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Polycyclic Aromatic Hydrocarbons (PAHS) are
compounds of great environmental interest
because of their potential carcinogenic and
mutagenic activity and their frequent occurrence
in the environment, above all in the marine envi-
ronment. Therefore it is an important to establish
simple, sensitive and reliable methods for the
determination of these compounds. In this work
we report an overview on the application of flu-
orescence techniques to the study and determi-
nation of PAHs in marine samples: water,
sediments and organisms. Conventional fluores-
cence spectroscopy, synchronous fluorescence

is the main environmental problem, and it is essential to find
analytical methods capable to identify and quantify these
pollutants in the environment.

In the last few years, important advances have been mad
in improving existing analytical methods and developing
new techniques for analysis of PAHs in marine environment,
many of them appearing in scientific and technical journals
and symposium proceedings.

From the various molecular spectrometric techniques
compared, one singularly important trend can be seen: the
absorbency and fluorescence spectra of the PACs contain fe
more information than those for the other classes of com-

spectroscopy, Shpol'skii fluorescence spec- pounds. This is especially true for the PAHS, where many

troscopy and high performance liquid chro-
matography (HPLC) with fluorescence detection
constitute the most interesting analytical tech-
niques for the determination of these pollutants. Table I. List of priority pollutants PAHs considered by
EPA (Environmental Protection Agency), their carcinoge-

nity and ocurrence. @

Hydrocarbon Molecular  Carcino-  Occurrence®
In the last few years, there has been an increasing intert formula genicity”
in the types and concentrations of organic compounds pr

sent in marine environment. Among them, notable intereNaphthalene CyoHs - E

has been shown in PAHs pollutants, as demonstrated by tacenaphtene CpoHyo _ E
high number of recent papers in this field. Acenaphtylene CpHs _ =
PAHs are a class of organic compounds, which arFluorene CiaHio - EFS
included in the wider family of polycyclic aromatic com- Phenantrene CiHio - EFRS
pounds (PACs). These compounds have shown carcinogefAnthracene CiHio - ERS
and/or mutagenic activity in laboratory experiments witrFluoranthene CieHio - EFS
animals. PACs are generally formed during incomplete conPyrene CiHio - E,FS
bustion or pyrolysis of organic matter occurring in a varietyBenzo(a)anthracene CisHi, + E,FS
of natural processes or human activities. ConsequentlChrysene CysHy, —+ E,FS
PAHs are ubiquitous pollutants, which are present in aenzo(b)fluoranthene  CooHs, + EF
I?)2\|/_||ror;\mer;)tal compo;’n%nt.s. Sp(_amﬁcally, the ptresence :Benzo(k)fluoranthene CaoHis _ EF
s has been reported in marine environment: sea wa
[5-9, 29-33], sediments [2,3,35-51], and plankton, Seaweengnzo(a)pyr:eneh Caotliz T ERS
and filter feeding organisms [52-71]. Dibenzo(a hjanthracene - Cyyt, T ES
Benzo(g,h,i)perylene C,Hy, - E,FS
These pollutants can enter in the oceans by many routdndeno(1,2,3-cd)pyrene  Cx,H,, + E,F
including petroleum spills, runoff from roads, sewage, efflu-
ents from industrial processes, and fallout from the atmo@) Reference [1] . .
b) +++ or ++ = strongly carcinogen; + = carcinogen; — = not car-

phere. Sixteen of them are included in the list of priority;,

. . 4 gen
pOIIUtamS_ by US EnV_”'Onmental_ Protection Agency (Tab- I'c) E = Environment (water, air, tobacco smoke, gasoline and diesel
[1]. That is why monitoring their presence and persistencexhaust); F = Foods; S = Curing smoke
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structures have spectra with a dozen or so maxima. Thetamination of beach substrate by films of sheen oil (proba-
maxima as well as the intervening minima, form a uniquibly partially emulsified), and secondly the burial of discrete
characteristic pattern of wavelengths and intensities. The layers of mousse. Depending on the timing of oiling with
electron system also causes the PAHSs to have a different frespect to beach dynamics, large amounts of stranded oil can
orescence and phosphorescence behaviour. Especially for be accommodated within beach sediments. The results of
PAHSs, the electronic transitions are determined by the sizthis investigation suggested that there may be some increase
and shape of the compounds. Electronically, the PAHs ain toxicity with weathering, because PAHs become available
simple molecules whose spectra are only determined by tifor later long-term release.

molecular resonance structures. Isomeric PAHs differ in th
locations of electronic density, because the shape of tt
PAHs are different, and in some cases they can even diff
in their numbers of aromatic rings.

