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Abstract. Phthalate esters (PAEs) are used as additives to enhance the pliability and mallea-
bility of plastics. These substances frequently migrate from packaging materials to vegetable oils

because of the absence of covalent bonds. Over time, this migration could result in the accumu-
lation of PAEs in the human body through ingestion, contributing to various diseases. There-
fore, accurate qualitative and quantitative analyses of PAEs in vegetable oils are imperative to
assess the origins of contamination and investigate their toxicity, degradation, migration, and
transformation patterns. However, the concentration of PAEs in most samples is low, and the
composition of vegetable oils is complex. Thus, PAEs must be enriched and purified using
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appropriate sample pretreatment procedures before analysis. Common methods for pretreating
PAEs in oil include solid-phase extraction ( SPE), dispersive SPE, and magnetic SPE. These
techniques require time-consuming and labor-intensive procedures such as oil dissolution, sol-
vent extraction, and degreasing. These approaches also require numerous solvents and contain-
ers, increasing the risk of sample cross-contamination. Solid-phase microextraction ( SPME )
integrates sampling, extraction, purification, concentration, and injection into a single
process, significantly accelerating analytical testing and reducing the potential for sample cross-
contamination. In headspace (HS) mode, the analytes achieve equilibrium on the coating and
are extracted in the gas phase. The fibers are shielded from nonvolatile and high-relative molec-
ular mass substances in the sample matrix. Thus, SPME is an ideal method for extracting vola-
tile compounds in vegetable oils. When HS-SPME coupled with gas chromatography-mass spec-
trometry ( GC-MS), it can achieve the rapid screening of PAEs in vegetable oil.

In this study, an SPME with cyclodextrin-based hypercrosslinked polymers ( BnCD-HCP)
coated on stainless steel fibers was employed to extract PAEs from vegetable oil. The structure
and morphology of the polymers were characterized using Fourier-transform infrared spectros-
copy, nuclear magnetic spectroscopy, and scanning electron microscopy. BnCD-HCP exhibited
high stability and diverse interactions, including 7-7, hydrophobic, and host-guest interactions.
The oil samples were incubated with methanol, and the PAEs were extracted from the head-
space using the probe. The optimal extraction parameters included an extraction time of 20
min, extraction temperature of 50 C, desorption time of 4 min, and desorption temperature of
275 C. The BnCD-HCP/HS-SPME method was evaluated under optimized experimental condi-
tions. The limits of detection (LODs) and quantification (LOQs) were determined by applying
signal-to-noise ratios (S/N) of 3 and 10, respectively. Method accuracy was evaluated using
relative standard deviations ( RSDs). Single-needle precision was evaluated by conducting three
consecutive analyses at 3 h intervals within a day. Inter-needle precision was assessed by con-
ducting the same analyses (three replicates) with differently coated fibers. The 12 PAE com-
pounds exhibited good linearity with correlation coefficients ( R*) of at least 0.99. The LODs
and LOQs ranged from 0. 21 to 3. 74 wg/kg and from 0. 69 to 12. 34 pg/kg, respectively. The
RSDs were in the range of 1. 8% —-11. 4% and 5. 1% —13. 9% for the single-needle and needle-to-
needle methods, respectively. The proposed method was applied to soybean, peanut, and sun-
flower oils, and two PAEs were found in all three oils. Moreover, the method demonstrated
good precision (RSD =1.17% —11.73%) and recoveries (72.49% —124.43%). Compared with
other methods, the developed method was able to extract many target analytes and had a low
or comparable LOD and high recovery. More importantly, this method does not require tedious
operations such as solvent extraction and purification. Consequently, the developed method can
be used to extract not only PAEs in oils but also other substances with a high lipid content.
Key words: cyclodextrin-based hypercrosslinked polymers; headspace solid-phase microex-
traction (HS-SPME) ; gas chromatography-mass spectrometry ( GC-MS) ; phthalate esters; veg-
etable oils
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B-AM kG (B-CD) 1y —Fh &% Hon] Rege A =
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(HCPs) HA HAR AR | il 4 1 0 A iy e 90
FEBE A 2% A T R A B AR ARG A0 02 HE R
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Zhou %51 DL & 35 3 1Y B-CD-3R & ik Aij A i
Friedel-Crafts [z IV 5 B T H A i b 2% T FURT = 48
M BRI A 1B AE I B- ARG 3R 2 R 4 ks R Sk Ak
N VR R RO R S T
(FDA) "% 52 Bk , A3 S A9 A 1KS HHCPs w FH T Bt i
FKIEY ., MWZEZEHORE RIS B sC B R &)
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1.1 5 F

