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Introduction

Polycyclic aromatic hydrocarbons (PAhs) are ubiq-
uitous contaminants originating from natural and anthro-
pogenic pyrolysis of organic matter such as forest fires, 
automobile exhaust, coal and oil refining processes. their 
abundance and persistence in several polluted environ-
mental compartments such as sediments [1], surface wa-
ters [2], airborne particulate matter [3] and drinking water 
[4] have been reported.

PAhs are hydrophobic compounds and their persis-
tence in the environment is chiefly due to their low water 
solubility. generally, PAh solubility decreases and hy-
drophobicity increases with an increase in the number of 
fused benzene rings [5]. Most polycyclic aromatic hydro-
carbons, especially the highly condensed compounds with 

4 or more rings and their metabolites, have a variety of 
mutagenic and carcinogenic effects on microorganisms, 
plants and animals, and are classified as compounds with 
significant human health risks [6].

In the environment, primary removal processes of low 
molecular weight PAhs are microbial degradation and 
evaporation. higher molecular weight aromatics are less 
water soluble, which makes biodegradation difficult. thus, 
these compounds are effected by photochemical oxidation. 
this process is known for PAh solutions, PAhs in pure 
solid form or adsorbed onto solid substances. exposure of 
aromatic compounds to light produces partially oxidized in-
termediates which are more susceptible to biodegradation 
than parent compounds. Thus, photodegradation has been 
suggested as pre-treatment strategy for biodegradation [7].

Many studies have been performed on the photolysis 
of individual PAhs in natural waters under irradiation. For 
example, zepp and Schlotzhauer [8] found that the pho-
tolysis rates of selected PAhs in a natural water body were *e-mail: chemanal@pg.gda.pl
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quite fast and the photolysis half-lives of PAhs ranged 
from several minutes to several hours. Mill et al. [9] found 
out that the photolysis half-lives for benzo(a)pyrene and 
benzo(a)anthracene in water under sunlight irradiation 
were 0.69 and 5.0h, respectively. however, relatively 
little is known of photodegradation of PAhs when they 
are not irradiated and present in pure solvents. only some 
studies have demonstrated that PAhs undergo fairly rapid 
transformations when exposed to light in organic solvents 
and organic solvent-water mixtures [7, 9-12]. Quite a few 
researchers studied photochemical behaviour of PAhs in 
particular matters and aerosols [13], pine needles [14].

knowledge of degradation processes is essential from 
the analytical point of view and related to it reliability of 
the obtained results, because it can allow it to reduce or 
even eliminate possible errors associated with storage of 
samples of extracts and standard solutions to be used in 
the final determination.

the main aim of this work was to recognize the influ-
ence of selected factors on stability of fluorene, anthracene 
and benzo(a)pyrene in different solvent solutions. The de-
pendence of photodegradation rate of selected PAhs on 
the effect of primarily light photodegradation, and also on 
the type of solvent has been investigated. Main photodeg-
radation products were identified.

Experimental Procedures

Chemicals

Methanol, acetonitrile, hexane of hPlC-gradient 
grade was obtained from Merck (Darmstadt, germany), 
ultrapure water was provided by Milli-Q water purifi-
cation system (Millipore, Bedford, MA, USA). Dichlo-
romethane, dimethyl sulfoxide (DMSo) and cyclohexane 
(purity > 99.5) were also obtained from Merck.

the following standards: fluorene (Fl), anthracene 
(ANT) and benzo(a)pyrene (BaP) were obtained from 
Sigma – Aldrich (Seelze, germany). All the standards had 
a minimum purity of 99%. Stock solutions of the stan-
dards were prepared at the concentration of 1 mg ml-1 
(weight/volume). For quantitation the calibration curves 

were prepared basing the solutions containing analytes at 
concentrations of 0.1, 0.25, 0.5, 1, 2.5, 5 µg ml-1.

Borosilicate glassware (Merck) used for experiments 
was washed in chromic acid cleaning mixture for 12h, 
then rinsed with deionized water, methanol, and acetone 
and dried at 110°C for 3h.

PAh-Stock-Solutions

A set of dilution of analyte solution at the concen-
tration of 5 µg l-1 was made in the following solvents: 
methanol, acetonitrile, DMSo, hexane, cyclohexane and 
dichloromethane.

