MOCA Volume 20, No 3, 2025 p. 173-180

OPTIMIZATION OF THE METHOD FOR DETERMINING POLYCYCLIC AROMATIC
HYDROCARBONS IN SOILS USING QuEChERS SAMPLE PREPARATION

O.V. BEREZOVSKYI, S.V. MIDYK, V.. KORNIYENKO, O.P. SAMKOVA, V.V. SOLOMON, A.B. ALTANOVA

References:

1. Zhang, X.; Wang, X.; Zhao, X.; Tang, Z.; Liang, W.; Wu, X.; Wang, J.; Wang, X.; Niu, L. Important
but overlooked potential risks of substituted polycyclic aromatic hydrocarbon: looking below the tip of the
iceberg. Rev. Environ. Contam. Toxicol. 2022, 260 (1), 18—38. https://doi.org/10.1007/s44169-022-00021-x
2. Patel, A.B.; Shaikh, S.; Jain, K.R.; Desai, C.; Madamwar, D. Polycyclic aromatic hydrocarbons:
sources, toxicity, and remediation approaches. Front. Microbiol. 2020, 11, 562813. https://doi.org/10.3389/
fmicb.2020.562813

3. Wang, Z.; Ng, K.; Warner, R.D.; Stockmann, R.; Fang, Z. Reduction strategies for polycyclic aromatic
hydrocarbons in processed foods. Compr. Rev. Food Sci. Food Saf. 2022, 21, 1598-1626. https://doi.
org/10.1111/1541-4337.12905

4. Buculei, I.; Dobrin, M.E.; Matei, D.; Onu, |.; Vicol, C.; Cioroiu, I.B.; Niculaua, M.; lordan, D.A.; Cer-
nomaz, A.; Trofor, A.C. Polycyclic Aromatic Hydrocarbons Induced by Smoking and Air Pollution: Cor-
relation with Oxidative Stress in Chronic Obstructive Pulmonary Disease Patients. Toxics. 2022, 10, 681.
https://doi.org/10.3390/toxics10110681

5. Takam, P.; Schaffer, A.; Laovitthayanggoon, S.; Charerntantanakul, W.; Sillapawattana, P. Toxic effect
of polycyclic aromatic hydrocarbons (PAHs) on co-culture model of human alveolar epithelial cells (A549)
and macrophages (THP-1). Environ. Sci. Eur. 2024, 36, 176. https://doi.org/10.1186/s12302-024-01003-7
6. Honda, M.; Suzuki, N.; Toxicities of Polycyclic Aromatic Hydrocarbons for Aquatic Animals. Int. J.
Environ. Res. Public Health. 2020, 17(4), 1363. https://doi.org/10.3390/ijerph17041363

7. Mallah, M.A.; Changxing, L.; Mallah, M.A.; Noreen, S; Liu, Y.; Saeed, M.; Xi,H.; Ahmed, B.; Feng, F,;
Mirjat, A.A.; Wang, W.; Jabar, A.; Naveed, M.; Li, J.-H.; Zhang, Q.Polycyclic Aromatic Hydrocarbon and
Its Effects on Human Health: An Overeview. Chemosphere. 2022, 296, 133948. https://doi.org/10.1016/].
chemosphere.2022.133948

8. Jajoo, A.; Mekala, N.R.; Tomar, R.S.; Grieco, M.; Tikkanen, M.; Aro, E.-M. Inhibitory effects of polycy-
clic aromatic hydrocarbons (PAHs) on photosynthetic performance are not related to their aromaticity. J.
Photochem. Photobiol. B. 2014, 137, 151—-155. https://doi.org/10.1016/j.jphotobiol.2014.03.011

9. Sen, S.; Field, J.M. Chapter Three - Genotoxicity of Polycyclic Aromatic Hydrocarbon Metabolites:
Radical Cations and Ketones. Adv. Mol. Toxicol. 2013, 7, 83-127. https://doi.org/10.1016/B978-0-444-
62645-5.00003-1

10. Gan, S.; Lau, E.V.; Ng, H.K. Remediation of soils contaminated with polycyclic aromatic hydrocarbons
(PAHS). J. Hazard. Mater. 2009, 172 (2-3), 532-549. https://doi.org/10.1016/j.jhazmat.2009.07.118

11. Soursou, V.; Campo, J.; Pico, Y. Revisiting the analytical determination of PAHs in environmental
samples: An update on recent advances. Trends Environ. Anal. Chem. 2023, 37, e00195. https://doi.
org/10.1016/J.TEAC.2023.E00195

12. Jing, C.; Zhenyu, D.; Qun, X.; Lina, L.; Rohrer, J. Thermo Fisher Scientific Application Note 70923:
Sensitive and rapid determination of polycyclic aromatic hydrocarbons in tap water. Sunnyvale, CA, 2017.
[Online] https://assets.thermofisher.com/TFS-Assets/CMD/Application-Notes/AN-1085-LC-PAHs-Tap-
Water-AN70923-EN.pdf

13. Appendix A to Part 136. Methods for Organic Chemical Analysis of Municipal and Industrial Wastewater.
Method 610 — Polynuclear Aromatic Hydrocarbons. US Environmental Protection Agency, Washington DC,
1984, 24 p. https://www.epa.gov/sites/default/files/2015-10/documents/method_610_1984.pdf

14. Zhang, Q.; Liu, P; Li, S.; Zhang, X.; Chen, M. Progress in the analytical research methods of polycyclic
aromatic hydrocarbons (PAHSs). J. Liq. Chromatogr. Relat. Technol. 2020, 43(13-14), 425-444. https://doi.
org/10.1080/10826076.2020.1746668

