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Abstract

Polycyclic aromatic hydrocarbons (PAHs), due to their harmful carcinogenic and mutagenic effects on human health, are
significant organic pollutants in the air. Accelerated Solvent Extraction (ASE) at high temperature and pressure is a technique
increasingly used to prepare samples for determining organic pollutants in environmental samples. To investigate ASE's efficacy
in extracting organic pollutants bound to airborne particulate matter, model samples were prepared by spiking with known
concentrations of a certified standard of PAHs. The following variables were optimised: solvent type, number of extraction
cycles, extraction temperature, and flushing volume. ASE efficiency was compared with ultrasonic liquid extraction (ULE) using
PAH certified reference material and real samples. All samples were analysed by high performance liquid chromatography with
fluorescence detection and variable excitation and emission wavelength. Satisfactory efficiency for all PAHs were achieved
using a solvent mixture of toluene and cyclohexane (7 : 3, v/v), two extraction cycles at 125 °C, and a flushing volume of 70 %
of the cell volume, with recoveries exceeding 97 % for all PAHs except fluoranthene and pyrene (87 %).
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1 Introduction

Polycyclic aromatic hydrocarbons (PAHs) are among the
most recognised environmental pollutants due to their
adverse effects on human health such as respiratory and
cardiovascular diseases. Previous studies have shown
that some PAHSs possess high carcinogenic and mutagenic
potential.** These compounds are generated during
various natural and anthropogenic processes, with
approximately 90 % of PAH emissions stemming from
anthropogenic sources.” Carcinogenic PAHs such as
benzo(a)pyrene  and  dibenzo(ah)anthracene  are
predominantly associated with particulate matter.® In
ambient air, PAHs with two to three aromatic rings are
mostly present in the gaseous phase, while those with more
than four aromatic rings are primarily bound to particulate
matter.”'® Particulate matter (PM) consists of dispersed
liquid and/or solid phases in the air. Particles with an
aerodynamic diameter of less than 10 um (PM;,) can
remain airborne for several days and disperse over greater
distances under the influence of wind. These particles are
deposited in the respiratory tract of humans, while fine and
ultrafine particles with aerodynamic diameters of less of
than 2.5 um and 1 um, respectively (PM,s and PM,), can
settle in the lung alveoli.”"'? Several methods have been
developed for the extraction of PAHs from particulate
matter, including Soxhlet extraction, ultrasonic liquid
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extraction (ULE), and more recently, accelerated solvent
extraction (ASE). Soxhlet extraction has a long duration (10
to 24 h), high consumption of organic solvents (300 ml per
sample), and requires that the compounds to be extracted
remain stable at the solvent’s boiling temperature."*'* ULE
uses less solvent volume and allows for the simultaneous
processing of a larger number of samples.’™ ASE, a faster
extraction technique, requires less solvent than the
“classic” extraction techniques, and is easily automated.'®
An extraction method should be effective, practical,
reliable, and steadfast because it forms the basis for
successful analysis. Even nowadays, in many studies
Soxhlet extraction is still used for extraction of PAHs (semi-
volatile organic compounds) due to its high extraction
efficiency.”'® To improve automation and decrease
extraction times and solvent consumption, various
extraction methods have been established. Among these
techniques are ULE and ASE. Compared to Soxhlet
extraction and ULE, ASE has shown to be the fastest
extraction technique, achieving very high recoveries for
PAH from aerosol with very small solvent volumes."
However, ASE involves high investment in equipment and
servicing, and the assembly/disassembly of sample
extraction cells can be difficult. Previous studies have
demonstrated the applicability of ASE for extracting PAHs
from various media, but data on the extraction of PAHs
from aerosol samples remain scarce.”®2°In this study, we
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optimised the ASE method by testing variables such as
solvent type, number of extraction cycles, extraction
temperature, and flushing volume. The efficiency of ASE in
extracting organic compounds from particulate matter was
compared with the efficiency of ultrasonic liquid extraction
(ULE), using certified reference material urban dust
(Standard Reference Material NIST 1649b) and real
airborne particulate matter samples.

2 Experimental

The experimental optimisation procedure included: (1)
type of solvent, (2) number of extraction cycles, (3)
extraction temperature, and (4) flushing volume. Three
types of samples were used for method optimisation and
efficiency testing: model filter samples spiked with known
amounts of PAH standard solution, certified reference
material urban dust, and real samples of the PM, fraction
of particulate matter (particulate matter with an
aerodynamic diameter less than 10 um).