PAh standard solutions, prepared in the above solvents, 
were stored at room temperature (20 ± 2°C) with a full 
sunlight exposure in the laboratory (i.e. in glass containers 
fully transparent to the light). it is well known, that the 
sunlight reaching the earth has wavelength of λ ≥ 290 nm. 
Because of their aromatic structure, PAhs strongly absorb 
ultraviolet light in the uV-A (λ = 320–400 nm) and uV-B 
(λ = 290–320 nm) range of natural sunlight [15].

Sample Preparation

Solutions prepared in methanol and acetonitrile were 
analyzed directly, while solutions in DMSo were diluted 
with de-mineralized water at a 1:1 ratio before injection. 
in the case of solutions in hexane, cyclohexane and di-
chloromethane, solvent was completely evaporated under 
a gentle stream of nitrogen; the remaining solid was dis-
solved in methanol (volume equal to the volume of the 
original solvent). The solutions prepared in this way were 
injected onto an hPlC column. the investigations were 
carried out for a series of standard solutions containing 
analytes at different concentration levels (i.e. 0.1 µg ml-1; 
1 µg ml-1 and 5 µg ml-1). The studies revealed that the 
analyte level had no effect on the percent decrease of the 
compound during evaporation of the solvent.

The average recovery of analytes (after evaporation to 
dryness) for each liquid media and corresponding relative 
standard deviations rSD (n = 7) are presented in table 1.

table 1. the average recovery of analytes and relatively standard deviations rSD (n = 7).

organic solvents
Fl ANT BaP

recovery [%] rSD [%] recovery [%] rSD [%] recovery [%] rSD [%]

Methanol 92 ± 0.1 0.3 96 ± 0.1 0.3 89 ± 0.1 0.3

Acetonitrile 96 ± 0.1 0.2 95 ± 0.1 0.2 91 ± 0.1 0.3

DMSo 89 ± 0.2 0.3 91 ± 0.1 0.3 90 ± 0.2 0.3

Dichloromethane 70 ± 9.9 20.1 93 ± 4.1 6.2 80 ± 6.3 8.1

hexane 69 ± 5.5 13.9 90 ± 1.5 2.4 84 ± 5.8 7.3

Cyclohexane 71 ± 5.2 11.0 90 ± 2.1 3.4 86 ± 6.7 9.2
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high relative standard deviation obtained for the 
determination of fluorene (in case of standard solu-
tions prepared in dichloromethane, hexane and cy-

clohexane) are closely related to the vapour pressure 
of this compound (0.72 Pa at 20°C [16]). the higher 
the volatility of an analyte mean the greater the losses 
during its evaporation (lower recovery), and hence 
the lower the precision of determinations. extraordi-
nary high RSD in dichloromethane has been observed 
for Fl; dichloromethane is the most volatile solvent, 
while Fl has the lowest molecular weight (MW for 
fluorene is 166, while for ANt and BP it is 178 and 
252, respectively); under such conditions the highest 
RSD has been obtained.

Analytical Methods

the chromatographic experiments were performed 
using a high performance liquid chromatograph (Agilent 
1100 Series) equipped with a diode array detector, mass 
spectrometric detector, and a column oven, binary pump 
and autosampler. Detailed chromatographic conditions 
are presented in tables 2 and 3. Quantitation limits for 
fluorene, anthracene and benzo(a)pyrene were 0.03; 0.09 
and 0.07 µg ml-1, respectively.

kinetic Calculations

kinetics of PAh degradation was calculated using 
first-order equation:

 lnC/C0 = – kt (1)

where C0 and C are the compound concentration at time 
zero and t, respectively, and k is the rate constant.

The results were plotted using the natural logarithm 
of the compound concentration as a function of time. 
First-order degradation rate constants were determined 
by regression analysis. half-lives t1/2 were calculated us-
ing eq. (2) which was derived from eq. (1) by replacing 
C with C0/2:

 t1/2 = ln2/k (2)

In some reactions the rate is independent of the 
concentration of the reactant or reactants, and these 
are termed zero-order reactions. Photochemical reac-
tions, in which the rate-determining factor is the light 
intensity, rather than the concentration of the reactant, 
may be zero-order reactions. in this case, kinetics 
of PAh degradation was calculated using zero-order 
equation:

 C = – kt (3)

half-lives t1/2 were calculated using the following 
equation:

 t1/2 = C/(2k) (4)

table 2. Chromatographic conditions used for determination of 
fluorene, anthracene and benzo(a)pyrene and their degradation 
products.

