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Determination of 5 environmental estrogens in food by isotopic dilution
ultra-performance liquid chromatography-tandem mass spectrometry

NING Xiao, JIN Shao-Ming, TANG Ya-Li, LIU Bin-Li, CAO Jin", DING Hong’

(National Institutes for Food and Drug Control, Beijing 100050, China)

ABSTRACT: Objective To establish an analytical method for the simultaneous determination of nonylphenol
(NP), 4-n-nonylphenol (4-n-NP), 4-tert-octyl phenol (OP), 4-n-octyl phenol (4-n-OP) and bisphenol A (BPA) in infant
formula, egg, meat, aquatic products, canned food and oil by ultra-performance liquid chromatography-tandem mass
spectrometry (UPLC-MS/MS) after elimination of background with online capture and isotopic dilution technology.
Methods The homogenized sample was extracted with acetonitrile, then the extract was cleaned-up by polar
enhanced polymer (PEP) column. The analytics were determined in the modes of electrospray positive ionization

(ESI-) and multiple reaction monitoring (MRM) with UPLC-MS/MS and quantified by internal standard method. The
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background of 5 compounds and removal methods were investigated. Results The 5 kinds of environmental

estrogens had good linear relationships in the range of 0.5-50 pg/L, and the correlation coefficients were larger than

0.999. The limits of quantification (LOQ) were 0.5 pg/kg. The recoveries of 3 different spiked levels were

80.1%-104.8%, with the relative standard deviations less than 20%. Conclusion By using roast glass ware during

sample pre-treatment, and with mobile phase online capture technology, the method can effectively reduce blank

value. The method is highly sensitive, qualitative, quantitative and accurate, which is suitable for the determination of

nonylphenol, 4-n-nonylphenol, 4-tert-octyl phenol, 4-n-octyl phenol and bisphenol A in infant formula, egg, meat,

aquatic products, canned food and oil.

KEY WORDS: ultra-performance liquid chromatography-tandem mass spectrometry; nonylphenol; 4-n-nonylphenol;

4-tert-octyl phenol; 4-n-octyl phenol; bisphenol A
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M3 ) AR GBI R L /b, FLE P9 Bl 3 4 v T e bR
HEERE SRR W ARE, FEATOREN
ORI S - R O - I
U200 JH v R 2 305 - o v R L A R T A, R U v,
VEPRIE I SO0 5 1 o i s, [, IR R BR A
R FHBER (i gk, BRI RAR =, Hg ik e e Sl BRIk
PR, A B NSRS bR M AT ROE, FTAT 2R
BRI E I s AR E , JUHDE T3y, e R
FEXELLIA B FRAE KA

AT ER XS bR ] RR R P B, ] A 2 HOR: ¥
b, [FINL R AR R 8 i, B R RAOBAR €835 - B 0K o i
BTN, IR FHTEL A BOR T BRI S A IR, B
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K (26%, smiral, =254 A b2 RA DD .
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3,6,3-F4:H-D2, IET-FEE-D4, XfEHE@i-13C6., IEEHE
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M-D17 U A-D4 [A17 2 AR 10 mg(FE# % 0.0001 g), I
H AR, JERBE 100 mL B8, EREZE, b
TEEWBOREE N 1 mg/mL, WAFF-20 °CokF, A0 12
H.
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50 png/L ATRAPRIE R G0 TAER . I PR E o

(NEKEEWL: 0.05 % ZKEFW(V:V): BLEIK 0.5 mL
FKEZEZE 1000 mL.
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A HrAE: Kinetex™ EVO Cg(50 mmx3.0 mm, 3 pm);
H4EFE: Venusil® XBP Cig (50 mmx4.6 mm, 5 pm); ik
0.4 mL/min; FEi# 30 °C; #FEER 10 pL; WshtH: A h
0.05 %2 /KEH(V:V), B A HEE; HEVEBAT: 0~9 min,
30%B~95%B; 9~14.5 min, 95%B; 14.5~14.51 min,
95%B~30%B; 14.51~18 min, 30%B.
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B IS B F-{k(electrospray ionization, ESI)fi
B, B FURIREE: 650 °C; 554k (Gasl): 55 psisfliBh
S(Gas2): 65 psi; KA A (gurtain gas): 20 psi; 25 J v Wil
14 (multiple response monitoring, MRM)RESHILE 1,
234 HLegTaE
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-20 °COKF R TLRAE o