Model samples were prepared by spiking quartz filters (47
mm, Whatman), typically used for collection of airborne
particulate matter, with known concentrations of eleven
PAHSs (EPA 610 PAH standard). These model samples were
used for optimisation of the ASE method. The extraction
efficiencies were tested considering the type of solvent
(dichloromethane (DCM) and acetone (1 : 1, v/v), DCM
and n-hexane (1 : 1, v/v), toluene and cyclohexane (7 : 3,
v/v), number of extraction cycles (1, 2, 3, and 4 cycles),
extraction temperatures (60 °C, 80 °C, 100 °C, 125 °C,
150 °C), and flushing volumes (50 %, 60 %, 70 %, 80 %,
and 90 % of cell volume). In the next step, the efficiency
of the optimised ASE method was compared with ULE.

To determine the accuracy of the method, certified
reference material (Standard Reference Material NIST
1649b, CRM) urban dust was used. CRM was weighed on
two sets of quartz filters, each set containing six filters. One
set of filters was placed in a 10 ml stainless steel ASE cell,
and the other set of filters was placed into ULE tubes. The
efficiency of ASE and ULE was also compared using real
samples. PM;, samples were collected for 20 days at
urban-industrial location, 24 h/day. PM,, particle samples
were collected on quartz filters using low-volume
sequential automatic samplers (LVS3, Sven Leckel,
Ingenieurbiiro GmbH, Germany), set according to EN
12341 standard (flow rate 2.3 m* h™"). The quartz filters
were cut into two pieces: one part for ASE extraction and
the other for ULE extraction. ASE was performed using a
Dionex ASE 350 instrument (Thermo Fisher Scientific,
SAD) with 10-ml extraction cells. For the ASE procedure,
each filter sample was added to a 10-ml stainpess steel cell
with a cellulose filter placed at the bottom end of the cell
and filled with diatomaceous earth to the top. The samples
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were extracted at temperatures ranging from 60 to 150 °C
under a pressure of 103 bar. The extraction period was set
to 5 min with a flush volume from 50 to 90 % of cell
volume, purged with N, for 60 s. This extraction step was
repeated for four cycles. A mixture of different solvents was
used. All extracts were evaporated to dryness using a
Rocket evaporator (Thermo Fisher Scientific, SAD) and
redissolved in acetonitrile.

The ULE procedure was optimised in previous studies
conducted in  the laboratory.??*  For  ULE,
cyclohexane/toluene solvent mixture was used according
to the procedure described by Jakovljevi¢ et al.?® Filters
were extracted in an ultrasonic bath for 1 h, centrifuged,
and evaporated to dryness under a mild stream of N,.
Samples were then redissolved in acetonitrile.

For PAH analysis, an Agilent Infinity high-performance
liquid chromatography (HPLC) system with a fluorescence
detector was used (Agilent Technology, SAD). The analysis
included the following PAHs: fluoranthene (Flu), pyrene
(Pyr), benzo(a)antracene (BaA), chrysene (Chry),
benzo(b)fluoranthene (BbF), benzo(k)fluoranthene (BkF),
benzo(a)pyrene (BaP), dibenzo(ah)antrachene (DahA),
benzo(ghi)perilene (BghiP), and indeno(1,2,3,cd)pyrene
(IP). The detailed analytical procedure is described in
Jakovljevi¢ et al.** Calibration curves for Pyr, BaA, Chry,
BkF, BaP, and IP ranged from 0.005 to 0.08 ng ul™',
whereas Flu, BbF, DahA, and BghiP ranged from 0.01 to
0.16 ng ul=". The method's accuracy was assessed using
NIST 1649b urban dust, varying from 88 % for Flu to 109 %
for BKF. The limit of detection (LOD) ranged from 0.001 to
0.03 ng m~? for BaA and BjF.

