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Simultaneous Determination of Octylphenol, Nonylphenol and Short Chain Nonylphenol Ethoxylate in Agro—
Products and Food Packages by High Performance Liquid Chromatography Tandem Mass Spectrometry
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Abstract; A novel method was established for simultaneous determination of octylpehenol (OP ), nonylphenol (NP ), nonylphenol mo -
noethoxylates (NPEO1 ) and nonylphenol diethoxylates(NPEO2) in agro—products and food packages with liquid chromatography-tandem
quadrupole mass spectrometry (HPLC—MS/MS ). These analytes were extracted from vegetables, crops and food packaging materials with
acetonitrile and toluene solution. The extracts were cleaned using solid phase extraction with graphitized carbon black tandem and primary
secondary amine(PSA) cartridges. LC—MS/MS was utilized for simultaneous analysis of OP, NP, NPEO1 and NPEO2. After chromatograph—
ic separation on Agilent ZORBAX RX-C18 column with methanol-10 mmol :L™" ammonium acetate gradient elution, qualitative and quanti—
tative analyses were carried out under the simultaneous scanning models of positive and negative. The average recoveries for agro—products
and food packaging materials at spiked levels of 0.5~5 pg-kg™ were from 62% to 113%. The limit of detection (LOD) of OP, NP, NPEO1

and NPEO2 was 0.03 pg-kg™, 0.6 pg-kg™, 1.6 pg-kg™ and 0.03 pg-kg™, respectively. This method is accurate, rapid, and sensitive, and
could be used for quick and routine determination of OP, NP, NPEO1 and NPEO2 in agro—products and food packages.
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1.1 FENFEEIKH

WAH A Agilent 1200, JF3%{X API 5000( AB
5] ,N-EVAPTM111 EMAL ([ 0A A +]);KQ-
500DB AR A PE e e (R LT s A AR A ) )
IKAT18basic ¥ 5t #F ()7 M ALEL 2 50 2= £ R A PR
] );Dual Layer ENVI™ [ #H 25 B & LA K ENVI™

Carb I /PSA 28 JL [ AHZEHUAE (600 mg,6 mL).,

T B Wy (NP, 4 B 99.0% ) | = 5 By (OP, &fi &
99.0% ) . T: 3 Wy — 4 £ 2 itk (NPEO1, 4 & 99.0% ) Fl
T — 48 2 KLk (NPEO2, 4l B 99.0% )31 75 5
PR Tl AR 24t 0 H A HPLC 2% (Fisher £}
Fea ), KR MilliQ #R 4K ; HAthis R4 R a0 ( 1
M),

1.2 #mibig

HERRPREX 25.00 g £& FHAFE i (#2 B GB/T 19648—
2005 i TAREE )T 150 mL BFR, LA 50.0 mL 2, )i
CHREVEYIRE Sh 58 20 mL 25 351K %% ) , 7545
JoT A R U TT 2 min, 38 ST AT HORE o WUER IR TR
BT 100 mL HIER (ML 5~7.5 g NaCl) , RIZ1IR
1 min, 7E % F 38 29 10 min, 25 AHFKA 42
HERR R 25 mL ZJEAV T 50 mL Bdfrh, 7 40
CIKIBHFEREZE LT T, N, T IA 3.0 mL ZJi5/H
R3D)IRATRWR, HS e, FAE . MERFRETE Y
BB R i 2 g, A —E 1 Z B 30 min,
BEZEHAE =T, IMA L/ R BOR A% E A . Carb
I /PSA AL A EARZE I 15 mL 2/ %£(3:1)
TRATRI, 25 mL ZIE/H 283 1) IE R . Kl
IR e e e 4 T, N, T, S mL H B
fi# , {1 HPLC-MS/MS 4347 .

1.3 g4
1.3.1 kst

{3t Agilent ZORBAX RX-C18 #1:(150 x 2.1 mm,
4.5 pm); #Ei 25 °C, HFEIATR 5 L. W sl AH A F B A
10 mmol - L™ 2% , BHEEVENE R . W46 VR L 5
95% ,2 min J5 FEEZE R 99% ,4F4F 2 min J5 P EEZS N
I H. JiEE A 0.2 mL-min™,

