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ABSTRACT: Objective To establish a method for the determination of 18 kinds of plasticizers in peanuts by ultra
performance liquid chromatography-tandem mass spectrometry. Methods  After ultrasonic extraction with
acetonitrile and centrifugation at low temperature and speed, the supernatants were collected and refrigerated in a

—18°C for at least 2 h. Following filted through 0.22 pum filter membrane, the supernatants were separated by
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Shim-pack XR-ODS reverse phase chromatography column (2.0 mmx150 mm, 2.2 pm) and quantitatively determined

by triple quadrupole mass spectrometry in multiple reaction monitoring mode using external standard method.

Results

Under the optimal analysis conditions, the linear range of each plasticizer target was good, and the

correlation coefficient (r*) was>0.999. The limits of detection and quantification were within the ranges of

0.0004-1.0000 pg/kg and 0.0012-3.0000 pg/kg, respectively. The recoveries at 3 different concentrations ranged
from 75.26% to 114.54%, and the relative standard deviations ranged from 1.08% to 8.00% (n=6). Conclusion This

method is simple, stable and reliable, has high detection throughput and low detection cost, and is expected to be used

for quality and safety risk assessment, screening and verification analysis of plasticizers in large quantities of peanuts

samples, in order to provide technical support for quality and safety supervision of bulk grain and oil by government

departments.

KEY WORDS: ultra performance liquid chromatography-tandem mass spectrometry; peanuts; high throughput;

plasticizers; risk assessment
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PAEs), HHIH WA 30 ZFh, 2948 kRS 80%! ',
SRAR T NORRIG BT, A SORL I T A E AR S Tl B e
R, USRS SRt . KOG ATEE . WA
PERL R SRS S — R AR VR T, S T AR
NEBEATIREML, A NG 55T BB AT R 58 T4
NKIEH NAITESHCT Hit, SBAEFIE AT 2 7R B3R
Bels Y42 0 AR 0 R B T AR S YL 1 BR BT
TS TERNTE BB AL R AR BN, R B — @ AR SO
OIS RG R RRAEED, R s guE!,
FEH LG RN, R _H R 24 )M
[bis(2-ethylhexyl) phthalate, DEHP]AI4S 2K — H iR — T JL S
(dibutyl phthalate, DBP)X} AMAGREE RS . ML RGEMA:5H
RGEHRA —EMEEE, S2EBWE TGN, (2
PR R, A SR RDRS ARSI L XU PEA
RSk ahil, SRR EA BET S, i AR SIE
TR R 2R L,

A AR R IR 2, 25k ES. 8
BERRE BB LB S A B FIES I T gl AR
PR, A SR R R R K A S AR G ok IR, TS
Fr A fh ) L RN B AL R R RS B BT AR 7 A ™ S, AT
A S R e A p R U e A R —Fh R A TN
AR, TRl o, AR S A . A K e
HNZIG RO . b ) hem S AR A
Zafpil, UL, JFRIEAR K R AR P45 v 48 A0 55 XU T
Aili, DR Sk F28 il 20 Ak 70075 e RURS:, %O B8 AR 7= M A B &
BHEAEER L,

FI R AR50 R ) 32 3 A SO ikt <
A0 6 3% - 5 4% ¥ (gas  chromatography-mass spectrometry,
GC-MS)!"* ) B AR (5L P02 | VA (- R I R

il

¥ (ultra performance liquid chromatography-tandem mass
spectrometry, UPLC-MS/MS)2 25 25 15 il 77 ¥ . GB/T
219112008 { £ b H 452K — FF ERER (105 ) Hh A A6y 3%
9 GC-MS, WAGE G 4317 5 # & FiAER e SR Ak, *F
MEFERACE PTG JI56, 27 IR AT A b b 2,
PRAEAERT S 2 o WRAH AT A I AL . AR AR, (HR
Grrp B S AL, SRR R IR 28 M AR 4
WO 3l R, FLKG H PRAE R Y GC-MS ZRHTH
THE LS B S 2 2, M RS,
TR B THE T e %2, MR, UPLC-MS/MS R IBE 25 Hy,
BRI EAEREERBE I, B8 TriER
GC-MS D2, Foill R B8 LA (il sy, IR ie B
BEREMER | Ml | FTE R %% . TOKUMURA
2Z ] GC-MS F1 UPLC-MS/MS WiFh 434 A 8 T
14 FEAEF R, &P UPLC-MS/MS 77 749 & it FR (limit
of quantitation, LOQ)Ht GC-MS 1k 1~2 M= 2%,

