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Simultaneous determination of 15 bisphenols in prepared dishes
by soild phase extraction purification-ultra performance
liquid chromatography-tandem mass spectrometry
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Abstract: Bisphenols (BPs), which include bisphenol A and its analogs (such as bisphenol S,
bisphenol AF, and bisphenol B), are chemical substances that are synthesized artificially. BPs are
used in epoxy resins and polycarbonate plastics and are widely found in food packaging and beverage
containers. BPs are endocrine disruptors; hence, they can disrupt the natural hormonal activities
of the human body, impact the neurological development of children, and affect intestinal microbial
communities in the body, leading to obesity. Consequently, BPs pose threats to human health. The
prepared dishes are usually using plastic packaging (containers, films, tubes, etc.); consequently,
BPs migrate from the packaging material to the food in the container is hot topic of wide concern.
To address this issue, an efficient, simple and accurate method for the simultaneous determination

of the 15 BPs content levels in prepared dishes using ultra performance liquid chromatography-

75 B HA:2024-11-14
* BB &R A Tel: (0551)64383133, E-mail: liubolin087@163.com.
EE&THE LR PAMFREZ S5 H(AHWI2023A30119).
Foundation item: Youth Project of Anhui Provincial Health Commission (No. AHWJ2023A30119).



- 1090 - @ i %43 5

tandem mass spectrometry (UPLC-MS/MS) was developed. The effects of the extraction solvent and
its proportion, the amount of weighed matrix, and type of purifying agent on the responses and
recoveries of the 15 BPs were investigated under the optimized MS conditions with the aim of
determining the optimal sample-preparation conditions. The prepared dishes samples were crushed
and evenly mixed, after which an internal standard solution containing a mixture of bisphenols was
added and dispersed using 2.0 mL of ultrapure water. Acetonitrile (8.0 mL) was subsequently added,
and the sample was extracted using vortex ultrasonication, centrifuged at 10 000 r/min for 10 min,
and a 3.0-mL aliquot of the centrifuged supernatant was cleaned using a Captiva EMR-Lipid clean-
up column, after which the purified liquid was subjected to UPLC-MS/MS. Analyses of response
values, separation effects, and chromatographic peak shapes revealed that the Waters ACQUITY
HSS T, column (100 mmx2.1 mm, 1.8 wm) optimally separated the 15 target BPs at a column
temperature of 40 T, a flow rate of 0.2 mL/min, and an injection volume of 2.0 wL. A Waters
ACQUITY BEH C,; column (50 mmx2.1 mm, 1.7 pm) was used to trap and eliminate interference
from exogenous BPs in the piping components. Gradient elution was performed using methanol and
0.01% (v/v) aqueous ammonia as mobile phases. Data were collected in electrospray negative-ion
(ESI') and multiple reaction monitoring (MRM) modes, and quantified using the isotope internal
standard method. The 15 BPs exhibited good linear relationships within their respective linear ranges
under the optimized experimental conditions, with correlation coefficients (R’) greater than 0.999 0.
The limits of detection (LODs) and limits of quantification (LOQs) were in the range of 0.01-0.45
png/kg and 0.03-1.50 pg/kg, respectively. The recoveries and relative standard deviations (RSDs)
of the 15 BPs in matrix sample of prepared dishes at low, medium, and high spiked levels were
70.9%-105.8% and 0.6%-9.1% (n=6) , respectively. The established method was used for the analytical
determination of the 15 BPs in 30 prepared dishes samples, bisphenol A, bisphenol B, bisphenol
C, bisphenol G, bisphenol S and bisphenol AF were detected in 11 samples, with bisphenol A
exhibiting the highest detection rate of 16.7%, followed by bisphenol C, bisphenol G, bisphenol B,
bisphenol AF, and bisphenol S, with values of 10.0%, 10.0%, 6.67%, 6.67% and 3.33%, respectively.
The median contents of bisphenol G, bisphenol B, bisphenol A, bisphenol C, bisphenol S, and
bisphenol AF were 4.15, 3.25, 2.68, 2.16, 1.49, and 0.47 ng/kg, respectively, with two BPs detected
in 16.7% of the samples. The developed method involves simple pretreatment, is highly precise and
sensitive, and is capable of accurately and qualitatively analyzing the 15 BPs in prepared dishes.

