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W EEITHRME LSRR EENLO@AMAPE L LB fgiéﬁ DA Tk, FEATE A E AR P L A AR
AT R EFE, RALT EESBEAf A EREM, ZBEA 1~500 ng/L AE&MXF RAF, TA®RY
7 ke B IR 0.002~0.004 pg/L, fr+Fﬂfrouxﬁ%«fzsdfﬂuﬁ@ﬂiﬁ\ 5, ELE L 79.8%~1052% 2 ], ARt AR
1 2 (Relative Standard Deviation, RSDs) & 1.74%~9.88% Z 18], & B i% 77 &3t & 54 Lo @A b+ A 8y EoE 4
THATME, EF 45 HHEZGEARTAE T EAR, LABHAEAE 0.006~0.079 pg/L. ARIEA N 45 F 347 2 6
AR LA AMRITT Rentr, TEABRGORKEDEANETH 00237 ug/d, BT £ LB 094 R F1E
3ug/d, BLEAT S LiamARARst b A, ARG E G A BRI,
KR @A, EAB, HR0RAMEE B FERE (HPLC/MS/MS) |, it 45, RIeoH7
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Determination and Risk Analysis of Nonylphenol Migration in
Instant Noodle Barrel

LI Haiyu', WANG Xia"*, CHEN Jie', WANG Zhengmei', ZHANG Qing’, ZONG Yijing*’

(1.School of Environmental Engineering, Wuxi University, Wuxi 214105, China;
2.Chinese Academy of Inspection and Quarantine, Beijing 100176, China)

Abstract: A method was established for the detection of nonylphenol migration in instant noodle barrel by high
performance liquid chromatography tandem mass spectrometry (HPLC/MS/MS). Using this method, we conduct risk
analysis and assessment to marketed instant noodle barrels. The chromatographic separation and solid phase extraction
conditions were optimized. The calibration curves of the nonylphenol showed good linear relationship in the range of 1~500
pg/L. The limits of detection ranged from 0.002~0.004 pg/L. The recoveries of real samples migration fluid at different
spiked levels were in the range of 79.8%~105.2%, and the relative standard deviations (RSDs) were 1.74%~9.88%. 54
batches commercial instant noodle barrel were determined with this method, 45 samples detected nonylphenol, and
nonylphenol content was 0.006~0.079 pg/L. According to the test results, the safety of nonyphenol in the instant noodle
barrel was analyzed. The maximum daily intake of nonyphenol was 0.0237 pg/d, which was far lower than the health
guidance value of nonyphenol (3 pg/d), indicating that the instant noodle barrel in the market is relatively safe and has a low
risk to human health.

Key words: instant noodle barrel; nonylphenol; high performance liquid chromatography tandem mass spectrometry
(HPLC/MS/MS); migration; risk analysis
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FEACU W, HAE Sy EE S AR AL TR, B
R HTYTEIEYY | &40, AT Azl .
RA L EER EREA R BAEZELG LG
T AHRL YR SRR I T S A, AnSE E RS IR
FHO RS PR R O SRR AL R
P T AR OEE R FHALE o AR HAT 7 L R
T 5 TORAFEERR AL, JETRATT H A A0 v DL P
Z—o VLTHAM A LH % = 2 B AR N —)2
T2 E, IR A = L T AL SE AT
B ] ReAAAE T35 22 885 D3 A7 (& FH A, Xy
R e YA S BT R AR, N T T R R R 1 XU o
AHSCE A s H AT 7B T S B AT R ih 5Z 31 7F 2

TR, Horagm B R 12, PRk, S vl peg A g - 3k
Py 2 A DA T XSS 534, T Xl TH 28 5 & At 2
T A EEAE .

