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ABSTRACT

A method for determining polychlorinated biphenyls (PCBs) in fish roe by gas chromatography (GC) has been
developed. The suitability (validation) of the process for the determination of 14 PCBs (PCB 18, PCB 31, PCB
28, PCB 52, PCB 44, PCB 101, PCB 149, PCB 118, PCB 153, PCB 138, PCB 180, PCB 170, PCB 194, PCB
209) in fish roe by GC using an electron capture detector (ECD) was evaluated according to the following
criteria: selectivity, linearity, limits of detection (LOD), limits of quantification (LOQ), accuracy and precision.
Automated Soxhlet extraction and sample clean-up by solid phase extraction (SPE) were proposed for
extracting PCBs from fish roe. The results of the method selectivity study showed that the determination of
PCBs in fish roe is not affected by other components in the sample. The correlation coefficients for fourteen
PCBs ranged from 0.9962 to 0.9999 (R* >0.995). The limits of detection (LOD) and limits of quantification
(LOQ) of PCBs are below the maximum permissible levels set by the European Union (EU). The recovery
percentage ranged from 81.5% to 107%, indicating the PCB extraction procedure's acceptability (R, 80 —
120%). The relative standard deviation (RSD, %) of the measurement results under convergence conditions
ranged from 1.02% to 9.43% (RSD >15%). The obtained method suitability (validation) data meets the
Commission Regulation (EU) No 589/2014 criteria.
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INTRODUCTION

The world produces record quantities of fisheries and aquaculture products [1]. According to the European
Commission, the average consumption of fish and fish products in the European Union (EU) has increased to 24.4
kg per person per year [2]. Global production of fish and fish products is forecast to increase by 14% by 2030.
The largest importers of salmon roe in the EU are France, Germany, and Sweden, which account for 57% of total
imports. In Asia are Japan, South Korea and Thailand, with a combined share of 77% of total imports. The leading
suppliers of roe to the US are Taiwan, Japan and Iceland, with a combined share of 68% of total imports [3].

Due to objective circumstances, Ukraine cannot catch or grow a significant amount of fish and seafood, so
more than 85% of all fish products, including roe, are imported by Ukrainians. The largest quantities of fish and
fish products have been imported into Ukraine from Norway, Iceland, the USA, Canada, Estonia and other
countries [4].

Fish roe is a particularly valuable food product, containing many nutrients [S]. For example, consuming 25
grams of fish roe can provide half of the body's daily protein requirement. Fish roe is also beneficial due to its
micro- and macronutrients, including vitamins A, B12, B6, and D [6], [7].

Compared to other foods such as meat [8], [9] and eggs [10], marine fish roe contains a high amount of omega-
3 fatty acids. The main fatty acids in roe are palmitic (C16:0), oleic (C18:1®-9), linoleic (C18:2w-6), cis-
4,7,10,13,16,19-docosahexaenoic (C22:6w-3), cis-5,8,11,14,17-eicosapentaenoic (20:5w-3) and cis-11,14,17-
eicosatrienoic (C20:3n3) acids [11], [12], [13].
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Considering the increase in the volume of fish products sold to the public [14], it is necessary to strictly control
the maximum permissible levels of contaminants by the current regulations in Ukraine and the world [15]. Among
the indicators of fish roe safety, an important place is occupied by the determination of such toxic xenobiotics as
polychlorinated biphenyls (PCBs). To date, 209 individual PCB congeners are known, which can accumulate in
fats due to their lipophilic properties [16], [17]. The high toxicity of these substances and their harmfulness to
living organisms has been demonstrated by many scientists [18], [19], [20], [21].

According to the State Sanitary Rules and Regulations [22] and the requirements of the EU Directive [23], the
total amount of six PCBs (PCB 28, PCB 52, PCB 101, PCB 138, PCB 153 and PCB 180) in fish products should
not exceed 75 ng/g (0.075 mg/kg). These regulations do not consider the contamination of eggs by other PCBs
that may be present in fish products. Studies have also shown that the accumulation of PCBs in fish varies
depending on the part of the fish analysed and that the sampling method may affect the result [24].

