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Synchronous Fluorescence Spectroscopic Technique: The Tool for
Rapid Identification of Polycyclic Aromatic Hydrocarbons (PAHS)
at Sub-ppm Level in Liquid Samples

Apisit Songsasen, Sornnarin Bangkedphol and Pornpun Por nsinlapatip

ABSTRACT

Variouspolycyclicaromatic hydrocarbons (PAHSs) at sub-ppmlevel wereidentified qualitatively by
synchronous scanning fluorescence technique at various wavelength intervals (A)L). Dueto the difference
inchemical structure, each PAHsgivesspecific characteristic spectrumfor each wavelengthintervals(AL).
Thiswork demonstrated that the synchronous scanning fluorescence method can be used as atool for the
rapididentification of PAHsin ethanolic samplewhich contain three or six typesof PAHssuch asfluorene,
truxene, benzo(k) fluoranthene, carbazol e, chrysene, anthracene, acenaphtheneandindeno(1,2,3,cd)pyrene

in mixture.
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INTRODUCTION

Polycyclic aromatic hydrocarbons (PAHS)
areubiquitouspollutantsinenvironment, consisting
of two or more fused benzene rings in linear,
angular or cluster arrangement. Substitution of
carboninbenzeneringwithnitrogen, sulfur, oxygen
or other elements gives heterocyclic compounds
whichare alsoclassifiedasPAHSs. Crystallinesolid
of PAHSs has high melting points and low vapor
pressures. Unlike most hydrocarbons, PAHs are
usualy colored. PAHs are produced naturally by
combustion processes, e.g. forest fires, volcanic
activity, etc., and anthropogenically via industrial
processes, particularly the combustion of fossil
fuels for heating, power and transport. There was
also strong evidence indicating that PAHs may be
produced by bacteria and plants (Gibson, 1995).

PAHSs in the atmosphere can be polluted in
many kinds of environmental samplessuch assoil,

rain, river, underground water, plants, etc., which
many are known to be carcinogenic agents. Figure
1 shows the chemical structure of the sixteen
unsubstituted PAHs identified by The Environmental
Protection Agency (EPA) as potential carcinogens
(Boonyatumanond, 1999).

The relation between PAHs and human
cancer isstrongly suggested by their occurrencein
environment and their carcinogenic pathways. For
example, lung cancer mortality that rel atedto PAHs
hasbeenincreasing inmany countries. Itisnot only
necessary to distinguish between acuteand chronic
toxicity thresholds, but also important to know the
toxic chemical species (Lakowicz, 1999).

The toxicity of the PAHs in environment
depends on the types and quantity of each PAHSs.
Environmental samples, usually consist of more
than one PAHSs. Therefore, a rapid and simple
qualitative analysis for preliminary identification
of PAHsin samplesisimportant especially when a

Department of Chemistry, Faculty of Science, Kasetsart University, Bangkok 10900, Thailand.



302 Kasetsart J. (Nat. Sci.) 36 (3)

large number of samples need to be analyzed. The
structures of polycyclic aromatic hydrocarbons
(PAHSs) arehave aromatic system that electron can
delocalize from m—x * which cause fluorescence
phenomena (Skoog, 1985). Therefore, the
spectrofluorometric method was considered to be
simple and time saving method. Thus, the
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development of the spectrofluorometric method to
make it more suitable for the determination of
PAHs in sampleis necessary (Schulman, 1999).
V0-Dinh(1978) used synchronousexcitation
techniquetoimprovethese ectivity of luminescence
spectrometry. This approach offered several
advantages, including narrowing of spectral bands,
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Figurel Chemical structureof thesixteen PAHswhichwereidentified by The Environmental Protection
Agency (EPA) as priority pollutants.
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an enhancement in selectivity by spectral
simplification, and adecrease of measurement time
in multicomponent analysis. Vo-Dinh et al. (1980)
used fluorometric method to identify polycyclic
aromatic compounds in a synthetic fuel. Several
trace and major components including
benzo[a]pyrene, chrysene, fluorene, fluoranthene,
phenanthrene and pyrene has been identified and
determined at a concentration range of 10 - 1,000
ppm. It was found that the selectivity of the
fluorometric analysis is greatly improved by
synchronous excitation scanning. In this work,
synchronous scanning technique was used for
qualitative analysis of PAHs mixture in liquid
samples at a sub-ppm level.