Parameters Details

Column liChrospher rP-18e  
(5µm, 125 x 4mm i.D)

Mobile phase (A) h2o
(B) acetonitrile/methanol (1:1 v/v)

Flow rate 0.8 ml min-1

Temperature 25°C

Injection volume 20 µl

UV detection 250 nm, 260 nm, 295nm

gradient time [min] % A % B

0.00 25 75

10.00 0 100

15.00 0 100

table 3. Chromatographic conditions used for determination and 
identification of benzo(a)pyrene transformation products.

Parameters Details

Column liChrospher rP-18e  
(5µm, 125 x 4mm i.D)

Mobile phase (A) h2o
(B) methanol

Flow rate 1 ml min-1

Temperature 25°C

Injection volume 20 µl

UV detection 254 nm

MS detection

APCi interface, positive ionisation mode 
with 120eV fragmentor voltage, a 450°C 
vaporizer temperature, 350°C drying gas 
temperatures, 50 psig (1psi = 6894.76 Pa) 
drying gas pressure, 6 l min-1 drying gas 
flow rate, 6µA corona current and capillary 
voltage 4000V

gradient time [min] % A % B

0.00 20 80

4.00 20 80

6.00 18 82

9.00 8 92

10.00 0 100

15.00 0 100
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Results and Discussion

Stability in organic Solvents

relatively little is known of photochemical reactivity 
of PAhs when they are present in organic solvents. it is 
generally accepted that photodegradation of PAhs in so-
lutions is an oxidative process which is highly accelerated 
by the presence of photo-initiators. In general, the more 
polar the solvent is, the faster the degradation process of 
PAh [7]. the rate of the photodegradation process is also 

affected by the amount of dissolved oxygen, temperature 
and light intensity.

Degradation of Fl, ANT and BaP in selected organic 
solvents was monitored for more than 3 months. Fig. 1 
presents the dependence of concentration of non-degrad-
ed analytes on the type of organic solvent.

For the first 20 days, the concentration of Fl, ANt 
and BaP remained constant in all examined solvents, with 
the exception of ANt and BaP stored in DMSo. in both 
cases, the process of degradation of these compounds in 
DMSo was very fast and after only six days the amount 

Fig. 1. graphical presentation of process of degradation of PAhs in organic solvent: (A) fluorene; (B) anthracene and (C) benzo(a)
pyrene.
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of analytes in a sample was below the detection limit of 
the analytical procedure used. Due to the fast degradation 
of both anthracene and benzo(a)pyrene stored in DMSo, 
additional studies were carried out (monitoring every few 
hours), which enabled subsequent determination of ba-
sic kinetic parameters: rate constant of the reaction and 
half-lives of these analytes. The effect of storage time of 
standard solutions of anthracene and benzo(a)pyrene in 
DMSo is shown in Fig. 2.

The increased rate of photolysis of ANT and BaP re-
sults from the fact that DMSo is a solvent having strong 
oxidizing properties and in the presence of photons of 
light it becomes a source of free radicals which initiate 
further photochemical reactions.

After 80 days of exposure, anthracene was completely 
degraded in all examined solvents, 50% of BaP was de-
graded in methanol, while nearly 40% in hexane and cy-
clohexane. in the case of fluorene, only 40% loss was ob-
served in dichloromethane solutions. The unusually high 
stability of Fl in organic solvents can be explained, first 
of all, by the lack of radiation of wavelength absorbed by 
fluorene; it shows good absorption of the light in a wave-
length range between 240 and 305 nm [10]. the measure-

ments could be made for solar irradiation whose energy is 
not sufficient to cause fast degradation. Possibly, the mol-
ecules of fluorene and solvent did not absorb enough en-
ergy for photodegradation (free radical formation through 
chain reaction) to be initialized. on the other hand, condi-
tions used for the entire measurement in the laboratory 
were as close to “naturally” occurring as possible. The 
inconsistency of the results obtained with ANT and BaP 
and Fl causes the stability of PAhs in organic solvents to 
be checked before long-term storing.

Solvent replacement prior to chromatographic analysis 
results in an increase in measurement error. As the plots il-
lustrating sample storage in dichloromethane, hexane and 
cyclohexane indicate, a larger scattering of the results is 
observed than that for the solvents constituting the origi-
nal sample matrix.

Rate constants and half-lives obtained for degradation 
of ANT and BaP in organic solvents are given in Table 4. 
it was impossible to determine kinetic parameters for the 
changes taking place for fluorene.