In the case of another kind of marine samples, Picer and
Hocenski [3] described a relatively simple, rapid and quite
reliable procedure, based on the fluorescence of PAHs, for
the estimation of petroleum hydrocarbons in organisms and

Because of this fundamental reason and of the high semarine sediments. In this study lipophilic material was
sitivity and selectivity of the chromatographic techniquesextracted from the samples with n-hexane or n-pentane, con-
HPLC has been used predominantly. Single-wavelength Ucentrated to approximately 1 ml, and benzene mixtures. The
absorbency or fluorescence detectors have been applied fluorescent material was cleaned by using a deactivated alu-
PAHs analysis. These are used to detect PAHs because mina column, and for the evaluation of the quenching mate-
pi electron systems of PACs determine the energies of tlrial, the standard addition method was appliElde aim of
transition in the electronic spectra. the work was to improve the possibilities of estimating crude
oil pollution of sediment and biota samples by using the

Between both spectroscopic techniques above mention€gio 1 qard addition method.

the most sensitive is fluorescence spectroscopy because
the direct measurement of the emitted light intensity witt Applying fluorescence on solid organic substrate Vo-Dinh
littte background or interference. The present overview iand White [4], investigated a simple technique based on sen-
centred on the methodologies which apply and/or includsitized luminescence for detecting trace amounts of polynu-
fluorescence in the analysis of PAHs in marine environmenclear aromatic compounds. They used anthracene as the sen-
sitizer designed to absorb excitation energy and funnel it to
guest analyte compounds spotted on anthracene treated fil-
. ter paper. Perylene, benzo(a)pyrene and fluoranthene mix-
Fluorescence techniques tures were analyzed. Results indicated that anthracene can
improve the fluorescence signal of perylene and
benzo(a)pyrene. No fluorescence sensitization was observed
Conventional fluorescence spectroscopy for other compounds, such as fluoranthene.

Conventional fluorescence spectroscopy involves generatir  As showed above, fluorescence spectroscopy is a tech-
an emission spectrum by scanning the emission wavelengnique applicable to the determination of PAHs in solid
Ae.mWhile the sample is irradiated at a single excitation wavephases as sediments or marine organism tissues. It exists
length, A,. Similarly, an excitation spectrum is obtained byalso a large number of works and publications in which this
scanning the excitation wavelength while recording tht¢echnique is applied to determine PAHs in marine water
emission signal at a single wavelength. Furthermore, spesamples.

trofluorimetry is a very simple method, which offers gener- Vi T 51 d ined th | f |
ally very low detection limits and can be used with conven_ YaPu Tervo [5] determined the total amount of petroleum
tional instrumentation. hydrocarbons (oil) from 52 seawater samples collected at 19

stations in the Gulf of Finland. The samples were analysed
This technique is very useful in quantitative analysis oashore by fluorescence spectroscopy. The mean concentra-
PAHs because of its high sensitivity, selectivity, swiftnesstions obtained for “light oil” were 1.6-7.8g/l and for
and relatively low cost. Moreover, it can be applied to deter‘heavy oil” 0.5-1.6ug/l in the whole investigation area.

mine PAHs in many environmental marine samples. . . .
y P Law [6] also applied this technique to samples of water,

The use of fluorescence spectroscopy as a detection tesediment and oil following the wreck of tmoco Cadiz
nigue to determine PAHSs in marine sediments was applicin 1978. Samples were collected between April and June
by Vandermeuleret al [2]. After Amoco Cadiaccident the from the Brittany coast and western English Channel and
immediate behaviour and toxicity of freshly spilled crude oilwere analysed for petroleum hydrocarbons by means of flu-
under prevailing spill conditions in an inshore marine enviorescence spectroscopy, gas-liquid chromatography and gas
ronment was examined. Authors simulated weathering stuchromatography-mass spectrometry. The concentrations of
ies because weathering states of oil ranging from sheen hydrocarbons found in these samples, 2-290, were sim-
to mousse have significant effects during oil-water and oililar to those found in previous oil-spill studies.

