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Determination of Phthalate Esters by Covalent Organic Framework-Coated Solid-Phase Microextraction Coupled
with Gas Chromatography-Mass Spectrometry WAN Meng-ya, ZHANG Chen-qing, LI Li-xin", HU Kai* (Academy of Chinese
Medical Sciences, Henan University of Chinese Medicine, Zhengzhou 450046, China)

Abstract: The migration of phthalate esters (PAEs) from plastic packaging into solid and liquid formulations of traditional Chinese medicines
poses health risks, including endocrine disruption. In particular, liquid formulations such as honeysuckle oral liquid have complex matrices and
low concentrations of target compounds, making direct detection of PAEs difficult. Therefore, this study aimed to establish a solid-phase
microextraction (SPME)-gas chromatography-tandem mass spectrometry method based on a covalent organic framework (COF) coating for the
determination of seven PAE residues in honeysuckle oral liquid. Using 4,4',4"-(1,3,5-triazine-2,4,6-triyl)triphenylamine (NTB) and
triformylphloroglucinol (TP) as monomers, an NTB-TP-COF porous material was synthesized via a solvothermal method. Its structure,
crystallinity, thermal stability, and morphology were characterized using FT-IR, XRD, TG, and SEM. The material exhibited a three-dimensional
porous network of interwoven fibers and retained 85.35% of its weight at 340 °C, making it suitable as an SPME coating. The effects of the
extraction temperature, extraction time, salt concentration, desorption time, desorption temperature, and stirring speed on extraction efficiency
were systematically investigated. The optimal conditions were determined to be an extraction temperature of 50 °C, extraction time of 30 min,
salt concentration of 2.5%, desorption time of 3 min, desorption temperature of 280 °C, and stirring speed of 400 r/min. Under optimized
conditions, the seven PAEs exhibited good linear relationships within their respective linear ranges (R? > 0.99). The limits of detection ranged
from 0.033 to 0.33 ng/mL, and the limits of quantification ranged from 0.10 to 1.0 ng/mL. Intra-day precision (n = 6) ranged from 3.52% to
8.98%, and inter-day precision (n = 3) ranged from 5.97% to 11.34%. The method was applied to two types of honeysuckle oral liquid samples
packaged in glass and plastic bottles, with dibutyl phthalate (0.16 ng/mL) and di-n-octyl phthalate (1.06 ng/mL) detected in the plastic-bottled
samples. The spiked recovery rates ranged from 76.06% to 123.19%, with relative standard deviations ranging from 0.69% to 14.29%.
Compared to traditional pretreatment methods, this method integrates extraction and enrichment, does not require large amounts of organic
reagents, and is simple to operate, highly sensitive, and reproducible. The prepared NTB-TP-COF coating exhibited good extraction and
enrichment performance for the target PAEs and could provide a new approach for the trace monitoring of PAEs in liquid traditional Chinese
medicine formulations and food contact materials.
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Fig.1 Schematic illustration of the preparation of NTB-TP-COF coating material and the SPME process
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Tab.1 Multiple reaction monitoring (MS1) parameters for 7
PAEs
Compound Retention time/min Characteristic ions  (m/z)
DMP 4.54 163
DEP 5.46 149
DBP 8.64 149
BBP 11.90 149
DEHA 12.20 129, 112
DEHP 14.00 149, 167
DNOP 15.80 149
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Fig.3 Effects of different SPME conditions on the extraction efficiency of PAEs
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PAEs, LM%, PR MR R TRE RELG)-
6 H FR(LOD). 52 2 FR(LOQ) & H 8/ H P K5 % £ (RSD),
FREEF LK 2, DMP. BBP #1 DNOP 7E 1 ~ 50 ng/mL
TGN A BIFIZPE, 2>0.9946; DEP LR IETEE )y
0.1 ~20 ng/mL, 72=0.9990; DBP 7 0.1 ~ 50 ng/mL ]
WA BRI, 2=0.9997; DEHA 7£ 0.5 ~ 20 ng/mL,
DEHP f£ 0.5 ~ 50 ng/mL JuF WA RIFHRIZ&ME, »>
0.9947; LMEEELL (S/ND) A 3 F 10 20 BIHE 104 7
IR H R (LOD) A 0.033 ~ 0.33 ng/mL, £ &R (LOQ)
79 0.10 ~ 1.0 ng/mL; 3L 50 ng/mL ] PAEs SKi¥-Ak
TIERIREEE, 1 d WIESHI#% 6 AL AESE 3 d Hil#%
3 YRR AT 43T, 43 AR B H AR 2 2D H TR 2
EINERHWNKEEE (ni=6) £ 3.52% ~ 8.98% [d], H
[RGB (n=3) 1E 5.97% ~ 11.34%2 18], FHZHT
TR RIFEE M.
232 INEREIWCER SR 5