Gas chromatography with mass spectrometric detection (GC/MS) [25] and gas chromatography with electron
capture detection (GC/ECD) [26] are used to quantify PCBs.

Sample preparation by modern GC/ECD methods for determining PCBs in fat-containing objects is based on
solvent extraction of the samples, purification with 90% sulfuric acid, centrifugation, and evaporation to dryness
in a stream of nitrogen, followed by the addition of a solvent and purification on SPE columns [27]. The relevant
normative documents specify the methods for determining PCBs in high-fat food products [28], [29], [30],
including fish roe, require complex and time-consuming sample preparation, i.e. they are rather labour-intensive
and multi-step [31], [32], [33]. Therefore, it is important to improve the existing methods and develop new ones
for the quantitative determination of PCBs in fish roe to eliminate the shortcomings as much as possible.
Scientific Hypothesis

It was anticipated that using iso-octane solvent in combination with floral and silica-based solid phase
extraction cartridges for sample preparation would increase the method's selectivity. This approach will also
simplify and reduce the cost of the GC/ECD method for determining selected polychlorinated biphenyls in fish
roe and provide satisfactory metrological performance for evaluating its suitability.

MATERIAL AND METHODOLOGY
Samples

For the method's development and testing, we selected samples of salted black roe purchased at Kyiv (Ukraine)
retail outlets. The authenticity of the roe samples was confirmed by determining their fatty acid composition.
Chemicals

PCB Test solution 14 for ECD 10 pg/mL in heptane, analytical standard. Product Number 33891. It contains
the following components: PCB-No 18, PCB-No 28, PCB-No 31, PCB-No 44, PCB-No 52, PCB-No 101, PCB-
No 118, PCB-No 138, PCB-No 149, PCB-No 153, PCB-No 170, PCB-No 180, PCB-No 194, PCB-No 208.
PCB No 209 solution in Isooctane 10 pg/mL is an analytical standard. Its product Number is 41612, and it is
manufactured by Sigma Aldrich (Switzerland).

PCB No 30 solution in Isooctane 10 pg/mL, analytical standard. Product Number 72793, Sigma Aldrich
(Switzerland).

Nitrogen gas of special purity, 99.999% (supplied by KRIOHENSERVIS LLC).
Isooctane for liquid chromatography LiChrosolv, Merck (Germany).

Sodium methoxide Natriummethoxid purum >97.0%, Fluka (Switzerland).
n-Hexan (purity GC 98%), Merck (Germany).

Methanol (HPLC grade), Lot: 1419984, Fisher Scientific (UK).

Chloroform for chromatography, Merck (Germany).

Diethyl ether (purity GC 98%), Merck (Germany).

Copure® Silica SPE Cartridge. Cat. No: Cosil61000, Biocomma (China).
Copure® Florisil SPE Cartridge. Cat. No: Cofl61000, Biocomma (China).
Biological Materials

To develop and test the methodology, we used black roe “Royal Caviar Classic”, 50 g, purchased from a
retailer in one of the shopping centres in Kyiv.
Instruments

Solvent Extractor SER 148 (Soxclet apparatus); Velp Scientifica (Italy); Gas-liquid chromatography Trace GC
Ultra, Thermo Fisher Scientific (United States); electron capture detector (ECD); capillary chromatography
column SGE HT8-PCB (60 mx 0.25 mm, Part number 054236), Trajan Scientific and Medical; Vacuum manifold
for solid-phase extraction with stand and vacuum pump N86 KT18, Laboport (France); Electronic laboratory
scales Kern&Sohn GmbH ABJ 220-4M, KERN&SOHN (Germany); Shaking machine VortexMS 3 digital, IKA
(Germany).
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Laboratory Methods