MATERIALSAND METHODS

Reagents

All reagents used were analytical reagent
grade. Truxene, fluorene and carbazole were
purchasedfrom Chem Service(West Chester, USA).
Benzo(k)fluoranthene, anthracene and chrysene
werepurchased from Fluka (Steinheim, Switzerland).
Acenaphthene and indeno(1,2,3,cd)pyrene were
purchased from BDH (Poole, England). Ethanol
waspurchased from Merck (Darmstadt, Germany).
Hydrochloric acid was purchased from Lab-Scan
(Bangkok, Thailand).

Experimental procedures
- Preparation of standard solution
Stock standard solution (10 ppm)

Five hundred micrograms of each PAHs
standard was accurately weighed. Each PAHSs
standard was dissolved with ethanol and then made
uptothevolumeof 50 ml inavolumetricflask. The
stock solution was kept at the temperature close to
0°C and absence of light.

Intermediate standar d solution
Each of the intermediate standard solution
of PAHswas diluted from stock standard solution

(20 ppm) with ethanol to 1 ppm.

Working standard solution

Working standardswereprepared by diluting
the intermediate standard solution (1 ppm) to sub-
ppm levels (0.005-0.04 ppm). The dilution of each
PAHSs standard depended on the sensitivity of the
synchronous signal obtained from the
spectrofluorometer in the presence of ethanol as
solvent. Each of the working standard solution and
pure ethanol were measured by spectrofluorometer
using synchronous scanning technique at various
wavelength interval (AA) from 1-300 nm.

- Preparation of synthetic samples

A mixtureconsisting of benzo(k)fluoranthene,
fluorene and truxene standard, a mixture
consisting of chrysene, acenaphthene and
indeno(1,2,3,cd)pyrene standard and a mixture
consisting of benzo(k)fluoranthene, carbazole,
chrysene, anthracene acenaphthene and
indeno(1,2,3,cd)pyrene standard

Each mixturewasprepared by diluting each

of the intermediate standard solution (1 ppm in
ethanol) to 0.01 ppm in the presence of ethanol as
solvent. Each mixture was analyzed by
spectrofluorometer using synchronous scanning
techniqueat variouswavelengthinterval (AA)from
1-300 nm.

Apparatus

Spectrofluor ometer
Thesampleswereanalyzedby usingaVarian

Cary Eclipse spectrofluorometer. The spectrum

was recorded at the wavelength interval (AL) of

1-300 nm, excitation wavel ength of 200-500 nmfor

each standard PAHs and synthetic samples.

Electrical balance

An analytical balance (PERKIN ELMER
AD-4 Autobalance, 0.05 mg-200 mg, USA.) was
used for preparation of standard solution and
synthetic samples.
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RESULTSAND DISCUSSION

Table 1 showsthewavelengthinterval (AL)
which give characteristic synchronous scanning
fluorescence spectrum for each PAHs in ethanol.
Some of these spectraareshowninthisarticle. The
results suggested that synchronous fluorescence
spectroscopic method can be used as atool for the
qualitativeanalysisfor the PAHsin mixtures. Each
PAHs gave characteristic spectrum at each AA due
to the difference in chemical structure of each
PAHSs. Thecharacteristic peaksof fluorene, truxene,
benzo(k)fluoranthene, carbazole and anthracene
begin to appear when A\ is less than 10 nm. For
acenaphtheneand chrysene, thecharacteristic peaks
appear at A\ equal to 10 nm and higher than 30 nm,
respectively. The characteristic peaks of indeno
(1,2,3,cd)pyrenebegintoappear at A\ equal to110
nm. These suggested that six PAHSs including
benzo(k)fluoranthene, carbazole, chrysene,
anthracene, acenaphthene and indeno(1,2,3,cd)
pyrene can be separated qualitatively by
synchronous scanning fluorescence.