sediment interaction. As well, after the oil spill accident avlitsubishi Oil

Observation of oiled sandy beaches suggest two mechRefineryin Kurashiki city, Ochi and Okaichi [7] measured
nisms of beach contamination: general penetration and cooil residues by fluorescence spectroscopy in sea water of
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Bisan Seto. In another study, achieved by @stgaard arresolved using synchronous fluorescence spectroscopy
Jensen [8], the fluorescence of carefully prepared solutiorwhich was firstly introduced by Lloyd [11]. Conventional
of Ekofisk crude oil in sea water was investigated, directhfluorescence involves generating an emission/excitation
in the water phase, it was concluded that direct fluorescenspectrum by scanning the emission/excitation wavelength,
spectroscopy constitutes a very simple and rapid method fwhile the sample is irradiated at a constant excitation/emis-
monitoring aqueous petroleum solutions. In this work, sigsion wavelength. Another possibility is to vary simultane-
nificant fluorescence in the 290-460 nm range for oil soluously A, and A,,. This technique has several variants,
tions well below the concentration level of 10 ppb wasdepending on the scan-rates of the two monochromators
observed. It was also established that, on the basis of spiWhen the scan-rate is constant for both monochromators
tra of the single components, the influence of pH on thesand therefore a constant wavelength interdal, is kept
and data from gas chromatography/mass spectrometry, tbetween\,,andA,,, the technique is known as synchronous
fluorescence at 335 nm (excitation wavelength 230 nm) weexcitation fluorescence spectroscopy.

dominated by petroleum naphthalenes, while the fluores

cence at 300 nm (excitation wavelength 265 nm) could b Since conventional emission and excitation fluorescence
ascribed to the phenols of the crude oil. spectroscopy from mixed PAHs-solutions show great inter-

ference, the synchronous fluorescence technique can sim

In analytical methods currently used for assaying PAHplify the spectra and therefore some mixtures of PAHs can
in ageuous media preliminary extraction of the water witlbe quantified. In this way, Santama al [12] studied the
organic solvents is required to remove interfering substanceinteractions between benzo(a)pyrene and perylene with dif-
With the use of micellar media, a system which enables tiHerent kinds of surfactants. They developed a synchronous
extraction and preconcentration of analytes, these orgarspectrofluorimetric method to determine simultaneously BaP
solvents can be replaced, allowing a faster and reduced cand perylene using Triton X-100 as micellar medidie
analysis. Moreover, micellar media can be used to enhanlimits of detection obtained were 0.27 and 0.3 ng/ml, respec-
sensitivity and selectivity of many fluorimetric determina-tively. The method was applied to the analysis of these com:
tions. Thus, Santanat al [9] studied the use of different pounds in seawater samples.
micellar media, as a way to improve the spectrofluorimetri _ o ) o
determination of benzo(a)pyrene (BaP), compound of gre: Other investigations in this field ha_s been developed
toxicological interest and for its significance in pollution Studying other PAHs such as benzo(g,h,i)perylene, chrysene
studies. They found that BaP fluorescence intensity suffedibenzo(a,c)anthracene and coronene [13] as well as mix
important changes in cationic and neutral micellar media artures of them, in presence of anionic, cationic and non ionic
showed the greatest increase in the presence of Triton surfactants. Bermejet al [14] established a method for the
100. The method was applied to determination of BaP iSimultaneous determination of perylene and benzo

seawater samples enriched with this hydrocarbon. (9,h,i)perylene using hexadecyltrimethylammonium bromide
(HDTAB) micellar medium and synchronous fluorescence,

Another variant, also applied to determination of PAHS irobtaining limits of detection of 0.12 and 0.21 ng/ml for both
marine environmental samples consists in laser induced flcompounds respectively. The method was also applied to th
orescence spectroscopy. Uebal al. [10] applied this determination of such PAHs added to sea water samples witl
methodology to the analysis of PAHs and other pollutants iacceptable results, which demonstrates that synchronous flu
marine environmental samples. They used a frequency doorescence spectroscopy can be used as a rapid, simple a
bled dye laser as an excitation light-source, recording trsensitive method for the determination of perylene and
fluorescence signal and measuring each contaminant specbenzo(g,h,i)perilene in marine water samples.
in distilled water, artificial and natural seawater. Firstly the
intermediate stages of phytoplankton and their breakdowi Santanaet al [15] studied the spectrofluorimetric char-
products were spectroscopically recognizable using fluoreacteristics of chrysene, perylene, dibenzo(a,c)anthracene an
cence. Modifications of the fluorescence spectra during trcoronene in agueous medium and in the presence of anionit
ageing and dying of phytoplankton were found.cationic and non ionic surfactants, employed specifically to
Phytoplankton which is subjet to sudden death display speenhance the selectivity and sensitivity of the fluorescence
tra differing from those of slowly dying organisnesg.the  determinations of these compounds. Using hexade-

