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Abstract: A comprehensive analytical method based on gas chromatography-mass spectrome-

try (GC-MS) was developed for the determination of 3-monochloropropanediol esters, 2-mono-
chloropropanediol esters, and glycidyl esters in vegetable oils. Different parameters, such as
bromination reaction temperature, bromination reaction time, derivatization reagent dosage,
and derivative reaction time, were studied. The optimal conditions were as follows: 0.25 g of
oil was weighed in a 10-mL glass tube, followed by the addition of 2 mL tetrahydrofuran, 25 pL
of internal working standard solutions, and 30 pL of acid aqueous solution of NaBr,
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homogenized, and the mixture was incubated at 50 C for 15 min. The reaction was stopped by
the addition of 3 mL of an aqueous solution of sodium hydrogen carbonate. To separate the oil
from the water phase, n-heptane was added, and the upper layer was transferred to an empty
test tube and evaporated to dryness under a nitrogen stream. The residue was dissolved in 1 mL
of tetrahydrofuran. 1. 8 mL of sulfuric acid solution in methanol was added to the sample, and
the resulting mixture was incubated at 40 °C for 16 h. The reaction was stopped by the addition
of 0. 5 mL of an aqueous solution of sodium hydrogen carbonate. After purification by n-hexane
and derivatization of phenylboric acid, the derivatives were extracted with n-hexane. After
nitrogen blowing, the residue was dissolved in 1 mL of n-hexane, and then filtered through a
0. 45-pm membrane filter unit prior to GC-MS analysis. Temperature programming was applied
at an initial temperature of 80 C. After 0. 5 min, the temperature was raised to 180 °C at a rate
of 20 C/min, held for 0.5 min, raised to 200 C at a rate of 5 C/min for 4 min, and finally
raised to 300 C at a rate of 40 C/min for 4 min. The target compounds were separated on a
DB-5MS column (30 mx0. 25 mmx1 pm). Identification and quantification were achieved using
an electron impact ( EI) ion source in the positive ion mode with the selected ion monitoring
mode. The internal standard method was used to quantify the 3-chloropropanediol esters, 2-
chloropropanediol esters, and glycidyl esters. Under the optimal conditions, the correlation
coefficients of the standard calibration curves were greater than 0. 999 in the mass concentra-
tion range of 0. 01-0. 80 mg/L. The limits of detection were 25, 25, and 20 pg/kg (S/N=3),
and the limits of quantification were 75, 75, 60 png/kg (S/N=10). Four samples of different
matrix types were selected for scaling experiments. At spiked levels of 250, 500, and 750
ng/kg, the recoveries of 3-chloropropanediol esters, 2-chloropropanediol esters, and glycidyl
esters in spiked samples ranged from 89.0% to 98.7%, with relative standard deviations
between 2. 05% and 7. 81% (n=6). This method was used to determine 112 commercially avail-
able vegetable oil samples, among which 84 samples were detected with 3-chloropropanediol
esters, 2-chloropropanediol esters, or glycidyl esters.

The method developed in this study was remarkably different from the standard method,
which are mentioned in the national standard method ( GB 5009. 191-2016) and industry stand-
ard method (SN/T 5220-2019) , especially in the pretreatment step that involved acidic transes-
terification. Use of the acidic transesterification method can avoid side reactions, such as the
conversion of 3-chloropropanediol, 2-chloropropanediol, and 3-bromopropanediol to free gly-
cidol under alkaline conditions. The method developed in this study was more efficient, and the
results were more accurate and reproducible. It has theoretical and practical significance for the
control of 3-chloropropanediol esters, 2-chloropropanediol esters, and glycidyl esters residues
in vegetable oils, establishment of detection standards, and optimization of the production
process.
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Table 1 Retention times, quantitative and qualitative

ions of the three target compounds and their
internal standards (IS)

Target Retention Quantitative Qualitative

compound time/min ion (m/z) ions (m/z)
3-MCPD-PBA 10.960 147 91, 196
D4-3-MCPD-PBA 10.898 203 93, 150
2-MCPD-PBA 11.561 198 104, 196
D,-2-MCPD-PBA 11.488 201 93, 104
3-MBPD-PBA 12.885 240 91, 146
D4-3-MBPD-PBA 12.795 245 149, 150