1.3.2 ks
K FHIE B 8 [ 4, BARSHOLE 1,

2 GRS

2.1 BiEEY

B F OP NP.NPEO1 NPEO2 F {b % i R[] , A<
SEIG A B 5% T I sh AR I L AR S o s i g i
F 5k X B ARG A P BRI o S5 R EREH Y 5T
6 e FE FF K (9 DAE N T shAf B, NP i b7 {44 75
{H NPEO1 H1 NPEO2 b8 22, ma W AEAR Ak . 7
Wi A A — 5 W BE (2~10 mmol - L) i) Z R e %
JFL, XF NP LB A —E WP L R R o e
NPEO1 1 NPEO2 (1) 5 F-1h 3k 2% , T o (8 bifi 5 v i
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Table 1 MS Parameters for determination of OP,NP,NPEO1 and NPEO2
aw X Tl e i FREEE SAHLE WAUE FHS i
Compounds Ton pairs CE/V DP/V EP/V CUR/psi GAS1/psi GAS/psi
NP 219.5 133.2 —42 -126 -10 20 20 40
147.2# =37
(0] 205.1 106.1 -26 =27 -10 20 20 40
119.1# =51
NPEOL1 282.3 127.1 12 5 20 40 40
71.2# 20
85.1 18
NPEO2 326.4 183.4# 16 8 20 40 40
165.4 30
Ha# HERE T

B n, AR>S 2 R ek B 10 mmol - L B,
NP NPEO1 1 NPEO2 HbrfbA 91 m L {545 Fir j
%, B v BE 2o R 1 SR ) T B AR & 0 1 8
sk 1R R 5 B 1R i 3l AH S HEE: 10 mmol -
L CRRRE A (9:1)
22 RiESHMRWL

4% NP.OP NPEO1 F1 NPEO2 iX 4 2K R A
[P 5T, SR FHAN ] A g i, 25 SR 3R I - A e A
A F,NP 1 OP #4315 F[M-H] 5 FA8 ; 76 1F &5 1
BT ,NPEO1 F1 NPEO2 % L Na*Fl NH; (954
B AR, o n Natg B B B i T HB ke 58
ARGy e RN R . KL, NP .OP NPEO1 il NPEO2
43 3135 ] m/z 219]M-H]" .m/z 205[M-H]" .m/z 282[M+
NH.J"\m/z 326 [M-+NH,|FE A il 175 A 25 10 B 25
FEXF RS AR VAT T AR 1),
2.3 HMBETAE

TR A 2 2 D T2 R R L IR Tk 28 R 45
FE I IR KO AR RIS R P YR TR 4 ORI 1 AH A5 T
FEE A ST FER A TR B . 7RO A 0
AR BE T A AR BOZEAL S, AR A R b
X} NP SR A P O i, (B 2% 18 3 FL R s il
VEPECE MR BUA A

FERFAHZEBCP 2228 T HLB A SR U4
T AL SR 45 S5 B, Carb T1/PSA &4 & JLAT: [n]
R (>70% ) B E LT HLB A1 ISR (50%~60% ) 5 7E
PRIV (4 075 16 PSR ] 25 mL B9 Z/F 2 (301 ) s e B
ALK HAME A BB e T ok, Rk, ARSIk 342
B RS N A ZEBUNME, R 25 mL 19 2,
i /F 2R (3 1)U AESE B R B B, e A Ab 38 A 25
FIRE i, I B e ok A LB SRS, NP ()0 2 (B 2

T i, WAk P R AN o Y, LA SRE i
it P PR A IS
2.4 &MSEEREKHIR

BB AR 43 ) B PO AR T AR, Herh NP e B
7 0.2.0.4.0.8.2.4 .8 ng-mL™",0P ¥ & & 0.05.0.1,
0.2.0.5.1.2 ng-mL™",NPEO1 V& J& } 0.5.1.2.5.10,
20 ng-mL™",NPEO2 e~ 0.05.0.1.0.2.0.5.1.2 ng*
mL™ o AN RV BE AR T VR R b R R R WORE - oL
TESA T A T , A - TR A PR AR 22
B v 2 AN AR LAy B R AR OC R B ARk
BH < Ui I DL O A S L N, W R R0 T
PR RAFI MR R LRI R T