shift of the chlorophyll maximum to shorter wavelegths wacyltrimethylammonium bromide as surfactant and synchro-
measured. nous fluorescence, these authors established two methods ft

the analysis of binary and ternary mixtures of these PAHSs.
In the first one dibenzo(a,c)anthracene and coronene wer
determined simultaneously employidg\ = 89 nm, with

Even though conventional fluorescence spectroscopy has limits of detection of 0.20 and 0.22 ng/ml, respectively. In
excellent sensitiviy in determining trace organic compoundt¢he second method, three different valuesAadfwere uti-

its aplication to the simultaneous determination of severdized for the simultaneous determination of chrysene, pery-
fluorescent compounds in mixtures, is more limited, morelene and coronene (41, 3 and 140 nm respectively). Limits
over when these compounds have a high structural simileof detection were 0.17 ng/ml for chrysene, 0.13 ng/ml for
ity. This is due to the fact that the individual spectra of thiperylene and 0.14 ng/ml for coronene. Satisfactory recovery
compounds in the mixture can overlap. This problem can kpercentages were found when both methods were applied t

Synchronous fluorescence spectroscopy
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the analysis of binary and ternary mixtures of these PAHidentification purposes because they form a fingerprint of the
added to seawater. individual PAHSs.

As well, Bockelen and Niessner [16] probed the applica Ewald et al [20] applied the technique to the study of
tion of several non-ionic surfactants for the extraction anmarine sediments and demonstrated that high resolution
enrichment of PAHs from aqueous media. Developing spectrofluorimetry at 4.2 K in n-alkane matrices can be used
spectroscopic method for the simultaneous detection o identify polycyclic aromatic hydrocarbons derived from
PAH-mixtures by synchronous fluorescence in micellatriterpene, which occur in the organic matter of marine and
medium, they obtained recoveries up to 100 % with limitserrestrial sediments.

of detection of 6.8 and 2.6 ng/l for benzo(k)fluoranthene an ) i i
benzo(a)pyrene, respectively. Garrigueset al.[21-23] used this technique for the analy-

sis of several methylated-PAHS series in marine samples:
Synchronous fluorescence spectroscopy has also begrganic material, sediments and crude oils. The analytical
applied to determine PAHSs in other environmental sampleresults were compared with those reported by other method-
such as marine organisms. For example, Aretsel [17]  ologies and were found to be in quite good agreement, thus
determined the uptake of PAHs by fish, screening the gademonstrating the reliability of high resolution Shpol'skii
bladder bile for PAHs metabolites. They proposed synchrespectrofluorimetry. Also, Hofstraast al [24] determined
nous fluorescence spectroscopy as a rapid screening tepaHs in harbour sediments by means of Shpol'skii fluo-
nique for the determination of conjugated 1-hydroxy pyrenerimetry and showed it was an appropriate analytical method
wich is a major metabolite in bile of fish exposed to PAHsfor the quantitative and qualitative determination of PAHs in
polluted sediment. The technique was applied to a messych samples. Moreover, they concluded that this technique
cosm study in which the uptake of PAHs by floundelyields low limits of detection comparable to those obtained

(Platichthys flesusfrom polluted sediment was investigated.hy a standard procedure based on HPLC with fluorimetric
In a subsequent study, the method was applied to the sougetection.

ern North Sea and in Dutch coastal and inshore water [1¢
_ Applied to other marine samples, Ariesieal [25] inves-

Conventional and synchronous fluorescence Spectroscoltigated the applicability of high-resolution Shpoi'skii spec-
together with solid phase spectrofluorimetry, are adequaisfiyorimetry to the direct analysis of polycyclic aromatic
techniques for determination of PAHs. The advantages of th,yqrocarbons in tern and mussel samples. The sensitivity of
latter one are that only a little amount of a convenient solijne measurements suffered considerably from the large
support is needed for the preconcentration of the analytamounts of interfering substances (e.g. fatty components) in
presenting inherent fluorescence, and that fluorescence Mepe crude extracts, resulting in a poor-quality Shpol'skii
surements can be carried out directly in the solid phasmatrix and a high sample absorbency. Nevertheless, after a
Applying these techniques to waters from different sourceiorough study of these limiting factors, optimum conditions

