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Determination of 8 environmental estrogens in fruit by high performance liquid
chromatography tandem mass spectrometry
QU Fang, LYU Yuan, LI Lin, LIU Qiang, LI Min-lu, WEI Xuan-dong, HU Jing, YI Yin-sha
(Department of Preventive Medicine, Medical College of Hunan Normal University,

Hunan Changsha 410006, China)

Abstract; Objective To establish a high performance liquid chromatography-mass spectrometry ( HPLC-MS/MS)
method for the simultaneous determination of 8 environmental estrogens, including bisphenol A, 4-n-nonylphenol, estrone,
17B-estradio, estradiol, ethinyl estradiol, 4-octylpheno and diethy Istilbestrol in fruits. Methods Fruit samples were
ultrasonic extracted by acetonitrile and cleaned up on a HLB solid phase extraction column. The extract was evaporated to
dryness under nitrogen, and the residue was redissolved in methanol. The gradient elution of 8§ environmental estrogens was
carried out by a ACQUITY UPLC® BEH C, column (2.1 mm X 100 mm, 1.7 pm) using acetonitrile-methanol (4:1,
V/V) and 0. 1% ammonia aqueous solution as the mobile phase. The target compounds were confirmed and quantified by
HPLC-MS/MS under multiple reaction monitoring (MRM ) mode with external standard method. Results 8 environmental
estrogens and impurity could be well separated, and it showed good linearity in the range of 5-100 wg/L (each r=0.99).
The detection limit of the method was 0. 17-0. 51 pg/kg, the limit of quantification was 1.33-2.55 pg/kg, the average
recovery was 07.77% -110.49% , and the precision was 1.08% -12. 74% . The method was applied to fruit samples,
bisphenol A was detected in all samples, most samples were detected 4-n-nonylphenol and ethinyl estradiol, some were
detected 17B-estradiol and remaining 4 environmental estrogens were not detected. Conclusion The method is rapid,

sensitive and accurate, and was suitable for the determination and confirmation of 8 environmental estrogens in fruit.
Key words: High liquid chromatography tandem mass spectrometry; fruit; environmental estrogens; food

safety; detection
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5% M i Z (environmental estrogens, EEs) J& 4%
—RIFADKRE, B SHEM R Z RS, 30& D
520 4 B AT 5 3 A2 A5 At SR (7 513 43 55 47
WOE AR M 2RO T R ML AR B P
WIS H 1 R S RE, B R HLR R B A E L A
P RN TR AL S R R R MR R
FIREE M40 T ¥ (EEDs) iy — K5, RAWM
F LGNSR A K SR A TE B9 D9 TR P O 9 2%,
WERR (E1) (178-M W2 (E2) AU =2 (E3) , L KA
W VE B 2SS, N S R L B OK R A
K S AL — S K IRAEAE T I (9 4
JB A, N T A B A O S HE I (DES) Lk i
W (EE2) %5 O iR Be 22 25 0 — S R B KB R B 10
WO, LA E LY (OP) | T3y (NP) AU A
(BPA) 7S/ DDT Sk (G 2 G000 R 45 A T4 R
b2 5, T 80% L 1= Al B B gk A RS, 3 ot
15 e b K WK R SOl O AT LE LR K
15 R, TR LB B ] i A AR, M T X
N e B 38 0 DA 0 L R RGE K R
B ER B U A 17 8- b A T
Wy, EEs b A3 4 i 5 0 8 3 Ik BOw 1E
W AR B ST U R T M RS
FG s 2250, HTT, [ R E BT 50 07 © 2841 C 4 M
15 50 o N 2B I

