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Abstract: Chromatography combined with mass spectrometry is the most commonly used

detection technology, and it offers the advantages of high sensitivity and high selectivity. How-
ever, the contents of bisphenols ( BPs) in water samples are at the ng/L level. Even if the BPs
contents are determined by mass spectrometry, the samples must be pretreated and enriched. A
quick, easy, inexpensive, effective, rugged, and safe technique (QuUEChERS) can offer advan-
tages such as cost effectiveness and time efficiency. The application of QUEChERS is currently
extended to the analysis of contaminants in food and water samples. In this work, QuUEChERS
coupled with ultra performance liquid chromatography-tandem mass spectrometry ( UPLC-MS/
MS) was proposed for the determination of eight BPs in surface water. Method optimization
was carried out in terms of process efficiency (PE), which included the matrix effect ( ME)
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and extraction recovery (RE). First, the water samples were extracted with 10 mL ethyl ace-
tate and cleaned with 50 mg primary secondary amine ( PSA) and 50 mg graphitized carbon
black (GCB). Then, the organic layer was collected and evaporated to dryness under nitrogen
flow (40 C). Finally, the extracts were redissolved in 0. 5 mL of a methanol-water (1:1, v/v)
mixture and subjected to UPLC-MS/MS analysis. Chromatographic separation was accomplished
on a Waters ACQUITY UPLC BEH C,; column (100 mmx2. 1 mm, 1.7 pm) with gradient elu-
tion. Methanol and 0. 1 mmol/L ammonium bicarbonate aqueous solution were used as the mo-
bile phases. The eight BPs were analyzed by MS/MS with negative electrospray ionization
(ESI") and in the multiple reaction monitoring ( MRM ) mode. The matrix matching external
standard method was used for quantitative determination. The eight compounds could be ana-
lyzed within 8 min. Under the optimized conditions, the calibration curves showed good lineari-
ties for the eight BPs, and the coefficients of determination (R’*) were greater than 0. 999 0.
The limits of detection (LODs, S/N=3) and limits of quantification (LOQs, S/N=10) were in
the ranges of 0. 1-2. 3 ng/L and 0. 3-6. 1 ng/L, respectively. The average recoveries of the eight
BPs in river water samples were 78. 8% —116. 6% , and the corresponding relative standard devia-
tions (RSDs) were 1.8% -9.0% (n=6). This method was applied to the analysis of BPs pollu-
tion in Guangyuan section of Jialing river and its tributaries, and widespread pollution was con-
firmed. The detection rate of BPA was 100% with a content of 6. 15-90. 03 ng/L, and the detec-
tion rate of BPS was 91%, with the contents being in the range not detected (nd) to 4. 63 ng/L.
The method established in this study allowed for the rapid enrichment and purification of the
eight BPs in water. With its advantages of simplicity, rapidness, high sensitivity, and low cost,
the method can be used for the rapid determination of trace BPs in surface water such as lake
water and river water.

Key words: ultra performance liquid chromatography-tandem mass spectrometry ( UPLC-MS/
MS) ; QUEChERS; bisphenols (BPs) ; surface water

540 45

RN TR e — MR E T, T
AT TP A s R N DR [ B R &
BARERIRBER G I3 M s 256 SO AR
AR AR A= ) SN ) A 5 P2 Tl B 92 3R
Gi AR DR A R AR AL 2 S
WMy ( bisphenols, BPs) 42 S5 [t B4 P 430
T, FEAL S AE A(BPA) W S(BPS) X}
Z(BPZ) L P(BPP) W/ AF ( BPAF) My F
(BPF) X B(BPB) R} AP(BPAP) %

BPs & H Z A WL TR, FHT6 BUER kiR
B AR AR RO B 55 = 0 AR FEVRRE A
BE DGRBS RS A B b Sz

FHM Ak gl = i L AR R AL L AR
i, BPs BB , XF A A fE 3%, BPs H
A5 MR AN, BB 22 PR 32 AR AR, dn R
ARIRBLER T Wl B R R R R 2
PR Sk A AR RS ™ R, R R
W, BPs X Wi 2L 50 9 Rl 40 20 55 3250 HL AT B 4 A i 22 85
P, RERSSE M i 2 D) e S 20 I A A, Ak,
TR MR AR K
MR IREA O 4 BPs #i#G g dRkiE, 3
] 2210 3G 5 0 T RGOy AL 8 45 2 ARG T
BRYTT M B R 2K AU A B9 & il 97.8 ~
540. 6 ng/L, Bian 42! %K VLI 1 HZR A 1

S AR AR BOR, R AR, X, AT, B A, et () QUECKERS 45 3 88 i 280H0AH €0 15~ B 56 0 35 1k DRl ) b 3 7K

ORI B (41 ,2022,40(1) :57-65.