HHl, 755 UPLC-MS/MS 4k J7 v A 3k 38 40
PR D, MR SO GC-MS B3GR 1 —2F,
5 B e B R IEE S BB AL L A3 A 28, A DA i 2K 7
FECE . YoRb, WL BRI KBl 0, R E
TMARZSHLI ™ S A e A F SR IE . TT RERY S R vl AR
w R AR, RUALELE — R R — HAREEAN T,
% B W RE W 25 2 A VRO A B i B P i R B (AT b g AT
FEFE R, BRARA B ROR, BTRL, AR WA 5 84k
T VAR - B Ry bR & A, Eik, AU EFE
— A ZERENE SRS i AnAE A rh AR Y
UPLC-MS/MS il J592

SR, UPLC-MS/MS J3 A A AR M S W AH 22 42 vh 45 2
BHE B SR AR S S T, B8 RBOEL TS .
TE B ANER IR, A T I UPLC-MS/MS FE4 15 5tid =
FRIERS, AS RIS & —Rh AT A DREE | MR 8 A 46 A
18 FEEFIE UPLC-MS/MS Rl )y, LA Ry e 3



160 B L4 T AR I 2 iR 615 %

TSR PPAG 5 3 R o 2 1 e R e
1 MR57EE

1.1 w5

17 FhIBALFNR A PR . AR R — 57 TlR b
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Table 1 Information of 18 kinds of plasticizers

s ThIC AR BELER B E ] RE

1 ABZR T H R WY R dimethyl phthalate DMP

2 AR HR .Q-H AR L bis(2-methoxyethyl) phthalate DEMP

3 A R (-2 R I g bis(2-ethoxyethyl) phthalate DEEP

4 A W R 2 diethyl phthalate DEP

5 ABAR T H R RN TR diallyl phthalate DAP

6 AR H R e diphenyl phthalate DIPP

7 ABOR R TR R butyl benzyl phthalate BBP

8 A W 5 T diisobutyl phthalate DIBP

9 AR R —(2-T A I H0)mg bis(2-butoxyethyl)phthalate DBEP V7 *’*‘??@Jf%

BRI

10 AR W R T e dibutyl phthalate DBP

11 AR B R IR IR dipentyl phthalate DPP

12 ABOR ZH R I R dicyclohexyl phthalate DCHP

13 AR iR (4- Y 3-2- T 3k g bis(4-methyl-2-pentyl)phthalate BMPP

14 AR HR O R dihexyl phthalate DHXP

15 AR W iR —(2-2.3) g bis(2-ethylhexyl) phthalate DEHP

16 AR B R U IESE R dinoctyl phthalate DNOP

17 AR H R TR dinonyl phthalate DNP

18 LB —H IR R ER G R WIRIEE ) diisononyl phthalate DINP FR T T
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TRAARE TR BECH]: A RGH R A hr i B R
B RRUT MRy 200, 100,40, 20, 10, 4.2 Fl 1 pug/L
HTRAARE TR, &

= SRR 3 Lmin; VG 10 L/min; T8
S 5 L/ming 32 0EEE 300°C; DL 48 REE 250°C; ik
HURLEE 400°C; Rl 1375 T o 25 SR 77 270 kPa; B B B[R]

S AR 42 GC-MS Kl i I A &
ABEFEITIR 18 FIBALR AELERE SR, $4 00 1.3.1 AYRTALEE
AR 5 B 2 AR, A

BB L.