15. Laguerre, A.; Gall, E.T. Measurement of Polycyclic Aromatic Hydrocarbons (PAHs) on indoor materials:
method development. ACS Omega 2023, 8 (23), 20634—20641. https://doi.org/10.1021/acsomega.3c01184
16. Tsymbaliuk, K.K.; Snurnikova, O.V.; Melnyk, K.V.; Fadeev, E.M.; Antonovich, V.P. Determination of
Polycyclic Aromatic Hydrocarbons in Agricultural Products. Methods Objects Chem. Anal., 2021, 16 (3),
127-136. https://doi.org/10.17721/moca.2021.127-136

17. Erawaty Silalahi, E.T.M.; Anita, S.; Teruna H.Y. Comparison of extraction techniques for the
determination of polycyclic aromatic hydrocarbons (PAHSs) in soil. J. Phys.: Conf. Ser. 2021, 1819, 012061.
https://doi.org/10.1088/1742-6596/1819/1/012061

18. Anastassiades, M.; Lehotay, S.; Stajnbaher, D.; Schenck, F. Fast and easy multiresidue method



MOCA Volume 20, No 3, 2025 p. 173-180

employing acetonitrile extraction/partitioning and “dispersive solid-phase extraction” for the determination
of pesticide residues in produce. J. AOAC Int. 2003, 86(2), 412—431. https://doi.org/10.1093/jaocac/86.2.412
19. Senin, S.A.; Midyk, S.V.; Korniyenko, V.I.; Konovalova, O.Yu.; Berezovskyi, O.V.; Ladohubets, E.V,;
Harkusha, I.V. Determination of Mycotoxins in Wheat Grain by LC-MS/MS using Modified QUEChERS
Sample Preparation. Methods Objects Chem. Anal. 2023, 18(1), 22-28. https://doi.org/10.17721/
moca.2023.22-28

20. Nikoli¢, J.S.; Miti¢, V.D.; Jovanovi¢, V.P.S.; Dimitrijevi¢, M.V.; lli¢, M.D.; Simonovi¢, S.R.; Stojanovi¢,
G.S. Novel sorbent and solvent combination for QUEChERS soil sample preparation for the determination
of polycyclic aromatic hydrocarbons by gas chromatography-mass spectrometry. Anal. Lett. 2018, 51,
1087-1107. https://doi.org/10.1080/00032719.2017.1367007

21. Petrarca, M.H.; Godoy, H.T. Gas chromatography-mass spectrometry determination of polycyclic ar-
omatic hydrocarbons in baby food using QUEChERS combined with low-density solvent dispersive lig-
uid-liquid microextraction. Food Chem. 2018, 257, 44-52. https://doi.org/10.1016/j.foodchem.2018.02.135
22. Li, Q,; Tang, J.; Chen, D.; Zhou, Y.; Lin, Q.; Ma, X.; Zhang, M.; Hu, H. [Hmim]PF,enhanced the ex-
traction of polycyclic aromatic hydrocarbons from soil with the QUEChERS method.Arab. J. Chem. 2020,
13(2), 4102—4110. https://doi.org/10.1016/j.arabjc.2019.06.009.

23. Kuchma, P.O.; Kushnir, A.H.; Zemtsova, O.V.; Baranov, Yu.S. Kompleksnyy kontrol bahatozalyshkovykh
kilkostey pestytsydiv ta PAV v gruntakh riznoho pryznachennya. Zhurnal Khromatohrafichnoho tovarystva.
2016, 16 (1-4), 31-35.

24. Chure, G.; Cremer, J. hplc-py: A Python Utility For Rapid Quantification of Complex Chemical Chro-
matograms. J. Open Source Softw. 2024, 9(94), 6270. https://doi.org/10.21105/joss.06270

25. DIN EN 17503:2022. Soil, sludge, treated biowaste and waste — Determination of polycyclic aromatic
hydrocarbons (PAH) by gas chromatography (GC) and high performance liquid chromatography (HPLC).
German Institute for Standardisation (Deutsches Institut fir Normung), 2022, 57 p.

26. U.S. Environmental Protection Agency. Test Methods for Evaluating Solid Waste, Physical/Chemical
Methods, Method 8100: Polynuclear Aromatic Hydrocarbons. September 1986, 10 p.

27. U.S. Environmental Protection Agency. Method 8270D: Semivolatile Organic Compounds by
Gas Chromatography/Mass Spectrometry, part of Test Methods for Evaluating Solid Waste, Physical/
ChemicalMethods. Revision 5, 2014, US EPAARCHIVE DOCUMENT, Method 8310: Polynuclear Aromatic
Hydrocarbons. 1986.

28. U.S. Environmental Protection Agency. Test Methods for Evaluating Solid Waste, Physical/Chemical
Methods, Method 8310: Polynuclear Aromatic Hydrocarbons. September 1986, 13 p.

29. Hihiienichni rehlamenty dopustymoho vmistu khimichnykh rechovyn u grunti. Nakaz Ministerstva
okhorony zdorov’ia Ukrainy Ne 1595 vid 14.07.2020. https://zakon.rada.gov.ua/laws/show/z0722-20#Text
(in Ukrainian)

30. Barwick, V. (Ed). Eurachem/CITAC Guide: Guide to Quality in Analytical Chemistry: An Aid to
Accreditation (3rd ed. 2016). Eurachem. 2016, 59 p. Available from www.eurachem.org