(tap, natural, waste and sea water), Vilckeal. [19] deter-  ¢4yid be defined and a number of PAHs were detected
mined by solid-phase spectrofluorimetry the content itgjractly without any sample clean-up.

benzo(a)pyrene, benzo(a)anthracene and pyrene, wi

exhibit native fluorescence in solution at trace levels. Th  Shpol'skii spectroscopy cannot be used for on-line detec-
relative fluorescence intensity was measured with thestion in HPLC, since the solid matrix precludes compatibil-
PAHs fixed on Sephadex G-25 gel after packing the gety with flow systems. Therefore Shpol'skii fluorimetry was
beads in a 1 mm silica cell. By recording the synchronouapplied by Mastenbroeé&t al. [26] as an independent iden-
spectra at different values ofAA, benzo(a)pyrene, tification method to the upgrade routine HPLC analysis of
benzo(a)anthracene and pyrene can be simultaneously deiPolycyclic Aromatic Hydrocarbons. HPLC combined with

mined in the presence of other PAHSs. fluorescence detection is routinely used in the Dutch Water
Quality Survey to determine the PAHs content of marine
Shpol’skii fluorescence spectroscopy sediment samples. In this study, this methodology is utilized

to ascertain the identity and the purity of the peaks in the
chromatograms by collecting several eluting fractions and
using subsequent spectroscopic analysis. They found that

; : . N low temperature Shpol'skii technique provides high-resolu-
information that can be obtained in infrared spectroscopy. tion fluorescence spectra of PAHs that can serve as finger-

makes use of frozen n-alkane matrices at cryogenic t€Mpéyrints Thys, important information concerning peak purity

atures to considerably reduce band broadening which is § a5 optained and the number of components identified was
cause of the limited identification power of room temperajroughly doubled.

ture fluorescence. The PAHs occupy substitutional sites i
the n-alkane crystal resulting in largely identical surround Kozin et al [27] also applied high-resolution low tem-
ings. The appearance of the Shpol'skii spectrum may vaiperature molecular luminescence technique, to the analysis
if different n-alkanes are employed, because the fit of thof various complex environmental matrices to get isomer
PAH within the crystal is critical. A Shpol'skii spectrum specific information for a wide range of PAHs and their
consists of a number of narrow lines with a full width atderivatives. Using conventional lamp excitation and fluores-
half maximum of 0.1-0.01 nm. These lines are suitable fccence and phosphorescence detection, they determined

Shpol'skii spectroscopy is especially suited for the qualita
tive analysis of PAHs at trace levels as it combines the se
sitivity inherent to fluorescence methods with the specific
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parent priority PAHS, six-membered ring compounds, anwere measured by passingpb of a methanol solution
methyl-substituted PAHs in extracts of sediment, musclethrough an assembled liquid chromatograph equipped with
from finfish and other samples. a fluorescence detector. PAHs were determined in water
. ... zooplankton, oysters, and bottom sediments. Initial water
qustraatet al [28]. employed Iaser. induced Shpolskn_ concentrations of the lower weight aromatics, naphthalenes

fluorimetry as a variant .of the previous teqhmque. Th'.fand anthracene, were 10-2@y/l, whereas the initial con-
met_hodology is also applicable to thg analysis of PAHs centrations of benzo(a)pyrene, benz(a)anthracene, and fluc

marine environmental samples, especially the PAHS conte,, yhane ranged from 1 to jig/l. These concentrations
in biotic sakr)r;plesé dThe agth?rﬁ showed_tr(ljaet Shgglfkn ftecrdecrease at an exponential rate because of evaporation, ph
nique can be used successiully as an independent reterél, o mica) oxidation, microbial degradation, and sedimenta-
method for both qualitative and quantitative confirmation O%ion Only naphthalenes were significantly degraded by
conventionally used determination methods. microbes with removal by this process of up to 5 % per day
from the water. Sedimentation and photochemical oxidation
were responsible for the decrease in concentrations of th

Fluorescence detection in liquid higher molecular weight aromatic compounds.

