 spectropho-
tometer. Emission spectra were obtained on a Spex Fluorolog-2 (Mod F-111)
in order to optimize HPLC fluorescence detection of PAHs. The HPLC anal-
yses of PAH and its photoproducts were performed on a PerkinElmer chro-
matograph (Series 200 LC pump) equipped with a UV/VIS detector (785A),
fluorescence detector (LC 240) and Interface (950A). GC/MS analyses were
performed in splitless mode with a Finningan Trace GC and DSQ (Thermo
Electron) equipped with an AS 800 (Fisons) autosampler.

HPLC-UV/Vis-FL of PAHs

For HPLC, 20 ul of sample or standard in aqueous solvent were directly
injected in a reverse-phase Lichrospher C-18 (4.6 x 250). Differently, sam-
ples or standards in cyclohexane were first dried with nitrogen and then re-
dissolved in mobile phase before injection. An isocratic mobile phase of water
and 80% MeOH (v/v) was used at a flow rate of 1 ml/min (7). PAHs were re-
solved by changing the excitation/emission wavelengths in the fluorescence de-
tector (FL): 270/390 for the internal standard, Py-d;o, 255/385 for BaAN, and
260/398 for AN. Retention times of PAHs and their photoproducts are reported
in Tables 1 and 2.

GC-MS of PAHs

GC analyses were performed in electron impact mode (EI; 70 V) on a J&W
DB-5MS (0.25 um, 30 m x 0.250 mm) with 1 ml min~! helium carrier gas.
Temperatures of the injector and transfer line were 250 and 300°C, respec-
tively, and the thermal program for elution was 70°C, 1 min hold, 70-300°C
at 10°C min~!, 1 min hold. Two separate chromatograph runs were used to
characterize PAHs and their derivatives by using both scan and Selected Ion
Monitoring (SIM) mode. The internal standard Py-d;yp was used. Sample or
standard in cyclohexane were directly injected without further treatment. Dif-
ferently, sample or standard in aqueous solvent were first dried with nitrogen
and then re-dissolved in cyclohexane before injection.

The definitive identification of lower abundance PAH derivatives was
achieved using MS measurements (i.e., mass spectral interpretation and lit-
erature data).

RESULTS AND DISCUSSION

Kinetics of Photodegradation

The photodegradation of AN and BaAN was followed both by UV visible
spectral changes and HPLC at various irradiation times; peak assignment was
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Table 2: Quantum yields of formation (¢sm) and HPLC retention times (t,) of some
BaAN (I-1lI) and AN (VIII-XIV) photoproducts. Data obtained by HPLC. The
determination of their absolute formation rates was achieved with analytical
standards to calibrate the instrument.

. ________________________________________________________________________________________________________|

water/ACN (70/30) cyclohexane

Compound ID ;, min ©form ®form

| 30.5 1.5x 104 3.67 x 107¢
Il 23.7 6.9x10°° 1.04 x 10°°
Il 9.0 6.25x 107° 293 x10°¢
VI 8.6 8.33x 1074 3.57 x107¢
IX 2.7 4.48 x 1075 4.6x 1077
X 6.4 1.46 x 107° 1.22x 107°¢
Xl 10.1 1.14 x 107°® 1.22 x 107¢
XIV 55.3 ND 1.13x 107¢

achieved by use of suitable standards. In addition, GC/MS analyses were car-
ried out. Photolysis was investigated in cyclohexane and in a polar solvent
system consisting of an aqueous mixture of 30% ACN, to get higher concentra-
tions of PAHs and their photoproducts, due to the very low solubility in pure
water (22,23).