Synthetic sample between benzo(k)
fluoranthene, fluorene and truxene

To identify each PAHs in the synthetic
mixture of benzo(k)fluoranthene, fluorene and
truxene, the synchronous fluorescence spectrum at

AA 20 nm of synthetic sample at the concentration
of 0.01 ppmfor eachPAHs(Figure2) wascompared
with the synchronous fluorescence spectra of each
standard PAHsat thesameAA (Figure2to Figuret).
From Figure 2, there were three groups of
peak in the spectrum which indicated the presence
of benzo(k)fluoranthene, fluoreneandtruxene. The
triplet peaksat theexcitationwavelength of 277.96,
289.06 and 299.07 nm indicated the presence of
fluorene. The peak at the excitation wavelength of
336.00 nm indicated the presence of truxene. The
doublet peaks at the excitation wavelength of
381.07 and 401.07 nm indicated the presence of
benzo(k)fluoranthene. Thus, this showed that
synchronous scanning fluorescence method at only
A\ of 20 nm can be used to identifiy the species of
each PAHsinthemixtureconsisting of 0.01 ppm of
benzo(k)fluoranthene, fluorene and truxene.
Synthetic mixture of acenaphthene,
chrysene and indeno(1,2,3,cd)pyrene
Toidentify each PAHsin synthetic mixture
of acenaphthene, chrysene and indeno(1,2,3,cd)
pyrene by synchronous scanning fluorescence
technique, AL at 95 and 110 nm have to be
considered. Acenaphthene and chrysene in the
sample can be identified by comparing the
synchronous fluorescence spectra at the AA of 95
nm of synthetic sampleat the concentration of 0.01

Tablel Wavelengthinterval (AL)whichgivecharacteristic synchronousscanningfluorescencespectrum
for each PAHs when ethanol was used as solvent.

Type of PAHs

Wavelength interval (A\)

Truxene
Fluorene
Benzo(k)fluoranthene

5,6,7,8,9,10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65
1,2,3,4,56,7,8,9, 10, 15, 20, 25, 30, 35 40, 45, 50, 55, 60
1,2,3,4,56,7,8,9, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70,75,

80, 85, 90, 95, 100, 110, 120, 130, 140, 150, 160, 170, 180, 190, 200

2,3,4,5,6,7,8,9, 10, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95, 100, 110
2,3,4,56,7,8,9, 10, 120, 130, 140, 170

Carbazole

Anthracene

Acenaphthene 10, 15, 20, 25, 30, 35, 45, 90, 95
Chrysene 50, 90, 95, 100, 110, 120

Indeno(1,2,3,cd)pyrene 110, 120, 180,190
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Figure2 The synchronous spectrum of benzo(k) Figure3 The synchronous spectrum of solvent
fluoranthene, fluorene and truxenein (ethanal) at AA = 20nm.
ethanol at A\ = 20 nm.
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Figure6 The synchronous spectrum of benzo(k) Figure 7 The synchronous spectrum of chrysene,
fluoranthene at A\ =20 nm. 2220 nm. acenaphthene and indeno(1,2,3,cd)
pyrene.
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ppmfor each PAHs(Figure7) withthesynchronous
fluorescence spectra of ethanol, acenaphthene and
chrysene at the same AA (Figure 8 to Figure 10).
The peak at the excitation wavelength of
215.93 and 265.93 nm indicated the presence of
acenaphthene and chrysene in the sample
respectively. However, the peak of acenaphthene
was shifted by 10 nm from the standard
acenaphthene(excitationwavel engthof 225.93nm).
Nevertheless, this still confirms that there was
acenaphthene in the sampl e because acenaphthene
is the only PAHSs that can give the peak at the
excitation wavelength around 225.93 nm. The
presence of indeno(1,2,3,cd)pyrene in the sample
was identified by considering the synchronous
spectra of synthetic mixture, ethanol, indeno
(1,2,3,cd)pyrene and the other two PAHs in the
mixture at the Ah of 110 nm (Figure 11 to Figure
15). At the A\ of 110 nm, only indeno(1,2,3,cd)
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Figure8 The synchronous spectrum of solvent
(ethanal) at AA = 95nm.
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Figure 10 The synchronous spectrum of chrysene
at AL =95 nm.

pyrene give characteristic peak at the excitation
wavelength higher than that of 350 nm. This
showedthat the synchronousscanning fluorescence
technique can be used to identify each PAHs from
the synthetic mixture of acenaphthene, chrysene
and indeno(1,2,3,cd)pyrene.