The validation was performed at the Ukrainian Laboratory of Quality and Safety of Agricultural Products of
the National University of Life and Environmental Sciences of Ukraine (accredited according to DSTU ISO/IEC
17025:2019). The suitability of our developed method for determining PCBs in fish roe was evaluated according
to the established general and specific requirements for PCB determination, which are applied during validation.
This evaluation considered requirements for sample collection and the formation of a composite sample, sample
storage conditions, personnel competence, and the requirements for laboratory equipment, reagents, and the
laboratory's microclimate. Additionally, certificates from an authorised institution confirm the calibration of the
instruments. The requirements for linearity testing and constructing a calibration curve (which includes 5
calibration points, each in 3 repetitions) were met. During the validation, the following method requirements were
ensured: Low working range and limits of quantification (For most PCB congeners limit of quantification in the
nanogram (10 — 9 g) range is already sufficient); High selectivity (specificity); High accuracy; Limit of
quantification (for a confirmatory method shall be about one-fifth of the maximum level); the relative standard
deviation (RSD, %) of the measurement results under convergence conditions within (RSD >15%); the recovery
percentage (R, 80 — 120%); the correlation coefficients (R* >0.995) [34], [35].

Following the quality system requirements of DSTU ISO/IEC 17025:2019 and following the Commission
Decision and Commission Regulation [34], [35], the following microclimate conditions were ensured in the
laboratory premises during testing: temperature: 20+5°C; humidity: <80%; atmospheric pressure range: 84.0 —
106.7 kPa. All reagents and analytical standards were within their valid storage period at the testing time, meaning
they were not expired. The fish roe samples were stored in a refrigerator at 2 — 8°C temperature before analysis.
The prepared test samples were stored for 7 days in hermetically sealed vials. PCB analytical standards were
stored at a temperature of minus 18°C. Adhering to the microclimate conditions of the laboratory premises and
the storage conditions of reagents and test samples is a key requirement in the method's suitability assessment.
Therefore, the method's reliability was verified only under the conditions specified by the DSTU ISO/IEC
17025:2019 quality system and the Commission Decision and Commission Regulation [34], [35]. No deviations
from the specified microclimate and storage conditions were allowed during the method suitability assessment.
Description of the Experiment
Sample preparation: Fish roe samples were homogenised to a uniform mass. 5+0.1 g of fish roe was weighed
and transferred to a cellulose cartridge for extraction. A layer of cotton wool was placed over the sample, and
PCBs were extracted using a Soxhlet apparatus. The extraction (fat extraction) was performed at 80 °C — 30 min
in diethyl ether, 60 min over ether and 30 min diethyl ether evaporation. 2 ml of isooctane was added to the dry
residue of the extract, shaken vigorously for 1 min and transferred to 5 ml test tubes. A second portion of isooctane
(2 ml) was added, shaken vigorously for 1 min, and the extract was combined in a 5 ml test tube. The extract was
then purified by solid phase extraction using two cartridges: the upper one - Florisil SPE cartridge, the lower one
- Silica SPE cartridge. The cartridges were conditioned with 2 ml of isooctane, and the extract was applied to the
upper cartridge (Florisil SPE). Elution was performed with isooctane (3 times with 2 ml). The purified extracts
obtained were made up to a volume of 10 ml and analysed by gas-liquid chromatography with an electron capture
detector (ECD) using the chromatographic conditions recommended by the manufacturer of the SGE HTS8-PCB
capillary chromatography column on which the separation of PCBs was carried out.

Number of samples analyzed: 20 samples of fish roe.

Number of repeated analyses: 2.

Number of experiment replications: the number of replications of each experiment to determine a value
was two.

Design of the experiment: In the first stage, we developed a method that included optimising sample
preparation (optimal solvents, sample cleaning consumables) and selecting chromatographic conditions.

To determine the PCB content, a gas-liquid chromatograph Trace GC Ultra, Thermo Fisher Scientific (United
States), and electron capture detector (ECD) were used. PCBs were separated on an SGE HT8-PCB capillary
chromatography column (60 m x 0.25 mm, part number 054236).

Description of instrument settings and chromatographic conditions:

Injection volume — 2 pl, injection type — splitless; carrier gas type — nitrogen, flow rate — 2 ml/min, flow mode:
constant flow. Temperature program for the GC oven:

Initial temperature — 70 °C, Hold time (minutes) — 1.00;

Ramp 1: Rate (°C/min) — 40.0, temperature (°C) — 130, Hold Time (minutes) — 0.00;

Ramp 2: Rate (°C/min) — 2.5, temperature (°C) — 290, Hold Time (minutes) — 5.00.