TAN Xuerong, ZHAO Bin, LU Jianwei, LIU Shaoying, GOU Weini, YANG Rong, ZUO Peng. Rapid determination of bisphenols in
surface water by modified QUEChERS-ultra performance liquid chromatography-tandem mass spectrometry. Chinese Journal of

Chromatography,2022,40( 1) :57-65.



e T2, % ) QUEChERS
51

456 OB T - ER IR BT O
PREIN R K U 2 o ©59 -

PEAT T XU A BN E , & B LRIk i H A
0.7~13.2 ng/g.

BPs £ ZAG Iy iA R ik > A
- B LY ATk A R R R
BZ RN R XK BPs 15 YR H CTE,
7K BPs 1 ey R BORE | R e B | e o A U
SYFTOTIE AR ORI D), A% S Tk E AR R
A e RO B i e SO0 A R e A I 4
A HAKREH BPs 17 8 4L F ng/L K, 75 ZEXF
FESL I TRTAR R, LIGA B S Rd e By fE
GE TR AR BURE 9% K A HLIA S, BLRERT K RARE
1% WA AR U 58 FH AT 37 X, BAT 2l AR AR
U WRAGATEOR IR | A S bR R B i SR
R AL BRI 2% AR . QUEChERS J7 2 i
B D RE AR D RIS ANIRRR .

AHF5EHT QuEChERS FiAb B A % 2 R
ST RG] N-TN 3k 2 — i (PSA) Fil £y S Ak 5¢ B
(GCB) J Ak, 45 6 6 o 280V AH 235 50 K o 3
(UPLC-MS/MS) #i A, SZ8L T #h /K 8 Ff BPs )
Pk e PR i, 20T B T PO R
FIBASAR R 45 O 35, B Pl & 4R 5 1§ fk 7K mh BPs,
e 38 I 7 R A D 358 B V) e B S L b
BPs (175 R0, UE B % 7 238 T bRk 8 #h
BPs IR 5T .

1 SKIEERS

1.1 UE5iRAH

QTRAP 4500 # /=5 20 AH €03 53 16 T 143 (38
AB Sciex /A #]) ; Milli-Q #4li/k & 4t ( £ E Mil-
lipore /3 ] ) ; HAC-24A WKk 45 {3 ( KT H B R}
A H]) 3 HR/T20MM (a3 ¥ 7 2500 AL (151 14 705 7Y
AR A BRA ) o WU A(LEE 98%) WL S
(2l 98% ) KUEY Z( 2 FF 99%) 7~ S ALY A (4l
95%) Wy F( 4l 95%) XL B( 4l B 95% ) FlAL
iy AP (4l 95% ) 41114 H 7% [E Dr. Ehrenstorfer /A
] RUEY P(4ERE 95%) (LR (A #r4l) | JC/K B R Bk
(MgSO, , 73 #r2l) M LR ( NaAC, 43414k ) $40E A
2 [E Sigma-Aldrich 2 7] ; PSA . GCB #1 C, ¥4 H
K Agilent A7 HEE LG LR LR34 A %
2 W H3EE J. T. Baker A,

HEFIFREL 8 i BPs 4% 100 mg, 43 FH F B35 it
FJFEZE 2 100 mL, Bl R BN 1 mg/mL
IBRAERE 2T, T =20 CIRTE,

TR HGE I IR 8 B bR E A W,
Bl V& & A5 i o E) &, b BPA | BPZ , BPAP Al
BPAF fi i< J&¥ °& 50 mg/L, BPF BPP 7l BPB Jf
W E A 100 mg/L, BPS ig k& H 10 mg/L; H
EE-K (121, v/v) X BRI A bR R R 7 %
PR, BO R R IR A bR TR
1.2 XEFHE
121 H&X%E