15 ms; HAWBRERES L 3.
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Table 2 Gradient elution conditions of mobile phase

i ) /min E/(mL/min) WM A/%  FEIAE B/%
1.4 KB BERIE & 0 0.2 60 40
1.4.1 &ABEAM 1.0 0.2 60 40
3% 4. Shim-pack XR-ODS II (2.0 mmx150 mm, 2.0 0.2 20 80
2.2 um); FERAE: Intertsil p ODS-4 (3.0 mmx50 mm, 2.0 pm); 4.5 0.2 20 80
WEIAH A: 5 mmol/L ZRRE/KIFW; WizhAH B: HIEE; Jik: 6.0 0.2 5 95
0.20 mL/min; AEIRBEE: 40°C; HEFEHE: 1 pL; PEBIREF WL 9.0 0.2 5 95
*2, 10.0 0.2 2 98
142 F#E&M 13.0 0.2 2 98
HA, 15§ 25 B4 T~ (electron spray ionization, ESI), 1EREZ 13.1 0.2 60 40
(ESIO#34l, £ /0w Waill(multiple reaction monitoring, MRM) 22.0 0.2 60 40

F3 18 HEBUFIA MRM FRikSH#
Table 3 MRM parameters of 18 kinds of plasticizers

B4 {4 B4 B5F ] /min HIAES F(m/2) UE T (mz) Ql HJE/V fiffE Rt /eV Q3 HE/V
163.0% -20.0 -15.0 -20.0
DMP 5459 194.9 77.1 -14.0 -33.0 -14.0
207.1% -20.0 -7.0 -14.0
DEMP 3467 283.0 149.1 -19.0 -27.0 -15.0
73.1% —22.0 -13.0 -14.0
DEEP 6.097 1L 21.1 220 8.0 ~15.0
149.0% —20.0 -19.0 —20.0
DEP 6.188 2230 177.1 -16.0 9.0 -12.0
189.1% -17.0 -8.0 -13.0
DAP 6.630 247.0 149.0 -17.0 -20.0 -30.0
225.1% —22.0 -15.0 -15.0
DIPP 8.138 319.0 . 550 360 150
91.1* 220 -26.0 -18.0
BBP 9.051 313.0 149.0 -22.0 -14.0 -29.0
148.9% -20.0 -20.0 -20.0
DIBP 9.025 279.0 205 1 2190 %0 140
101.1% -25.0 -14.0 -19.0
DBEP 9.122 367.1 2491 550 80 170
148.9% —20.0 -20.0 -20.0
DBP 9.212 279.0 205.1 -19.0 -8.0 -14.0
149.0% -22.0 -16.0 -29.0
DPP 10.228 3071 219.1 -13.0 -8.0 -15.0
149.0% —24.0 -23.0 -30.0
DCHP 10.375 310 167.1 -23.0 -16.0 -11.0
149.0.% -13.0 -20.0 -27.0
BMPP 10.732 335.1 167.0 -25.0 -13.0 -11.0
149.1% -13.0 -18.0 -10.0
DHXP 10.768 335.1 2331 s 100 e
149.0% -30.0 —20.0 —26.0
DEHP 14.138 390.9 1671 i 150 e
149.0% -16.0 -19.0 -25.0
DNOP 14.930 390.9 2612 150 90 1o
149.1% -30.0 —19.0 -30.0
DNP 9.647 419.0 275.2 -16.0 -10.0 -19.0
149.0% -17.0 -20.0 -28.0
DINP 15.342 419.0 1115 P 10 130

TE R E R T
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IRAT 0 Ul 53 b 550 A 0y 92 $2 B #4031 2 22 R A
50%0H) CH;OH /K . 4l H BEMZE G . ARFIErranss
T3 3 FMEBOR IRBGEICR, TR 31 3 A H1(50%
CH;OH. CH;0H. CH;CN), B4 51 6 P47, /3lFR
I 2.00 g ByREJE AIAEAERE S IIA 40 pg/L 18 FhEEAEFINR &
FRUE IR, TR M A 10 mL ik 3 FHRBUR, #H
PR 30 min J5 T 4°CEHF 4000 r/min ¥ &S0 10 min,
SRIGEL LI T —18°CAM NSRRI R 2 by 4 Ly 4l
FoK AT L1RRRE, 24142 0.22 um JER B RS 2 1.5 mL
PR/, S8R EHUAGIN  SEBG25RAN2% 4 TR 50%09 CH;0H
IR 22, Al G 535 2l Y B B BRI R AR X 4547
HASFEER R, XWAETIZES2EC DBP. DIBP, DINP,
DNOP X 4 98 Ak 7] 5 4] 14 [T Se S S5 4 IROCH: At ok, 4 e
i%; X PIRIE FIAE EL B, 40 215 Y 3 B0 SR AR T 4l R
i, B2l ZNEE N B AR BOA .
22 (USEEHSMK
22.1 ARk