3 Results and discussion
3.1 Optimisation of ASE extraction method

To determine the most suitable conditions for the ASE
methods, four key parameters were optimised: the type of
extraction solvent, temperature, number of extraction
cycles, and extraction flushing volume. These conditions
were varied, while others — such as pressure (103 bar),
purge time (60 s), and static time (5 min) — remained
constant. The recoveries determined from spiked filters
with known concentrations of eleven PAHs (EPA 610 PAH
standard) are presented in Fig. 1. Considering factors such
as solvent saving, reduction in toxic waste, energy
efficiency, and environmental preservation (green
chemistry principles), two extraction cycles were found to
be optimal despite the small loss. Previous studies have
shown that increasing in extraction temperature enhances
the solubility and diffusion rate of analytes in the solvent,
which, coupled with the decrease in solvent viscosity,
improves extraction efficiency.?*%
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Slika 7 — Optimizacija ASE metode: ucinkovitost ekstrakcije s obzirom na: a) vrstu otapala za ekstrakciju,
b) broj ciklusa ekstrakcije, c) temperaturu ekstrakcije i d) volumen ispiranja

To determine other variable conditions (temperature,
flushing volume), a mixture of cyclohexane and toluene
(3 : 7, v/v) with two extraction cycles was used. Extraction
temperatures were tested across a range from 60 to 150 °C.

As shown in Fig. 1c, the best recoveries were obtained at
100 and 125 °C, with slightly higher results for 5- and 6-
ring PAHs at 125 °C, which was subsequently selected for
further analysis. At that temperature, the flushing volume
was optimised (Fig. 1d).

Flushing volumes ranged from 50 to 90 % of the extraction
cell volume. The lowest PAH recoveries were observed
with a solvent filling 50 % of cell volume. The highest
recoveries were achieved at an 80 % cell volume;
however, this method yielded slightly lower recoveries for
Flu (77 %) and Pyr (78 %). Therefore, a 70 % flushing
volume was selected as the optimal condition, providing
recoveries ranging from 87.7 % for Pyr to 99.3 % for DahA
and BghiP. In summary, the optimal recoveries for
individual PAHs were obtained with a solvent mixture of
toluene:cyclohexane (7 : 3, v/v), 2 cycles at 125 °C with
70 % flashing volume.
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Fig. 2 — Share of PAHs concentration in the third extraction
cycle

Slika 2 — Udio koncentracije PAU u tre¢em ekstrakcijskom

ciklusu

3.2 Comparison of ULE and ASE extraction methods

After optimising the ASE method, certified standard
reference materials of urban dust (NIST SRM 1649b) and
real PM;, samples were used to compare the extraction
efficiencies of ASE and ULE. The real filter samples were
cut into two equal pieces, while the samples of certified
standard reference materials (urban dust) were weighted
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(approximately 20 mg). Samples were extracted using both
ULE and ASE methods and analysed as real samples. The
mass concentrations of individual PAHs in NIST 1649b
urban dust, determined by ULE and ASE, are shown in Fig.
3. The results were in good agreement with the certified
PAH concentrations in NIST standard. The comparison of
the concentrations determined in this study and the
certified NIST concentrations showed good correlation,
with slopes of 1.15 (R? = 0.98) for ULE, and 1.21 (R* =
0.98) for ASE. ASE generally demonstrated better recovery
efficiencies for four-ring PAHs (Flu, Pyr, BaA, and Chry),
which are prone to evaporation during sample
preparation, and because the ASE instrument’s bottle vials
are compatible with Rocket evaporator, there is no loss of
samples by switching samples to another vial for
evaporation. The relative standard deviation (RSD)
determined from consecutive measurements of 10
samples, for the ASE method, ranged from 1.8 % for BaP
to 12.2 % for DahA, while for the ULE method, it ranged
from 2.2 % for Flu to 11.6 % for DahA. According to the
standardised method norms for the determination of PAHs
in particulate matter in ambient air (EN 15549:2008,
CEN/TS 16645:2016), extraction recoveries should be
within 80 % to 120 % with an RSD of less than 20 %. This
study shows that both extraction methods (ASE and ULE)
are suitable for extracting PAHs from particulate matter
and urban dust. However, the ASE method appears to be
the better choice, particularly for more volatile four-ring
PAHSs.
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Fig. 3 — Mass concentrations of individual PAHs in NIST SRM
1649b reference material extracted using the ASE and
ULE methods; blue line represents certified
concentration of PAH in NIST

Slika 3 — Masena koncentracija zasebnih PAU u NIST SRM 1649b
referentnom  materijalu  dobivena ULE i ASE
ekstrakcijom; plava linija prikazuje certificiranu
vrijednost PAU u NIST-u