Oven Run-Time (min) — 71.50. Prep Run Timeout (min): 10.00. Equilibration Time (min): 0.50.
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An Electron-Capture Detector (ECD) from Thermo Fisher Scientific was used. Description of the detector
settings: Base Temperature (°C) — 300, ECD Temperature (°C) — 300, Reference Current (nA): 1.0, Pulse
Amplitude (V) — 50, Pulse Width (usec): 1.0. Makeup Flow (ml/min): 40.

Results were evaluated using the specialised instrument software Xcalibur. The mass fraction of each PCB
was calculated using the external standard method and expressed in mg/kg. The second step was to assess the
suitability of this method, i.e. its validation according to the following criteria: selectivity, linearity, limits of
detection (LOD), limits of quantification (LOQ), accuracy and precision, and recovery. The suitability assessment
of the method was carried out by Commission Regulation (EU) No 589/2014 [34] and Commission Decision
2002/657/EC [35], which ensures the implementation of EU Directive 96/23/EC concerning the performance of
analytical methods and the interpretation of results [36].

The limits of detection (LOD) for each PCB were calculated as the mass concentration of the component that
produces a signal (peak area) that is 3 times higher than the signal of the blank sample (matrix). The limits of
quantification (LOQ) for each PCB were calculated as the mass fraction of the component that produces a signal
(peak area) that is 10 times higher than the signal of the control sample of the analyzed matrix [34], [35].
Statistical Analysis

The results were evaluated using the dedicated gas chromatography software Xcalibur, version 2.0.7 (Thermo
Scientific Software). This programme consists of several separate blocks (Processing Setup, Quan Browser-
Calibration) and allows automatic identification of component peaks by their release time and determination of
linearity (R? calculation) during calibration. One of the functions of Xcalibur is also the export of primary data
(retention times (Rt) PCBs, peak areas (S) and noise/signal (S/N)) to Microsoft Excel. To perform statistical
analysis of the validation criteria and to determine the Relative Standard Deviation (RSD), Mean, Standard Square
Deviation and Expanded Uncertainty, the appropriate formulae were written in Microsoft Excel. That is, statistical
data analysis was performed using Microsoft Excel and Xcalibur.

The measurement results were statistically processed according to the Sante 11312/2021 guideline, calculating
only the RSD (Relative Standard Deviation) in percentages. Calculating p-values is not a mandatory criterion
when validating chromatographic methods [37].

RESULTS AND DISCUSSION

The GC/MS method [38] with the recommended QUEChERS sample preparation [39] should be considered
for determining PCBs in high-fat foods. It allows fast and efficient extraction of residual amounts of target
compounds and purification of the extract from matrix components [40], [41].

Researchers have optimised a method for determining polychlorinated biphenyls in fish based on accelerated
extraction with acetone/n-hexane (1:1) solvents [42].

The GC-ECD method is also used to determine PCBs with recoveries of 95.7 — 101% [43].

Several variants of PCB determination methods are described in the scientific literature [44] and official
regulatory documents [45]. One method is for determining 19 PCBs in solid matrices using a capillary
chromatography column (30 m) with different diameters. The sample preparation steps for determining the 19
PCB congeners can be used to analyse and identify other congeners. Still, not all 209 PCB congeners can be
identified using the chromatography columns and analytical procedures described in this method [46].

There are also several methods for extracting solid samples to determine PCBs, which are listed in the official
methods. Solid samples can be extracted with hexane-acetone (1:1) or methylene chloride-acetone (1:1) using
Method 3540C (Soxhlet) [47], Method 3541 (automated Soxhlet) [48], Method 3545 (pressurised fluid extraction)
[49], Method 3546 (microwave extraction) [50], Method 3550 B (ultrasonic extraction) [S1], Method 3562
(supercritical fluid extraction) [52].

Capillary columns with an internal diameter of 0.25 mm, 0.32 mm or 0.53 mm are used for GC/ECD
chromatography. Columns with smaller inner diameters have a higher chromatographic resolution than those with
larger inner diameters. Chromatographic columns with a smaller inner diameter (0.25 mm) and long length ( >60
m) can generally be more efficient in separating a larger number of PCB congeners [53].

