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Determination of 3 main plasticizers in vegetables by gas
chromatography-mass spectrometry

TANG Xiao-Wei", LIU Hong-Bin

(Vegetable Research Center of Beijing Academy of Agricultural and Forestry Sciences, Beijing 100097, China)

ABSTRACT: Objective To establish a method for the determination the content of 3 main plasticizers of
Di(2-ethylhexyl) phthalate(DEHP), diisobutyl phthalate (DIBP) and dibutyl phthalate(DBP) in vegetables by gas
chromatography-mass spectrometry. Methods The sample was ultrasonically extracted by n-hexane and separated
by Ttx-5MS (30.0 mx0.25 mmx0.25 um) column. The inlet temperature was 260 °C. The carrier gas flow rate was
1.0 mL/min, the temperature was programmed in the column box, and the content was quantitative detected by
external standard method. Results The linear relationship of the 3 plasticizers was good in the concentration range
of 0.025~0.5 pg/mL (#>0.999), and the limits of detection were 0.0048, 0.0080, 0.015 pg/mL, respectively. The
standard recoveries were 103.68%—118.65%, with the relative standard deviations were 1.16%—5.23%, which met the
requirements of quantitative analysis. Conclusion The method is simple and rapid, and is suitable for quantitative
analysis of three plasticizers in different vegetables, and some plasticizer chemical pollutants have a pollution
accumulation effect in leafy vegetables.
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Wi G A UM EPRAETRE 2015 0950, A H
BHE BT 5 24 ERAET B ARE RTS8 50 ke, &
[ 45.1 ke, 25 E 3B {14758 (United States Environmental
Protection Agency, EPA)ARA W BT iy 6 Fhsl
AARAE WIS Gt 45 0 FRENAR2R — R ER2S Y b i)
3 RS A S 75 e S 4 B

Wit o S0 B Tz o AR 2 R R
B [ A 2% 25 X 90 A 500 4 R SR R — R Kb & )
(phthalic acid esters, PAEs)5| % i A A4 fidt B (A VB A f 3
R TR M AR oAk £, B MBFSTIESE, PAEs
Sieem . UMV . IRUBEIRIGARDE, Fl@2eld. JLE . &
AR Gy H e . T PAEs 7EMURHEL B DL SR AN Bl
WA I AEENO), HAR A ST, 25 5 BRI 1 b 5
IEFS A B PR B 7 b, 38 UV, I PR B T 2
HRIEER AL ST IFAG . AT AR AR, K&
SRR Z R R B R 4R K —H R -2 O &
fig)(Di-(2-ethylhexyl) phthalate, DEHP), 4P —FH R — T fig
(decyl butyl phthalate, DBP) f1 4} & — iz — % T fi5
(diisobutyl phathalate, DIBP)E. £ #bric o i J3 X FE 9 i
(substances of very high concern, SVHC) !, [, AHF5E
ALK 3 RS WVE N B S WA T 5.

FERTRROR I ERBRISIBALN R 438, ZHErh et prl,
PRk, TR P A T AR A S AR I 2T g e
MALF & MEESE, B B SOk 2 DL R SO A 6
(high-performance liquid chromatography, HPLC)ES &5 AH
a3k BBk FH (high-performance  liquid chromatography-mass
spectrometry, HPLC-MS) % X} i 3¢ H DBP % & ilf 1747
IR T gk 20 35 VAl /3 L Ok s i Ll o | R e e
PR, FEAERRE SR, St RSN . 205 DR A T [
AHZEH(solid phase extraction, SPE)&5& S A0 (0 ii- AR IR T ik s
(gas chromatography-mass spectrometry, GC-MS)X} KZ %k
3 23 FARIR R BRI SR B T T 400, kA
$RH, % SPE #14Hfk, BRYEEII, FEIHS, ZIRA ALK,
ANIE A el B SRR AR I 43T o TR A i - FR B B i vk
R S P A AR IR —(2-2 L0 SE) R L AR i — 7
TERUASAR AR H R — T TR oA 50

ARG LAE OB A SR B, SR SO 63 - B B
TR TR B AR B 2R T 3 b BT A,
B S AR 5k BE TUE A5 B LAl

2 MREREE

2.1 SCIAERE
LB NI E AR, 0T 2018 4F 5 A, 8 A, 11

H,12 Af20194£3 A, 5 A, 8 A 7 #tkEF bt & b
EHEME .
22 RAFNENEE

FRAES: AR2E iR — (2-2 32 3 (DEHP, 41
99.3%) . APA _HIR — 5% T l&(DIBP, 4l 99.5%) . SBA
H 2 — T B5(DBP, 4l 99.4%) (1% % Dr.S.Ehernstorfer 2 Al);
TE (%9, Fisher Scientific(H [#) A BRZ Al