HHTX 3 My %t o8 28 P e 2R 2S
B R LB ST, s sl Ty
T, MICE T JEE XA T LR R ST 5 X
BSr o3 AT . EABAENT X (8 I 4R AR IR VT R
AT AT LA T T 4387, 8 i 450 Xt (e
EE GRS 2,4- —F P RN EREIEIT T
S HT, TN I AN Ref— YR P AR AT 256 (e Tl s
My A B =TT 50T, (R 06 K 381 T 5l it
BB o T BE i RIS I vk 2 A S (Ui T
P PO VR A e PP MR AE A ER B BT
JAPO0) L T AU S T A T B R S A T
TAEAL, FESLRTAC IR R 52 2, WRAH (A HH BRAIR,
Xof AL R AU Y IR AN BRI ZL K, T AH
£33 B I T G 5 T LA S Al L3R PR s iR, O
B3R ST R, H 5 BsrEn . RS

Bk, A5 SC AT ZE M g R 52, 23 T S 30K
35 53 B BT VAR S A 72k, SR MRM AR,
FEST T — PR 3 SRR B I E ik, IF
o) T B Y AT P T BR 1 iSE AS SR AT T I A XU
G307 T AMN AT AHIE 2 IR AT A AR 19
VSRR TE T, W o T WA AR R R
I E R HOR ST, B 2y IS & .
1 MREREE
L1 MRS5S

FAEE., NG, &S T ke, Tokam ¥heais
ali, 78 1E Merck A w5 ZUK (LEE 25%~28%)  [H2Y
L2500 A R F] 5 B IE AL (100 pg/mL in
Methanol) | 4-(2,6-—H FL ¢ 5L 2151 (100 pg/mL in
Methanol) . XJ1E T-3E/H (100 pg/mL in Methanol)
Y B E R EEHR A BRAAE]  SE U AR [ R
HUEETTAIN R, BAME B ATRE 1 s,

Alliance 2695 =5 20 AH (2.3 4X . Quattro micro
API BT, BoA 55 &5 IR (ESD | Oasis HLB [#]
FHFEHUAE (200 mg, 6 cc) . Sep-Pak C,q [H#HHE HUAT:
(500 mg, 6 cc) ZE[E Waters 2\ Fl; 12 1 IiE - H 3)

[FEAHZE B B 35 [F Supelco 23 Hl; Milli-Q #B4li7K
#% & Millipore 23 7l ; XT-NS1 & MAL  FIHT
HABRAE; MS 2 BURTEIR Z 4y F2E IKA 226
MK-SH7312 ANEENHE KT  HEZENER]; 0.45 pm
TFLUERE  SEE Pall 2AH]

1.2 KWHE

1.2.1 iERSEES B sy aiAm o — ol i, MRS

HAE 7 1%, [ HRTIC TG Ve, BUAS S AN A5 i idt

ATV WAL, BRI = Sah, SHEdE

i 2 4 [ SRR T B Mo Ak A o) i 3 RS S 56

I Y(GB 31604.1-2015) 7 FI & fid S E AR HER
A2 A Rk R ) i 2 A 1k 56 T A FE 93 ) ) (GB

5009.156-2016) P8 (¥ AH SC R , IR 5 (X A BR

i FHZRA, e 2R ARG R IS0 1A 254 B

PRFTFK G L) IN AT PN, HRBR IR =

&, B 2 hy FOINA—EMFRTC/K B, 1R, Blligs
W 10% M LEE/KIEIR, e F8 2 h, WHESFE
HIBRANE IR o

1.2.2 [EAHFEECSEE  ARKH S mL FHEE, 5 mL 4li
KT HLB [EAHAERUINGE, # iR FRZ#E LA 5 mL/min
PRI B i S A B, R/ aeisamad, 3T Py 4

FAVA T KR 5 mL AR . 5 mL &0 Be b A 7%
Ji5ts WA AR VE IR BB AW A T, AR T

T, HIMARBEZEREY, IFEARE 2 mL, o

0.45 pm THAFLUERE, 7F BT

1.3 MEFE

1.3.1 WAHEARESAF At : Waters XBridge C g

(2.1 mmx=150 mm, 3.5 um); ¥ii#: 0.3 mL/min; £ 7E:

25 °C; YRR 5 uL; FshAH A b 0.1% 2K, FishAl
B Sl ali FF s, B E e AR ¥ : 0~5 min, 40%~80%B;
5~10 min, 80%~95%B; 10~12 min, 95%B; 12~
13.5 min, 95%~40%B; 13.5~14 min, 40%B.,