R, X T 2R 55 0 380 3% B0 400 4G 000 1 B L
FAE 22 19 77 A8 6 2045 v VK B R | IB6 4 8 I
W M B (GO AL WM B
(HPLC) ™ UM 0 33 - 33 ¥ (GC-MS) M i A
8 1% - B (LC-MS) ™ A S B TR 5
vk (ICP) R ok o6 o i e A i 210 [ 58 o
GB 29698—2013 ( £ i 22 4 [ G4 i 405 K 54 b v
178-ME — 5 M = [ | B fE B £ 5% R B SN 6B
W-RRiEE) T 2014 4E 1 A 1 HE IER S . SR
W BRE S s R T R
Aot 5 RIK O kT K R v B M e 2 A
BT HE AR A AU LU 2557 LM (38 - 5 3%
B (GC-MS) Sy 3 il 11 [7] 1 2 s B 4 A Il 2 25 5% A
FR S B B MV 2 R RGE . R st YD R Al ST
YR T A L S R ARG I 7 R A v K S B
YA ARG D i AT

AW T R v 280 W AR (8 - I 5 G 1k
(HPLC-MS/MS) [a] i il 5 7k S v 178-#E — 1 (E,) |
HERR (E,) M = B (E,) | B B2 (EE,) XU A
(BPA) . % M 19 ( DES) 4-3 L ) (4-OP) 4-n-F-
JEWS (4-n-NP) 8 F 3R 55 i 8 25, 5 76 402 <7 PR L f
BT AR DI A SR o B U R T

1 #RE5AE
L1 Mk
L1 R A A

PEBETH 0 e i B 1 6 oK SRR S (3SR
BT FE M MRS BN LR R,
WH®E ANMEMBARRN, B0, ¥, T
- 20 °C LA 5 (B B G IRAE 55
112 FEAULS 5 A

ACQUITY TQD-H3 5k PUB AT B ik FHAYL (ACQUITY
UPLC® BEH C 4345 (2.1 mm x 100 mm, 1.7 pm) .
HLB #£ (3 ml, 60 mg) ¥ W B £ [E Waters, N-
EVAPTM112 & MAX ( 35 [E Organomation ) , i 1 K,
AR B TRAN , OB Al KL, i B O,

8 Fft R 5% MfE 0 K b ME S XUl A [ GBW (E)
100136 ] . 178-Mff — fi ( CDCT-C13213100 ) . M il
(CDCT-C13213230) #ff =% ( CDCT-C13213200) %k
M 2 ( CDGG-011100-02 ) . . %5 M B ( CDCT-
C12607000) 4-3FFL 1 [ GBW (E) 100261 ] \4-n-T- %
17 ( CDCT-C15630000 ) ¥4 [ 24 & Sigma-Aldrich ( 4l
JE=98% )., HEE.LNEM TR LR M @ikal, 2
B4 = & B 1E O K% D9 TR AR R 35 o fE 4k 4l I
A R34 R o d 2 o e R K 38 4tk
1.2 ik
12,1 ARiEw i e i

HERA R HLAS bR 1fE i 10,00 mg T 100 ml %5 i i
o, T R s R T A B R 20 S 18 B 4%
Y S5 b HEA 25 WA B2 Ol 100 mg/ L, 7 1 BE Al T 15 1
W BE 43 B 510,20 .30 .40 .60 100 wg/L [y 8 Fiyy
FIR G A W VR AR A W T 4 CUkAR th IR A7
1.2.2 A5 Ab 2

B il B2 B HERR AR I S. 00 g X B AE i T B0 A
LA 3 ml 100 ¢/ L BBk BR AV M .10 ml S , 155
FEIRZA) 1 min,25 C#E A $#LH 25 min,9 000 r/min B
A 10 min B ZNiE £ O Ay 136 2 THEE R, 10 5%
AT 10 ml i, EAEFRE T K, G IF 2 IR
W, T35 CTFAWRMA =T, 1 ml BB AR 5% 52
Y, mK 9 ml ke, & 1o

FESh AL R ) HLB M F AT & 480 LA AT, K
A1 10 ml SR £ (10 ml FHEEEAT 10 ml 35 R 7%
(pH =3.0) %4k HLB [E A2 BN, BURE & 32 Bl
AR R AN R AT 2 ml/ming, B 10 ml B -7K
FEWL(1:9,V/V) Wk BE/INEE B [ AR 26 O 3ih T, B s
10 ml £ 18 £ g Ve M, 42 i i & A B 422 ml/min,
WA VRV T 10.0 ml 85045, 48 J0 K B R 0 i
KIGTF 40 CoRE P AKX ZE T, H 10% H R %
ERE T ml, i 0.22 pm FLAEA HLIE B, #2148 T
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VE XA EAT I E .
1.2.3 UM