BT124S H, ¥ K ¥ (Max=120 g, d=0.1 mg, f&
SARTORIUS /A #l); KQ-600DE #87 i & A= e (R LT 8 7=
1 2% A BR 2> wl); Vortex Genius3 IE ¥ 18 &) 7% (12 F
IKA-Werke GmbH & Co.KG A Fl); Z-216MK &5 .LAL(FE =
Hermle labortechnik GmbH 23 ] ); ASE300 JI1 35 557 % B Y
(3 H Dionex 22 )); GCMS-QP2010 Ultra S AR5 BT
(H AL E A al.
23 FWHE
231 HEREEZR

R AR R RR R, MRE R REE, ARSI
PR A B 0 S T AT R Xt e — ) 5 MR SRR I
FEA R AL R IR R A 4%, ST EALR IR N
AR R, B ORI R A EE
232 RIRE A

TSR RE S VR R T IR SO R, HETR AR IR S
FREEAD 0.20 g F 10 mL FERAE , A 3 mL Z&180K,
WEHE), FEIMA 3 mL @REAEIEC b, WWHE | min, #7752
I 30 min, PA 3000 r/min 5.0 20 min, M FWE L GC-MS
43T
233 BELEH

Ttx-5MS f1%41(30.0 mx0.25mmx0.25 pm); FEFE TR
o260 °C; EREF R AR HARMEAAR
(He99.999%); #A7i#: 1.0 mL/min; HATHREET: &5
IR 60 °C, {445 1 min, L 20 °C/min FHEZE 220 °CH-A%
5 1.0 min; FLL 5 °C/min FHEZ 250 °CH-EHF 1.0 min; &
Jii L4 20.0 °C/min FHE 2 300 °CHAR-4F 20.0 min; ¥ 5IVIBRET
(6% 7 min, JSARHE 2 29 min,

B IR N, T2 7 U (electron impact, EI): 2 -FIRIE
JE: 230 °C; EITIREE: 280 °C ; R SIM Hi 5, Al
0.3 s, HAMFEAFIER 1.

3 HER5HH

3.1 AIRCIEBEHRIMRL
3.1 ARl B ik ek

Ay BIVERFRER 10.00 g 220 SRR 0 RS MEL AL,
%7 GB/T 219282008 { & i SR bk} 4R 2K — 1 R
Fig s ) OV FHE A, IAE QB 50 mL. 2R e
PR, MR O, SRREA T DURES 5 228 |
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Table 1 Characteristic ions and retention time of 3 plasticizers

EiN TEVER T SN R SE BT LR I A)/min

DIBP  149(100), 223(6.69), 205(2.49) 149 10.770
DBP  149(100), 205(5.02), 223(5.41) 149 11.575
pERp 149100), 167(43.56), 113(10.56), |40 18175

279(9.73)

312 FRIiktinst

BARHBREEGYE Tm kG, R
W MEAE 28 A, LIS A R AR/ N R 28 IR g
SRR R, FEEER THMIEE, 4545 Er GB/T
21928-2008 [y 5k, Fr LAXA R E PRI EC be . FL
PEFAAEF IE CBERT B 38 i S |/ AN AL, (LA i
R R, FAIE RN T, EAEWE A AT
Sl

R P BERR b, AR ST R FH PR A TURI L 77
ZERL, LU ISR 28 BUACR B R A T T A DR LA

T ZE B (accelerated solvent extraction, ASE)
PEATIBALFI B AT, LLIE QBN ZEBUA R, B4
RYG5EF71500 psi, RE K 120 °C, NP6 min, #iZS: 3 min,

AT 60%, FEFR 3 K. Ny KH1: 30 s.

A3 I LLZS A3 AN ET G R AT AR [l Yl 525
X 2 Fhas R BTRE M & 0.2 g PESINMRE M 0.1 pg/mL
i) DIBP, DBP 1 DEHP & &5 #EV WK 100 uL, W45~
sty PB4k R0 1 5T R VR BE 4300 R 0.05 mg/kg. AN
S 3. ASE MIZMAFH IR UL 7 il 726, 7S
PEGE R 2.3.2 7, IR 2.3 BUALER SRR AT 40T,
LR O S0 . 3%, 5L RE S A TR0 2 ] R K
FH X R M 22 (rlative standard deviation, RSD)%% S Il 5%
2, SR ASE ZIUFk, 3 A IALFI Gig Rt 3R SR 1
ST 37 P 4 A TR G KT 100%, 4752 DEHP
) ENBCRAE P RS T 43 3 328.97%F1 475.94%, A
AT L 920 40 W R . %5 R 31 ASE A HUR 4 I 4 2
SRR, A O ARG 25 B8R R SR R, AT RT RE AT Ok
VY, XA AR S ECR & Y FZERE . EHik ASE
ISR VS 790 25 BN B A AR SE IR Y LR, BRAE A1 e i s
T, X U e AT O L TR R AR i, LR
¥4 GB/T 27404-2008 525 2 ot 2t ¥ il BV & o B Ak
K ) POy Bk, N, ASIE6 R F R RS kAT 3
W H R 84k 7 A B I
32 3 MEAFAEE