GYKT= . SHIPENLA: BUR RS 200 g, A
SPRMSIIRIS), BANEGAS T, HEIMRUbRE, T
-20 °CYKFE R MURAE

O KRGS, BTG GET, BEIE
FRIIARIC, T-20 °CUKEE R JARAE -

(S)FEL A b BURESK h BUEIAREZ) 50 g, HISIHRAL
SIS, AR ST, BEIFRUIARIE, T-20 °C
VKFE R R RAT

#1 BN FREMESYRERIE-ERRIEHHSH
Table 1 Relative molecular masses and UPLC-MS/MS

parameters
EW Ql Q3 DP/V CE/V
227 212 -80 -25
W A

227 133 -80 -35

219 133 -80 -40

4-THe

219 147 -80 -40

219 106 -80 -30

4-1E THM

219 119 -80 -45

N 205 133 -80 -28

4 BT

205 117 -80 -80

N 205 106 -80 -28

4-1EF L

205 119 -80 -54

W A-D4 231 216 -80 -28
T-HW 4-3,6) 221 135 -83 —44
IE AR -D4 223 110 -80 -28
SEHLY 4-Tert 211 139 -73 -32
1EFFEE-D17 222 108 -80 -28

23.5 AR AE S

(HFEH

VERRFRIL | gCKE 10 22 0.01 g)RESh T 15 mL HZEB A IK
B, A 0.1 mL R R MR GFRHE TAER(100 pg/L)
5 mL ZBE, Wi, A HEE 1S min, 8000 r/min &0
5 min, W R HEM; FRETATH S mL JIEEE R
L &, AIFCIEM, BKHM-20 °C¥% % 2 h, BT
8000 r/min &[> 5 min, B EIEW AL

)4k

BX Cleanert PEP [EAHZEHUA:, £ AT 18 mL H S
1k, 6 mL KA K BB AT AR 1 15 0 30 mL KB, 7o
5] LA 1~2 mL/min B3R BFE, #2080, 12 mL
60% FH BR/K IR (V:V)IBE, 3+ LBk, TR 6 mL LTk
JiE, VEBEE T 50 cCHAAMEIE T . H 1 mL H EEy sk
#, 5 LC-MS/MS & .

3 LRS00
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FREMTEAE T IZAETE, LRI, g g
BEANE, S AP TR LA o ANBFET 20 BAEAS I A
25 R R R YRR ST R . JE BB . Q-PTFE UEMEFN
PES JEME, S K 2B, S| AR E A WE N
1.92~24.94 ng/mL, T-HEHIHKREN 2.95~104.1 ng/mL,
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I A 270 ng/mL, 36 [H J.T. BAKER 23] 4 7 1 i
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A A 7 B B A R S A 2R 0.48 ng/mL. SR
TR LR AL D8 7 AN UERE ) 22 1) 38— AR AT, RSB B
R BRSPS EE SR BARE A s s (B 1), 3R15
THEAE AR, MRS R EE(EEE MERCK)YE N i 3l
HAE, Ak TR .
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Fig.l The existence and elimination of nonylphenol background
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FEZE A3 AR, 2 e e . ZIEVE IR BOARIBT, £
REACRPEAR HL DR A, 255 % 18, e IR 1E DRI
Bl
33 REFGENMK
331 RICREEYRAGF

AHFFER I CIEVE AR BRI, LA 10 pg/kg HF A I T
TAREE SRR RIS RT 52, 58 T SRR BUSCR 1 52
Wi &5 R E R, S mL ZIFHRI LK, HArPIRIUNTE 4,
BEREBERBOETE, 6 2 W B N 7 AR B 1
27.4% ~ 47.7%, % 3 WIREUGE, Brriski s, e
ARGt o Akt f il 22 JLER B TR i, i B LR
Bk 2 k. HARGERILE 2,

40000 s H—k TR eFE=K
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Fig.2 The effect of extraction times on the recovery(n=3)

332 RIERBEMNF K
SCIGEELT 10 pg/kg AFPUIMAREE D S mL 205 2 Ik
PRI, PEBORAE 25 VR VR AL RS X5 H AR (8] I5CR 15E
W, 450 SR, IRBUKZ-20 °CY8 % 2h 5, HARYRYE Ik
RUJRARE . BRI AR, ToH s, Rtk
PEPURAE-20 °CHMA TR TR 2 h l5 k. 455 ILE 3.
34 FUFHENMRK
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Fig.3 The effect of extraction temperature on the recovery (n=3)