6,33% %% ffF : ACQUITY UPLC® BEH C {5 3% ki
(2.1 mm x 100 mm, 1.7 wm) 3 SHH A Ky Z -
BE (401, V/V), Wi A B 0.1% & K, i 3
0.2 ml/min, SR I8 FE VI 907 20, BLARBE AL P W
F 1R 35 C L HERERE ) 10 ul,

®1 BEUMEF

Table 1  Gradient elution program
i ] /min B A% LB B/ %
0 30.0 70.0
2.0 50.0 50.0
3.0 95.0 5.0
4.5 95.0 5.0
6.0 30.0 70.0

JoU T 4% 1 - v W 25 B 1 R (EST) , 22 B i N
(MRM) fi g 7He X, B4 L -2.5 kV, #EL<
Ji 50 L/h, B PR B 120 °C, i % 7 il
350 °C, JB ¥ R Ui B 600 L/h, HA S5k 2.

28 FRERIEMERCE BT S

Table 2 Mass spectrometry parameters for 8 EEs

waw ﬁ%ﬁﬂ‘l"ﬂ S TET  hifERE %ﬁﬂtﬁ,
/min /(m/z) /(m/z) iH/eV J&/V
AR A 4.50 227.00 132.76 28 40
211.93 " 18 40
C 475 I 153 4.62 267.00 251. 00 30 50
237.00 " 20 50
Ui i) 4.76 269. 40 159. 20 40 50
145.20 " 40 50
173- M — i 4.74 271.29 144.70 40 50
183.02 " 35 50
e = 4.24 287.24 171.09 44 56
145.05 " 47 56
R O 4.69 295.18 159. 03 30 45
145.18 " 35 45
4-n-T:- 5Ly 5.65 219.27 119. 10 30 40
133.06 " 30 40
43¢ F iy 5.72 205.10 106. 04 * 20 40
H:x AERTHET
2 HBRE5SH
2.1 BT AL RS R AR A
2.1 1 FRIGH Y ¢

8 ol il Uik 2% A0 5 W A 5 N P v S A M AT LA
A B A A 0 N L S 2
T <. TG 0 PP B S 30 S I 2R SR I DL Sl O B
YRR B ST A5 Tl g 238 d gy, 8 o 08 36 1) Il R R
70% , BB 40 A 5 LR e A0 DY i 52 BORE 5 4
I, 3 O (0 2 B, ELAR ME S5 7K AH 23 2, el i ¢
%, ELR A 2% A A T 42 OB b, i o0 ¥ Al i A+
IIANH A Ty 51 AR AR O 3% 965 UL R LR

S PRIGH, SCR A, SR BUBOCR AN BEAR, B AE 2
TG, 20 I v Ak TR AT R T AR KA TR A
I, BB 2 1E R A3 50 A 5 1 4 BB

2.1.2 Bk or e

K HTE A 22 g A g, BARE & 90 i R
SPE /N A 5T B 8 B0 VS 700 PR B A 06 o AR a5 43 Sl
FL# T CN A Strata A i A AT HLB A X FE & 19
AR . B 1 ml B AF A9 10 pg/L iR G bR
W, H 35 CTF AWM ZE T, H 2 ml B EE-K %)
(1:9,V/V) B, BB O A0 [ AH A BONME
5 ml LR CTRVEME, T35 CEMRZE T, 1P EE-7K i
W9, VV)ERZE 1 ml, EHLE., g5 RFEH.
CN #F | Strata A% FUR: i A XoF 25 0 97 Joit £ P 08 AH XoF 48
25, MR F (10% ~60% ) WA KIRA, 1Ml HLB A3 %
8 Ml 2R LR BA R Il e R A X 5 o L AR RO AR
AHXT B0 [l B 2 ot T 4R e 0, AR RO JAR e 3
I b R SR . R, AR SR BE B HLB AR 1E K
[ A 2 JURE

