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Detection of phthalates in vegetables and soil in facilities by freezing-assisted
phase separation-gas chromatography-tandem mass spectrometry

ZHANG Li-Ping', XIANG Ya-Nan?, WANG Zong-Yi'", HOU Tong-Yao',
PAN Xiao-Yu', HUANG Man-Qing'
(1. College of Food Science and engineering, Beijing University of Agriculture, Beijing Key Laboratory of Detection and

Control of Spoilage Microorganisms and Pesticide Residues in Agricultural Products, , Beijing 102206, China;
2. Beijing Miyun District Administration for Market Regulation, Beijing 101500, China)

ABSTRACT: Objective To establish a method for determination of 16 phthalate esters (PAEs) in vegetables and soil
by freezing-assisted phase separation-gas chromatography tandem mass spectrometry. Methods The vegetables and
soil samples were spiked with isotope internal standard and dispersed with water, and then extracted by ultrasonic
extractor with n-hexane as extractant. The samples extracts were separated with ultra-low temperature freezing
assistance and were concentrated with rotating evaporator, and then separated by gas chromatography on a HP-5MS Ul
column (30 mx0.25 mm, 0.25 pum) and detected by tandem mass spectrometry with the multiple reaction monitoring

mode. Results The 16 PAEs had good linearity in the concentration range (5-400 ng/mL), and r>0.994. The limits
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of detection (LODs) were 1.2-21.5 ng/kg and 1.0-40.4 pg/kg, the limits of quantitation (LOQs) were 3.9-65.0 pg/kg
and 3.6—-110.5 pg/kg, the recoveries were 71.72%—111.98% and 67.17%—114.9% with the relative standard deviations

of 0.19%-11.22% and 0.13%-11.03% (n=6) for the vegetables and soil samples, respectively. Examination of actual

samples showed that 11 kinds of PAEs were detected in the soil and vegetables of a facility in a Beijing vegetable base.

The PAEs content in the soil was significantly higher than that in vegetables, and the PAEs content in the soil and

vegetables was significantly positively correlated. Conclusion This method is simple, accurate and has low detection

limit, which can effectively prevent PAEs contamination of contact materials during sample processing, and can meet

the needs of PAEs monitoring in vegetables and soil.
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1 51 &

4845 — H FRTER (phthalate acid esters, PAEs)f&—255 A
MBER B . HAT R dp v A EOR 1 A PR B R 2, ok
PRPI 25 i VR S B e Al O e AT AS TR
Rt o RS I FIEE S ) PAEs 5 et 1552 3|
AT RTET) iy et A S O BBt 5 5 S PAEs 15
e 10 et B AR A S, AR OK TR —.(2- £k 2 ) BiR (di
(2-ethylhexyl) phthalate, DEHP){5 4L . £/ T PAEs IR
K, RiBIREW. EHi, @7 AT PAEs i
FHRREN Iy, XA OCE fh BT 21T A SEPR i

KT PAEs MUK, FEAEIELE . Sk M
U BRI . A RERN T, TR R A A Ak,
o3 - BT B 2 H TR I PAEs () =207k, anSAH
6, 3% - Ji 4% 9% (gas chromatography-tandem spectrometry,
GC-MS)!"> S M 8 33% - H3 K S 33575 (gas - chromatography
-tandem mass spectrometry, GC-MS/MS)! I HIRAH (4,15 - H1 Bk
J& 1% ¥ (liquid chromatography-tandem mass spectrometry,
LC-MS/MS)!'3V4 | B i1 T PAEs BRI 25 55 52 B4 ful b
TG, XA SR BT R R, A B A
AR AR RIS, AR 5, TR OGS T R A 9 S
Tl PAEs G2 —

A AR E RO R FRiC PAEs AR, DLECHE
R PRBGAET, AR URET AR 43 2, SRR IR 4 I R A
PEH, LIRS e il b BRI AR P Y PAEs 15 34, AN B 5%
i+ e PAEs $R U5 ik .

