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CmSTRACT o
Photochem1ca1 decompos1£1on of severa] po]ycyc11c aromat1c hyoro-‘

carboris (including benzo[a]pyrene) proceeds much more s]ow]y when the
compounds are adsorbed on coal f]y ash than 1n so]ut1on or when adsorbed
-on other so11d‘surfaces. Certa1n other po1ycyc11c hydrocarbons (f]uorene,
the benzofluorenes, 9,10-dimethylanthracene, and 9,10-dihydroénthhaceno)'
undergo rapid, non-photochemica], dégradation‘when adsorbed'onto,fly ash

.'surfaoes; the extent of this deconpOSition-depends upen the nature of the

fly ash.



INTRODUCTION

- Information about the fate of part1cu]ate po]ycyc]1c aromat1c hydro—
carbons (PAH) re1eased to the atmosphere from combust1on of carbonaceous
“fuels s present]y fragmentary It 1s often assumed however, that
'zphotochem1ca1 ox1dat1on processes play an important role since rapid .

- photo- ox1dat1on is known to occur for many PAHs 1n solution, in pure
so]1d form, or when adsorbed onto certain solid substrates such as
~alumina (2, 3) Consequent]y, it 1s w1de]y accepted that the ha]f-]ives-

-of particulate PAHs in the presence of sun11ght may be of the order of
only hours or, at- most, a few days (2,4,9). |

In order to test this supposition and to obtain quantitative data
describing the rate and extent of photochemical decomposition of partic-'
u1ate PAH, a series of experiments Were conducted in which individual-
PAHs were adsorbed onto coal fly ash particles and exposed to both real

and simulated sunlight cond1t1ons



| EXPERIMENTAL: | A
"To simulaté real plume samp1es,'in thchiPAHs are adsorbed'bﬁto fly

ash particles (8), a model systemﬁf6r adsorption of PAHs from the vapor
phase onto fly ash was uti]fzed. Samb]es of f]y aﬁh, collected from
_power-p]aht e]ectrostaticvprecipitators; were eize-separated‘and theﬁ
p]acea into a vapor'debosition épbaratus‘simi1ar to that described by
‘Miguel (6). A simp]emdiffusion cell (7) was used to prepareia'known
vapor-phase concentration of a partfcu]ar PAH; and the expanded coal
fiy ash bed was exposed to this vapor for a known duratipn (typically
9 hr.). | | o

4To detect the occurrence of any-non-photochemica] decomposition of .
the vapor-adsorbed PAH whichfmight occur, é,portion of fly ash so pre-
pared was immediately subjected to sbxh]et extraetion-(benzene, cyclohexane,
or methanol). The'extract.was'then'enaTyzed for the PAH and/or degrada-
tion products by 1iquid chromatography, UV absorption, or fluorescence
.spectfometry. The preciSion of these enaIyses was determined-to be +8%
RSD. The rema1nder of the fly ash .sample was subJected to 1rrad1at1on,
using any of several art1f1c1a1 11ght sources (150 W xenon 1amp, 275-
sunlamp, or Genera] Electric 500T3/C1 "quartzl1ne" 1amp, all unf]]tered)
'pr to outdoor sunlight. Extract1on fg]]owed by analysis, a; described
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above, was performed after cessation of illumination.



RESULTS

Rather unexpectedly, on]y modest (<20%) photodegradat1on was observed
for the. PAHs studjed‘(Tab1e I). Furthermore, no s1gn1f1cant dependence
Upon irradiation time or illumination conditions was found. However,
under similar illumination conditions, benzo[a]pyrene and anthracene
photooecomposed to a much greater extent in solution or when adsorbed
from methanolic solidtion. onto alumina. To verffy that the observed
resistance to photodegradation of benzo[é]pyrene and anthraeene was not
artifactua]ﬁ the compound of interest was adsorbed from methanolic solu-
tion onto commercial alumina thin-layer- chromatography p]ates and prepared
fly ash "thin-layer" plates. In a typical experiment, benzo[a]pyrene
adsorbed onto alumina from solution ohderwent 50% photodecomposition
. upon 80-min exposure to an unfiltered 150-W xenon lamp; under identical
conditions, benzo[a]pyrene adsorbed onto fly ash exhibited only 15%
decomposition. .

In addit%on to.]imited‘photochemica1 decomposition it was found that
certain PAHs including fluorene, benzo[a]f]uorene, benzO[b]f]uorene, 9,10
dimethy]anthracene,.9,10 dihydroanthracene and 4-azafluorene) underment
rapid, though not'immediately complete, decomposition-in the absence of
light when edsorbed on fly ash. This process was studied most exhaustively
for fluorene. The product of non-photochemical degradation of vapor-
'adsorbed fluorene is.9-f1uorenone. The-initial extent of reaction varies
from 7% to 90% decomposition, depending upon the type of fly esh used as
"substrate. The reaction is not observed for solid fluorene, for flucrene
vapor-adsorbed on several other solids (alumina, silica ge],.Lihde "Molecular
Sieves", Rohm and Haas "Ambersorb XE-340"), or for fluorene dissolved in
| cyclohexane orAmethano]'(the‘so1vents used for soxh]ef extraction‘ofr
fluorene from fly ash). However, simijar non-photothemioé] decomposition

is observed for fluorene vapor-adsorbed on activated charcoal.