T B E RS VEIRAR T (R 2 B RIRTER F, AP

A AN [ B AT A 70 B RCR B 500, 45 B

DIRBNFRZR(A: KIEWAB: )44 DBP #il DIBP 4
Boyes, BMELEWIAEFIIA 0.1% HCOOH E{# 5 mmol/L

CH;COONH, W& FE 45 70| b Jo I B dest . Rk, AT HLIE
SHARBEERE NG o 2T AR R (A KIEW+B: HED)H
ISP DBP il DIBP B S, —FHEH— 0%
16 47E AAHHAIA 0.1% HCOOH I, fEfSRY Mk DBP
1 DIBP Z [B] Y43 B RCR, (B HAERE] 0.33 I8
FE, ANid Befg s 3 A S AL S A i 3R 247E A AR
B 5 mmol/L CH;COONH, W& JEJH 15 I}, fEfs B %ok
DBP Fl DIBP Z [A] 443 B4R, ferm nT LASEE 0.85 19455
B, TRl o TRt A B S R, B R 43 B R an
1 Fi7s[18 FhEBAL (40 ng/L)Y MRM 43 B 8CR KT, Hi A 1
Al LLE Hi: DINP J& T H4510%; DBP F11 DIBP 2 [A] 4 43 &5
BERARIEEA IR 1.0, {H58 40 2 E AR ATk . R,
BRI A: 5 mmol/L ZERE /KA IR ENAH B:
F AN B AR T B AR R
222 RABFRG T BAHF KBS FEH

AT, TCR BRI R . WA . B TR
WARRE, #BJCH:ksE DIBP #l DBP [ g i g is o,
B R 7E T OM 485 22 42 7P DIBP 1 DBP AR (5538
KR o A0 BR s AR R G2 H 5 th Y DIBP #1 DBP i i {5
J kR TR R G . AR TR, 43 BT 22 e LA BB A 2 B
XA R BB B WA S50 s, TR R AR 1 RO A A AT S20k)
Cig REWGI L4 T (B4 H 71 5 R[5 88 4k 770 B4 48 B AR,
TE it 55 A [ g J A e P2, e s B vR A A R, 18
98 AT B AR N A AT AT L i i R B S S AR 4, AT
TEBLAR BB AR A i, Bl E A BTEAS LAR I . s
REAEFI FIZ R B R G0 5 P 1y BB AR B 3 iR B — B
BT, SRRB OSBRI R G s T BB AL R B 1, A
0T 7 B %o R i R BB R0 B0 1 T30, SE B AR i )8 0K
W BFZRiK, TR ERE AB IR A5 A skt
R Z BN T —AN -5 4B —FE R BT A (RERATE) .

Fz 4 FNEHREUGREWERIXTEE (%)

Table 4 Comparison of recoveries of different extracts (%)

AR 50% CH;OH CH,OH CH,CN AL 50% CH;OH CH,OH CH;CN
DMP 94.97 92.05 96.13 DBP - - -
DEMP 85.34 90.43 90.85 DPP 6.96 85.71 84.11
DEEP 88.91 89.63 89.93 DCHP 7.88 84.06 81.63
DEP 43.87 78.49 88.41 BMPP 4.98 84.83 80.17
DAP 47.56 85.62 92.60 DHXP 4.65 76.84 88.01
DIPP 16.55 84.93 86.33 DEHP - - 78.13
BBP 19.26 87.05 88.49 DNOP - - 41.73
DIBP - - - DNP / 51.90 84.88
DBEP 35.48 89.85 88.11 DINP / / /

T /2R ARAG R B Ay U~ [ fic R g S
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R 5 AR R R S A B AR R e R A TR, B ARE
RERS B % PR R 15 5t b (1 DIBP Al DBP AR 5k i
WHMER T REE S LA BT S5, 25
T 7 (A I R R o 2 S A SR I Ty v 1 B 8
DUAH SC SCHR R E o (A B AR, EMBEIER AR LT,
FEGh 18 Tl S Ak 7] B 43 (9 W TR A W P AN, (R B B
B P RE K
2.3 %Aﬂerm