chromatography The determination of PAHs in aqueous samples is rathel
difficult, as their concentration in water is extremely low due

Usually, liquid chromatography using fluorescence detectiot0 their poor solubility. In order to detect the PAHs at low
(LC/fluorescence) and gas chromatography coupled to mal€vels in water, a concentration step is generally required.
spectrometry (GC/MS) are the most powerful techniques fcUse of surfactants allows the extraction and preconcentra
monitoring PAHs. Nevertheless, an advantage of LC/fluotion in only one step. Micelles formed by surfactants have
rescence is its ability to measure some PAHs isomers ththe capability of solubilizing organic compounds in water.
cannot be easily quantified by GC/MS. The large and/cUsing this procedure, substrates can be extracted from aque
nonvolatile polycyclic aromatic compounds (PACs) canno@Us media in a much smaller volume nearly formed by the
be analyzed by GC because either they will not elute or, Surfactant. In addition, aqueous solutions of surfactants have
they do, the peaks will be unacceptably broad. In additiorP€en used as mobile phases in liquid chromatography, an
some PACs are thermally unstable and decompose although this kind of mobile phase was primarily used in
rearrange pyrolytically to other structures. Because of itcolumn chromatography and thin layer chromatography, they
excellent separation and detection performance, LC has be@ré now widely utilized in HPLC. One of these surfactants
specified as the method of choice by the U.S. EPA for thiS Brij-35 [31,32].

analyses of aqueous effluents for the determination of PAH In the same way, Brouwest al. [32] used liquid chro-

Wat matography method with fluorescence and diode-array UV
ater detection for the trace-level determination of the sixteen

The determination of PAHs in water and wastewater is aEPA-priority PAHs. The system was used for the analysis of
area which has attracted the interest of a large number surface water samples. The procedure involved on-line
researchers for many years. It was observed a significamicelle-mediated preconcentration on selective sorbents. Ir
evolution in the techniques applied to PAHs determinatiothis study, the authors used the solubilizing properties of
in water. Prior to 1964, researchers tend to employ the seseveral ionic and non-ionic surfactants, to solve the prob-
aration techniques of solvent extraction, classical columlems arising from the low solubility of PAHs in water and
liquid chromatography, and thin layer chromatography witttheir sorption to surfaces, and set up an on-line trace enrich
UV absorption or fluorescence detection. Since 1980 thment LC system with fluorescence detection. Using Brij-35
predominant analysis method for water samples was reveras surfactant, unwanted adsorption of the analytes on inne
phase high performance liquid chromatography (HPLC) witwalls or surfaces was prevented. The limits of detection
fluorescence detection. Several papers addressed proper ©btained were at the low to sub-ng/l level.

umn selection, analysis conditions, and detection. The mo | q ‘ d by Siciliet al 133
commonly used and most rigorous approach for trace co. " @ Study performed by Siciliet al [33], a new approx-

centration of PAHs was the methodology proposed by EpMation in thecloud-point extractionmethodology was
for PAHs extraction. Currently, the use of micellar media a2PPlied to PAHS determination in environmental samples. It
an extraction and preconcent’ration system is applied as was based on the use of anionic surfactants in acidic medie

alternative. This methodology allows an important improveComblned W't.h LC/quorespence deteqtlon. For Fh's study, the
ment with a reduced cost and time of analysis. authors considered previous works in which it was shown
that anionic surfactants were separated in two isotrophic
Lee et al. [29] determined hydrocarbons content and itsphases in acid medium at room temperature. Among others
evolution in several different kind of environmental samplessodium dodecane sulfonic acid (SDSA) was employed as the
Prudhoecrude oil enriched with a number of polycyclic aro-surfactant. It has two important advantages over non ionic
matic hydrocarbons was added as a dispersion to a ccsurfactants, which are generally used in the cloud-point
trolled ecosystem enclosure suspendedS&anich Inlet  methodology for the extraction of PAHs mixtures [34]. First,
Canada. Concentrations of various aromatic compoundt exhibits low fluorescence intensity and absorbance at the
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detection wavelength of PAHs (due to absence of aromat As an example of application, Kagt al. [45] developed
groups in the surfactant molecule) and second, it is charaa MASE technique for the extraction of PAHs in marine sed-
terized by a short retention time (due to its polar charactetiments. Optimum conditions for this technique were
obtained by using the mixed-level orthogonal array design
procedure. A comparison between the Soxhlet extraction and
MASE methods showed that although both techniques gave