Fluorene Degradation Products

on the basis of agreement of retention times and com-
parison of the UV absorption spectra obtained for samples 
of standard solutions of a reference and fluorene it was 
concluded that the conversions taking place in solutions 
of fluorene in dichloromethane and hexane result in the 
formation of 9-fluorenone.

Chromatograms obtained during analysis of a stan-
dard solution of fluorene, with the parts of chromatograms 
showing extraneous (not observed before) peaks magni-
fied, are shown in Fig. 3.

During attempted identification of trace amounts of 
compounds formed as a result of degradation of fluorene in 
dichloromethane and hexane, the presence of 9-hydroxy-
fluorene was established. Since identification of this com-
pound based on comparison of its UV spectrum with the 
spectrum of the reference compound (9-hydroxyfluorene) 
was impossible due to an insufficient amount of the newly 

Fig. 2. graphical presentation of dependence of process of deg-
radation of anthracene and benzo(a)pyrene in DMSo model so-
lutions.

table 4. Anthracene and benzo(a)pyrene photodegaradation rate constants (k) and half-lives (t1/2) for various organic solvents calculated 
on the basis of analytical data.

organic solvents
ANT BaP

R2 k [concentration 
per day] t 1/2 [days] R2 k [1 per day] t 1/2 [days]

Methanol 0.995 0.0592 42 0.979 0.0081 86

Acetonitrile 0.936 0.0578 24 0.976 0.0023 301

DMSo 0.989 0.0086 140 [h] 0.975 0.0099 190 [h]

Dichloromethane 0.972 0.0881 26 0.786 0.0016 433

hexane 0.968 0.0563 41 0.981 0.0055 126

Cyclohexane 0.988 0.0511 42 0.967 0.0066 105
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formed compound, identification was carried by match-
ing retention times of the compound formed through the 
degradation of fluorene with the reference (9-hydroxy-
fluorene). For confirmation purposes, several analyses 
of samples in which the presence of 9-hydroxyfluorene 
was found and reference solutions were performed, while 
varying chromatographic conditions (the composition of 
mobile phase). In all cases, the agreement of retention 
times of the compound identified as 9-hydroxyfluorene 
with the reference was observed.

Anthracene Degradation Products

Anthracene turned out to be the compound which 
very quickly underwent photodegradation yielding an-
thraquinone as the main degradation product. It should be 
pointed out that the presence of anthraquinone established 
all the solvents in which anthracene was dissolved. Ac-
cording to the literature data [17], a substantial fraction 
of anthracene (19-25%) undergoes degradation via pho-
tochemical oxidation with the formation of anthraquinone 
as the main degradation product. Chromatograms of stan-
dard solutions of anthracene stored in methanol after 36 
and 75 days of exposure are shown in Fig. 4.

It follows from the chromatograms shown that not 
only anthracene but also anthraquinone underwent deg-
radation. identification of the compounds formed during 
sample exposure (anthracene in methanol) was carried out 
by comparison of the UV spectra with those obtained for 
reference compounds. The UV spectra of anthraquinone 

and 1,8-dihydroxyanthraquinone obtained during analysis 
of standard solutions of anthracene are shown in Fig. 5.

Benzo(a)pyrene Degradation Products

Photodegradation of BaP performed in different or-
ganic solvents fully exposed to the sunlight and in the 
presence of oxygen (conditions as close to the naturally 
occurring as possible) resulted in additional peaks ob-
served on chromatograms after 2 months. hPlC analysis 
with DAD and mass spectrometry (MS) detection of the 
organic solution revealed a number of BaP degradation 
products as presented in Fig. 6.

in the case of compound 1 maximum absorbance in 
UV spectrum and MS spectrum pattern suggest that BaP-
4,5-dihydrodiol has been detected. this metabolite was 
identical in its MS spectrum and UV spectrum with the 
reference BaP-4,5-dihydrodiol published elsewhere [18, 
19]. the parent ion m/z 286 immediately undergoes 
changes [loss of 2h2] that give ion m/z 283, further loss of 
Co [M – 28]+ results in ion m/z 255. Another two further 
protonated fragments are observed at ion m/z 241 and ion 
m/z 239, both probably derived from the protonated mol-
ecule and the molecule after preceding loss of hydrogen 
molecule (h2). MS spectrum and reaction scheme for the 
compound 1 identified as BaP-4,5-dihydrodiol has been 
shown in Fig. 7.