K SR £ g 9 HLB [ AH A8 A 1) Uk B W
T LR 1.2.3.4.5.10 ml &)
PP RCR 52 m, 5 R R, S ml LR L BE T
VR84 o
2.2 UER KRR
2.2.1 gl

A 5 o B B A T OH RSN R K H O RN
0.01% /K. Z IEF 0.01% & K. Z §E-T B
5 mmol/LATRE K IEW (] LRI H pH =4.0) . &
JiE-FIEE(4: 1, V/V) F1 0.01% K. Z B K (&
0.5% W /R ) . & i Fn H R /K % W ( H R 9 JL pH =
3.0) ZHEM 0.1% &K . ZHE-FEE(4:1,V/V)
0.02 mmol/L & R ¥ (& 0.1% Z /K ) . & I F K
(10 mmol/L g #e) . H B FI 0. 1% 2 7K % IR A it
SR R XT3k 8 Fh BB MR Sy B LA 2, K
55 R B, Aok FH R R R A A K A 34 b =K L
2z AT BE R R R A () 8 i R ME U Bk
WM G, 76 DL 0K R Ui 3l AH 0 R 3 8 v A JE
THE A BRSO I B R, A 5
B . X 5SS TR
ROCRHEAR —F,

SEIRW, LU B R U ) AH B, 8 Bl B bR 25 5 M
TRE e A R SR T LAk A W I TR B T
HEHRIMG, B A58 4, Y)Y & i D
LG R TSI ARRT #5465 W 045 5w B AE AR T
FE, (2 AR 8 P T 43 4 2, 19 B i i JE Al HE
B 4, AR B B ) 46 3 30 3 T W AE S
A — & Lo i FBE, ROCR T . & R R g
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e, LM -HBE(4: 1, V/V) R0, 1% SRR R R T,
RE7E 450 1) IS 0] P 52 B 8 b 455 00 M 9% 3% 10 AT R
B, ELFC 3 45 5 me 1o A8 3% 0 8 J5OR 0 2 o 4
(Y, FEL AR E 8 TR AL o e f) PR PR I () . P L
8 Fift IR B3 ME R IR S AR HE I WA 2 R i
(MRM) (3% 5 (20 pg/L) o
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2 —— AN,
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E NPy T2 s OP O 251 s DES Jy 4 METS s B, D e 5

E, A 178-0ff i EE, M iz ; BPA XUy A E, fME =
1 8 Fob P 45 o O 2% IR 5 Ak v VA I (20 Mg/L)E’J
MRM 3% [#]
Figure 1 MRM chromatograms of 8 environmental estrogens

mixed standard solution

2.2.2  FEig LA

DI A R, 1 e v R 1 B 1 EST( - )
AT — F g HM, e W ANy T BT
([M-H],m/z227.00, 8% J5 LLH: 47 7 & 7 A BF &
FHAT M B F B, SR mz 13276
211.93 2/ 88 7, Hob m/z 211,93 ) =F J¥ %
w L, HR hm/z 132,76 , A L, % B m/z 211. 93 fE
R, m/z 132.76 o B . & JE L
MRM #2500 Ak 6 4048 i R L 88 1 U5 L B L 0
AR EE B AT B R R B A A BT S a’*&,/\
iy 7 Fh B B ME R BT SRR IR R T R R, 4
k2,
2.3 TTAEMZ A R

K F S BT I 1) A il 48 i A7 A0 A ik 8
R A 5 T 0 AN ), 43 3K 90 O 1k afF AT 4 I, i Ak A
Wi, % 5,10 .20 .30 .40 .60 100 pg/L M8 %8
G bn VS W AT I A, DA T R (y ) Sl LA AR Lk
JBE (x) SR B A A 1 47 8105 43 #r L A5 21 3% 5 A T
PR S, 2otk Il 05 77 B2 FAH OC R B 3% 3. 45
R 8 PR BT MEL R AE 5 ~ 100 pg/L v BE Y
WL (y) 5 RIIE G b5 dEE Wk B (x) 26
‘f@%%ﬁﬁ%,ﬂ@?ﬁ*ﬁa@%;&%ﬁk? 0.99, i W]
W T AR (y) 5 Wk BE (o) QIR PEAR 9, B 5T 2% B T
7/