F BARAL IS R A% 3 i Bl AE R0 A o i 14 5 B8 73
PRI AN 1~4, 3 AL BE S HE AR T B s
3.3 EBUEFIFRERLZLAILT]

Jic i DIBP, DBP Il DEHP 3 Fl #4k 57 H9 TR S bR UEVA
SRR AT 0.025, 0.05, 0.10, 0.25, 0.5 pg/mL, %
TR AT B AR (LR 3). 45 SRR, 3 FhiE Ak
HI £ 2R 00518 0.9999, 0.9999 F1 0.9996, 3 Fh 4L ]
/MG BR 43518 0.0048 . 0.0080., 0.015 pg/mL, i 2 &
HOMHTEDR

F 2 BEZERAMERTZERG AL 2 MBS H MR TR ERLE R 0=3)
Table 2 Average recoveries and RSD of DIBP, DBP and DEHP by ultrasonic and ASE extraction in celery and cowpeas (n=3)

e 95
BAESELCR o ASETHEMCE oo BAFHERCR o ASEVREIR oo

1% /% 1% 1%
DIBP 103.33 2.13 127.25 106.4 1.05 124.91 8.41
DBP 111 3.01 125.89 108.8 1.07 128.77 10.57
DEHP 117.33 3.25 328.97 117 3.26 475.94 24.29
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¥ GB/T 27404-20081%, s (RBR A, 7
0 ARG B 5 T2 (A b o O 22 B LA W) B TR A v
LIBPRE I 3 . 4RI 3,

3.4 MAREIERIRLE KR 75 EF I IELR:

SrHILL 0.2 g 28 P S RIEL R N J T A T AR el i 5
o L1005, 0.1, 0.5 pg/mL 3 NI ELEL 100 pL ik
AT IIFR Il B S G IR 20 439 7% 543314 0.025.,0.05.
0.25 mg/kg. BAMKEEFATINE 6 K, #HR 2.4.1 7 vkt
TTAL BRI B 2.3 ISR SR AR HEA T 3T o TS FNEL 2 4528
AL 4 FIZE 5. MKHE GB/T 27404-2008, XiFH4 i 4 43
FRE/NTET 0.1 mg/kg WREETLEI, IARFRCEEAE
60%~120% 2 8] . & 4 F1 5 AT 0L, XFF¥JE 0.05.
0.1 pg/mL AINFRAKE TR, 3 Fl 2 B85 726 S Aol &b
TR 107.90 ~ 118.65%Z [H], WeEE 0.5 pg/mL HIJIIAR
AKOFB, B2 4 A S F 0.25 mg/kg, FIE N
103.68~106.65%, 1 2B ML 7 7E 0.1~1 mg/kg B, [EIS%R
JLFEITE 80%~110%AY%E3R, RSD A 1.16%~5.23 %l 2 45l
HororE 1 mgkg I, Lz NS 25 11% AN Y2
Ko I, it GB/T 27404-2008 Jivk#IAlE, %7 44
A T AR AR B EER, Wl S T BT o
3.5 EIEMASKPELFIRE

AR5 7 AR AL 508 K gk St & i bl
HUHICEL ARG 38 1, Frachenh 32 13, #2108 2.4.1 M5k
WEATRE I H R 2.3 MRS REA T 40 M, A5 =Rk
I &SI TEOR BT, BRI G AR, R 6. HG
GB 9685-2008 { i Zcdr . LM BHHUS I A DA bR

W) PURYILAE, 4B2E —HIR —(a-Z KT I8)(DEHP), 484
“HMRIETE(DBP) R AR =438 1.5, 0.3 mg/ke,
H i DIBP i 5l () PR AR, RSEAIRE i 70 43
FEA 3 Fhod AR R & R E AU B

T RES

A 5T R F I IF O B B R KB, 254 GC-MS
S T, 5 ELARSEE MR LY HPLC K
HPLC-MS ALk, Riib I FRfai s, B FIIE Cbe s tE /D,
FARD, BRAERIRA, AR, DU, K R R, BBCRAF
4 GB/T27404-2008 H3k . 5 £ 2SIy Jy ki ke, BT
T IECBEVERRIBGAR, B T8 h @R EmE s
P AL BURON, A W T A AR B AL AR, T A I ],
W T Z N R BRI T . 35 A SRR A LR
) R AT RN B SR o X B SR B AL RS Y T Y 2
TE T ARSI A I A