3.4.1 SPE A& ettt

S BILAREII& 10 ng/kg W35 A IR K LR bRk
Sl IR 42, a3k 55 R ) R B v I R R
A Gy W TR FL A, X v A RO N A BURCR 1 R AT
2, IR T EREAL R IE L/ — LRI Cleanert PEP
A HUHE(200 mg/6 mL) A7 B8 ALBRF1 5 [1) Cleanert PC 2 HUAE:
(250 mg/6 mL)FIf SBfbhk-ZHEE A4 Cleanert PC-NH, 3
Fh I FAZEBURE (500 mg/6 mL), &l 4 Fhg5 %, PC K0
PC-NH, & A AU A [BDJCR AT 2 2R, Hofth 4 Fh ml
WCRIEEAR, PTRES PC X T3 ) F o Ly 54 o A P 5k
S . T T Cleanert PEP A% HUR: 3¢ 1 W] i HoA 2K 1k
FE K PESE A, 45 Rt . AEME LA ) B B A i
W BEVE T, RO [ kR B AT S A 2 R,
Cleanert PEP /M4 74k o
3.42 Mg

SR 50 ng IRSPRAEZEWLL Cleanert PEP /M,
{8 FHAS R VR T 7E B SR 1R I A %) (BT ISE 2R BR 2 o 3 2o ok
PRI 2R 4 ARG, X EE SR TR R B ELFI R pH {E
S ERR R BEROR: o B 28 2 T, 2SI 12 mL 60%
FH BN St BTA E AR 24 R i A O, bR ik B A R A

7 N SRR o
140
~—PEP -#-PC -+ PC-NH2
120
100
80
60

40

20 I -[
0 T 1 [

20 WERA TRy ETHEE  VER  EVEB
(ERULE7ELES

4 IR AR S BORE RO SRR (n=3)
Fig. 4 The effect of different SPE (n=3)
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3.43 ARG

SEI AR ZIE . W a8 1%E ke
U, ST E T URBAEY 10 mL B H AR DR
MR, SRR, HRVENIATUR, RAHZNE i)
Xt E AR ISR AR 00T o BRI s 3 20 e, 4k
SELEBRMIMATR 10 mL, 6 mL Y EISCR2E R, 4553
BoR, 2 FhPRBATU B AR R T 5, Ak
W 2R ST, 1EH%E 6 mL 25X WA 2E B TV
3.5 HWMEHMSL
351 thAReyindE

AWFFE T Je AR T K- G FUK-H B sh Ak R, &
BRLAK - AR Ry s A, 5 Rk A4 (e 4 s, R,
TEPEH B A HUARAR S AL . 25 BT sl A i A 2K
SO REE, DSEN ESI-B N GA Y e S gn R, Y
JKABTN 0.05 %2k B, ma R (E75 30 ] B s, JOERET
QRAE, (ARSI Z K U IR B, sfE A ALA oA
[ VR BE A 2K, i) oy (B S5 A1

Fz 2 FREIHERAHIEHR
Table 2 Effect of different eluents

12 mL 6 mL
Hiry 60%Z. i
60% /I 80% FH i 40%Z Nk 60%Z. )5
(%5 1%FA)
W A / 9.3ng 1.33 ng 10 ng 9.1ng
T 51 / 1.1ng / / 0.45 ng
IE T / / / / /
F L / 4.5ng / / 2.8 ng
E=E 5L / / / / /
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Table 3 Recoveries and relative standard deviations (RSDs) of S kinds of environmental estrogens (n=6)
5| kiR X ! LS ik T
(R oA i Cfles Gfres CIves Gfres
o /(ng/kg) o, RSD% T ORSDMe T RSD T RSD% T RSD/% T RSDI%
4- 0.5 95.6 6.4 96.2 10.8 90.9 11.5 81.7 7.8 96.7 9.3 91.7 4.2
; 5 98.8 5.6 83.4 7.2 103.0 10.1 104.0 6.2 89.5 6.2 99.6 8.0
15 20 83.7 9.0 84.9 10.9 80.8 4.5 90.4 11.7 88.2 12.8 80.3 10.5
gé 0.5 100.5 10.2 103.0 12.0 91.6 12.5 92.2 12.6 80.5 10.2 92.2 59
T 5 82.6 9.2 95.6 10.6 81.5 12.4 80.1 5.3 86.1 4.7 91.5 8.9
g 20 90.2 7.4 91.3 11.2 101.1 8.7 94.4 8.4 99.3 8.9 83.7 6.4
i‘_— 0.5 88.1 10.5 84.8 6.1 89.0 10.6 94.9 6.6 101.9 5.2 95.5 8.1
; 5 89.2 12.1 94.1 6.1 86.9 10.9 89.0 11.0 84.1 4.7 96.2 4.8
1y 20 83.5 9.3 98.8 5.5 82.4 52 91.6 4.8 94.4 9.9 101.8 8.5
Ji_‘E 0.5 103.9 6.8 91.4 7.7 100.2 6.8 91.5 4.9 95.7 6.3 99.1 10.8
S 5 88.1 12.7 81.7 12.1 87.9 4.3 80.9 9.0 94.7 5.4 86.2 9.2
§ 20 98.0 4.1 90.8 7.3 88.8 7.9 89.2 8.7 104.8 5.8 101.7 12.5
XX 0.5 104.2 11.0 98.4 9.5 103.9 8.8 88.0 9.6 84.5 11.3 89.0 7.4
[ 5 81.7 4.6 82.7 12.5 95.9 4.6 92.5 10.5 82.4 9.0 99.1 11.1
A 20 86.2 8.5 83.9 8.3 90.3 12.1 88.0 10.2 86.5 5.0 92.9 9.7
352 MAGKE 3.6 HHIEREN
DRI, BEARYITE R e BIA DA i, oo iz kil
3.6.1 FHEMAMTEHE. AHRAZER