Table 3 Regression analysis, limits of detection and limits of quantification of 8 environmental estrogens

38 FhER IR MERCER A W) 3BT K R E R

o 2T AL F LOD LOQ
fea s R /(pg/L) #or /(pg/ke) /(pe/ke)
S A y=7.54x +1.94 5.00 ~100. 00 0.999 5 0. 40 2.00
4-n-T- 5 y=2.64x +0. 81 5.00 ~100. 00 0.996 6 0. 40 1.55
i y =22.82x —45. 54 5.00 ~100. 00 0.999 3 0.51 1.59
17p-M — y=1.13x - 6. 84 5.00 ~100. 00 0.994 7 0.27 1.65
W = i y=2.71x+5.29 5.00 ~100. 00 0.998 6 0.32 1.33
e e y=2.92x-17.12 5.00 ~100. 00 0.998 5 0.45 1.69
4.3 HL y=22.70x +211. 88 5.00 ~100. 00 0.998 9 0. 34 2.55
47 I 1 y=7.45x +8. 41 5.00 ~100. 00 0.999 4 0.17 2.19

DL 3 fEE M (S/N) o7 s i BR (LOD) , BT AR . PR G AR O VR B T K R T IR BE ME P R A
10 A5AE M L (S/N) SRy o7 ik g i B (LOQ) , 8 4 i IR T E K,

I g6 E & B A R A E R, R 3]
1,8 Fh PR b ME R Y A BR A 0.17 ~0.51
pne/ke, EER A 1.33 ~2.55 ng/ke,
2.4 JrUEN IR AORS % R

R BT HE B R RS R
TR A ) B2 7K F (4.8 .16 we/kg) Y MER R
TRA PR HEVE W, #1000 7 1 b 35 AT 0 22 , B8 4
SATIGE 6 Ko I 4 R, AR W B Y 8 Fh R T
eV 2 [l 0k % Ry 67.77% ~ 110.49% , RSD Ky
1.08% ~12.74% , ¥t W% 05 VA NG % B RAF, 45 R