R4 HI/T 91-2002, %F ) 0 58 N 5 B 71
VT R 3 SR 4y b R 3 A T A U A
Mo FRBUL IR BEAE ) T IR X SRR/
F Wr i g5 J1 5 o Ji T T I A6 ) o6 T R DX R
K, Witk 45 J2; T U e A R L BRI A
FIRS Wrm g5 I3, ARV LR e JnTh
BBk P KR, W 18T 2 5 B 1 0 T AP 3 D i AR
JUICT AN DX = HE B, BT 4 B2 R YL T
T AE T T WAL X 3] 11 i 4 5 B3, a9
T BT T R T e T AN X RIS AL 71 405 N1 h
i ATR TR AL e AR - N T =2
N2 ; T it W 1T 5 78 R DX R B KA, WG T 4 5 N3,
TEOLIE 1, £REWTT 1B B 6 SRR A (P R X ARk
FU B RAE SUEBR 50 my) | A B AN ROK R
0.5 LRJZWK (FEEHF 1.5 m, W T 0.5 m),
HRAE 54 4y, 53 WA ABER D R mbs i, R T
4 CUKFH, FF
1.2.2 FF s

FEHL 40 mL /KEE BT 50 mL @ H A 10
mL LR B, IZED;  $2H 10 min, ## 5 min, I

B 1 SARRERTE S E
Fig. 1 Distribution map of river sampling section
This map was made based on the standard map [ (2016)
018] downloaded from the standard map service website of Si-
chuan Bureau of Surveying, Mapping and Geoinformation. The
base map had no modification.
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HHUZTF 15 mL BH & (PP) B0 H, ilA 50 mg
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A; 0.5~4.0 min, 30% A~95% A; 4.0 ~6.0 min,
95%A; 6.0~7.0 min, 95% A ~30% A; 7.0 ~8.0
min, 30%A, JFEARLS L,

FL I 25 FiL B ( EST) U, 4 B - H B = B 7 U
A 600 C ;B K (IS), 4500 V; K &
-85.0 V; K75 (CUR) JE 1 172.4 Pa; i % <,
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BB T RIS S HOL 3R 1,
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Table 1 Retention times and MS/MS parameters for the eight bisphenols (BPs) in MRM mode

Anal Retention Precursor ion Product ions Declustering Collision
alyte time/min (m/z) (m/z) potential/V energies/eV
Bisphenol S (BPS) 1.94 249.0 108.0" , 155.8 -80 -34, -30
Bisphenol F ( BPF) 4.10 199.0 76.6 ,92.6 -80 =35, =27
Bisphenol A (BPA) 4.64 227.0 212.0%, 133.2 -80 =25, =36
Bisphenol B (BPB) 4.91 241.0 210.6 ", 147.0 -90 -36, -36
Bisphenol AF ( BPAF) 5.00 335.0 264.8" , 68.7 -110 -30, -50
Bisphenol AP ( BPAP) 5.05 289.0 273.8", 194.8 -95 -26, =35
Bisphenol Z (BPZ) 5.21 267.0 172,77, 144.7 -110 -39, -45
Bisphenol P ( BPP) 5.62 345.0 315.0", 132.8 -110 =50, -47
* Quantitative ion.
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Fig. 2 Total ion chromatograms of the eight BPs
in mixed standard solutions using differ-
ent chromatographic columns
1. BPS; 2. BPF; 3. BPA; 4. BPB; 5. BPAF; 6. BPAP; 7.
BPZ; 8. BPP.
Contents: 2.5 ng/mL of BPA, BPZ, BPAP and BPAF, 5.0
ng/mL of BPF, BPP and BPB, and 0. 5 ng/mL of BPB; mobile
phase: methanol-water; column temperature; 30 C.
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Fig. 3 Total ion chromatogram of the eight BPs in
mixed standard solution
1. BPS; 2. BPF; 3. BPA; 4. BPB; 5. BPAF; 6. BPAP; 7.
BPZ; 8. BPP.
Contents: 2.5 ng/mL of BPA, BPZ, BPAP and BPAF; 5.0
ng/mL of BPF, BPP and BPB; and 0.5 ng/mL of BPB.
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Fig. 4 Effects of different extraction salts on the
response strength of the eight BPs (n=3)
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Fig. 5 Effects of different adsorbents on the (a) recovery efficiency (RE), (b) matrix effect (ME) and
(c) process efficiency (PE) values of the eight BPs (n=3)
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*ﬁﬂjfiﬁ,ﬁéﬁiﬁ@%%ﬂn% 5 fiin ., BPA £ BT,