Dunn [35] performed a very complete investigation concomparable results on certified reference materials (HS-2
cerning PAHs concentration in several marine samples, tand HS-6), the MASE technique allows one to use less sol-
trying to determine the relationships existing between thvent and it is also time-saving and cost-effective, without
levels of a range of PAH isomers in three different kinds oaffecting the extraction efficiency. The optimum MASE
marine samples: sediments, bivalve molluscs and algae. Ftechnique was coupled to two analytical techniques: HPLC
this reason, he applied a method based on reversed phwith both UV and fluorescent detectors as in other previous
liquid chromatography and fluorescence detection. studies [46-50], and GC-MS for the qualitative and quanti-
tative determination of PAHs in the certified reference mate-
Also, Obana et al. [36] studied some PAHs rials and real samples (marine sediments).
(benzo(a)pyrene, dibenzo(a,h)anthracene, and 3-mety
cholanthrene), which are carcinogens for mammals after |

vivo hydroxylation by mixed function oxidases. Comparec . L
y y y P extract PAHs from environmental matrices. The procedure

to other separation techniques, the development of HPLwas validated on marine sediment, the standard reference

has permitted to analyze PAHs with good separation ar ! . . )
: P P ) material (SRM 1941a). The concentrations obtained by this
high sensitivity, and to simplify the pre-treatment processe,method were in agreement with the certified values and the

In the study, ten PAHs were determined in sediments, oy: ” . .
ters, and wakame seaweeds by HPLC with a ﬂuorescen‘concentratlons measured using Soxhlet extraction.
detector.

Sediments

Another methodology focussed on microwave assisted
extraction was applied by Letelli@t al. [51] and used to

Organisms

This methodology was also applied by Snethal. [37] = A |arge number of papers related with the application of
to the determination of PAHSs in sediments, seawater aryp ¢ with fluorescence detection to the PAHs analysis in
clams from Green Island, the most visited coral island of th 4 rine organisms has been published [52-61]. Among them
Great Barrier Reef in Australia. Results showed that onleysiaceans [56] are the most widely investigated. Indeed,
sediments near powerboat moorings were found to contaey can concentrate a high level of PAHs probably because

low, but measurable amounts of several different PAHSs, iof the absence of aryl hydrocarbon hydroxylase in these

%ntrast to the fbasellnel SX}_?“NS found aél otlher llocat'onspecies. In fact, scientists of several specialties have pro-
€ presence or severa S at measurable levels stron(yoqaq the use of indigeneous bivalve molluscs in order to

suggests that their origin was due to fuel spillage and/tserye as biocontrollers of the detection and quantification of

exhaust emissions. environmental pollutants, including carcinogens. Due to the

In an investigation of marine sediments from the AdriaticfaCt that they are permanent inhabitants in specific Iocatlons
and have a tendency to concentrate environmental contami-

Sea, Guzzella and Paolis [38] evaluated PAHs contamini ; . i ;
tion. During a naval cruise from Trieste to Bari they col-nants, bivalves have been widely investigated for such stud-

lected thirty two samples and determined PAHS in the fin'®S:
sediment fraction. The quantification of PAHs content in the In this line of investigation, Hanust al. [62] described
samples was performed also with HPLC and fluorescentan HPLC procedure for the determination of thirteen PAH
spectroscopy. compounds in oysters at the ppb level. Recoveries obtained
) ) ) from spiked samples were generally close to 80 %. In a par-
Beltranet al. [39] applied also a HPLC method with flu- ticylar investigation, Mix and Schaffer [63] focussed on the
orescence detection to the determination of the sixteen PAlyetermination of PAHs present in clams of the Coos Bay in
considered_as the most pollutants by EPA in refer.ence Oregon (USA). In such a study, the concentrations of
marine sediments (HS-3, NRCC). The method consisted (yenzo(a)pyrene were measured in clam populations from
HPLC determination of PAHs using isocratic conditionsfoyr different intermareal Coos Bay regions. It was shown
with spectrofluorimetric detection and programmation Oknat the PAM concentrations in those clams living close to
wavelengths. industrialized areas were higher than the others living far
away from these areas and that, in general, the PAM con-
centration was higher in spring-summer time than during
autumn and winter. The same investigators also discovered
[64] that the most hydrosoluble PAHs are those which are
concentrated in major proportion in such organisms.