NP 7 y=3.43E+004x+3.25E+004 , R?=0.996 3

OP 3} y=20.1x+435,R?=0.999 7

NPEO1 7 y=1.18E+004x+8.56E+003 , R?=0.997 1

NPEO2 4 y=3.9E+005x+3.15E+005 , R?=0.998 2

B L (S/N )T 3 Fried g (14 75 I 40 e FE AR Ry
o B, RO M Lb (S/NDZE T 10 43560z () A A e
VER R 3% T AT OP e PR 0.1 wg-kg™,
iR 0.03 wg kg™ ;NP (9 E =R 2 pg kg™, i
HBRY 0.6 pg kg s NPEOT SERFR Ny 5 g kg™, i i
FRA 1.6 wg kg™ ,NPEO2 e HrfR M 0.1 pg-ke™, At FR
7 0.03 pg-kg™o il H = L RN T B IR AR L M Tk
JEREAR A B BRI i T LI 1
2.5 AENEWEFEEE

SRVEAN D5 2 B MERR P, A3 e TS R B E
VIR A OP NP NPEO1 1 NPEO2 (47 [l
R FEAS ]I 28 FURR i R A B = ANV B (1K
i) DU SRR HEVE R, A TN E S YR, DA
Ins A A e 45 R s R R R BT
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Figure 1 Ton chromatograms of OP,NP,NPEO1,and NPEO2 in
spiked samples

7 3 0y [ 2Ky . OP 70% ~103% ,NP 81%~113% ,
NPEO1 62%~109% ,NPEO2 65%~112%,, F RSD #J/]\
T 4%(n=5) , AR L3R 2,
2.6 EEREEmRINE

K FH IR T o iR K S0 R AR R AR
48 HREHDRMIL A AE 20 AR S ET TR, 3 AN RS
b NP B 9.70 we kg, A RE L 50% 5 Fip
B G H AR LG NP 7E 2~21.46 pg kg™ ZIH];
B TR BRI 8% 3 b B 2 A R AR NP RT3k 33.39
pg kg™ s NPEOT FEFAS 19853 th ARk th . TERREAEY)
R T B 5 B A A BN B, A A i A A
L TE 1.1~37.61 pg-kg™ Z 0], HEE3ERE AR B2
K& NPEO1 WA # ) ,NPEO2 {778 hy ki , &%
FES AR L TE 2.59~7.20 wg kg™ BiSEH R

R2 AEERPEER TEBNERTEBRER GBI
H a0 B AEEEIRR
Table 2 Intra—day and inter—day precision tests of NP, NPEO1
(spiked 5 pg-kg™) and OP,NPEO2(spiked 2 pg-kg™)

H RS Intra—day  H [AREHAE Inter—day

precision(n=5) precision(n=3)

L&) Compound Pyl MXFhRME  EHUME AXHERIE
Mean/  ffi22 RSD/  Mean/ {2 RSD/
pg kg % pgkg™ %

HiE NP 4.02 1.0 521 2.1
Pakchoi ~ NPEO1  4.05 1.4 4.12 2.6
NPEO2 191 15 2.03 2.0

oP 1.75 0.8 1.90 1.1

YINEF NP 4.16 2.0 3.61 3.0
Cabbage NPEO1  4.05 1.8 4.50 2.4
NPEO2  1.50 34 5.10 2.1

oP 1.88 15 175 1.1

XK NP 3.21 34 4.59 2.1
Maize ~ NPEO1  4.11 3.1 4.02 25
NPEO2  2.05 1.5 1.69 3.4

oP 1.68 1.5 2.01 1.1

K& NP 4.60 2.0 3.97 2.0
Soy bean  NPEO1 5.60 1.5 4.70 5.1
NPEO2  2.00 1.1 2.10 3.0

oP 1.64 1.0 1.66 1.8

LSS NP 3.52 25 421 2.0
Plastic hag NPEO1  3.72 2.0 4.07 3.4
NPEO2  2.04 13 1.98 2.6

oP 1.77 15 2.18 1.1

EALAREAL NP 3.47 2.8 4.40 3.0
Packing paper NPEO1 3.1 3.0 3.95 2.0
NPEO2  1.95 4.1 1.87 1.1

oP 2.10 25 1.88 2.1

2| OP &, 78 1 AN s 2 vp G 2] OP, HL &
woN 21.31 pe-ke?, TEEREZRLCH RN E] NP &5
b 23.45 pgrkgs
3 it

AR SCHENT T A BRI S AL E B R PR B I
WA TR Sy Ty % e e T Ry B A 2 M T
S 10 P e AR 0 T FR B SR 1 A B 1 o 1 TR
B P RABRE R, BT T R A R Y
SEBRREIG , HA ARG H 52 FHAMME
B2
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