2 HHSHE

21 #Rb RIS

TIEREAL 3, ZEMERSAEAD 6 4, AR EA L A2
[ R NI NI 21 211 S B N A i g A O L
FELENAR R, AREREESE 1 AR b, BRI
7 DX e U 3 S A

16 F&RA —HIRERIE CAeIR G ARHEIE R . 16 FIERE

[R5 AR T AR A — H R TR IF L BE TR A PR I T (MR % 4 5]
7 1000 mg/L F1 10 mg/L, £ E o2si A REH]), BAKZFK
MAE W 1o FRHEERORINARE W, @R aliE O bt
(32 J.T. Baker A DB R B E TR Wl E

7890A-7000C “SAH €2 i3k - H3 IR Jo 1510 (38 [l L AR B
H R, BI-150 2 AR LIS FEAS B 2 A PR w);
MS3 FEAH FEIRIRAIER RO M ER L&A RA A
KQ-500DE i 75 i 35 Uk # (B L B 75 AU A IR A ),
5810R 15 i ¥ Uk & 0 ML (1 Eppendorf 7% #] );
DTY-86-340-LA I IR VKA (A6 3 28 AL B A BR 2 7)),
RE-2000B JBEF; 7% & 4% (R o AR AL R T ),
22 ZEWHE
221 HonfaE

RAER) - HEREN,, RERA, PUAMREUE 500 g, FIA
B NEE SR R AL O IR 5D, T 3BT L 2 3 it e
B S E S SN 2 Th BE R R ALY B R ROIR BORR, B
50~100 g TBEESF- MM A 4 °CI A48 FH o
222 #®# MK

HERRFRIBCE SR AL 2 g, Bt 5 g, THIEHIEM
T, A L pg/mL IRA AR 25 pL. 4K SmL, FTEY
1 min. A 10 mL 1E VB¢, F4kE:F TE 5 min, T 40 °C,
I12R 80% A A5 P SR HLAR LI 30 min, $4F 2 50 mL BEHE
LA, 1000 t/min B0 5 min, BB VKA P8
(—46 °C)30 min f5, Wi, TR FJZEWIBA 100 mL XS0
Hirp, FHEFN L 40 CHEZKZIET, A 1 mL 1IECKEE,
ARG 30 s, MBRWAE %R ZFERT, .
223 MBLEH

3% 4 . HP-5MS UI @4 (30 m x250 um,
0.25 pm); PEEEREE 250 °C; BEFETHEN 60 °CH£HF 1 min,
20 °C/min FHEZE 220 °C, f#¥F 1 min, 5 °C/min FHEZE
250 °C, #%5 1 min, 1 °C/min FHEZE 255 °C, 45 1 min;
FELL 20 °C/min FHE % 290 °C, {4453 min; HANASR, #
A 1.0 mL/min; A #ERE, SRR 1 ul,

B A F: & EDE TR, 70 eV, B RIRE
g 230 °C, fEHIZRIRE K 280 °C, EHILERMI N 5 min,
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KT22Uioh 35 pA, 23 W AL (multiple response
monitoring mode, MRM)#, 16 Fl &R — H ik g S H: [F] 4
ZNPRA MRM S5U0L% 1,

3 HBR50H

3.1 ‘BiEsE5FRIER

T 16 Fi PAEs 11 EI JBi = B B R RHE 2 FBR
DMP ., DPHP 444 mvz 149, SARSIERG A 4% 1) R U,
ARSI vz 149 fERE F, XEESEAZfH PAEs 315 R
IR ETES B, EARMTRILLREIESMT 16 # PAEs 1Y
3R IR ARG A 1 s, B DEPH #l DPHP %
fEse e sh, HiAth PABEs 3K 7055, {H DEHP I
DPHP (WHFIEE T (BFE )53 51 0 mvz149 il 225, Jii
RERSIEAT XA, ASgm et | & o b . AHRLOEIER) MRM
S 1.

3.2 HmBTAIE
X T HREERESL, GB/T 27417-20171C15 0.5 g £ 5k FHI/K

SEUR, T 10 mL IEC B B, B n] B bR A,
BoMfRi A, BRI ng/kg 2400 PAEs J5Ueit, EREIR

(0.5 mg/kg)BAFA R . AW Wik —H L ma Hge s, m
KEEMBTREE S g HEFMBRKGEE 1 mL, BFRS
T Bk ae ) RBGIR, B, BOE, #T
TARES AR E KA, (RS BEEBIEERS . XhT
AT BB A AR e T, RS IR Rz Ak, B
BB 1B AL PAES 154  SE5 R BE, B GC-MS/MS
W BRI, TR T R A Ah B 5 TR R fRT BT 2R, TE
T Ab R
33 FHAEFEEN
33.1 AMXE. BBBRATER

WXt PAEs #4504 400, 200, 100, 50, 20,
10.5 ng/mL PI45 4 25 ng/mL B R GAREE AL T43HF, LA
H AR 40 - P bR e g 8 B ) e B b A S A GE 2k, AR
BFE 0.9948~0.9998 Z [1], 2k R 47, At BRI £ R 00)
I SR B S ROV B B IAR AR B 1 SEBRAGI, #% GB/T
27417-2017")5 5 DA 3 A5 F0 10 RE(EMe LTS, Bhderh
PAEs #iH PR 1.2~21.5 pgke, ERRA 3.9~ 65.0
ug/kg, T3 PAEs #HFRM 1.0~40.4 pg/kg, EEMRA
3.6~110.5 pg/kg, FEANEE WL 2.