1.3.2 JERESAE rs s s B TR s T

YRR (EST) 5 B RAERL: 22 /= Wi il (MRM) 5

FEUNE HE: 3.00 kV; B TIRIEEE: 150 °C; RHEHIR

W : 400 °C; LRI & : 800 L/h; #EFL A i -

50 L/h; Rl AR R G (LA /T 99.999% ), fill

8K 3.2x107° mbar; I8/ BT B ¥h 4 BEE 1:13.0;
/v BT ki S HER 2:13.0; BSFHERE 1 A1 2:0.5 V;
PAAP T S AR 1) ST S 25 DL 2.

1.3.3 trifEWIEEE: T TR RS

SRR, T3 AT LA SE 2 04 T 3R M bR o o

A 3B, CAS 54351 S 84852-15-3, 25154-52-3 Fil
104-40-5, SCEGWASE T 3 FibRdEY) LI 4T T M

ot I AR R 2 4544 84852-15-3 1 25154-52-
3 PARR ) TR 04 (04 AT, BT 3 A Wil s 7%t

AT, Tovk X4y, BRIk, P 35 m] FHAS Oy b A Tl

(B TFEEI BT PR EY) Y CAS 5, A5 R AR
WA CAS S5-K 84852-15-3 il 104-40-5 HTHE,
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Table 1 The sample information of instant noodle barrels
Jr il FIBk P i (B]YS
1 piN [l WM R 28 T hot spicy flavor epice
2 NISSIN TR T 0 R 22 XU 29 et I i)
3 s ] i et RIS Tk 30 st H 2CHH P
4 T ] ENEEERIS 31 AR % sz Ll lii]
5 NISSIN RO AR YRR 32 TR ]
6 Fr Uk A N RS RIS URGIEIVS 33 LR ZeA R BT AU (IR )
7 BRIE PR PR 34 LR AR PRy i T (e )
8 s LA 4 2F Y XUR 35 LN PRI/ IN R
9 F ] A IR AT A} 36 Reeva C Y 22 A PR R 7 T Ay
10 NISSIN B Py Rk 37 ke K LL IR RIS
11 Wik A B v 38 R 2 CRIBIRG HEPE )
12 NISSINA HIH e Rk 39 PP S EAR L]
13 R I SIRUA) 40 VA G R4 R B R 7N 24
14 SR IFF: ¥ 1 B T 41 EP AT FRBIR
15 Rl BRI ST 42 H% K WA R 5 (1
16 7R E EIRTRIE T PRI 43 [EEL//3T HE R R
17 5i— HHA- A 44 Elje Indo Mie Mi goreng Fried needles
18 itk R A Pl EAin] 45 EDOYT/ Hirifi REZS Hb AG bR
19 7R SRR 46 EDOYT. i ALIGE IR B ok
20 itk R I 47 Erid BRI
21 e sl Y THI SRR S R AR RR A 48 FRFERR FA PO R 1
22 ELR) P el eV 49 S AR T (RRUR IR THI )
23 KOKA SEAFOOD AR PRI 50 sl mE—T SRRV B U KR I AR T (e T
24 T ] T il ik 51 alyed 4 A MR N 7 R PR T
25 A g SRR )y IE 52 ENJe A
26 F R A Hot Chicken Flavor Ramen cup 53 HA WA L H e
27 T L A Fire 54 MEric AR o T
2 THEBMAFE SIS
Table 2 MS parameters for nonylphenols
PR CASH B (m/z) FHETF(m/z) HEFLHLE (V) TiHERE R (e V)
ABIET- ey 84852-15-3 219.2 133.17, 147.1 30 30,28
X IE T 104-40-5 219.2 106.17, 119.1 35 20, 30

T * RN ERE T

14 HiEALIE

SZYGH BRI L B 7E MassLynx 4.1 R, %
B EAA B TR BT | SREESE | AR
P, ERBAEEYIRE, SLI0ITA B izt A 3
AEPRSER o
2 ERSTH
21 BIEFHRK