AR T E A R SRR, HPh SR 1N
BeHESE, SARAEFE 2 NIEDIAE . Kz T

SHEFTERES T 7 B PAEs HUS &, IHRIN S 4RAE
2 FE TS 0.16 ng/mL [ DBP Al 1.06 ng/mL [¥) D
NOP. JHL[FFE ARG, . & 3 MR K PAE
s, W BCREZEZ AN, Wk 3 Fin, &80
e 1 3R EE A I RIS %4 76.06% ~ 123.19%,
RSD 4 0.71% ~ 14.29%, &HA{EEx 2 # 3 MKEKF
FIEUSCE N 76.12% ~ 119.40%, RSD A4 0.69% ~ 13.3
3%, 5 RRWZITIERHERAYE RIF, 7] LU TS bRt
H 7 Fh PAEs ¥ f 20 A o BRI R B RN R B 2,
TR 53 75 S A B AA Rk 408 2% — R R 5 28 110 o 1 R
HHi ey, mae s R rhasin 7R e L
AR HER AUl (DCHP). 42K B 5% T g (D
IBP). 42K —H R —2Kfg (DPHP) 3 F#{b5], LASGIE
W N E 71 7/ e A G BU D = )1 DGR 7 v /[ = = B
Vi B AR , T B AR AR R R . S5 RS,
EHAFTIMAFAE T, ARTTEEXS 7 M HFR PAEs [0
AT RECREFTE 80% ~ 120%, FREHTEZFPELLFIILAEH)
WEith, NTB-TP-COF iRJZMIRGERT H AR R FRERE -
S BERE T, A H I B T P B S B AR

# 2 SPME/GC-MS L% 55
Tab.2 Analytical parameters for the SPME/GC-MS method

Linear range

LOD LOQ/ RSD/%

Compound Linear equation r?
/ (ng » mL™D / (ng * mL™) (ng * mL™D Intra-day(n=6)  Inter-day(n=3)
DMP y=T742222x+6x10° 1~50 0.9948 0.33 1.00 3.52 8.18
DEP y=3x100x+2x10° 0.1~20 0.9990 0.033 0.10 6.91 8.44




DBP 1=9x10%%+2x107 0.1 ~50 0.9997 0.033 0.10 7.27 7.04
BBP y=9x100x-8x10° 1~50 0.9999 0.33 1.00 8.98 9.79
DEHA y=2x10"x+1x107 0.5~20 0.9947 0.17 0.50 7.32 10.10
DEHP y=2x10"x+3%107 0.5~50 0.9989 0.17 0.50 8.76 597
DNOP y=7x108x-4x10° 1~50 0.9946 0.33 1.00 7.09 11.34
K3 GHAETEREM D 7 A PAEs I RIS 2R A0HG %
Tab.3 Spiked-recovery and precision experimental results of seven PAEs in honeysuckle oral liquid
Spiked concentration Honeysuckle oral liquid 1 Honeysuckle oral liquid 2
Compounds
/ (ng * mL") Recovery/% RSD/% Recovery/% RSD/%
5.0 122.66 1.74 109.46 2.13
DMP 10 110.68 8.10 107.01 9.74
40 87.79 6.89 88.88 4.93
1.0 101.18 10.10 94.56 11.14
DEP 5.0 110.90 2.39 76.12 11.99
10 82.12 577 80.23 3.88
1.0 118.17 14.29 87.25 0.69
DBP 5.0 117.02 1.39 85.27 1.64
40 86.46 7.30 82.22 0.73
5.0 122.47 5.11 88.16 10.25
BBP 10 123.19 5.94 110.93 1.74
40 101.27 12.80 76.55 4.61
1.0 121.98 522 95.80 1.54
DEHA 5.0 101.23 0.71 91.48 2.06
10 105.86 13.94 76.26 8.17
1.0 85.63 1.82 90.06 4.15
DEHP 5.0 76.06 7.40 81.48 13.33
40 84.43 6.44 82.38 4.42
5.0 122.30 7.32 119.40 4.56
DNOP 10 118.49 4.60 111.15 4.86
40 96.22 11.41 85.70 6.30
2.4 TR HEHLERH T 5
BT 7 RO T RS | LA, ABT g To— g To—
JUILER DEP {91022, 15 COF JrBUFIE s Tt § ey § e
(B 4). WEA WL, DEP ATHA COF FLIEW 3, fLil § T g
WAL T 70 5 FURER I 5 1B S DEP 119 P X b o+ X
RS IE 5 1 S M L T AL, COF S =5 3 5 K nd Lk x ™3
SAE IR o BB B, ' 4 R
NTB-TP-COF %} 7 #7344 PAEs HIWL B2 2 B ARIL Ay
Y F B ] g 5 B Bl 4 NTB-TP-COF 5 DEP )3 T X HeA L &

Fig.4 molecular docking simulation results of NTB-TP-COF
with DEP
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