The organic contaminant analyses in the environmer
require complex procedures with several steps, such
extraction, purification and quantification. In the case of
solid samples, the extraction is often performed by reflux ¢
organic solvent. This method is long (several hours) and sc
vent-consuming (several hundreds of mL). Microwave- Musial and Uthe [65] described a simple, rapid and eas-
assisted solvent extraction (MASE), represents an interestiily automatizable method for the determination of PAHs in
alternative method for organic contaminants extraction.  crustaceansThe method was based on the combination of
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chromatographic techniques such as GC and LC for ttextraction of PAHs from complex solid environmental matri-

identification and separation of these compounds and fluces, such as sludge or mussel extracts. The high selectivit
rescence spectrometry for quantification. The proposeprovided by the antibodies permitted the extraction of PAHs
method was valuable for individual measurements of PAHand elimination of a great number of interferents in only one
in a range of concentration of 0.25-10 ng PAHs/g tissue. step.

A technique, originally developed to investigate the pol- Investigating the PAHs pollution in deep-sea environment
lution of Dutch coastal water with metals and PCBs, wa(1500-1800 m depth), Escartin and Porte [71] developed alsc
modified by Boom [66] for determining the pollution of a methodology based on the measurement of bile PAHs
marine organisms with PAHs. The method was based on timetabolites in deep-sea fish. The authors selected five
hydrolysis of tissue with 4 M sodium hydroxide, extractionspecies from the NW Mediterranean for the study. Bile crude
with hexane, clean-up with 10 % deactivated aluminiunrsamples were directly analyzed by HPLC-fluorescence at the
oxide and quantitative determination with reversed phasexcitation/emission wavelengths of benzo(a)pyrene
HPLC and fluorescence detection. It gave satisfactory resul(380/430 nm). The results obtained confirm the long-range
for the analysis of PAHs in mussels. transport of PAHs to the deep-sea environment, subsequer

Trying to determine the bioconcentration factors foEXposure of fish inhabiting those remote areas, and fish abil

petroleum hydrocarbons, PAHs and biogenic hydrocarbor
in Mytilus edulis Murray et al. [67] applied also this tech-
nigue. PAHs were quantified by reverse phase HPLC wit
programmed-wavelength fluorescence detection. The resu
showed that the bioconcentration factors for PAHs were sin
ilar to those found for total hydrocarbons where the maijc
hydrocarbons source was oil, whereas, at other sites, the b
concentration factors for PAHs were an order of magnitud
lower than those determined for petroleum and for hydrc
carbons originating from algae.

Perfetti et al. [68] proposed modifying the method for
determining of PAHs and producing very clean seafooi
extracts in less than half the time requested previously. Aft
alkaline digestion of seafood, PAHs were partitioned intc
1,1,2-trichlorotrifluoroethane. The resulting extract was
cleaned up by solid-phase extraction on alumina, silica ar
C,s adsorbents, and then analyzed by gradient reversed ph:
liqguid chromatography with programmable fluorescence
detection. Average recoveries of twelve PAHs from five dif-
ferent matrices (mussels, oysters, clams, crabmeat, ail
salmon) spiked at low ppb levels ranged from 76 to 94 %
The authors obtained results which were in good agreemel
with the analyses of a mussel standard reference matery
obtained from the National Institute of Standards an
Technology (NIST).

A variant of this methodology (LC/fluorescence) was pre:
sented recently by Bouziget al, [70]. The authors evalu-
ated a new immunoaffinity solid phase extraction (SPE

1

methodology based on antigen-antibody interactions whicl®:

was optimized for the selective extraction of PAHSs in vari-

ous complex environmental matrices. This immunosorberl6:

(IS) consists of anti-pyrene antibodies immobilized on a sil

ica support and is used as a classical SPE sorbent. The crcl/-

reactivity of antibodies for analytes structurally related witt
pyrene allows the simultaneous extraction of the priorit
PAHSs included in the US EPA priority lists. Losses due tc
the volatility of the two- or three-ring PAHs were avoided
by coupling the extraction on-line and using the antipyren;

IS with LC. The sensitivity of fluorescence associated witl™

the selectivity of IS allowed the quantification of individual
PAHs in contaminated or surface water below the Qg2
level. Off-line extraction procedures were also set up for th
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ity to metabolize and excrete them through the bile.
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