JESN (matrix effect, ME)J&s2 1 UPLC-MS/MS &

ﬁéﬂ‘ﬁ/ﬁﬁ b (10 5 PR 2R3 AR S AR SRR A T P
AT ME/%=(FEHE 23 R ST 2 M 5 R AR 3850 25 1 e

TGRS -1)x100%5 ME {fP%), 255 E 2 fis. 1F

1 2 7 A 78 Jo 38 588 2000

7 (R V) 38 7R A7 78 3 5 4 5%k

A 2

PELEBEFUN 18 R AL ME (B Y521
Fig.2 Effects of peanut substrate on ME values of 18 kinds of
plasticizers

24 ZMSeE, KHRRESR

FAREAE 2 (BRI 18 P AL R TR A A TAE TR
200, 100, 40, 20, 10, 4. 2 fl 1 pg/L, RIGFHLIAEAZS
T 1 pg/L TR RARRE, L3R5 51 L (SIN=3)#1 10
{7 M L (S/N=10) 8 50 12 7 36 %t Bl 3 L7001 PR ARG 1 IR
(limit of detections, LOD)FI LOQ, %55 L3 5.3 5 A4
ZITERIAEA T 18 RhBAL I R AP LM R, A
KRB KT 0.999; LODs 24 0.0004~1.0000 pg/kg, LOQs
4 0.0012~3.0000 pg/kg. 25 Bk, ERACSAET, AU
JIT ST 1) UPLC-MS/MS RE T e AEAE b 18 Bl fb 571 iy A
K

®5 I8 MEBAFIMWEMEE, &iEHE. RHRKEER
Table 5 Linear ranges, linear equations, LODs and LOQs of 18 kinds of plasticizers
Ak L PETE L/ (ug/L) etk e R FRE() LODs/(ug/kg) LOQs/(nug/kg)
DMF 1.000~200.000 Y=167702X+433544 0.9998 0.0040 0.0120
DEMP 1.000~200.000 Y=278315X+46355 0.9996 0.0004 0.0012
DEEP 1.000~200.000 Y=204264X+1662.4 0.9996 0.0040 0.0120
DEP 1.000~200.000 Y=310001X-77384 0.9993 0.0400 0.1200
DAP 1.000~200.000 Y=296276X-133955 0.9994 0.4000 1.2000
DIPP 1.000~200.000 Y=271058X+148689 0.9997 0.0040 0.0120
BBP 1.000~200.000 Y=889992X+737703 0.9990 0.0040 0.0120
DIBP 1.000~200.000 Y=286459X-43213 0.9998 0.4000 1.2000
DBEP 1.000~200.000 Y=286635X+105104 0.9998 0.0040 0.0012
DBP 1.000~200.000 Y=426664X+47133 0.9998 0.4000 1.2000
DPP 1.000~200.000 Y=715909X+116236 0.9996 0.0200 0.0600
DCHP 1.000~200.000 Y=911568X+413677 0.9992 0.0004 0.0012
BMPP 1.000~200.000 Y=500651X-321283 0.9992 0.1000 0.3000
DHXP 1.000~200.000 Y=577067X+74255 0.9996 0.0400 0.1200
DEHP 1.000~200.000 Y=524729X-215714 0.9997 0.4000 1.2000
DNOP 1.000~200.000 Y=779349X+999141 0.9994 1.0000 3.0000
DNP 2.000~200.000 Y=105047X+1470.6 0.9997 1.0000 3.0000
DINP 1.000~200.000 Y=89318X-13879 0.9991 0.0400 0.1200
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25 EWRESHEZRE

FEARAEZS FIRES TR s T AR 3 NS o R
B IBALFIAREIR W, FHAE 1.3.1 BURTALFE A TR EA T 94k 3]
FEGEEI, HHRAT LM, BMKRERE 6 71T,
BOLP A A, 4558 IL3R 6. 3R 6 WA, Ah
AT 83 1) F- X 945 T [l UL AR AR T 75.26%~114.54% Z 1],
HH XF B ME Al 22 (relative  standard deviations, RSDs){l il A
1.08%~8.00%. FH I AT A1, AHF 78BN 1) UPLC-MS/MS