Key words: bisphenols (BPs) ; ultra performance liquid chromatography-tandem mass spec-

trometry (UPLC-MS/MS) ; prepared dishes; solid phase extraction
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Table 1 MS parameters of the 15 bisphenols (BPs) and internal standards
Analyte Rfatenti(?n Parent ion Product ions Declust.ering Colli.sion IS
time/min (m/z) (m/z) potential/V energies/eV
Bisphenol A (BPA) 5.66 227.0 212.07/133.0 46 18/26 C,,-BPA
Bisphenol B (BPB) 5.97 241.1 212.07/226.0 44 18/18 D,-BPB
Bisphenol C (BPC) 6.18 255.1 240.17/147.0 56 20/26 D,-BPAP
Bisphenol E (BPE) 5.36 213.1 198.17/119.0 50 18/20 D ,-BPE
Bisphenol F (BPF) 4.92 199.0 93.0/105.0 46 22/22 D, ,-BPF
Bisphenol G (BPG) 6.65 311.2 296.17/175.1 68 26/28 C,,-BPAF
Bisphenol M (BPM) 6.66 345.2 330.27/251.5 70 30/30 D,-BPAP
Bisphenol P (BPP) 6.67 345.2 330.37/133.0 68 26/38 C,,-BPAF
Bisphenol S (BPS) 2.67 249.0 108.07/92.0 54 26/34 D,-BPS
Bisphenol Z (BPZ) 6.29 267.1 173.17/145.1 62 28/36 D,-BPZ
Bisphenol AP (BPAP) 6.11 289.0 274.0"/195.0 48 22/28 D,-BPAP
Bisphenol AF (BPAF) 5.99 334.8 265.0'/197.0 40 26/40 C,,-BPAF
Bisphenol BP (BPBP) 6.43 351.1 273.87/258.1 60 26/26 “C ,-BPAF
Bisphenol FL (BPFL) 6.22 349.1 256.17215.1 62 28/28 D,-BPAP
Tetrabromobisphenol A (TBBPA) 3.95 542.8 419.87/447.8 76 42/42 D,-TBBPA
"C,,-Bisphenol A ("°C,,-BPA) 5.66 239.1 224.1'/139.0 50 18/28 -
D,-Bisphenol B (D,-BPB) 5.95 249.1 220.0" 44 18 -
D,,-Bisphenol E (D ,-BPE) 5.31 225.1 126.0'/97.0 50 26/26 -
D,,-Bisphenol F (D, -BPF) 4.85 209.0 97.0"/110 54 22/18 -
D,-Bisphenol S (D,-BPS) 2.68 257.0 112.07160.0 54 26/22 -
D,-Bisphenol Z (D-BPZ) 6.28 273.1 179.0/225.0 62 24/32 -
D.-Bisphenol AP (D,-BPAP) 6.09 294.1 279.0" 48 22 -
'*C,,-Bisphenol AF ('°C ,-BPAF) 5.99 347.8 277.0" 40 26 -
D,-Tetrabromobisphenol A (D,-TBBPA) 3.95 548.8 448.5'/420.5 72 32/42 -
* Quantitative ion.
— I 7K 143 %2 (0.001%,0.005% ,0.01% . 0.05% F1 0.1%)
a - [ K RO 15 T BPs 1 7 (K% 0 I 19 3% 0
RARW], G 2K AR T BOBAR I (/N T 0.01%) , BPS
4y o 97 {8 B W, HL7E HSS T, 8 3% FE oA B 4 1Y {3
B BB AR 2.67 min, {H IS4 R, TBBPA H 8
g 3 40 45 50 55 W e B8 . Bl 2 K B 43 B 38 i, TBBPA 1%
| T R R R K R B HOK T 0.01% B
/\ TBBPA WL X B 250 (1 BPS (0 {6 5T e
R, LR A P HEBE T EE-0.01% 2K W WAE A B
AJ\\~ HEF B
35 4.0 45 5.0 sy

t/ min

E1 ZEmEE(a)dl.(b)FNFEERE P BPAREILE
Fig.1 Chromatograms of BPA in instrument tubing (a)
before and (b) after connection of the trap column
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SR b e S B, SR T Al HLE RIAE
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PERLA . AHIF ST e ORI XS (L BE R AL
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UG B MA 8.0 mL A HLEH . hA T N B
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Al K A ORE L 5 ZEIM AR R R 21 (2.0 4.0,
6.0.8.0 mL) XJ H 5 9 $& B (9 52 ), 45 2R an [ 2
FiER, I Z R FR 8.0 mL I, 4 Fh 3 i o 4% H
T ) 1 W T R 22 38 B B KB, 4% 8.0 mL S 1E
R LB B ) o
25 HBUFENRK

QuEChERS 7 AP (/] 5 A 2L 7T 58 Rl 22 4
R OLF T T A Y H AL #E Captiva
EMR-Lipid #% . PRiME HLB 4 & 1k % Fk Jy « — 45
B E AL BR A RBR LTI AN B AR AL TR A AR
FH Tt AW R I 5E o ABFSE T QuECh-
ERS #: #l Captiva EMR-Lipid £ .PRIME HLB #: ¥
fEXt 15 Fl BPs b AR B 52 ma (WL IR 3) . HAk
AL AL B4 T : QUEChERS 12 2% SCiik [ 11 4R 18 19
J5 ¥k ] T ] SEAE il (=241 ) Hh iR i 10 pg/kg 19