R1 16 FPX_PEEE R E AL EYIH MRM 2%
Table1 MRM parameters of 16 PAEs and their internal standard compounds

HAx4)

BB T THET iERE

A7 — H iR — H R (DMP)(7.751%)

DMP-D4(7.740)

163 77,92 27,34

167 81,96 30,35

4B — W iz — £ (diethyl phthalate, DEP)(8.611), 4B —HfiX — 5% ] ik (diisobutyl phthalate,
DIBP)(10.337), 4B —H iz — T B (dibutyl phthalate, DBP)(11.069), 4F7 —H R —(2-F A2
J)E(di (2-methoxyethyl) phthalate, DMEP)(11.396), 484 — FI R —.(4-F -2 1% ik (di
(4-methyl-2-pentyl) phthalate, BMPP)(12.141), 42 — H iR —.(2-£ % 3L) L Tig(di (2-ethoxy) ethyl
phthalate, DEEP)(12.452), 4B% — HI % — %1 (diamyl phthalate, DPP)(12.817), 48 @ —C

fiii (dihexyl phthalate, DHXP)(14.932), 4B —H g T 35 JEH (butyl benzyl phthalate,

149 65,93 28, 18

BBP)(15.071), 4F% — R (2- T & ) Z 5 ((2-butoxy) ethyl phthalate, DBEP)(16.538), 484 —H
iz — ¥R Lk (dicyclohexyl phthalate, DCHP)(17.245), 4F# —HIiR —.(2-Z. 3 Ok (di
(2-ethylhexyl) phthalate, DEHP)(17.553), 4% — H iR —1F 3¢ [g(di-n-octyl phthalate,

DNOP)(20.834), 4BZK —H! iz _T-Ji5(dinonyl phthalate, DNP)(24.603)

DEP-D4(8.602), DIBP-D4(10.322), DBP-D4(11.058), DMEP-D4(11.385), BMPP-D4(12.126),

DEEP-D4(12.440), DPP-D4(12.804), DHXP-D4(14.918),
BBP-D4(15.054), DBEP-D4(16.524), DCHP-D4(17.226), DEHP-D4(17.539), DNOP-D4(20.816),

DNP-D4(24.593)
4R W iR KK DPHP(17.678)

DPHP-D4(17.668)

153 69,97 26,19

225 77, 141 26, 19

229 77,145 28,20

TE: " PR E ]
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x10¢ TTIC MRM (**->**) 2019031809.D

DIBP , +TIC MRM (**->*%*) 2019031809.D
1.1 DBP * 10
1.0 4
0.9
0.8 2
P 0.7 DPP 0
=
2 06 21 22 23 24 25
“o0s
0.4
0.3 DHXP
DMP BMPP - DCHP
0.2 DEP % -9 /m B
o = Lo,
ol T EE Kok
0 L] J DBEP || & DNOP DNP
6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27
- Ia]/min
116 F PAEs B9 MRM 5 & T i 5 1 @35 4]
Fig.l Totol ion chromatography of MRM of 16 PAEs
F2 ZMATE RERREER
Table 2 Linear equations, limits of detection and limits of quantitation
HFR Ltk e P EY it BR/(ng/kg) E PR /(ng/kg)
BBP Y=0.856919X-0.244067 0.9992 2.8a, 1.1b 11.9a,9.6b b
BMPP Y=1.091373X-0.388424 0.9995 39a,5.1b 10.7a,16.8 b
DBEP Y=0.962727X-0.564240 0.9996 4.6a,1.2b 1594a,4.10b
DBP Y=1.236152X-0.450524 0.9991 21.5a,404b 65.0a,110.5b
DCHP Y=1.005123X-0.580575 0.9988 4.1a,109b 17.6,33.0b
DEEP Y=1.276124X-0.692085 0.9986 14a,10b 42a,40b
DEHP Y=0.393793X-0.205841 0.9989 2.24a,30.3b 34.6a,1009 b
DEP Y=1.034231X-0.316643 0.9998 2.1a,3.5b 7.6a,10.3b
DHXP Y=1.015720X-0.556773 0.9992 20a,46b 7.0a,11.9b
DIBP Y=1.170966X-0.423652 0.9995 14a,109b 15.6a,30.3b
DMEP Y=1.144249X-0.298612 0.9991 1.2a,10b 50a,36b
DMP Y=1.077078X-0.311414 0.9996 2.0a,48b 7.0a,11.0b
DNOP Y=1.238365X-0.780762 0.9948 1.7a,19b 39a,400
DNP Y=1.074901X-0.399482 0.9988 122,200 43a,76b
DPHP Y=1.179321X-0.699149 0.9963 2.6a,65b 8.52a,209b
DPP Y=1.245184X-0.596526 0.9992 14a,3.6b 42a,10.8b