Both extraction methods were also used for the extraction
of PAHs from real PM,, samples collected from an urban-
industrial area. The ASE method yielded higher results for
all PAHs, especially for Flu and Pyr, which are PAHs with
smaller molecular masses and primarily originate from
wood combustion.’'® Only for DahA were the extraction
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efficiencies comparable between the ASE and ULE
methods, but this PAH was found at the lowest
concentrations in ambient air. Overall, ASE extraction
appears to be a more effective method for extracting PAHs
from particulate matter compared to ULE. This advantage
might be even more significant for the more volatile 2- and
3-ring PAHs, which are typically present in the gaseous
phase and should be a focus of future research. The mass
concentrations of all PAHs measured in the PM;,
particulate fraction using both ASE and ULE methods are
shown in Fig. 4.
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Fig. 4 — PAHs concentrations in PMj, particulate fraction

obtained by ASE and ULE extraction methods

Slika 4 — Koncentracija PAU u PMy, frakciji cestica dobiveni s
ASE i ULE ekstrakcijskom metodom

In general, the average concentrations of the measured
PAHs were lower when ULE was used. In both extraction
methods, BbF was the dominant compound, followed by
BghiP, with the lowest concentration recorded for DahA.
Concentrations of PAHs extracted by ASE ranged from
0.069 ng m~? for DahA to 0.622 ng m~3 for BbF, and from
0.065 ng m~? for DahA to 0.547 ng m~— for BbF. The
differences in PAH mass concentrations in PM;, samples
obtained by both ASE and ULE methods were tested using
a T-test, with variables treated as dependent samples,
p < 0.05. Concentrations of Flu and Pyr were statistically
significant (p < 0.001), while the rest of the PAH
concentrations were not statistically significant.

4 Conclusion

Both studied extraction methods, ASE and ULE, provided
satisfactory results in terms of efficiency and compliance
with PAHs norms. However, a comparison between ASE
and ULE demonstrated several advantages of ASE: it is
faster, easier to automate, more economical, eco-friendly,
and more effective in extracting PAHs from particulate
matter. The ASE apparatus is user-friendly and versatile,
making it suitable for the extraction of organics from
various sample matrices and sizes. In this study, ASE proved
to be the superior method for determining volatile PAHs in
particulate matter and urban dust samples.
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BaP - benzo(a)pyrene
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IP —indeno(1,2,3-cd)pyrene

10.

11.

References
Literatura

US-EPA United States Environmental Protection Agency
Office of Research and Development Air quality criteria for
particulate matter, Washington, (1996) EPA/600/P-
95/001cF.

C. A. Pope, D. W. Dockery, In: S. T. Holgate, J. M. Samet,
H. S. Koren, R. L. Maynard (eds) Air pollution and Health.
Academic, San Diego, 1999, pp. 673-705.

K. Katsouyanni, G. Touloumi, C. Spix, J. Schwartz, F.
Balducci, S. Medina, G. Rossi, B. Wojtyniak, J. Sunyer, L.
Bacharova, J. P. Schouten, A. Ponka, H. R. Anderson, Short
term effects of ambient sulphur dioxide and particulate
matter on mortality in 12 European cities: results from time
series data from the APHEA project, BMJ 314 (1997) 1658-
1663, doi: https://doi.org/10.1136/bmj.314.7095.1658.

W. Cautreels, K. Van Cawenberghe, Experiments on the
distribution of organic pollutants between airborne
particulate matter and the corresponding gas phase, Atmos.
Environ. 12 (1987) 1133-1141, doi:
https://doi.org/10.1016/0004-6981(78)90360-8.

R. Lyall, M. A. Hooper, S. J. Mainwaring, Polycyclic aromatic
hydrocarbons in the Latrobe Valley, Atmos. Environ. 22
(1988) 2549-2555, doi: https://doi.org/10.1016/0004-
6981(88)90487-8

V. Bansal, K. H. Kim, Review of PAH contamination in food
products and their health hazards, Environ. Int. 84 (2015)
26-38, doi: https://doi.org/10.1016/j.envint.2015.06.016.

J. Lintelmann, K. Fischer, E. Karg, ~A. Schréppel,
Determination ~ of  selected  polycyclic  aromatic
hydrocarbons and oxygenated polycyclic aromatic
hydrocarbons in aerosol samples by high-performance
liquid chromatography and liquid chromatography-tandem
mass spectrometry, Anal. Bioanal. Chem. 381 (2005) 508—
519, doi: https://doi.org/10.1007/s00216-004-2883-8.

Z. Li, E. N. Pittman, D. A. Trinidad, L. C. Romanoff, J.
Mulholland, A. Sjédin, Determination of 43 polycyclic
aromatic hydrocarbons in air particulate matter by use of

direct elution and isotope dilution gas
chromatography/mass spectrometry, Anal. Bioanal. Chem.
396 (2010) 1321-1330, doi:

https://doi.org/10.1007/s00216-009-3297-4.