Compound 2 has the base peak at m/z 299 and frag-
ment ions at m/z 255 [M – 44]+, m/z 267 [M – 32]+ and m/z 

Fig. 3. Chromatograms obtained during the analysis (hPlC-
DAD) of sample of fluorene stored in: (A) dichloromethane and 
(B) hexane.
Peaks: 1) 9-hydroxyfluorene; 2) 9-fluorenone; 3) fluorene.

Fig. 4. Chromatograms obtained during analysis of anthracene 
model solutions in methanol after (A) 36 days and (B) 75 days 
of sample exposure.
Peaks: 1) anthraquinone; 2) 1,8-dihydroxyanthraquinone; 3) an-
thracene.
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241 [M – 28]+, representing probable losses of Co2, 2o 
and Co, respectively. Fig. 8 shows the suggested structure 
and MS fragmentation for the second metabolite, which 
can be identified as 2-hydroxy-BaP-1.6-dione (C20h10o3; 
M=298 g mol-1). In addition, other isomers are probably 
formed. Transformation products of BaP have been ob-

served in case analyte was stored in differents solvents; 
however, the time of their occurence was different.

Conclusions

Photodegradation and biodegradation are major deg-
radation processes which can naturaly clean up the envi-
ronment. Photodegradation of PAhs, which is assumed 
to be a preliminary process after which the microbial de-
composition of compounds occurs, causes the formation 
of partially oxidized, intermediate compounds that are 
more susceptible to biodegradation than the parent com-
pounds. Stability of fluorene, anthracene and benzo(a)
pyrene in different solvent solutions has been studied. The 
dependence of photodegradation rate of selected PAhs 
on the effect of primarily light photodegradation and the 
type of solvent has been mknitored over a period of three 
months. The increased rate of photolysis of antracene and 
benzo(a)pyrene was observed in DMSo (in comparison 
with methanol, acetonitrile, hexane, cyclohexane and di-
chloromethane), which results from the fact that DMSo 
is a solvent having strong oxidizing properties; thus in 
the presence of photons of light it becomes a source of 

Fig. 5. Absorbance spectra and chemical structures of compounds identified as (A) anthraquinone and (B) 1,8-dihyroxyanthraquinone.

Fig. 7. Scheme of reaction leading to formation of BaP-4,5-di-
hydrodiol during the degradation of BaP and it mass spectrum.

Fig. 8. Scheme of reaction leading to formation of 2-hydroxy-
BaP-1.6-dione during the degradation of BaP and it mass spec-
trum.Fig. 6. hPlC-DAD-MS analysis chromatograms of BAP solu-

tion in cyclohexane after 2 months of exposition: (A) DAD re-
sponse monitored at 254 nm; (B) APCi-MS (SCAN mode).
Peaks: 1) BaP-4,5-dihydrodiol; 2) 2-hydroxy-BaP-1.6-dione.
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free radicals which initiate further photochemical reac-
tions. remarkable stability of fluorene in organic solvents 
has been observed, which can be connected with either 
the lack of radiation of wavelength absorbed by fluorene 
(conditions for all measurements were as close to “natu-
rally” occurring as possible) or solar irradiation was not 
sufficient to cause degradation within 200 days. Main 
photodegradation products were identified. For fluorene 
the occurence of 9-hydroxyfluorene has been observed. 
The presence of anthraquinone as main degradation prod-
uct of antracene was established for all examined sol-
vents. BaP-4,5-dihydrodiol and 2-hydroxy-BaP-1.6-dione 
has been detected in the case of degradation of benzo(a)
pyrene. The results can be helpful in selecting appropriate 
conditions and allowable time for storing sample extracts 
for analysis of polycyclic aromatic hydrocarbons. There-
fore, understanding the mechanism responsible for PAhs 
degradation is required.

References

 1. FerNÁNDez P., VilANoVA r.M., MArtiNez C., AP-
PleBy P., griMAlt J.o., the historical record of Atmo-
spheric Pyrolytic Pollution over Europe Registered in the 
Sedimentary PAh from remote Mountain lakes. environ. 
Sci. Technol. 34 (10), 1906, 2000.

 2. heitkAMP M.A., CerNigliA C.e., the effects of chem-
ical structure and exposure on the microbial degradation of 
polycyclic aromatic hydrocarbons in freshwater and estua-
rine ecosystems. environ. toxicol. Chem. 6, 535, 1987.