ARSI 5T AN RS A AN TR] e P Y
XBridge C,g. Xselect CSH C,¢. Acquity UPLC Cg.
Atlantic T5. Sunfire C 4 #1 XBridge phenyl (4%}
TR 0 o B I RE RO, 235 5 IR AR SO | (kg
T SRR L S AT TR D7 i s PEAE R 2R, B
% T Waters XBridge C, ¢ taiifE

T2 O S5 48 Al AT e, B2 Y
B, FEGRSIAR TP —E MR B A PR, Rl RE2:
A TN P, 355 % T K

i5-0.1% 27K . B E-0.2% 27K A B5-0.3% KT
WA BRI, S5 5 ke AT 28 /KA AR R 10 43 B AR 2L
IFTFAKAROR, 3O S 20K A e T T B+
S T i 1 L 25, (R 25 SRR i TR B 1 2K 26,
T SR R Gead A — R TG, B, 262508,
BT HEE-0.1% ZUKESWAE sl . e 1,
IR 2B AT T A AH A B R T A, 53]
P AT R AR, 2 Bl 3R I 1 22 S W T e 3
(MRM) ILIE 1.
2.2 [EEZEBEHHIL

AHFGE LT Sep-Pak C,q 11 Oasis HLB Hjf#
351 AH 25 BCAE X T JE 1 1) B SRR, 25 SR iEl 2A Pt
7, TEAHTEIN 52 £512FF , Oasis HLB [&EAHZE BURE 0 &
IR BT T Sep-Pak C, ¢ 1, 5341, Oasis HLB [#4H
FERAE M) B SEE R T AR S AL, 5 C g HEAH
PYELA B A G B S AN T S pHL 3 Y L, P LA
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300000 - 120 - V77 “PIETHB
A
250000 -
8.78 A 100+ --=-go-cmmmeaaam W,
5 200000 - SBIETAE M
< (219.2>133.1) 3 8071
& 150000 - <
= Jg\; 60
£ 100000 - =
]E[ 40 -
50000 -
20 1
0 +— : ‘ : : . . .
0 2 4 6 8 10 12 14
] (min) Sep-pak C g
120 -
30000 4 8.78
= BRI T- e 100 1
< (219.2>147.1)
E 20000 { S
= =
10000 - =
R e S s B SR
0 2 4 6 8 10 12 14
] (min)
300000 - P2 ANTR] AR AR AT T 3 [ I3 1) 5 i
250000 1 9.81 Fig.2 Effect of different SPE condition on the recovery
rate of nonylphenol
5 200000 - X IE T ALy P = S— ot B e
EE (219.2>106.1) T A AR EFZERAE; B: ARIGESE
E 150000 -
g 100000 | L 57 4 P AHZE R PR ok, (A2 8 3] 4l
S0000 Toe il A FEMERAEIRIZR, a4 I — S Be (4%
j 5 mL) AR PE s
() P — L

0 2 4 6 § 10 12 14

Hif ] (min)

5000 -

4000 4 9.81
3 3000 A Xt 1E T FE 1y
E (219.2>119.1)
= J
Z 2000

1000 -

0 2 4 6 8 10 12 14
HJ ] (min)
Bl 1 THE® MRM (A5

Fig.1 MRM chromatograms of nonylphenol

A CHEHE Oasis HLB [SAHAEBUAE Ay S A 4 1L
Mo JAh, LT 10 mL FFEE. 10 mL 4 4%,
PR R — A P e (4% 5 mL) FYBEILACR, aniEl 2B fiF
7N, ARy R SRS AR PR ISR R 22 48, A AT n ] T

23 ZMSEERIGEIR

FHR G AR HEAGE A RO AR 1. 5. 10,
50. 100. 200. 500 pg/L MRS FRUE TAEER, 208
AR % - TS A5 R R TIE, F e BB 1
WE T AR AN T3y 1 BT Bk R 22 B . e 3 iR, T
FEPRIRAE 1~500 pg/L MM TE B Pk R 4r, LA
{EME LA 3 B A E R i i AG H B (LOD, BT
R RS 500 mL 14, 4R IE T-FE /1 7 1%
KBRS~ 0.002 pg/L, Xf 1E - 3L 85 i 77 1546 H BR
0.004 pg/L,
24 [EUWEMBEHE