Photodegradation of BaAN

Photolysis in Polar Solvent. The photogenerated hydroxy BaAN derivative
in the presence of Oy should strongly absorb at approximately 300—400 nm
and 220 nm (23). Literature reports indicate also that BaAN photolysis in
an aqueous medium originates from the excited BaAN triplet (22). Thus, the
energy transfer from the triplet state to Oy to form singlet oxygen could re-
sult in oxidized BaAN derivatives via an endoperoxide intermediate as sup-
posed by Jang and McDow (24), in a process that is similar to that of AN
photolysis (1). Indeed, according to literature (7), 7,12-Benz[alanthraquinone
(I) is the main photoproduct obtained from aqueous samples (see Scheme 1,
Table 2). Figure 2 in supplementary data shows changes in the absorption
spectra of BaAN in a polar solvent system under UVA irradiation. The main
peaks in the 240-300 nm range become less structured and decrease in
intensity.

Figure 3 in supplementary data shows the HPLC chromatogram of a BaAN
sample that has been irradiated in an aqueous solvent. This chromatogram
shows the peaks of the starting compound (t, = 42.5) and its photoproducts (see
Tables 1 and 2 for the respective quantum yields and other kinetics parame-
ters). As reported above, most of the products may consist of highly oxidized
compounds, such as aromatic ketones, acids and anhydrides (24,25). The most
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Figure 2: UVA induced photolysis s of 20 uM AN (-l) in HoO/ACN (70/30) af various
iradiation times; XI (-4-), IX (-a-), VIl (-¥-), X (-e-). HPLC data.

reactive sites of BaAN are the 7 and 12 positions, so the main reaction prod-
ucts are 7,12-benz[a]anthraquinone (I) and 7,12-dihydroxybenz[a]anthracene
(IT). According to the literature and by comparison with standards, I (t, = 30.5)
is the most abundant photoproduct obtained; the signal at t, = 23.7 is due to
II. The peak at t, = 9.0 is attributed to benz[a]oxanthrone (III), which is a
tautomer of II (7). Kinetics of BaAN photodegradation and its photoproducts
formation are shown in Figure 1.

The novelty in this investigation is clearly found in the detection and char-
acterization of several new products, using GC/MS (Figure 4 in supplementary
data). The tentatively identified products are IV (t, = 21.5) and V (t, = 22.5).
These derivatives elute after the parent compound (t, = 21.0). Compound IV is
tentatively identified as a fragment of BaAN, which is the diphenyl derivative,
1,2,3,4-tetramethyl-5-(2,3,4,5-tetramethylbenzyl)benzene. V shows the same
fragmentation pattern and seems to be an isomeric form of IV. Kinetic trend
(Figure 5 in supplementary data) shows that these compounds are detected
only after prolonged irradiation. Thus, it is reasonable that they are photolysis
products of ITI via a loss of a whole aromatic ring (Scheme 1). To confirm this
statement, 5 uM solutions of III were irradiated up to 50 min and analyzed
by GC. GC results confirm formation of photoproducts IV and V under UVA
irradiation of ITI.

Photolysis in Apolar Solvent. The literature also reports that the main
photoproducts of BaAN photolysis in apolar solvents are hydroxylated deriva-
tives. BaAN photolysis in apolar media is initiated by both excited triplet and
singlet states (22,23). Thus, the energy transfer from the BaAN triplet to Og
can also oxidize BaAN to the 7,12-quinone derivative (I), which is the major
photoproduct obtained from aqueous samples (7). The UVA-induced changes
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Scheme 1: BaAN photolysis.
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in the BaAN absorption spectra in cyclohexane are shown in Figure 6 in sup-
plementary data. In contrast to the aqueous media, only a decrease of the in-
tensity in the 240-300 nm range occurs with no significant change in the peak
profile. As in the case of irradiated aqueous samples, HPLC analysis of the
irradiated BaAN samples shows the peaks of the starting compound and its
photoproducts I-III (Table 2, Scheme 1, and Figure 7 in supplementary data).