3-MCPD-PBA: 3-monchloropropane-1,2-diol-phenylboronic
derivative; D5-3-MCPD-PBA. d5-3-monchloropropane-1,2-
diol-phenylboronic derivative; 2-MCPD-PBA: 2-monchloro-
propane-1,3-diol-phenylboronic derivative; D5-2-MCPD-PBA .
d5-2-monchloropropane-1,3-diol-phenylboronic derivative; 3-
MBPD-PBA . 3-monobromopropane- 1, 2-diol-phenylboronic
derivative; D5-3-MBPD-PBA: d5-3-monobromopropane-1,2-
diol-phenylboronic derivative.
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Fig. 1 Total ion current chromatograms and mass spectra of the three target compounds and their IS
The concentrations of the three target substances were 10 mg/L, and the concentrations of their IS were 5 mg/L.
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Fig. 2 Effect of (a) bromination reaction temperature
and bromination reaction time (b) on the con-
version efficiency of IS D;-glycidyl palmitate in
vegetable oil samples
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Fig. 3 Effect of (a) volume of derivatization reagent

and (b) derivatization reaction time on the
determination results of three IS in vegetable
oil samples
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3-MCPDEs ,2-MCPDEs } GEs £ i BRFl i€ it FR
I3 25.25.20 pg/kg F 75,75 .60 wg/kg.,
*2 BRULESYHNEEAEMAXRBAQHRNESR
Table 2 Linear equations, correlation coefficients (r?),

limits of detection (LODs) and limits of quanti-
fication (LOQs) of target compounds

Compound Linear equation 7’ LoD/ Lo
(pg’kg) (ng/kg)
3-MCPD-PBA y=17.7700682-0.196156 0.9998 25 75
2-MCPD-PBA y=0.3911452+0.001431  0.9998 25 75
3-MBPD-PBA y=0.7224272-0.007760  0.9999 20 60

Y. peak area ratio of the analyte to the internal standard;
2. mass concentration ratio of the analyte to the internal
standard.
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Table 3 Spiked recoveries and RSDs of 3-MCPDEs, 2-MCPDEs and GEs in vegetable oils (n=6)

. 3-MCPDEs 2-MCPDEs GEs
Oil type (S}I::;i(:) Measured/ Recovery/ RSD/% Measured/ Recovery/ RSD/ Measured/ Recovery/ RSD/
(mg/kg) % (mg/kg) % % (mg/kg) % %
Soybean oil 0 ND - - ND - - ND - -
250 0.244+0.015 89.3 5.98 0.258+0.012 89.0 4.60 0.274£0.014 90.3 4.94
500 0.478+0.019 91.8 3.98 0.505+0.017 94.3 3.33 0.523+0.019 95.2 3.72
750 0.736+0.018 95.9 2.44 0.740+0.018 94.5 2.37 0.758+0.017 95.2 2.26
Rapeseed oil 0 0.216+0.014 - 6.37 0.117+0.009 - 7.81 0.409+0.017 - 4.21
250 0.439+0.018 90.0 4.02 0.351+0.015 94.4 4.16 0.644+0.020 94.6 3.15
500 0.677+0.025 92.8 3.71 0.578+0.019 92.9 3.31 0.869+0.025 92.6 2.92
750 0.931+0.027 96.1 2.91 0.840+0.020 97.2 2.39 1.144+0.028 98.7 2.43
Sunflower oil 0 ND - - ND - - 0.107+0.003 - 2.93
250 0.240+0.010 91.7 4.21 0.258+0.010 90.9 3.91 0.335+0.013 91.9 3.79
500 0.476+0.019 93.5 4.08 0.487+0.019 91.5 3.86 0.573+0.019 93.9 3.23
750 0.725£0.016 96.1 2.26 0.764+0.017 98.7 2.17 0.809+0.025 94.8 3.15
Linseed oil 0 ND - - ND - - ND - -
250 0.243+0.013 91.3 5.49 0.247+0.010 91.0 4.22 0.256+0.013 91.3 5.22
500 0.483+0.021 94.0 4.27 0.488+0.018 94.0 3.76 0.493+0.019 93.5 3.93
750 0.744£0.019 97.6 2.53 0.736+0.015 95.9 2.05 0.740+0.017 95.4 2.35

ND: not detected.

F 4 AEFZMNESHEYMS 3 HEFEINESE (n=6)
Table 4 Contents of three target substances in vegetable
oil by different methods (n=6)

Assigned Contents/ (mg/kg)
Analyte value/ This GB SN/T
(mg/kg) method  5009.191-2016 5220-2019
3-MCPDEs 0.569  0.558+0.016 0.498+0.033 0.516+0.031
2-MCPDEs 0.275 0.265+£0.012 0.211+0.024 -
GEs 0.459  0.456+0.015 - -
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%5 SLER# & 3-MCPDEs,2-MCPDEs #1 GEs HJ#& il 4 5
Table 5 Detected results of 3-MCPDEs, 2-MCPDEs
and GEs in real samples

. Sample Contents/ ( mg/kg)
Oil type
number 3-MCPDEs 2-MCPDEs GEs
Soybean oil 22 ND-0.970 ND-0.456 ND-1.600
Rapeseed oil 40 ND-1.292 ND-0.549 ND-2.177
Sunflower oil 16 ND-0.398 ND-0.219 ND-0.505

Corn oil 12

Sesame oil 22

0.068-0.509 0.089-0.498 0.108-0.639
0.223-3.670 0.109-1.550 0.059-1.720
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