A. Eiguren-Fernandez, A. H. Miguel, J. R. Froines, S.
Thurairatnam, E. L. Avol, Seasonal and Spatial Variation of
Polycyclic Aromatic Hydrocarbons in Vapor-Phase and
PM, 5 in Southern California Urban and Rural Communities,
Aerosol. Sci. Tech. 38 (2004) 447-455, doi:
https://doi.org/10.1080/02786820490449511.

N. Re-Poppi, M. Santiago-Silva, Polycyclic aromatic
hydrocarbons and other selected organic compounds in
ambient air of Campo Crande City, Brazil, Atmos. Environ.
39 (2005) 2839-2850, doi:
https://doi.org/10.1016/j.atmosenv.2004.10.006.

A. Fernandez, J. O. L. Wendt, N. Wolski, K. R. G. Hein, S.
Wang, M. L. Witten, Inhalation health effects of fine particles
from the co-combustion of coal and refuse derived fuel,
Chemosphere 51 (2003) 1129-1137, doi:
https://doi.org/10.1016/S0045-6535(02)00720-8.


https://doi.org/10.1016/0004-6981(88)90487-8
https://doi.org/10.1016/0004-6981(88)90487-8
https://doi.org/10.1007/s00216-004-2883-8

Sl2

12.

13.

14.

15.

16.

17.

18.

M. Kampa, E. Castanas, Human health effects of air
pollution, Environ. Pollut. 151 (2008) 362-367, doi:
https://doi.org/10.1016/j.envpol.2007.06.012.

M. P. K. Choi, Y. H. Kang, X. L. Peng, K. W. Ng, M. H. Wong,
Stockholm  Convention organochlorine pesticides and
polycyclic aromatic hydrocarbons in Hong Kong air,

Chemosphere 77 (2009) 714-719, doi:
https://doi.org/10.1016/j.chemosphere.2009.08.039.
G. Andreou, S. Rapsomanikis, Polycyclic aromatic

hydrocarbons and their oxygenated derivatives in the urban
atmosphere of Athens, J. Hazard. Mater. 172 (2009) 363-
373, doi: https://doi.org/10.1016/j.jhazmat.2009.07.023.

M. A. Bari, G. Baumbach, B. Kuch, G. Scheffknecht, Wood
smoke as a source of particle phase organic compounds in
residential areas, Atmos. Environ. 43 (2009) 4722-4732,
doi: https://doi.org/10.1016/j.atmosenv.2008.09.006.

H. Ciergielewicz-Mozajska, t. Dabrowski, J. Namiesnik,
Accelerated Solvent Extraction (ASE) in the Analysis of
Environmental Solid Samples — Some Aspects of Theory and
Practice, Crit. Rev. Anal. Chem. 31 (3) (2001) 149-165,
doi: https://doi.org/10.1080/20014091076712

D. M. Agudelo-Castaneda, E. C. Teixeira, Seasonal changes,
identification and source apportionment of PAH in PM10,
Atmos. Environ. 926 (2014) 186-200, doi:
https://doi.org/10.1016/j.atmosenv.2014.07.030.

E. C. Teixeira, D. M. Agudelo-Castareda, ). M. G. Fachel, K.
A. Leal, K. O. Garcia, F. Wiegand, Source identification and
seasonal variation of polycyclic aromatic hydrocarbons
associated with atmospheric fine and coarse particles in the
Metropolitan Area of Porto Alegre, RS, Brazil, Atmos. Res.
118 (2012) 390-403, doi:
https://doi.org/10.1016/j.atmosres.2012.07.004.

19.). D. Berset, R. Holzer, Quantitative determination of

polycyclic  aromatic  hydrocarbons,  polychlorinated
biphenyls and organochlorine pesticides in sewage sludges
using supercritical fluid extraction and mass spectrometric
detection, J. Chromatogr. A 852 (1999) 545-558, doi:
https://doi.org/10.1016/5S0021-9673(99)00641-X.

20.

T. HORVAT et al.: Optimisation of ASE for Determination of Organic Compounds..., Kem. Ind. 73 (13) (2024) 507-513

L. Turrio-Baldassarri, C. L. Battistelli A. L. lamiceli,
Evaluation of the efficiency of extraction of PAHs from
diesel particulate matter with pressurized solvents, Anal.
Bioanal.  Chem. 375 (2003) 589-595, doi:
https://doi.org/10.1007/s00216-002-1733-9.