Also in this case, other new products were found and characterized us-
ing GC/MS (Figure 8 in supplementary data). These derivatives elute before
the parent PAH and are denoted as VI and VII. VI (t, = 5.2) exhibits a
very small molecular ion peak at 208 amu and was tentatively identified as
a biphenyl form of BaAN, 1-methyl-2-[(E)-2-(2-methylphenyl)ethenyl]benzene.
VII (t, = 9.4) was tentatively identified as another biphenyl form of BaAN, 4,4’-
dimethylbiphenyl. Kinetic trend (Figure 8 in supplementary data) suggests
that compounds VI and VII can originate from the oxygenated photoproducts
only after prolonged irradiation. Indeed, also in this case irradiation of 5 uM
solutions (up to 100 min) of III was also performed in the same manner as for
polar solvent. It results that VI and VII are photolysis products of III via a
loss of a whole aromatic ring, as described in polar media (Scheme 1).

Photodegradation of AN

Photolysis in Polar Solvent. In UVA-induced AN photolysis in a polar sol-
vent system we observed an increase in the absorbance at 220 nm and in
the 270-300 nm range, whereas there is a decrease in the peak absorption at
250 nm and in the 300-400 nm range (Figure 9 in supplementary data). These
absorption changes are likely due to the photoinduced formation of a hydroxy
AN derivative in the presence of Os (11). In aqueous medium, approximately
70% of AN photolysis originates from the excited AN triplet (22). Thus, energy
transfer from the triplet to Oy results mainly in oxidized AN derivatives and
produces to the main photoproduct, 9,10-anthraquinone (VIII, see Scheme 2,
Table 2), via an endoperoxide intermediate that was previously observed in
other solvents (1).

HPLC chromatogram peak data of AN and its photoproducts are reported
in Tables 1 and 2. According to the literature (7), VIII is the main photoproduct
(t, = 8.6) in an aqueous/ACN mixture; another peak represents the hydroxy
derivative of AN (IX, t, = 2.7, Scheme 2). The peak at t, = 6.4 is attributed to
9-anthrone (X), which is a tautomer of 9-anthranol (XI, t, = 10.1) (Figure 2).
In this figure, it is evident how these two latter compounds can originate from
the major photoproduct VIII.

Compounds XII and XIII (t, = 12.5 and 8.4, respectively) represent the
new photoproducts that were never found previously in this PAH photodegra-
dation. Indeed, formation of these compounds was evidenced in polar medium
via GC/MS traces. They can represent the final fate of ring opening and
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fragmentation of products IX and XI. They elute before AN. XII was tenta-
tively identified as a benzene fragment of AN, 1,2,3,4-tetramethyl-5-(2,3,4,5-
tetramethylbenzyl)benzene. XIII appears to be a fragment of AN and is con-
sistent with an aromatic moiety. Additional experiments were made in order
to confirm this statement. Indeed, irradiation up to 30 min of 5 ©M solutions of
IX or XI gave both XII and XIII. Thus, XII and XIII are found only at longer
irradiation times and can be considered the final degradation products (Figure
10 in supplementary data and Scheme 2).

Photolysis in Apolar Solvent. Figure 11 in supplementary data shows UV
spectral changes for AN photodegradation in cyclohexane. AN photodimeriza-
tion occurs from the excited AN singlet; in addition, reaction from the singlet
state with Og can result, to a lesser extent, in oxidized AN derivatives (1). How-
ever, the main pathway of AN photooxidation is initiated from the triplet state
(22) and produces VIII as the main photoproduct. The literature also reports
the formation of a 9,10-photodimer (XIV) as a minor photoproduct in this en-
vironment (1), although it becomes the major product in deoxygenated apolar
solvent system (Scheme 2).

Analogously to the photolysis in polar solvent, the formation of photoprod-
ucts VIII, IX, X, and XI was identified in all of the irradiated AN solutions
(Figure 12 in supplementary data). HPLC analysis also shows the formation
of the 9,10-photodimer (356 amu, XIV) as a minor photoproduct (1) (Figure 13
in supplementary data).