Synthetic mixture of benzo(k)
fluoranthene, carbazole, chrysene, anthracene
acenaphtheneandindeno(1,2,3,cd)pyreneat the
concentration of 0.01 ppm for each PAHSs

To identify each PAHs in the synthetic
mixture of benzo(k)fluoranthene, carbazole,
chrysene, anthracene acenaphthene and indeno
(1,2,3,cd)pyrene by synchronous scanning
fluorescencetechnique, the AN at 6 nm, 20 nm, 95
nm and 110 nm have to be considered. Carbazole,
benzo (k) fluorantheneand anthraceneinthesample
can be identified by comparing the synchronous
fluorescence spectraat the A\ of 6 nm of synthetic
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Figure 11 Thesynchronousspectrumof chrysens,

acenaphthene and indeno(1,2,3,cd)
pyrenein ethanol at A\ =110 nm.
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sample at the concentration of 0.01 ppm for each  Figure 20).

PAHSs(Figure16) withthesynchronousfluorescence The peaks at the excitation wavelength of
spectraof ethanol, carbazole, benzo(k)fluoranthene  336.00, 374.00and 400.00 nmindicated thepresence
and anthracene at the A\ of 6 nm (Figure 17to  of carbazole, anthracene and benzo(k)fluoranthene

3007 10001

N N
Q a
<2

Intensity (au.)
i
o
o

Intensity (au.)

=
Q
S
21406, 79.505

e_ 9
8
§_;

M

v v \ o
300 400 500 20 30 50
Wavelength (nm) Wavelength (nm)

N
8

Figure 12 The synchronous spectrum of solvent  Figure 13 The synchronous spectrum of indeno
(ethanal) at AA =110 nm. (1,2,3,cd)pyrene at AL =110 nm.
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Figure 14 Thesynchronousspectrumof chrysene  Figure15 The synchronous spectrum of
at A\ =110 nm. acenaphthene at A\ = 110 nm.
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Figure 16 The synchronous spectrum of benzo(k) Figure 17 The synchronous spectrum of solvent
fluoranthene, carbazole, chrysene, an- (ethanol) at AN =6 nm.
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(1,2,3,cd)pyrene in ethanol at AL = 6
nm.
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inthe samplerespectively. For theidentification of
acenaphthene, thesynchronousfluorescencespectra
at the AN of 20 nm have to be considered (Figure
21 to Figure 23).
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Figure 18 The synchronous spectrum of carba-
zoleat AL =6 nm.
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Figure 20 The synchronous spectrum of anthra-
ceneat Ah =6 nm.
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Figure 22 The synchronous spectrum of solvent
(ethanal) at AN =20 nm.

Thepresence of acenaphtheneinthe sample
wassuggested by apeak at theexcitationwavel ength
of 302.00 nm. However, the peak of acenaphthene
wasshifted by 2nmfromthestandard acenaphthene
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Figure 19 The synchronous spectrum of benzo(k)
fluoranthene at AA = 6 nm.
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Figure 21 The synchronous spectrum of benzo(k)
fluoranthene, carbazole, chrysene, an-
thracene, acenaphthene and indeno
(1,2,3,cd)pyrenein ethanol at A\ =20
nm.
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Figure23 The synchronous spectrum of
acenaphthene at AA = 20 nm.
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(excitationwavelength of 300.00nm). Nevertheless,
this still confirms that there was acenaphthene in
the sample because acenaphtheneisthe only PAHs
that can give the peak at the excitation wavelength
around 300.00 nm. Thepresenceof chryseneinthe
sample was proved by comparing the chrysene of
synthetic mixture, ethanol and chrysene at the A\
of 95 nm (Figure 24 to Figure 26).

The peak at the excitation wavelength of
265.93 nmindicated that there was chrysenein the
sample. The presence of indeno(1,2,3,cd)pyrenein
the sample was identified by considering the

Intensity (au.)