[ J20mL

[ 140mL

TR AR MET W, T IR 1.3 35 I AR & bk Ve R &%
PR B 98, A 2.0 s 8 4l 7K 3 iE 43 B, T
A 8.0 mL ZJiF , 3 e 4% 37 88 A5 48 5L, 3 B 1.0
mL 2.0 5 BRI A 2 #H 50 mg PSA 50 mg
Coo WAL h v A, 45 5 & I PSA AL TC AR 4F
HuBR AR S TP 6 A 2 TBBPA (1) [k, w]
RE A 2 TBBPA Hh i) i it 1 B W 14252 BB
77,100 PSA w9 0 2 T DIAE S B b A, — 3 22 1]
AL DLSE o W R -2 A T AR S B R 15 B
PSA ANifi {5 TBBPA My #tft. R C,, W5 £k
i, TBBPA . BPM ., BPG [ [o] i A T 80%, i ]
PRiME HLB #}: ¥4t 1kt , BPFL . BPP .BPG .BPBP f
JnkR [0 2R 23 4% T 50%, BPC [\l g %85 T 120%,
Captiva EMR-Lipid [ A % B 4 1k J5 9 15 F
BPs [0l i R 5 [ 4 80%-~120%, K I, i £ % £+ Cap-
tiva EMR-Lipid [& #H € BUH:AF by fe ik 07 12
2.6 ERIE(ME)

PR i A il 8023 B0 R 52 % R o Bk AR AT T g
X H bR B A A ECE RN . AR
ME & SCoAy (356 i e ) A2 A i 42 Ak 38 — 5 390 o o il 2%
AE ) 7 R AR AE R 26 AR x100%. 24 ME=0 B, JG
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Fig. 2 Effect of different volumes of acetonitrile on the responses of the 15 BPs (n=3)

a. pork belly chicken matrix; b. braised pork matrix; c. meat bun matrix; d. pork with salted vegetable matrix.
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Table 2 Linear ranges, linear equations, correlation coefficients (R?), limits of detection (LODs) and limits of quantifica-
tion (LOQs) of the 15 BPs

Analyte Linear range/(ng/mL) Linear equation R’ LOD/(pg/kg) LOQ/(pg/kg)
BPA 0.20-100 y=0.2776x+0.06147 0.9996 0.25 0.80
BPB 0.20-100 y=0.30972+0.00793 0.9999 0.45 1.50
BPC 0.40-200 y=0.12302+0.00859 0.9999 0.03 0.10
BPE 0.20-100 y=1.35232+0.08495 0.9996 0.30 1.00
BPF 0.20-100 y=0.14682+0.01209 0.9999 0.45 1.50
BPG 0.20-100 y=0.0886x+0.00644 0.9991 0.08 0.25
BPM 0.02-10.0 y=0.86302-0.00244 0.9993 0.25 0.80
BPP 0.02-10.0 y= 0.6360x+0.00209 0.9998 0.10 0.30
BPS 0.02-10.0 y=0.9807x+0.21726 0.9998 0.03 0.10
BPZ 0.04-20.0 y=0.2759x+0.00192 0.9999 0.06 0.20
BPAP 0.04-20.0 y=0.42142+0.00091 0.9996 0.01 0.03
BPAF 0.02-10.0 y=1.35392x+0.01892 0.9992 0.08 0.25
BPBP 0.04-20.0 y=0.1868x+0.00107 0.9991 0.07 0.22
BPFL 0.04-20.0 y=0.5773x+0.00461 0.9998 0.04 0.14

TBBPA 0.80-400 y=0.03372-0.00213 0.9991 0.40 1.30

y: ratio of peak area of analyte to internal standard; x: mass concentration, ng/mL.

®3 BPsE3INKRETHMAREKEMEZE (n=6)

Table 3 Recoveries and precisions of the BPs at three spiked levels (n=6)