Other new photoproducts of AN in the apolar medium are observed in
GC/MS traces and tentatively identified as apolar compounds (XV-XVIII,
Scheme 2). XV (t, = 5.1) is tentatively identified as a naphthalene fragment
of AN, 1-methyltetralin. XVI (t, = 9.2) eluted before its parent and was tenta-
tively identified as a dibenzyl fragment of AN. XVII (t, = 16.2) was tentatively
identified as benzene residue of AN, pentamethylbenzene. These three photo-
products originate probably from fragmentation of products IX and XI via ring
opening and are found only at longer irradiation times. Analogously to polar
solvent experiments, formation of XV-XVII was confirmed by irradiating 5 M
solutions of IX or XI up to 90 min.

XVIII (t, = 14.5) elutes just before AN (t, = 14.9). Compound XVIII
was tentatively identified as 1,4 dihydroxy-AN and is produced via a paral-
lel pathway, as confirmed by kinetic data (Figure 13 in supplementary data
and Scheme 2).

Comparison BaAN and AN Photodegradation in Polar

and in Apolar Medium

A comparison of PAH photoreactivity in the two investigated systems must
take into account that the reaction rates can be influenced by the medium po-
larity (films of water, composition of particulate matter, etc.) and this may af-
fect the way and the rate through which organic compounds are processed in
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the atmosphere. Moreover, a relative polar organic solvent like ACN is neces-
sary in order to prevent PAH binding to glass surface. The substitution of an
organic solvent with water is not accompanied by substantial spectral changes,
as the aqueous content increases from 0% up to 70% (data not shown). With
this aim, the relative relevance of our ACN/aqueous model to aqueous or wet
systems was ascertained by repeating the photolysis experiments changing
the ACN content. Indeed, PAHs photolysis in samples with increasing ACN
content (30%, 40%, and 50%) leads to a decrease of the quantum yield. In-
deed, it resulted that the quantum yield decreases from 7 to 4 x 1073, Exper-
iments were carried out within 15% AN photodegradation (5 min irradiation
of a 20 uM solution). Similar experiments were carried out with BaAN. Thus,
45 min irradiation of a 4.4 uM BaAN solution shows a decrease from 4.2 to
0.6 x 10~%. This can be considered in good agreement with the reported effect
of solvent polarity on PAHs photochemistry (13,22,23).

According to the literature, quinones are the main photoproducts of BaAN
and AN in aqueous media in aqueous media, and hydroxy derivatives are also
found, but in lower amounts (7,22). These compounds were also found after
photolysis in apolar media, but in this case, the photochemical process tends
to favor the formation of other photoproducts, for example AN dimer (XIV,
Table 2). The new aspect of this picture is provided by the study of the pho-
toreactivity of previously identified photoproducts, that when accumulate ab-
sorb light, giving rise, both in polar and apolar medium, to new photochem-
ical paths (mainly fragmentations) described in the previous section. Apart
from differences in the photophysical behaviors, there is a substantial differ-
ence in the UVA photochemical reactivity between BaAN and AN. The latter
is more susceptible to photolysis than BaAN, as shown in Table 1, which lists
the degradation parameters of the compounds based on k, t;» and quantum
yields. Taking into account (values in Table 1):

a. the matching UVA light absorption rates of AN and BaAN;
b. the Inter System Crossing quantum yields;
c. the singlet oxygen lifetimes; and

d. the reaction rate constants in organic solvents of AN and BaAN with sin-
glet oxygen.

We can infer that the singlet oxygen production, is the prominent, but not
the only one, pathway involved in the general scheme of PAH photolysis both in
polar and apolar environments, as confirmed by previous literature. Indeed, it
was previously suggested that BaAN is largely photodegraded via photoioniza-
tion, whereas energy transfer from excited triplet is relevant to AN photolysis
(22,23)
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Thus, additional experiments carried out in nitrogen saturated solvents
resulted in a slower photodegradation, more evident for AN (3.7 vs. 0.9 x 10~%)
respect to BaAN (9.1 vs. 3.9 x 107%). This fact corroborates the role played
by oxygen, also if the radical pathway influences PAH photodegradation, as
demonstrated by the drastic reduction of primary photoproducts, more signifi-
cant in the case of AN.