T T 1
200 300 400 500
Wavelength (nm)

Figure 24 The synchronous spectrum of benzo(k)
fluoranthene, carbazole, chrysene, an-
thracene, acenaphthene and indeno
(1,2,3,cd)pyrene in ethanol at AA = 95
nm.
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Figure 26 The synchronous spectrum of chrysene
at AL =95 nm.

synchronous spectra of synthetic mixture, ethanol,
indeno(1,2,3,cd)pyrene and other PAHSs in the
mixture at the A\ of 110 nm (Figure 27 to Figure
34). At the A\ of 110 nm, only indeno(1,2,3,cd)
pyrenegivesthecharacteristic peak at the excitation
wavelength higher than that of 350 nm. These
results suggested that the synchronous scanning
fluorescencetechnique canbeusedtoidentify each
PAHs from synthetic mixture of benzo(k)
fluoranthene, carbazole, chrysene, anthracene
acenaphthene and indeno(1,2,3,cd)pyrene.
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Figure 25 The synchronous spectrum of solvent
(ethanal) at AN =95 nm.
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Figure 27 The synchronous spectrum of benzo(k)
fluoranthene, carbazole, chrysene, an-
thracene, acenaphthene and indeno
(1,2,3,cd)pyrenein ethanol at A\ =110
nm.
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Figure 28 The synchronous spectrum of solvent
(ethanal) at AA = 110 nm.
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Figure 30 The synchronous spectrum of benzo(k)
fluoranthene at AA = 110 nm.
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Figure 32 The synchronous spectrum of chrysene
at A\ =110 nm.

CONCLUSION

The results of the three synthetic mixtures
from the previous section suggested that the
synchronous scanning fluorescence method can be
used to identify each PAHSs in synthetic mixtures.
The number of wavelength interval (AA) to be
considered depending on the species and numbers
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Figure 29 The synchronous spectrum of indeno
(1,2,3,cd)pyrene at AL =110 nm.
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Figure 31 The synchronous spectrum of carba
zoleat AN = 110 nm.
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Figure 33 The synchronous spectrum of anthra-
ceneat AA =110 nm.

of PAHs presence in the analytical mixture.
Comparing with other methods, such as gas
chromatography and high-performance liquid
chromatography, the synchronous scanning
fluorescence method ismore convenient than other
methods because of less time consuming and the
simplicity in preparation of samples. This works
shown that the synchronous scanning fluorescence
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Figure34 The synchronous spectrum of

acenaphthene at AA = 110 nm.

techniquecanbeappliedfor thequalitativeanaysis
of PAHSs from the environmental samples which
were extracted by ethanol. However, the use of
synchronous scanning fluorescence technique for
the qualitative analysis of PAHs in others organic
solventsis also possible and would be more useful
for theidentification of PAHsin the environmental
samples.

ACKNOWLEDGEMENT

Wewould liketothank Dr. A.F. Gainesand
Dr. H.E. Keenanfrom University of Strathclydefor
their valuable suggestion. We would like to thank
Postgraduate Education and Research Program in
Chemistry (PERCH) and Kasetsart University
Research and Devel opment I nstitute (KURDI) for
the financial support. We are grateful to the
Department of Chemistry, Faculty of Science,
Kasetsart University for al the facilities to make
thisresearch program possible. Weareal sograteful
to the central laboratory of Faculty of Science,

Kasetsart University for the access to the
spectrofluorometer.

LITERATURE CITED

Boomyatumanond, R. 1999. Determination of
Polycyclic Aromatic Hydrocarbons in Water
Samples by Using High Performance Liquid
Chromatography. M.Sc. Thesis,Mahidol
University. Bangkok.

Gibson, M.D. 1995. An Investigationinto the Solid
Phase Extration of Polynuclear Aromatic
HydrocarbonsfromWasteWater.M.Sc. Thesis,
University of Strathclyde, Glasgow.

Lakowicz, J.R. 1999. Principles of Fluorescence
Spectroscopy. 2nd ed. Kluwer Academic/
Plenum Publishers, New Y ork. 698 p.

Schulman, S.G. 1999. Introductionto Fluorescence
Spectroscopy. John Wiley & Sons, Inc.,
New York. 173 p.

Skoog, D.A. 1985. Principles of Instrumental
Analysis. 3rd ed. Holt Saunders, New Y ork.
894 p.

Vo-Dinh,T. 1978. Multicomponent analysis by
synchronous luminescence spectrometry.
Anal.Chem. 50 : 396-401.

Vo-Dinh,T., R.B. Gammage, and P.R. Magtinez.
1980. Direct determination of selected PAHs
in coal liquefaction product by synchronous
luminescence techniques. Anal.Chem. 118 :
313-3109.

2/07/02
30/09/02

Received date
Accepted date