%Fﬁ%ﬂnr‘ﬁﬂ*ﬁ%ﬁtﬂ%i’aﬁ 100% , H:H g 07 (1)
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Table 2 Linear ranges, linear equations, coefficient of determinations (R*), LODs and LOQs of the eight BPs

Analyte Linear range/ (ng/mL) Linear equation R? LOD/(ng/L) LOQ/(ng/L)
BPS 0.05-4.00 Y=2.11x10° X-6.96x10> 0.9996 0.1 0.3
BPF 0.50-40.00 Y=1.74x10* X-5.06x10? 0.9997 2.3 6.1
BPA 0.25-20.00 Y=5.81x10* X+1.20x10? 0.9997 0.3 1.0
BPB 0.50-40.00 Y=1.46x10* X-2.38x10? 0.9990 1.9 5.9
BPAF 0.25-20.00 Y=7.44x10* X-3.72x10 0.9999 0.5 1.5
BPAP 0.25-20.00 Y=1.04x10° X-2.95%x10? 0.9999 0.4 L5
BPZ 0.25-20.00 Y=4.41x10* X-1.01x10? 0.9997 0.5 1.8
BPP 0.50-40.00 Y=3.75%10*X-5.85% 10> 0.9997 0.5 1.8

Y. peak area; X: mass concentration, ng/mL.

x 3 Ak 8 F BPs HINAR AU EFEZE (n=6)
Table 3 Spiked recoveries and precisions of the eight BPs (n=6)
Low Medium High
Analyte oMMV T ded/  Recovery/  RSD/ Added/  Recovery/ RSD/ Added/  Recovery/  RSD/
(/L) e/miL) % % (ng/mL) % % (ng/mL) % %
BPS <LOQ 0.05 94.9 8.0 0.40 104.6 1.8 2.00 89.6 8.4
BPF nd 0.50 112.1 34 4.00 84.8 9.0 20.00 99.7 4.1
BPA 9.5 0.25 104.0 7.2 2.00 91.0 8.2 10.00 106.9 2.9
BPB nd 0.50 78.8 8.3 4.00 94.4 4.8 20.00 90.7 2.4
BPAF nd 0.25 95.0 6.1 2.00 80.0 7.2 10.00 89.0 2.6
BPAP nd 0.25 116.6 2.7 2.00 84.3 7.1 10.00 98.9 2.4
BPZ nd 0.25 90.4 7.8 2.00 80.4 7.0 10.00 88.9 3.6
BPP nd 0.50 98.7 4.4 4.00 80.8 6.3 20.00 92.7 4.1
nd: not detected.
x4 HSHMXBEGERLER
Table 4 Comparison with other methods of literatures
Pretreatment Detection method LOQ/(ng/L) Recovery/% Ref.
HLB SPE column UPLC-MS/MS 0.1-1.7 57-97 [19]
Oasis HLB SPE cartridges UPLC-MS/MS 0.04-5.26 31-126 [29]
MCX Prime SPE cartridges GC-MS/MS 10-30 78-106 [30]
Oasis HLB SPE cartridge and derivatization GC-MS 2.04-7.67 73-115 [31]
Freeze dried under vacuum UPLC-MS/MS 0.04-3.33 75-102 [32]
LLE and precolumn derivatization UPLC-MS/MS 5-20 81-119 [33]
QuEChERS UPLC-MS/MS 0.3-6.1 78.8-116.6 this work
LLE. liquid-liquid extraction.
x5 BARIL.EEIMEAKES BPs HEE
Table 5 Contents of BPs in the water samples from Bailong River, Jialing River, and Nan River (ng/L)
Bailong River Jialing River Nan River
Analyte : - -
Mean Median Range Mean Median Range Mean Median Range
BPA 20.25 21.27 6.15-35.42 28.59 31.66 13.28-54.43 37.80 32.96 10.15-90.03
BPS 0.54 0.44 nd-1.25 1.05 0.31 nd-4.63 0.49 0.44 0.25-1.13
ZBPS 20.78 21.78 6.53-36.78 29.64 32.03 13.28-55.40 38.30 33.40 10.78-90.65

nd: not detected.
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