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Application of Zn(ll) Coordination Polymer with 1,3,5-Tris(4-
carboxyphenyl)benzene as a Sorbent for Solid-Phase Extraction
in the Determination of Polychlorinated Dibenzo-P-Dioxins,
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The coordination polymer {[Zn,O(BTB),]-H,O}, (H,BTB — 1,3,5-tris(4-carboxyphenyl)benzene) was
synthesized and tested as a solid-phase extraction sorbent for the determination of highly toxic organic
pollutants: polychlorodibenzo-p-dioxins (PCDD), polychlorinated dibenzofurans (PCDF), dioxin-like
and non-dioxin-like polychlorinated biphenyls (PCBs) in natural water samples by the method of gas
chromatography/high-resolution mass spectrometry (GC-HRMS). The results demonstrated that
[Zn,O(BTB),] is an effective sorbent for solid-phase extraction of PCDD, PCDF, and PCBs from water
samples with a mass fraction of suspended solids less than 1%. The effectiveness of the proposed
combination of sample preparation and GC-HRMS analysis was studied for linearity, precision and
reproducibility for 7 polychlorinated dibenzo-p-dioxins, 10 polychlorinated dibenzofurans, 12 dioxin-like
and 6 non-dioxin-like polychlorinated biphenyls, the content of which is requlated by the European Union
Directives. The limits of quantification (LOQ) for dioxins were found to be in the range of 2.5-18.8 pg L’
and 3.2-14.0 pg L™ for dioxins and dibenzofurans, respectively. Samples of natural surface waters were
analyzed using both the developed SPE method and the liquid-liquid extraction method. All data obtained
by the two research methods are in good agreement with each other.
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Polychlorinated  dibenzo-p-dioxins  (PCDDs),
polychlorinated dibenzofurans (PCDFs), dioxin-like
and non-dioxin-like polychlorinated biphenyls (PCBs)
are highly toxic organic pollutants. The content of
dioxin-like contaminants is controlled in food and
feed (EU Regulations 2017/644-771), as well as in
the environment and industrial emissions (Directive
2008/105/EC, Directive 2010/75/EU, Regulation
2019/1021 and others). Gas chromatography
combined with high-resolution mass spectrometry
(GC-HRMS) is currently the most sensitive and
reliable method for identifying these substances and
verifying compliance with their maximum levels [1,2].
Given the low concentrations of these analytes in the
samples, purification, fractionation, and concentration
of the samples is a multi-stage process that requires
expensive equipment, specialized sorbents, and
large amounts of organic solvents. To reduce the
consumption of organic solvents and the time costs of
liquid-liquid extraction in the determination of PCDDs,
PCDFs, and PCBs in water samples, solid-phase
extraction (SPE) methods using SPE cartridges [3]
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or SPE membrane discs [4-7] are being intensively
developed. The ability of modified sorbents or
membranes with grafted octadecyl (C,;) groups to
sorb non-polar compounds from aqueous solutions is
the basis of such methods. The nonselective sorption
of PCDDs, PCDFs, and PCBs on C18-modified
materials is a disadvantage of solid-phase extraction,
as the parallel sorption of other non-polar compounds
leads to interferences with matrix components,
reducing the extraction coefficients and the sensitivity
of the analysis.

Currently, hybrid organic-inorganic materials
composed of aromatic ligands and d-metals are being
investigated as sorbents for solid-phase extraction
of polycyclic aromatic hydrocarbons, PCDD, PCDF,
and PCBs at low concentrations from environmental
samples [8,9]. Such sorbents are thermally and
chemically stable, have a large pore volume and
extended surface area, and exhibit high selectivity
due to adsorption mechanisms based on hydrophobic
effects, dipole-dipole interactions, and -1 stacking
[10]. In addition, applying metal-organic framework
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structures to SPE sorbents is an environmentally OCDD;
friendly approach, as they can be recycled and allow PCDFs: tetrachlorodibenzofuran 2378-TCDF,
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system consisting of a TRACE™ 1310 GC gas [18], toluene is the most effective solvent for eluting

chromatograph (Thermo Fisher Scientific, USA) and a organic aromatic pollutants due to - T interactions.
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To separate the positional isomers of PCBs and The limit of quantification (LOQ) is in the range
PCDD/Fs, a 60 m capillary column with a 0.25 mm of 3.1-8.1 pg L"and 4.9-7.5 pg L for dioxin-like and
inner diameter and a special stationarv phase with non-dioxin-like PCBs (Table 3), respectively. The
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T 19.34-39.04 SM: 7G
RT:20.63
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Table 3. Analytical characteristics of the method for PCBs.

Limit of quantification Linear range Repeatability (RSD, n =6, Recovery

CAanmnanar

260 © Methods and objects of chemical analysis, 2025, Vol. 20, No. 4, 253-262



Kyrylo Tsymbaliuk et al.

Table 4. (continuation).

Sample 1 Sample 2 Sample 3 Sample 1 spiked 100 pg L'
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