R 52 AR A rh 18 b A7) (9 vt DU s LA 25 11
s SR I
2.6 TEEMHmOH

R B ) SR AR 7 it SR 2 4 IRV PR AT 55 0K, il E
TG R AR A 7 XA 187 (B A e AL HEA THME
R DA 45 R R, 4284644 Al DBP . DEHP , DINP
G R HIN 95.72% . 100.00% . 70.05%, AR AYF-H 55
BRIk 71.04, 140.68, 32.12 pg/kg, FEARZEFILE 7,

F6 EIBMTENEWESHEEREEEN=6)

Table 6 Recoveries and precisions of the investigated method (n=6)

ALK AR AR (pg/kg)  CFEIEIRCE/%  RSDs/% BRI ARREREApgkg)  FEIEIGE/%  RSDs/%
100 82.60 2.15 100 87.06 1.79
DMF 200 114.54 1.42 DEMP 200 87.81 5.32
500 90.61 5.26 500 87.24 4.09
100 86.06 2.92 100 84.39 4.08
DEEP 200 87.88 1.91 DEP 200 85.50 2.65
500 86.86 1.08 500 86.86 1.85
100 91.95 2.06 100 87.94 5.86
DAP 200 90.44 3.66 DIPP 200 87.45 2.99
500 89.12 2.16 500 87.48 4.16
100 82.49 3.91 100 81.67 1.89
BBP 200 84.10 2.02 DIBP 200 97.89 1.72
500 85.55 1.51 500 84.41 1.42
100 82.49 3.62 100 109.13 4.05
DBEP 200 87.53 2.22 DBP 200 102.62 6.61
500 86.02 1.62 500 85.72 1.54
100 89.16 3.28 100 81.95 4.32
DPP 200 86.40 3.63 DCHP 200 81.37 4.68
500 90.04 6.16 500 86.60 8.00
100 82.98 3.14 100 75.26 2.87
BMPP 200 86.52 4.30 DHXP 200 80.70 4.23
500 92.05 5.64 500 81.19 2.34
100 74.95 1.48 100 75.61 5.69
DEHP 200 106.10 3.60 DNOP 200 75.45 4.63
500 87.11 5.19 500 79.94 5.61
100 83.78 3.75 100 102.66 3.47
DNP 200 84.88 2.67 DINP 200 80.64 6.67
500 95.04 6.16 500 94.54 2.73
RT 187 RIEEHRBUTISRER
Table 7 Contamination of plasticizer in 187 peanut samples
F i AL K /% R E/ (ng/ke) LA (ng/kg) - {H(pg/ke)
DBP 95.72 0~553 45.48 71.04
e DEHP 100.00 0~964 123.94 140.68
DINP 70.05 0~128 25.99 32.12

e HAh 15 FIBAGTR A ARAG H
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ARG HE S, T —FPRAE AR b 18 R4k UPLC-
MS/MS #:llJ7#:, 5 GB/T 21911—2008 H1#Y GC-MS #
D75 A A AR A PR VR AR EL A, AR 5T 3 3 AR i i Ak
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Oy WUREE MUEN L IE, RVl S bRae s i g+
Moo 5 ZHTHGE 1 = OB T A AR, AT E T
TRAH TR IR SR G 4% 5 B s REAS Z 5] ASER A 1) 6
Bk, WAL T T RS AR s, RIG T
SR R AT R AR | O RERA B . TS T SRR
A5 IR AL RO AR Y RS DI TS ) KA, MOC R A () KT
0.999; 5t FR 1 7E & BR 43 I 7E 0.0004~1.0000 pg/kg Fi
0.0012~3.0000 pg/kg JEFEIN, 5 HETE 5 5 H L)
R A 245037 S 4 EL 20 R AR ARG ik R o Y
5 G P T N NI i 75 S O ) [l 1 S VA
75.26%~114.54%2 i), RSDs 7£ 1.08%~8.00% (n=6)=[] .
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