RN S 1 B £ R CINTETE 115 21 R ) (S =
AR BE KRR UES A TIAR DK S5, B 7K
SEATINRE 6 UK, 455 A5 4 FTos, 2 Fh-R5Ey iRl
WCRAE 79.8%~105.2% Z 0], FHXIHREIMIELE 1.74%~
9.88% =[],
2.5 SERREEGRIIE K XU 43 4
2.5.1 ITRSLEOLEIR  RIAS A AR A P T3

K3 AMSHIINERTR
Table 3 Linear equations and LODs of nonylphenol

ZFR {423 s} 1] (min ) i ZEPERE R () LOD(ug/L)
SBIET-HEM 8.76 Y=249.16X+60.9472 0.9982 0.002
X 1E T3y 9.79 Y=282.6X—88.8723 0.9979 0.004
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WS S A, VR B TR TR . Y 3000 9 o 878
JHIZIT X WA S AN R P23 . AN R AR AN [R] 1 BRE 2500 4 SR T AL
EARSEAT TR S5, Hat 54 R T T -5 5 2000 A (219.2>133.1)
TR, G5 ANR 5 Uros, Hodp 45 S BREE é 1500
R R T T3k, iR P AL S e R g 1000
N 0.079 pg/L, f/NE N 0.006 pg/L. HLRIEE G, -
MRM (A 1% AN 3 R, 4BIE T- 3Ly A A, X iE 3007
AR H, BB AZ BN 0. L. 0 +— . . . . . .
TR AR, BAEFS A 0.079 ng/ T o e o
. s _ . [ 8] (mi
4 MR R T I AR ELBCR RS 25 3 (n=6) 1) (min)
Table 4 Recoveries and precisions of nonylphenol in instant 300 4B
noodle barrels migration fluid (n=6) 700 ]
lezr] BMEE (/L) PHEER(%)  RSD(%) S 600 8.78
<
0.008 79.8 9.88 £ 500 4 S ——
SRTE LA 0.08 105.0 4.67 it ;IISQEZL%%
0.8 100.0 3.62 % 400 1 (219. D
0.008 86.7 9.42 300 ~
Sof TF - 0.08 95.2 6.32 200 -
0.8 105.2 1.74

K5ORS ST (ng/L)

Table 5 Total migration of nonylphenol from instant

noodle barrels (png/L)

FRFS BiERE WS ATBER HSFS BIBE
1 0.019 19 0.032 37 0.022
2 0.017 20 0.019 38 0.012
3 0.022 21 0.023 39 0.033
4 0.010 22 0.033 40 0.018
5 N.D. 23 N.D. 41 0.021
6 0.019 24 0.022 42 0.013
7 0.022 25 0.040 43 0.036
8 0.016 26 0.029 44 0.079
9 0.013 27 0.020 45 0.006
10 0.013 28 0.017 46 N.D.
11 0.007 29 0.014 47 0.035
12 0.009 30 0.018 48 N.D.
13 0.014 31 0.010 49 0.025
14 0.027 32 0.007 50 N.D.
15 N.D. 33 N.D. 51 0.014
16 0.013 34 N.D. 52 N.D.
17 0.022 35 0.035 53 0.007
18 0.014 36 0.020 54 0.013

TH: ND R AR

2.5.2 RUS P45 R
2.5.2.1 BBV BT, FRE W ARES RGNS
AR ER AN ik, B ok R 2S5 RO Flise
iR IT RmEZ VAN, AR ST ALy s R Y
FHEARCR A T 38 E & 5 25 B HUS (FDA) WA
BTV AE R : B AL R T RSSO UESS:
FEBOP, I A=) .
EDI =M xCF xm @)