An analytical method has been developed based on the extraction of organochlorine pesticides (p,p'DDT,
p,p'DDE, p,p'DDD, a-HCCG, B-HCCG, y-HCCG, heptachlor) and PCBs with organic solvents, purification of
the extracts obtained and subsequent quantitative determination of these compounds by GC/ECD [45]. A method
for determining 6 PCBs in chicken eggs is also described. It involves extraction for 3 hours on a magnetic stirrer
using n-hexane/acetone 85:15 (v:v), ultrasonication, evaporation under a nitrogen stream, addition of sulphuric
acid and ENVI-carb®, overnight soaking, centrifugation, repeated evaporation under a nitrogen stream, addition
of n-hexane solvent, purification with Bond Elut-PCB, repeated evaporation under a nitrogen stream and
dissolution of the residue in isooctane [54].
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In the scientific literature [26], a multi-step preparation of roe samples for GC/ECD analysis is described,
involving 24-hour sample extraction using a Soxhlet apparatus, evaporation on a rotary evaporator, centrifugation
and concentration of the sample under a nitrogen stream using reagents such as sodium sulphate, sulphuric acid,
hexane and dichloromethane. Other methods for determining PCBs are also known and have advantages and
disadvantages [21].

At present, the scientific community working in the field of analytical methods development aims to find new
methods, to develop simplified methods of sample preparation for the determination of PCBs in foods with high-
fat content, which would be characterised by the shortest possible execution time, minimal use of human
resources, require the use of small volumes of solvents, i.e. have a low cost, but at the same time provide effective
extraction of the components of interest and acceptable metrological characteristics of the method [40].

To overcome the disadvantages of traditional sample preparation (long and multi-step) [28], [29], [30], [31],
[55] in the determination of PCBs in fish roe, we proposed a method for the determination of 14 PCBs in fish roe
using automated Soxhlet extraction followed by purification of the extracts by solid phase extraction (SPE).

The essence of the method modification is the extraction of fat from fish roe with diethyl ether (using a Soxhlet
apparatus), followed by SPE purification of the samples using 2 types of cartridges: Florisil SPE cartridge (pore
volume 0.70 — 0.90 mL/g) and Silica SPE cartridge containing silicon dioxide (Si0O,), magnesium dioxide (MgO)
and sodium dioxide (Na>SOs), using is ethane as eluent.

The sample preparation procedure for our modified method is described in this article's 'Sample preparation'
section.

Assessment of method suitability. The method was validated according to the criteria of the European
Commission Regulation (EU) No 589/2014 [34] and Commission Decision 2002/657/EC [35]: selectivity,
linearity, limit of detection (LOD), limit of quantification (LOQ), precision and accuracy.

Optimisation of the chromatographic conditions allowed the determination of retention times (Rt) for all the
PCBs analysed. Chromatogram of a 14-component analytical standard for PCBs (Rt for PCB 18 —24.94; for PCB
31 —28.79; for PCB 28 — 29.08; for PCB 52 —31.32; for PCB 44 — 33.08; for PCB 101 — 38.36; for PCB 149 —
42.55; for PCB 118 —43.90; for PCB 153 — 45.22; for PCB 138 — 47.25; for PCB 180 — 52.49; for PCB 170 —
54.49; for PCB 194 — 59.39; for PCB209 — 62.02) at the level of 0.01 mg/kg is shown in Figure 1.
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Figure 1 Chromatogram of analytical standard PCBs Test solution 14 for ECD (PCB 18, PCB 31, PCB 28, PCB
52, PCB44, PCB 101, PCB 149, PCB 118, PCB 153, PCB 138, PCB 180, PCB 170, PCB 194, PCB 209) at 0.01
mg/kg.