21. A. SiSovié, A. Skrbec, V. Vadji¢, N. Kalini¢, J. Hrsak, PAH

levels and profiles in the suspended particulate matter in
Zagreb through four seasons, Environ. Monit. Assess. 74 (3)
(2002) 217-224. doi:
https://doi.org/10.1023/a:1014228321207.

22.A. Sisovié, G. Pehnec, I. Jakovljevi¢, M. Silovi¢ Huji¢, V.

23.

24.

25.

Vadji¢ 1. Besli¢, Polycyclic aromatic hydrocarbons at
different crossroads in Zagreb, Croatia, Bull. Environ.
Contam.  Toxicol. 88  (2012)  438-442, doi:
https://doi.org/10.1007/500128-011-0516-4.

I. Jakovljevié, G. Pehnec, V. Vadjic, A. Sisovié, S. Davila, I.
Besli¢, Carcinogenic activity of polycyclic aromatic
hydrocarbons bounded on particle fraction, Environ. Sci.
Pollut. Res. 22 (2015) 20 15931-15940, doi:
https://doi.org/10.1007/s11356-015-4777-z.

T. Xu, Rapid determination of trace polycyclic aromatic
hydrocarbons in particulate matter using accelerated
solvent extraction followed by ultra high performance liquid
chromatography with fluorescence detection, J. Sep. Sci. 39
(2016) 1892-1899, doi:
https://doi.org/10.1002/jssc.201501232.

E. Ritcher, B. A. Jones, J. L. Ezell, N. L. Porter, N. Avdalovic,
C. Pohl, Accelerated solvent extraction: a technique for
sample preparation. Anal. Chem. 68 (6) (1996) 1033-1039,
doi: https://doi.org/10.1021/ac9508199.


https://doi.org/10.1080/20014091076712
https://doi.org/10.1021/ac9508199

T. HORVAT et al.: Optimisation of ASE for Determination of Organic Compounds..., Kem. Ind. 73 (13 (2024) 507-513

SAZETAK

Optimiranje ASE pri odredivanju organskih spojeva vezanih na lebdece
Cestice
Tajana Horvat, Ivana Jakovljevic,” Zdravka Sever Strukili Gordana Pehnec

Policiklicki aromatski ugljikovodici (PAU) zbog svojeg Stetnog karcinogenog i mutagenog djelovanja na
ljudsko zdravlje predstavljaju vaznu skupinu organskih onecis¢ujucih tvari u zraku. Ubrzana ekstrakcija
otapalom (ASE) pri visokoj temperaturi i tlaku tehnika je koja se sve viSe primjenjuje za pripravu uzoraka
pri odredivanju organskih onecis¢ujucih tvari u uzorcima iz okolisa. Da bi se odredila u¢inkovitost ASE
organskih zagadivala vezanih na lebdece cestice, pripravljeni su modelni uzorci nakapavanjem filtara
od kvarcnih vlakana poznatom koncentracijom certificiranog standarda policiklickih aromatskih
ugljikovodika. Optimirane su sljedece varijable: vrsta otapala, broj ekstrakcijskih ciklusa, temperatura
ekstrakcije i volumen ispiranja. Ucinkovitost ASE je usporedena s ultrazvuc¢nom ekstrakcijom otapalom
(ULE) upotrebom certificiranog referentnog materijala i realnih uzoraka. Uzorci su analizirani
teku¢inskom kromatografijom visoke ucinkovitosti s fluorescentnim detektorom promijenjivih valnih
duljina ekscitacije i emisije. Zadovoljavajuc¢a djelotvornost metode dobivena je uporabom smjese
otapala toluen i cikloheksan (7 : 3, v/v), dva ekstrakcijska ciklusa pri temperaturi 125 °C i s volumenom
ispiranja od 70 % volumena Celije, pri ¢emu je iskoristenje iznosilo vise od 97 % za sve PAU-e, osim za
fluoranten i piren (87 %).

Kljucne rijeci
PAU, tekucinska kromatografija, benzo(a)piren, ultrazvucna ekstrakcija otapalom, ljudsko zdravlje

Institut za medicinska istraZivanja i medicinu Izvorni znanstveni rad
rada, Ksaverska cesta 2, 10 000 Zagreb Prispjelo 3. lipnja 2024.

Prihvaceno 30. srpnja 2024.
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