2.5 SEBRAEE S I E

P BRI 7 0 E T T O PGS Y 6 Fh
ARIHERE i, JEAG I 216 1 #F i, B B KR 2 K
36 i FEEh . HIZRS AT, 6 Fh K RAE i 24 A7 XU
A KRG T A i R 6. 92 pe/kg, HAG Y AR
=T 90% s TESER BT A T RE L PRI B 175
TR AR 77.78% ~86. 11% ; Bk B AEAh, HoAl
5 AR it B AG I 2 1 b M P D 4-n-F BE T, K
o 4on- T BRI 7R ARG A R A 26. 35 pg/kg; HoAll
4 BHEE RS DRI
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Table 4 Recoveries and accuracies of 8 environmental estrogens
e kT e RS e A
/(ng/kg) Il i %/ % RSD/% Eli &2 RSD/% & RSD/%
4 83.42 9.57 85. 60 9.12 86. 74 9.93
XU A 8 81.70 6. 45 91.70 12.50 85.69 12.72
16 79.92 2.86 94.34 2.97 83.53 3.81
4 80. 11 11.51 69. 81 5.86 72.85 8.67
i 8 80. 20 4.79 102. 12 6.72 89. 62 3.51
16 84. 42 6.01 109. 84 4.87 110. 21 4.78
4 85. 81 12.70 81.79 9. 48 79. 48 11.08
178- M — i 86.78 8.43 87.24 6.02 89.36 9.45
16 87. 45 9.14 109. 84 4.57 95.73 5.21
71. 65 4.81 72.84 5.71 73.91 7.94
W = 96. 90 3.21 104.51 3.67 8.58 5.80
16 102. 2 7.96 100. 35 3.50 106. 17 1.85
69. 43 3.83 81.70 8.09 85.03 4.60
e T 97.75 4.23 83.59 6.43 94. 56 7.92
16 103. 21 2.09 90. 94 5.77 97. 45 6.26
84. 15 9.21 76. 58 7.00 80. 20 11.17
4-n-TF LB 98.71 4.93 90. 24 4.62 105. 61 5.32
16 98. 65 1.85 101.25 4.15 95.36 1.82
4 75.39 6.39 78. 65 9.15 76.23 8.76
43 3T 89. 68 4.78 83.54 8. 62 97.89 9.67
16 95.36 5.52 98. 62 4.59 98.53 5.86
4 69. 87 9.23 86.07 6.07 77.31 8. 11
C s M T3 95. 60 6.34 119. 12 12.51 110. 05 5.36
16 110. 49 12.74 84.51 5.84 85.06 6. 84
oy b e BE FrigE ¥ AR
/(ne/ke) li] Wi %/ % RSD/% [ i ./ % RSD/% Il g ./ % RSD/%
4 81. 64 4.03 67.89 4.70 84. 18 7.80
XU A 8 95.71 3.12 91.00 5.45 98.36 6.04
16 89.99 2.56 91.71 8.15 102. 42 6.17
4 69. 75 7.59 68. 54 9.76 78.56 5.62
i 8 101. 24 3.96 75.25 1.08 89.79 3.28
16 105. 63 4.52 102. 30 2.99 88. 87 4.33
4 81.07 4.86 81.22 9.56 75.25 .11
178-M — i 81.53 6.32 98. 65 4.02 97.12 8.23
16 90. 71 6.12 109. 12 6. 86 106. 66 2.23
4 72.01 8.51 75. 45 9.65 69. 78 11.12
W = 78.65 4.58 89. 67 6.27 95.22 2.29
16 98. 62 1.90 92.48 7.78 91.73 5.12
84.12 8.09 78.56 10. 74 72. 44 9.71
e T 90. 00 5.86 93.30 4.17 105. 66 9.24
16 98.56 1.45 90. 12 6.36 101. 04 5.74
87.70 8.25 81.70 7.00 84.63 8.57
4-n-TF I B 86.77 2.90 97.99 1.34 108. 52 4.89
16 81.05 2.27 90.29 3.30 109. 23 8.22
4 78.45 9.64 76. 49 11.22 71.00 8.71
457 T 87.55 6.52 101. 06 3.10 107. 55 4.55
16 88. 87 6.12 94.75 2.98 109. 62 6.75
67.77 6.39 78.32 6.17 81.24 4.25
C s M T3 90. 71 2.31 103. 02 2.95 97. 88 3.33
16 94.52 1.54 97.42 6.10 95.06 3.96
5T .8 Fiib & W HE Oasis HLB % I 915 2 4R 4f
3 ING B4 B8 o IR EST R X A5 o fb FIUEE & 28 47 R, 2

AW S TN e 20U £ 1 - S IR B vk
(e bsf 00 7 7K R e 8 b B 358 M 3R R 1 O 0k, 7 BT g ik

TR B, A 2R T, fE S5 ~ 100 pg/L T
e VEE N AT ARy ) 5 R SR A5 o A O vk T
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Table 5 Content of 8 environmental estrogens in fruit
o TR T T
“ ERIA/ (peke)  RMA/%  GEGMA/ (ke KHE/%  GREE/ (ke RIHE/%
X A 0~3.59 97.22 0~2.76 97.22 0~5.84 94. 44
i 1 — 0. 00 — 0. 00 — 0. 00
178-Mft — 0~1.81 86. 11 — 0. 00 0~1.27 77.78
e = — 0. 00 — 0. 00 — 0.00
R I 0~2.99 77.78 0~2.75 72.22 0~2.14 66. 67
4-n-T- 5% 0~17.04 94. 44 0~16.71 97.22 0~19.89 97.22
4 Sk — 0. 00 — 0. 00 — 0.00
s U 1y — 0. 00 — 0. 00 — 0. 00
o Pl T 25
i GEBE/ (ue/ke)  BmE/%  ARGE/(agke)  RME/C  ARGE/ (ke KHE/%
WL A 0~3.02 94. 44 0~6.92 91. 67 0~3.52 94. 44
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