Selectivity. To determine the selectivity of the method, samples of black salted fish roe free of PCBs (blank
samples) and simulated samples containing 14 PCBs (PCB 18, PCB 31, PCB 28, PCB 52, PCB 44, PCB 101,
PCB 149, PCB 118, PCB 153, PCB 138, PCB 180, PCB 170, PCB 194, PCB 209) at concentrations of 0.005
mg/kg, 0.01 mg/kg, 0.02 mg/kg; 0.04 mg/kg were analysed. A comparison of the chromatograms obtained showed
that the determination of PCBs in fish roe was not affected by other components in the sample (Figur 2). It should
also be noted that gas-liquid chromatography with an electron capture detector (GC/ECD) is a highly selective
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method, allowing the determination of an analyte in the presence of matrix components due to the operation of

the detector [26].
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Figure 2 Chromatogram of added 14 PCBs in a model fish roe sample at 0.01 mg/kg.
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Table 1 Results of the evaluation of linearity, limit of detection and limit of quantification of the developed

method.

Name according to [IUPAC'

Linear range,

nomenclature mg/kg R’ LOQ, mg/kg  LOD, mg/kg
flizc"g'lgimlor‘)biphe“yl 0.002 — 0.050 0.9988 0.003 0.0009
fl’,“c"gfl;icmombiphe“yl 0.002 - 0.050 0.9990 0.001 0.0003
fll“c":;';r;)i chlorobiphenyl 0.002 - 0.050 0.9966 0.001 0.0003
fﬁcﬁizf etrachlorobiphenyl 0.002 — 0.050 0.9991 0.001 0.0003
fllzc";ﬂfetracmombiphe“yl 0.002 — 0.050 0.9984 0.001 0.0003
flizc";’lsﬁi;’Pentacmombiphenﬂ 0.002 — 0.050 0.9999 0.001 0.0003
fl’,zc";’f‘;’gs)"6'Hexacm°r°biphe“yl 0.002 — 0.050 0.9993 0.001 0.0003
fﬁ%’;’ﬁ’SS)'PentaChlorObiphe“yl 0.002 — 0.050 0.9989 0.001 0.0003
fl’,zc";’fsvf)ﬁ"Hexacmombiphe“yl 0.002 — 0.050 0.9979 0.001 0.0003
fllzc";’fggv)’s"Hexacmombiphe"yl 0.002 - 0.050 0.9972 0.001 0.0003
flizc";’fg?,v)’s’s"Hept“hlor"biphe“yl 0.002 — 0.050 0.9978 0.001 0.0003
fl’,zc";f;};‘)’w’S'Hept“hlombiphe“yl 0.002 - 0.050 0.9998 0.001 0.0003
%;itfc,il’(:‘;:l;isl;iényl(PCB194) 0.002 - 0.050 0.9962 0.001 0.0003
2:2'3,3,4,41,5,31,6,6 - 0.002 —0.050 0.9974 0.001 0.0003

Decachlorobiphenyl(PCB209)

Note: IUPAC' — International Union of Pure and Applied Chemistry; R* — correlation coefficients.
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Linearity. To establish the calibration curve, 5 solutions of the analytical standard 14 PCBs with the specified
PCB concentrations (0.05 mg/kg, 0.02 mg/kg, 0.01 mg/kg, 0.005 mg/kg, 0.002 mg/kg) were used. For each
standard solution, two values of the analytical signal (chromatographic peak area) were obtained using one batch
of reagents, equipment and consumables. Regression analysis of the data was performed by the least squares
method using a linear model.

The calibration curves for all PCBs showed R? values ranging from 0.9962 to 0.9999, which meets the required
level of >0.995 (Table 1, Figure 3 and Figure 4).

Therefore, the standard curves for polychlorinated biphenyls (PCB 18, PCB 31, PCB 28, PCB 52, PCB 44,
PCB 101, PCB 149, PCB 118, PCB 153, PCB 138, PCB 180, PCB 170, PCB 194, PCB 209) are linear in the
range 0.002 to 0.05 mg/kg.

Limits of detection (LOD). The limit of detection for each of the 14 PCBs was determined based on the signal-
to-noise ratio (S/N) of the chromatographic peak, which is three times higher than the S/N of the blank sample
(S/N =3).

The results showed that the limit of detection for PCBs in fish roe was 0.0009 mg/kg for PCB 18 and 0.0003
mg/kg for PCB 31, PCB 28, PCB 52, PCB 44, PCB 101, PCB 149, PCB 118, PCB 153, PCB 138, PCB 180, PCB
170, PCB 194, PCB 209 (Table 1).