FE3Erh 3 FhEZE WL F(DIBP. DBP Al DEHP)#
REEE 5 THLE . DIBP. DBP I DEHP 7513 A
FANH 40.6%,87.5%F1 90.6%, % IEF IS T80
K, SMTEERCRIES 2 AN JrH, (1) 2SR AR
FEEEM R, AR MR T 4538, 45 < DEHP 1
WK 55522 A DEHP (2 2 IEAIE, Ml REHI K
F0.95, HULA B % i 58 5% DEHP V5 4 £ 2ok [ KA
i) DEHP, (2) HFRRidiadfarh, iR Ak aids
fk, SRML PR BT R B A AR P o (U
ISR 2 SRR IS S LA R O W BB AR, A S
OB B ST A M E5E A B Tl — T
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R3 3METEBUNMEXRYE. RHRREMERRE
Table 3 Correlation coefficients, detection limits and linear equations of 3 main plasticizers
245 L% K i BR/(ng/mL) LMD
DIBP r=0.9998974 0.0048 Y'=2470695X + 17272.98
DBP r=0.999906 0.0080 Y=2399766X + 30695.61
DEHP r=0.9996307 0.0150 Y=1357555X—-4528.111
R4 FrREWEREEE LS R (n=6)
Table 4 Results of recoveries and precisions in celery (n=6)
20
AL j/]”*’ﬂ(¥ e RSD/%
(ng/mL) 1 2 3 4 5 6 T El R
0.05 108.90 110.00 111.10 113.30 108.90 115.50 111.28 2.37
DIBP 0.1 106.80 107.40 105.00 108.60 109.80 109.80 107.90 1.73
0.5 108.00 108.00 104.00 101.00 105.00 104.00 105.00 2.56
0.05 116.60 115.50 118.80 113.30 107.80 114.40 114.40 3.27
DBP 0.1 109.80 109.20 107.40 106.70 109.60 108.80 108.58 1.16
0.5 103.50 109.20 96.05 98.73 106.60 108.80 103.81 5.23
0.05 121.80 117.00 113.00 118.00 121.00 117.00 117.97 2.69
DEHP 0.1 117.7.0 116.60 114.80 116.20 112.20 119.50 115.86 2.30
0.5 108.80 101.00 106.68 104.30 103.50 107.70 105.33 2.77
x5 G EUWERMEEE KL R(n=6)
Table 5 Results of recoveries and precisions in cowpea (n=6)
- [AT i 2%
wign e RSD/%
(ng/mL) I 2 3 4 5 6 P4 LR
0.05 113.60 115.20 108.20 116.8 118.90 116.50 114.87 3.23
DIBP 0.1 116.00 114.40 115.00 110.60 109.00 109.80 112.47 2.68
0.5 98.06 106.00 104.00 101.00 105.00 108.00 103.68 3.47
0.05 116.60 116.80 114.80 116.20 109.40 116.50 115.05 2.48
DBP 0.1 106.80 114.20 112.00 108.30 112.40 108.60 110.38 2.61
0.5 101.00 106.40 108.60 103.30 100.60 102.60 103.75 3.03
0.05 118.80 121.06 118.00 116.40 119.60 118.02 118.65 1.34
DEHP 0.1 111.00 116.60 118.80 114.80 118.80 110.50 115.08 3.20
0.5 104.40 106.40 106.00 104.30 106.50 108.70 106.05 1.53
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Table 6 DIBP, DBP and DEHP contents in vegetables (mg/kg)
DIBP DBP DEHP

FE i FEA KL

Kt % SN ot % SN ot % SN
BLE N=38 23.68% 0.054 52.63% 0.056 73.68% 0.046
i3 N=32 40.60% 0.024 87.50% 0.116 90.60% 0.042

TE 3 R H, DEHP AR H R I R TENL ik &
TR A 2 AR, kR Bk 73.68%F
90.60%, X5 DEHP () ¥Z hii FFIAE 7= B A %45 s 2 1E A
Ko APIR ZRPRER I Il S i 2 R AR R
SoEHR(DEHP), 2014 4F-45k DEHP {1 %% 51551 313 Jr,
T A R ER S YA TR B B 1Y) 53 % RN BRI YA T
PREM 37%, BT OARE ) A S (E RN PR 5E XU 1Y)
i, SRR EMX T LR DEHP R, Rl
F 2017 42 A 21 H, BB 88 ATl A 7= A2 ol
DEHPU') . [H A A S I6 R A B REA iz B8 AL I A4S HE R
sk, (A5 . Rl e g S H ) LE &
TR SIS N0 2 9E o e o e K S NS s
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