EA PR HC B B THTEsR . DRI, KRR Ay e i 1] 4
AU FLAIEE T A 95% . 18 3k X e P PR IR A P 25 1 4
BT ) YR 5 o 0 15 D00 0 g e (L, 2 B 24 B A 44
IR TERIIS 1] (4~7 min) PN YIS, S ST 00 B 2, 3l i
PRI BAIARE, K H D[] SE 4 2 9~15 min I, JEJRAK
INRG SRR G R S
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2.0e4
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1.0¢4 A |
i
I\
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7.5 8.0 85 9.0 9510.010.511.011.5 12.012.5
it [8] /min

JREE/AU
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FEW
5 5 PSR 1) MRM (6% &

Fig.5 Multiple reaction monitoring (MRM) chromatogram of 5
kinds of environmental estrogens

il 5 FlE AR 00 BRI 0.5~50 pg/L R SIE
GIRE LA, MNFRHEEYN 10 pg/L, LA B ARSI TH AR
55 AR PR bR UG TR L AE Y SRR MR BE X (ng/L)iEA r 2k ik
BIH, 4-THE , 4-IE TIE . 4-F3LE . 4-1EFHEE AR
By A B2 F R S BN Y=1.83e+04X+2.48 |
Y=1.27e+04X+3.14 ,Y=2.03e+04X+2.65 . Y=5.19¢+03X+0.31 .
Y=1.02e+04X+3.85, HHXRE(NHKT 0.999, LUMAREE i
HR R AL A i 0 Y (R I EL S/N=3 S 07 A o JBE R T T 1
4 4B (limit of detection, LOD), S/N=10 X Ji Ft#& i Ky 77 122
1Y 2€ 12 B (limit of quantitation, LOQ). #fi & 22 JLAEC /7 & .
. B KT RSk R RS BRI S
LOQ Jy 0.1 pg/kg, LOD Jy 0.5 pg/kg.
3.62 FiEtYEDRE SR E

Ay BIAHEZS (ARE S TR VRN 3 AR AR (AR TR TR, 5
AUREEACE 38T 6 WK, AT RIS FIRE % B L 00 . 3 MR
finoK SF RS O N 80.1%~104.8%, RSD(n=6) N
4.1%~12.8%, 4RI 3,
3.6.3  SFEIRAE S M

R 2 5% 05 VA A 3 P, A S B ATL Al BT
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1 F10%

JUBE & dh . XS, BN, K=, RSk A 6 Fhk
FIRE R IE 18 4y, ARSI TIE . SRER, 12
ﬁﬁﬂTBMLAE%O&%Jp@@lO%W&TNPﬁ
4-n-NP, &84 0.6~135.8 pg/kg; 3 fi#é i OP 5 4-n-OP,
mﬁo&@m@@oik ST, 5 FIRRI A 53T IZ A7 A
FAFEMETTH, 2015 FERIN A & %25 RSB0 It
246G % TDI{H 50 pe/(kg-bw-d)JH4 K 4 ng/(kg-bw-d),
25 B LA P S B RO, T R XU 5 1 iy >4
SIEEM.

4 % B

ARG T UPLC-MS/MS il £ b 4-T 5675
A-EFHEBY | 4G H . 4-1EF BRI A B4 78k,
FETFJR T &R BEARI E A NE T . FEARL Z NG 1
I, SPE BRMREHE, FE4ELIT SRR AR, AL
2 EME, REIE REE, BT EILE B . A8
BN AR HESK KRN 6 25 A ZRRE R LR h 5 RlER
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