The relative photostability of BaAN, as results from the values of pho-
todegradation rate constants in both solvent systems, can be explained by the
electronic configuration of these two compounds. PAHs are susceptible to oxi-
dation at the position in which frontier electron density is high (27). This latter
is higher in the case of the 9 and 10 positions of AN compared to the 7 and 12
positions of BaAN (28). Indeed, angular BaAN is more resistant to photode-
composition than linear AN. It appears that both excited states of PAHs can
form stable pairs, i.e. a charge transfer complex, with molecular oxygen (22).

The main photochemical pathways of BaAN and AN in aqueous (23) and
apolar (24) media are known, but this paper sheds more light on new photo-
products (Schemes 1 and 2). The reactions proceed until complete degradation
has occurred (Figures 1 and 2).

In an aqueous solvent, the excited PAH singlet is more reactive with Og
compared to the triplet state (22). Photoionization proceeds mainly through
electron transfer to produce PAH", whereas the PAH triplet reacts directly
with Og. The data in the literature suggest that BaAN is largely photode-
graded via the former pathway, whereas the latter mechanism is relevant to
AN photolysis (22, 23). Indeed, PAH photolysis seems to be controlled mainly
by the lifetime and the reactivity of the excited singlet (22,23). The difference
in reactivity between AN and BaAN could be due to the hydrogen donor po-
tential of the solvents and the stability of the resulting solvent radicals (12).
In summary, photolysis quantum yields and reaction rate constants show that
AN is less photostable than BaAN, and the photostability of both compounds
is lower in polar media than apolar media (Table 1). The PAH photodegrada-
tion and some of their photoproducts formation parameters are of the same
order of magnitude as those reported in the literature (12,13,22,23,29). The
nature and intensity of light sources used, as well as solvent type and ratio
can easily explain some differences. For example, BaAN irradiation carried
out in aqueous solvent, with 1% ACN and a filtered 400 W medium pressure
mercury lamp to give 366 nm band, gave a k = 1.3 x 10~* s~ ! (29), whereas
the k was 6.1 x 107® s~! in cyclohexane with a Pyrex filtered 450 W high-
pressure mercury lamp (12). Plata et al. (13) calculated 6.2 x 1075 in toluene
and a UVB filtered 300W xenon lamp. Rate constant for AN in polar sol-
vent (water-0.5% ACN, 300W Xe arc lamp 305 nm filtered) was 1 x 103 s~1
(22).

The characterization of the new photoproducts helps clarify the involved
photochemical pathways (Scheme 1 and 2).
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Meanwhile, in a single component model system there are some limita-
tions in representing aerosol phase reactions. In particular, the aerosol phase
contains very complex organic matter and high concentrations of inorganic
ions, both of which are known to affect photodegradation rates and reaction
products (25). Moreover, there are some factors that can influence PAH photo-
degradation in atmospheric PM heterogeneous reactions (30-32). The struc-
ture of the PAH influences the heterogeneous reactivity towards oxidation,
as well as, the conditions of particles loading and the nature of the parti-
cles. Graphite particles stabilize the most reactive PAHs towards oxidation,
also if particle size is known to be non influent towards these kinds of reac-
tions (30-32). Moreover, pore size, as well as surface area may influence lo-
cal PAH concentration in particulate matter and consequently, their reactivity.
This justifies heterogeneous reactions of PAHs as processes relevant from an
atmosphere point of view (30).

On the other hand, lab-simulated environmental PAH photolysis min-
imizes environmental complications, thus achieving a reproducible product
distribution and isolating the mechanism investigated in the present study.
Hence, the obtained results should help explain PAH photolysis under real con-
ditions, which are encountered in the atmosphere, where several parameters
influence the photochemistry. In addition, identification of new photofragmen-
tation paths, originating by irradiation of primary PAH photoproducts, may
suggest an innovative way of remediation triggered by light.
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