Analyte Background/ Added/ Found/ Recovery/ RSD/ Analyte Background/  Added/ Found/  Recovery/ RSD/
(ng/kg) (ng/kg)  (ng/kg) % % (ng/kg) (ngkg)  (pgrkg) % %
BPA <0.25 2.5 1.973 78.9 3.8 BPS <0.03 0.25 0.222 88.8 5.6
25 22.720 90.9 2.4 2.5 2.127 85.1 3.2
250 233.979 93.6 1.4 25 25.026 100.1 1.4
BPB <0.45 2.5 2.183 87.3 53 BPZ <0.06 0.5 0.477 95.4 6.2
25 22.958 91.8 1.7 5.0 4.801 96.0 1.2
250 226.270 90.5 3.3 50 48.200 96.4 0.6
BPC <0.03 5.0 3.996 79.9 3.5 BPAP <0.01 0.5 0.418 83.5 5.9
50 50.111 100.2 2.4 5.0 5.087 101.8 2.7
500 529.002 105.8 1.7 50 48.423 96.8 1.1
BPE <0.30 2.5 2.120 84.8 2.3 BPAF <0.08 0.25 0.194 71.7 2.1
25 22.833 91.3 2.2 2.5 2.222 88.9 1.1
250 235.466 94.2 2.3 25 22.888 91.6 1.4
BPF <0.45 2.5 2.224 89.0 3.6 BPBP <0.07 0.5 0.429 85.9 9.1
25 23.942 95.8 1.1 5.0 4.805 96.1 2.0
250 241.261 96.5 1.4 50 44.405 88.8 34
BPG <0.08 2.5 2.203 88.1 3.1 BPFL <0.04 0.5 0.390 77.9 2.6
25 23.508 94.0 4.3 5.0 3.547 70.9 2.6
250 217.095 86.8 4.1 50 37.857 75.7 1.4
BPM <0.25 0.25 0.245 98.1 4.8 || TBBPA <0.40 10 8.979 89.8 3.4
2.5 2.471 98.8 1.7 100 84.188 84.1 1.2
25 24.338 97.4 3.0 1000 872.340 87.2 1.5
BPP <0.10 0.25 0.194 71.7 5.0
2.5 2.035 81.4 2.3
25 18.834 75.3 4.2
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Table 4 Comparison of analytical methods for BPs in different matrix samples
. . . Instrumental Recovery LOD/
Matrices Analytes Extraction and purification method (RSD)/% (pe/ke) Ref.
Milk BPA, BPF, BPS liquid-liquid extraction-PRiME HLB LC-MS/MS 90.4-103.1 1.0 [5]
solid phase extraction (2.76-7.34)
Fruits BPA, BPB, BPF, BPP, BPS, liquid-liquid extraction-QuEChERS UPLC-MS/MS 66-118 0.01-0.10 [8]
and veg- BPZ, BPAF, BPAP (2-20)
etables
Egg Yolk BPA, BPB, BPC, BPF, BPS, C,; dispersion adsorbent solid phase ex- LC-MS/MS 82.1-113.2  0.50-5.0 [10]
filling BPAF traction (2.70-9.50)
Canned BPA liquid-liquid extraction UHPLC-MS/MS  80.4-88.9 0.2 [32]
tuna (5.12-6.08)
Canned BPA, BPS liquid-liquid extraction-QuEChERS LC-MS/MS 95.1-108  0.10-0.50 [34]
meats (2.0-5.4)
Meats BPA, BPB, BPF, BPP, BPS, liquid-liquid extraction-QuEChERS UPLC-MS/MS 70.1-115.5 0.01-0.11 [35]
BPZ, BPAF, BPAP (1.1-10.3)
Aquatic BPA gel purification and HLB solid phase ex- GC-MS/MS 70.0-110 0.10 [36]
products traction
Prepared BPA, BPB, BPC, BPE, BPF, liquid-liquid extraction-Captiva EMR- UPLC-MS/MS 70.9-105.8 0.01-0.45 this
dishes BPG, BPM, BPP, BPS, BPZ, lipid purification (0.6-9.1) study
BPAP, BPAF, BPBP, BPFL,
TBBPA
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Table 5 Determination results of the 15 BPs in actual samples
Contents/( ng/kg)
Analyte Detection rate/%  Average value/( pg/kg)
S2 S3 S4 S5 S6 S7 S8 S9 S10 S11
BPA - - 10.8 - - 1.30 0.617 - 0.380 - 0.305 16.7 2.68
BPB - - - 3.89 - - - - 2.62 - 6.67 3.25
BPC 2.65 3.17 - - - - - - - - 0.645 10.0 2.16
BPE - . - ; - . - . - - - - -
BPF - . - ; - . - . - - - - -
BPG - - 9.25 3.06 - - - 0.138 - - - 10.0 4.15
BPM - - : ; . . - . - - . . -
BPP - - - ; - - - - - - i - -
BPS - - - - - - 1.49 - - - - 3.33 1.49
BPZ - - - ; - - - - - - - - -
BPAP - - - ; - . - - - - : - -
BPAF - - - 0.280 - - - - 0.659 - 6.67 0.470
BPBP - - : ; - - - - - - - - -
BPFL . . - ; - . . - - - - . .
TBBPA - . - ; . . - . - . . . .
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