Limits of quantification (LOQ). The limit of quantification for each PCB was determined based on the signal-
to-noise ratio (S/N) of the chromatographic peak, which is 10 times higher than the S/N of the blank (S/N=10).

It was found that the limit of quantification (LOQ) of PCBs in fish roe was 0.003 mg/kg for PCB 18 and 0.001
mg/kg for PCB 31, PCB 28, PCB 52, PCB 44, PCB 101, PCB 149, PCB 118, PCB 153, PCB 138, PCB 180, PCB
170, PCB 194, PCB 209 (Table 1).

According to the current regulatory document in Ukraine [22] and EU Commission Regulation (EU) No
1259/2011 [23], the total amount of six PCBs (PCB 28, PCB 52, PCB 101, PCB 138, PCB 153 and PCB 180) in
fish products (including roe) should not exceed 75 ng/g (0.075 mg/kg).

Therefore, the limit of detection and limit of quantification of polychlorinated biphenyls according to the
developed method is acceptable for their determination in fish roe by the regulatory documents of Ukraine and
EU Commission Regulation No. 589/2014 [34].

Accuracy. The accuracy of PCB determination in fish roe was evaluated using the injected-found method. The
analytical standard of 14 PCBs (PCB 18, PCB 31, PCB 28, PCB 52, PCB 44, PCB 101, PCB 149, PCB 118, PCB
153, PCB 138, PCB 180, PCB 170, PCB 194, PCB 209) at levels of 0.005, 0.01, 0.02 and 0.04 mg/kg was added
to the fish roe samples which did not contain residual PCBs. After all the steps of sample preparation and GC/ECD
analysis of the extracts obtained, the concentration of PCBs was determined and the degree of recovery (R, %)
was calculated for 5 model matrices of artificially enriched PCBs.

The results of the study showed that the lowest recovery (R, %) of PCBs at the level of 0.01 mg/kg was
obtained for PCB 31, which was 81.50%; the highest recovery was obtained for PCB 118, which was 107% (at
an added concentration of 0.02 mg/kg), and for PCB170, which was 106.75% (at an added concentration of this
PCB of 0.04 mg/kg) (Table 2).
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Figure 3 Linearity of solutions of 5 concentrations of the PCBs analytical standard (PCB 18, 28, 31 and 52).
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Table 2 Results of the evaluation of the accuracy and precision of the determination of 14 PCBs (n=5).
The concentration of PCBs added to the sample

PCBs 0.005 ng/kg 0.01 mg/zkg 0.02 mg/zkg 0.04 mg/zkg
IR, % ROZD’ R, % ROZD’ IR, % R(,ZD’ R, % ROZD’
PCB18 99.40 4.29 92.00 4.84 95.00 7.07 91.23 2.66
PCB31 100.00 2.83 81.50 5.24 93.50 4.54 99.06 1.02
PCB28 102.00 2.77 99.65 1.92 94.25 4.88 88.75 5.98
PCB52 88.60 9.43 89.50 5.53 96.75 2.56 99.75 1.42
PCB44 94.00 6.02 99.50 7.82 99.00 1.43 97.50 2.90
PCB101 90.00 3.14 93.00 6.08 97.50 2.15 96.63 1.79
PCB149 95.00 4.47 99.90 6.21 104.00 1.36 100.88 1.60

PCB118  104.00 2.72 107.00 1.32 106.75 2.09 102.13 1.56
PCB153  101.00 1.40 101.00 1.40 103.00 3.47 103.25 1.37

PCB138 97.00 1.46 98.00 1.44 96.80 5.29 99.00 2.96
PCB180 99.80 4.10 101.50 2.21 102.00 1.69 103.00 2.40
PCB170  100.00 6.84 99.50 5.42 101.75 1.04 106.75 1.85
PCB194  100.50 7.44 101.50 4.56 101.25 1.05 93.38 1.33
PCB209  100.70 1.83 98.50 2.15 102.05 3.78 96.63 1.49

'R — degree of recovery; “RSD — relative mean square deviation.