e a B, b 13,
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332 HHEAEEE

YR SEREAN R L3 RE Il PAEs NS S Hb(Y, Bi3ekE
i (LABE IO AR ) AN R fh 0 R4 T 3 7K 6 EA W
FrIEICSESS, TR R RIbR e 22, PR PR 5 1k B o
TR RIS SRR . AR K- FIZE R L2 3, BEIEREMh 19 BTl
HHh 71.72%~119.8%, AHXIARIEZE N 0.19%~11.22%, +
HERE S B E R 67.17%~114.9%, A1 % 4% HE IR 2% K
0.13%~11.03%.
3.4 SEPRMEmASNE

AR, Wb RUEE 7 KO R 2R A B SR ) 3
AR . 6 NZEMESRRER . 3 NRBERM 1 4
MRHLEESE, S4TSR, AR ERENE 2 K, &
MEERY T 3= ARPEE X HA 1 A H PAEs S&7EZE0
. TUREEM & B l, FRRTHIH)., 4RE

11 Fh PAEs # i, 13 PAEs SOV B B 5 T8k,
WL & PAEs &t H XN ZEMBEE . NR B R+
PAEs &g aif7 M, 450 88 -3 58 3 PAEs
SRR EEAMA, MRS 0.9756 F1 0.9905,
ILE 2,

4 &

ABEFEESE T ARE RO RARRE, A DRI, v VRl
Byoes, SOM @G- IR E i3 5 LR PAEs BT
Jrde ISR BEIE, AR RS, BRI
FE S DB R bR PAEs V53, A HBRAK, S MELT,
AL R SR T PABs 15 I AT B o SERRAE A G
2R iZ s R PAEs SRR S T EE, HiEY
B PABs A A

F3 R IIESD 16 FERE Z RELESHY EIWL R F04E 2 B (n=6)
Table 3 Recovery and precision of 16 PAEs in vegetables and soil (n=6)