 3. CASellAS M., FerNÁNDez P., BAyoNA J.M., SolA-
NAS J.M., Bioassay-directed chemical analysis of geno-
toxic components in urban airborne particulate matter from 
Barcelona (Spain). Chemosphere 30, 725, 1995.

 4. CheN h-w., Distribution and risk assesment of polycyclic 
aromatic hydrocarbons in household drinking water. Bull. 
environ. Contam. toxicol. 78, 201, 2007.

 5. wilSoN S.C., JoNeS k.C., Bioremediation of soil con-
taminated with polynuclear aromatic hydrocarbon (PAhs): 
a Review. Environ. Poll. 81, 229, 1993.

 6. kAlF D.F., CroMMeNtuiJN t., van de Plassche e.J., en-
vironmental quality objectives for 10 polycyclic aromatic hy-
drocarbons (PAhs). ecotoxicol. environ. Saf. 36, 89, 1997.

 7. lehto k.M., VuoriMAA e., leMMetyiNeN h., 
Photolysis of polycyclic aromatic hydrocarbons (PAhs) in 
dilute aqueous solutions detected by fluorescence. J. Photo-
chem. Photobiol. A 136, 53, 2000.

 8. zePP r.g., SChlotzhAuer P.F., Photoreactivity of 

selected aromatic hydrocarbons in water. In: Polynuclear 
Aromatic hydrocarbons, P.r. Jones and P. leber (ed.), Ann 
Arbor Science Publishers, Mi pp. 141–158, 1979.

 9. Mill t., MABey w.r., lAN B.y., BArAze A., Photoly-
sis of polycyclic aromatic hydrocarbons in water. Chemo-
sphere 10, 1281, 1981.

10. MoeiNi-NoMBel l., MAtSuzAwA S., effect of sol-
vents and a substituent group on photooxidation of fluorene. 
J. Photochem. Photobiol. A 119, 15, 1998.

11. kot-wASik A., Studies on fluorene stability in different 
liquid media. Anal. Chim. Acta 505, 289, 2004.

12. kot-wASik A., DąBrowSkA D., NAMieśNik J., 
Photodegradation and biodegradation study of benzo(a)
pyrene in different liquid media. J. Photochem. Photobiol. A 
168, 109, 2004.

13. Niu J., SuN P., SChrAMM k., Photolysis of polycyclic 
aromatic hydrocarbons associated with fly ash particles un-
der simulated sunlight irradtion. J. Photochem. Photobiol. A 
186, 93, 2007.

14. wANg D., Chen J., Xu z., QiAo X., QuANliANg X., 
huANg l, Disappearance polycyclic aromatic hydrocar-
bons sorbed on surface of pine needles under of irradtioation 
of sunlight: Volatilization and photolysis. Atmosp. Environ. 
39, 4583, 2005.

15. NewSteD J. l., gieSy J. P., Predictive Models for Photo-
induced Acute toxicity of Polycyclic Aromatic hydrocar-
bons to Daphnia magna Strauss. environ. toxicol. Chem. 
6, 445, 1987.

16. MANoli e., SAMArA C., PAhs in natural waters: sourc-
es, occurrence and analysis. trends Anal. Chem. 18, 417, 
1999.

17. PAPADoyANNiS i.N., zotou A., V SAMANiDou.F., 
Development of a solid phase extraction protocol for the 
simultaneous determination of anthracene and its oxidation 
products in surface waters by reversed-phase hPlC. J. liq. 
Chromatogr. rel. tech. 25, 2635, 2002.

18. letzel t., roSeBerg e., wiSSiACk r., grASSer-
BAuer M., NieSSNer r., Separation and identification 
of polar degradation products of benzo[a]pyrene with ozone 
by atmospheric pressure chemical ionization–mass spec-
trometry after optimized column chromatographic clean-up. 
J. Chromatogr. A 855, 501, 1999.

19. letzel t., PÖSChl u., wiSSiACk r., roSeNBerg 
e., grASSerBAuer M., NieSSNer r., Phenyl-Modified 
reversed-Phase liquid Chromatography Coupled to Atmo-
spheric Pressure Chemical ionization Mass Spectrometry: 
A universal Method for the Analysis of Partially oxidized 
Aromatic hydrocarbons. Anal. Chem. 73, 1634, 2001.