T Tt .

The non- photochem1ca1 degradat1on of PAHs adserbed on f]y ash is
relatively rapid. For example, when f]uorene was vapor- adsorbed on fly
ash for a durat1on of on]y 0.5 hr, f]uorene extracted from a portion of
the sample 1 0 hr after adsorpt1on had a]ready decomposed to the extent
of 35% The decomp051t1on process continues, a]be1t much more s]ow]y,
if the fly ash samp1es are "aged" in. the dark after adsorpt1on of the PAH |

has been comp]eted (F]gure 1) 7‘ ' - e
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DISCUSSION
The foregoing fesq]télsuééest,that two types of chemical processgs'
can operate in the oxidation of PAHs adsorbed,bnto soiid subsffates{ ‘First,
it is apparent that PAHs adéorbedionto coal f]y»ash aré'generél stabiiized
" against photochemical oxidation by comparison with the same compounds
present iﬁ solution, as the pure solid, or adsorbed onto éubstrates such
as a]umina.or si]icalgel. On the other hand, a 1ihited class of compounds
is found to undergo spontaneous non-photbchemical oxidation a§ a result
of adsorption onto substrates such as coal fly ash énd activated carbon.
The explanation of these findings is not presently clear. .Based on
the available evidence, however, it seems likely thaf energetié adsorption
of PAH onto a highly acti?e‘5urface, such as that of coal fly ash 6r
- activated carbon, effectively stabi]izes PAH against photo—oxjdation which
eitﬁer increases the electronic excitation energy or decreases the 1ife-
- time of the excited state. The small amount of rapid phot040xida£ion which
is observed (Table I) could then be due tb a fraction of the'éAH which is
not directly bonded to the active surface but rather to another PAH molecule |
(as in a multilayer configuratiqn)‘or to a weakly adsorbing mineral impurity.-
The promotion of noﬁ-photochemi§a1 degradation coﬁld then, in turn, be
due either to extensive molecular orbital réarrangementwor simply to the -
ready availability of active oxygen on strohg]y adgorbing surfaces. (1).
| It is noteworfhy that all of the compounds which dndergo spontaneous.
oxidation as a result of adsorption onfo coal fly ash (i.é; FIhorene,
'lbenzo[a]f1uorene, Behzo[b]fiuorene, 9,10 dihethy]anthf&cene, 9,10 dihydro-
anthracené, and 4-azafluorene) contafn a behzy]ic carbon atom indicafiﬁg
that this structure.is especfa]]y susceptible to non-photochemiéa] oxida-
tive attack. ’
From aﬁ environmenté].sfandpoint,'the foregoihg results have several

important ramifications.



1. In general PAHs which would hormai]y_be expected_td'undergo |
-photochemicé];detompoﬁition are stabilized when adsdrbed onto coal fly -
ésh. Thié may result in éffective:retention‘qf the carcfnogenic potentia]
of several cohpounds (e.q. Benzo[a]p&rene).» ‘

2. Certain compounds (e.g. those coﬁtaining benzylic carbon atoms)
-are rapidly oxidized to the corresponding ketoﬁes or qﬁfnones as a result
of adsbrption onto coal fly ash. Whether such oxidétion results in a net
" increase or decrease in the toxic potential of édsorbed PAHs is unknown,
but it does suggest that specificconcentratidns(ug/g) of particulate PAHs
in the plume ffom a coal fired power plant may aiffer substantially both
between plants and with distance from a giveh plant stack. |

3. Perhaps one of the more interesting ramifications of the non-
photochemical process lies in the fact that certain highly carcinogenic
PAHs (e.g..dimethj]benzanthracene) contain one or more benzylic carbon
atoms and so would be expected to decompose quite rapidly following adsorp-
tion onto an active particu]éte substrate. This process éay éccount for
. the facts that dimeﬁhy15enzanthracene has not been found either in atmos-
pheric or emission source particulates and that fluorenone is(normé]]y

present at much higher levels than fluorene in atmospheric aerosols (2,5).



" CONCLUSION
Awhiie‘the resdlts.presented hereih’a}e not fu11y definitivé, it would
- appear that parficu]ate association of PAH‘ddes;not generally promote
- photochemical decompositioﬁ-as'hithefto'supposgd.(Z); Nevertheless, some )
PAHs do undergo rapid oxidation'as a result of'adéorptioﬁ onto active

substrates such és these 1ikely to be encountered in atmosphefic aerbsols.
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TABLE I

ijita] Changes in Concentration of PAH Adsorbed onto
Coal Fly Ash Following Irradiation.

PAH . Light Irradiation Ave %

Adsorbed on fly ash Source ' Time, hr. Change
Pyrene - sun lamp s, . -13
Phenanthrene | xenon arc 3.3 e +7.5
Fluoranthene ~ xenon arc ]4;2 - 9.
Anthracene - xenon aéé ' 24, - =15,
Benzo(a) pyrene ~ xenon arc Lo, -16.

~ Benzo(a) pyrene  quartz line - 8.7 - -8.

Cs



- FIGURES

Figurel: Percé'ntage Conversion of Fluorene Adsorbed onto Coal Fly Ash
as a Function of Time Following Completion of Adsorption.: .
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