. EDI 35 A9EAE H AR M F5 A0S 8 i
Y e E; CF 8 2E 2 R, m 5 A
BERIHFEE S & (LG EAFIR AR o

2 E FDA I PIVAErE YFE P b e bA ke ipay
RE W) T B R R I, AR AR AR PR E

0 2 4 6 8 10 12 14
HF1A] (min)
B3 ARG T- T E A MRM (i5E
Fig.3 MRM chromatograms of nonylphenol in typical sample
TE: A:219.2>133.1 B§7X; B: 219.2>147.1 B 1%t

JE RS R AR R B S 0 434 A, TR B S bR
SEYFUA SR, A BSEE FDA UGS R YRV A
BIPZS, XFTFoK L RIS, 10% ZIE . AE TR, 45HH
i (R A WIERIZE) B S 2S00 R (£ 43 53 Ry
0.54.0.25.0.01, 0.20, IHEARRUTTAZ(2) FR:

M = £ XM+ £ X Mg + fio0i 0 X Mignazr + Sy X Mg
X (2
P2 3] 4 TR ) FH A S5 R T R 1 114 3 e
AT e R BR R b A T3y 1 AU, R i Tk e
BT AR P AT RS R 10% Z Al - a0
FAER U E (M,,,,)0.079 ng/L, X IHE S 250 A
B SRSk 1, PR T B 1 e KR B R R M, =
0.079 pg/L,
AR SE E FDA ATV IE R YRSV A i N2, 48
il (B REPRIZ) N 2§ (CF) 2N 0.2, i Bk
KA M, 18, BRI R FH K A
FLM 500 mL, AF K20z 3 WK, WA REZH AN
=4 1.5 L, HEeFoEANK, 1453 EDIHE, 21 F:
EDI,.. =M, xCFxm
=0.079 pg/Lx0.2x1.5L/d

=0.0237 pg/d

2.5.2.2 fEFRIEFEIVHAL  FEE S EXT TR A HF
FAEE I, TR Z 243 IR oT T304 H ] i 3255 A=
(TDD) P>, 3@ L ek i), AT TR T
FI2E BER AL AP S R AT T HE B AT 2
D5 B AR 5 ng/kg-bw/day®?, ARHEE
A 422 b A Al XU A 1 S AS R A 225K, 225 bR
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GB15193.18-2015 Y2k, #E SRS 2| T2
fARFE FEHBGV), W F(3) fias:

POD

HBG\/:W & 3

b, HBGV F5 e EF5 S8, POD 45 198 4
KL R HE TS5 A SRAH SR e RBOEE PR T
B I 1 — ML, FEIX HLE A TDI S A
o, AR E N 60 kg; UF FoRm A RE —
AN E RECEN 100, W AR A4S 5
ARUCVPAL i) - B (e R dE BN 3 pe/d.
2.52.3 WSS R IRRIE AL Wb IR R
PPA P25 R R, BTSSR i 4 H B KRR R i
A 0.0237 pg/d, LM AOEURERE SE M 3 pg/d,
FAA PEA AT LAFE H - R ) 2R 8 IR T T AR Y
RS B, DA T3 b Ve TR 53 45 A 22 4, Xof
AR FAEARARIRUS: , 27 st m] o A B
AL A REIEAT U VA, DADP At 7 ot - i 19 2% 2 XU
86z, PRBEI D e 2o 4
3 g

AS S A XA A T AL RN €8, 335 BT 3 S 445 T
AL, ST T BT XL T TR T A e I T
5, K BRIA 0.002~0.004 pg/L, NIBRIEIKERLE 79.8%~
105.2% =Z[a], I tRid | w2k, R I %%
BT EE UL I TR o Ry i T A B T
5 TS 53 AT o WITSE 5 SR IV T A - L 1
FEE X DA ATTER DRI o % T- LML F%
I 5 BRSSP T s ST, T DASE 32 Ul
A, A ST 2% it W A TR T TSR RO S5, X4
DTSRRI B (e 2 42 BAT B 200 8 S, BT XS
FLATF Bl it 0 3 P T I — PR NG IE

Sk
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