SR AISWIE(ng/kg)  BHIKFE/(ng/kg) 2 (B /(ug/kg) [m] 1 4/% AEX b o D 22/ %
BBP 1.552a 2,10, 20 3.06,9.28,17.67 75.25,77.27, 80.61 2.84,2.40,5.38
4.565b 10, 50, 100 13.68, 45.40, 94.05 91.19, 81.66, 89.49 2.17,2.37,1.57
BMPP 1.833a 2,10, 20 3.36,10.14, 19.23 76.30, 83.09, 87.01 5.10,1.78,7.13
4565 b 10, 50, 100 13.68, 45.40, 94.05 91.19, 81.66, 89.49 2.17,2.37,1.57
DBEP 0a 2,10, 20 1.51,10.83,19.23 75.60, 108.3, 96.14 4.90,5.41,5.95
0b 10, 50, 100 10.12, 46.39, 87.07 101.2, 92.79,87.07 1.87,3.77,3.43
DBP 14.17 a 2,10, 20 15.77, 25.06, 30.09 80, 111.9, 79.60 0.19,0.25,5.74
25.86 b 10, 50, 100 37.22, 68.39, 107.34 113.6, 85.05, 81.48 0.13,4.74,2.72
DCHP 2.720 a 2,10,20 4.53,10.37,18.13 90.35, 76.48, 77.05 3.33,5.57,4.90
6.020 b 10, 50, 100 14.58, 46.29, 88.14 85.64, 80.53, 82.12 1.62,3.66,4.31
DEEP 0a 2,10, 20 2.40,10.43, 18.30 119.8,104.3,91.50 4.52,7.20,4.67
0b 10, 50, 100 11.40, 47.87, 87.11 114.0,95.73,87.11 2.39,2.20, 3.28
DEHP 2338a 2,10,20 25.15, 33.85, 41.60 88.45,104.7,91.12 0.99, 6.51, 2.02
45.68 b 10, 50, 100 56.99, 98.87, 128.2 113.6, 106.5, 82.52 0.66, 6.70, 11.03
DEP 1.888 a 2,10, 20 3.98,10.32,20.01 104.6, 84.35, 90.6 9.38,4.18, 5.56
5.810b 10, 50, 100 14.14, 47.40, 87.62 83.27, 83.18, 81.81 3.81,0.78, 1.65
DHXP 2.840 a 2,10, 20 4.29,10.01, 17.54 72.65,71.72,73.51 1.94,5.93,6.09
6.950b 10, 50, 100 13.67,46.73, 89.27 67.17,79.57, 82.32 4.21,8.75,7.61
DIBP 5217a 2,10, 20 7.27,15.44,22.47 102.6, 102.2, 86.26 1.75,3.12,4.24
1526 b 10, 50, 100 25.98,57.06, 97.16 107.2, 83.59, 93.47 3.55,4.04,3.13
DMEP 0a 2,10, 20 1.93,9.91, 19.25 96.45,99.14,96.23 4.10,7.62,7.58
0b 10, 50, 100 11.49, 46.39, 94.02 114.9, 92.78, 94.02 5.26,3.25,5.28
DMP 2362a 2,10, 20 431,11.31,20.47 97.30, 89.49, 90.55 10.97,5.31,5.71
9.092 b 10, 50, 100 16.85, 48.48, 88.51 77.56, 78.78, 79.42 5.73,1.26, 1.01
DNOP 0a 2,10, 20 2.00,9.93, 18.79 100.1,99.26,93.95 5.87,8.75,7.29
0b 10, 50, 100 9.63,51.16, 94.28 93.32,102.3,94.28 1.53, 6.36, 6.03
DNP 0a 2,10, 20 1.85,9.31, 19.95 92.35,93.06,99.73 6.01,11.22, 4.83
0b 10, 50, 100 10.97, 43.89, 104.5 109.7,87.77, 104.51 7.15,2.67,4.77
DPHP 2973 a 2,10, 20 4.73, 11.60, 20.56 87.85, 86.28, 89.92 4.05,4.83,4.89
7459 b 10, 50, 100 16.01, 53.66, 101.9 85.55,92.40, 94.42 1.62, 6.95,5.09
DPP 2450 a 2,10, 20 4.07,10.19, 18.17 81.15,77.37, 78.62 3.36, 6.06, 4.86
6.108 b 10, 50, 100 13.72,46.56, 91.12 76.07, 80.91, 85.02 2.78,4.02,2.03

T a BEEAEAS, b LHEREAS.
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F4 HRP 16 HBEZHEREEN S E(n=2)
Table 4 Content of 16 PAEs in samples (N=2)

5/ (ng/kg)
PAEs
14 ENyiEed JRARER 3

BBP 3.70°, 4.69, 4.03° 1.44°,3.72"°,2.20 1.25%3.53°,2.22
BMPP 4.56°,4.82",4.65 1.60°,1.89°,1.78 1.75%2.99°,2.30
DBEP — — —

DBP 22.77%,25.86", 24.88 15737, ,25.52°,22.52 5.35%24.30°,14.83
DCHP 7.33%,12.49%,9.24 —*,14.53%8.17 ——*,17.29,10.85
DEEP — — —
DEHP 42.54° 55.23° 4791 28.99%,53.18",39.51 33.71% 62.32,45.85

DEP 4.86%,5.26"%, 5.01 2.19% 4.03", 2.77 2.13%,4.97,3.12
DHXP 7.08% 7.86", 7.38 2.77% 3.78", 3.04 3.90° 4.90,4.32
DIBP 11.77%, 1526 13.76 2.82% 13.97°,7.42 6.45%11.05,8.27
DMEP — — —

DMP 6.78% 8.52",7.37 2.64% 6.72",4.09 2.48,6.58,3.90
DNOP — — —

DNP — — —
DPHP 7.46,9.79, 8.28 1.58,4.99,3.10 5.29,7.69,6.40

DPP 6.08, 6.65, 6.28 2.44,4.05,3.01 2.40,3.33,2.76
IR ) 138.8 97.6 104.8

TE: adm R fH; b mi{E; c P ME.
| [21 e, KT, BRBKEE, 5. R RRER B PR TS YR A AT K
:3 P o R HE-ZEMFEEE A HE- TR 73 PR BIIED]. AR, 2018, 13(2): 34-46.

i FEPAEs 7 it/(ng/kg)

Fi

Y, 5 =0.889X,, 0 y-2.3353
=0.9907

15¢
Y | »=0.9448X i —2.3833
10 L % L S -
_ 1=0.9754
51
ol : : . : : .
0 10 20 30 40 50 60

L HEPAEs T 1it/(pg/kg)

B2 +HES5E3ET PAEs & A A

g.2  Correlation graph of PAEs content between soil vegetables
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