Thus, the obtained results of the degree of PCB extraction from fish roe correspond to the range of permissible
values (80 — 120%) given in the EU Commission Regulation No. 589/2014 [34].

Precision. The precision of the GC/ECD method for the analysis of PCBs in fish roe was determined by the
convergence of the measurement results. Convergence was estimated according to the following scheme:

- model (artificially spiked with PCBs at levels of 0.005, 0.01, 0.02 and 0.04 mg/kg) samples of black fish roe
were analysed in 10 replicates;

- this experiment was performed under conditions of convergence (under the same conditions, with the same
equipment, by the same researcher, within a short period);

- the relative standard deviation (RSD, %) values were calculated for the concentration values obtained.

It was found that the relative standard deviation (RSD, %) of the results of measurement of model fish roe
samples under conditions of convergence for PCB at concentrations of 0.005 mg/kg, 0.01 mg/kg, 0.02 and 0.04
mg/kg for PCB 18 (2.66 — 7.07 %); for PCB 31 (1.02 — 5.24 %); for PCB 28 (1.92 — 5. 98 %); for PCB 52 (1.42
—9.43 %); for PCB 44 (1.43 — 7.82 %); for PCB 101 (1.79 — 6.08 %); for PCB 149 (1.36 — 6.21 %); for PCB 118
(1.32 = 2. 72 %); for PCB 153 (1.37 — 3.47%); for PCB 138 (1.44 — 2.96%); for PCB 180 (1.69 — 4.10%)); for
PCB 170 (1.04 — 6.84%); for PCB 194 (1.05 — 7.44%); for PCB 209 (1.49 — 3.78%) (Table 2).

Thus, the relative standard deviation of the measurement results under convergence conditions ranged from
1.02% to 9.43%, which does not exceed the established values (RSD >15%) given in the EU Commission
Regulation No. 589/2014 [34]. The results of the convergence evaluation indicated the absence of systemic errors
in the developed methodology.

The evaluation of the suitability (validation) of the method for determining 14 PCBs (PCB 18, PCB 31, PCB
28, PCB 52, PCB 44, PCB 101, PCB 149, PCB 118, PCB 153, PCB 138, PCB 180, PCB 170, PCB 194, PCB
209) in fish roe by GC/ECD using automated Soxhlet extraction followed by purification of the extracts by SPE
(Florisil, Silica) showed acceptable metrological characteristics [34].

Thus, the results obtained provide the basis for further studies on method modification using solvents and solid
phase purification methods for the determination not only of PCBs in fatty products but also of other fat-soluble
persistent organic pollutants, in particular polyaromatic hydrocarbons and organochlorine pesticides.
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CONCLUSION

The method for the determination of polychlorinated biphenyls (PCB 18, PCB 31, PCB 28, PCB 52, PCB 44,
PCB 101, PCB 149, PCB 118, PCB 153, PCB 138, PCB 180, PCB 170, PCB 194, PCB 209) in fish roe by gas-
liquid chromatography with electron capture detector (GC/ECD) using automated Soxhlet extraction followed by
purification of the extracts by SPE (Silica, Florisil SPE cartridges) showed acceptable metrological characteristics.
The correlation coefficients (R?) for PCBs were >0.995. The limit of detection (LOD) and limit of quantification
(LOQ) of PCBs were below the European Union (EU) limits. The recovery of PCBs from fish roe ranged from
81.5% to 107%, indicating the proposed method's acceptability (R, 80 — 120%). The relative standard deviation
of the recovery results ranged from 1.02% to 9.43%. These values do not exceed the established standards, as
specified in the EU Regulation No. 589/2014. The results of the studies give grounds to believe that the method
developed by GC/ECD for the determination of 14 polychlorinated biphenyls (PCB 18, PCB 31, PCB 28, PCB
52, PCB 44, PCB 101, PCB 149, PCB 118, PCB 153, PCB 138, PCB 180, PCB 170, PCB 194, PCB 209) in fish
roe meets the requirements of Commission Regulation (EU) No 589/2014 and is suitable for use in specialised
chemical analytical laboratories for food safety control.
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