Agilent 8890 GC-5977B S AH (1% i 1% B FH X
(3£ H Agilent 24 F]) 5 F il B AH AR BCFA DL & 10
mL TS 4L 5 ( 328 Supelco /A H]) ; Nicolet {#H
4140 6 3% AL ( FT-IR, 3% [ Thermo Scientific 23
) ; AVANCE 400 "C [# & # i ( "C NMR, %1
Bruker /A 7 ) ; JSM-7610F 7148 B, 7 . 1 85 ( P [
FERREE A 7)) 5 HS-TGA-101 A H 73 B (TGA, |
RN .

PAEs frifi i A0 5484 — 1 ik — /! fig ( DMP, 4l
JF 99.5%) . 4B %K — W B — & & ( DEP, 4 i
99.0%) . %8 7K — H i — 5 T @ ( DIBP, 4l j&
98.0%) &P K —H i — T i (DBP, 4l 99. 0% ) <P
W R L (4-H -2k ) R ( BMPP, 4
98.0%) AFA MR — (2- L% AL £ Hk) 1K ( DEEP,
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4fE 98.0%) . 4% % — W iR — JR Fg ( DPP, 4 JiF
99.0%) &P2K —H iR — CL ik ( DHXP, 4 & 98.0%) .
A5~ W R T SR (BBP, 4EJF 99.0%) AF 2K —
fiz —(2-1E T4 %L 2 3E) fif (DBEP, 4l ¥ 95. 0%) 4
K T HIR — K TE ( DPhP, 4l & 98. 0% ) F14E % — i
ik —1E~F 15 ( DNOP, 4l & 98. 0% ) #4104 F il 47 T 1k
AR E (L), FUEWE N 10 mg/L Y 15 Ff
PAEs 1R &R i 25 W H B RS ], I 78 4 CUkAE
PARAT, i S B S 30 R DA 23 IR A R B
1) 551 PAEs brif TAER K .

B-CD {5 1L ™% ( BnBr, 4 & 98.0%) . & 1L 4
(NaH, 4l ¥ 60.0%) ,FDA ( 4 J&f 98.0%) . & 1k £k
(FeCl, , 2l 98. 0% ) FIJC/K B BR 44 ( Na, SO, , 4li &
99. 0% ) BI04 T H RIEFHEA RA A (dbat) s —8 L
%t (DCE, 4l £ 99.5%) . — & B %t ( DCM, 4 fiF
99.5%) . B B ( MeOH, &0 & 99.9%) . A Bl ( &1 &
99.5%) N, N-—H J: I it e (DMF, 26 B 99. 5% ) |
/K (NH, - H,0,25.0% ~28.0%) . £ i fk Fl 2, 2

Z TR (EtOAc, 415 99. 5% ) ¥y T 2 va b A AL B4
A PR 7 ( F#) . SYLGARD™ 1843 — i 3t
RESUE i i I E B TR T A vl (L) o =8
FHTRE AR T pR b G 4 T b D R £ 7 o ARG I (]
B ) A BR A mI SR A8 AR T R IR ZE AR T 0 T
HEIN 2 b T
1.2 BigfnRiEs &y

HP-5MS 5% Phe & 4145+ (30 mx250 pmx
0.25 wm,FE[H Agilent /A ) ) ; H IR FEF % 5E .60 C
4% 1 min, LA 20 C/min B3R THE 2 220 CHEF
1 min; LA 5 C/min B9 3R T4l 2 250 C R EF 1
min; 2L 20 C/min A9 3 A 2 290 C 47 3
min, RN AERL A A ER B, W
BN 1 C/min, B FURIEEE | FERE O FUAR AT
TREEZ3 5108 270 280 F1 150 °C, 57 2B IR I a] 5 &
7.7 min, 35 CR H BEBE M B R (SIM)
B,

12 #f PAEs IWAFIER L3R 1,

®1 127 PAEs WRBHE EMMERETF

Table 1 Retention times, qualitative ions and quantitative ions of the 12 phthalate esters (PAEs)

Analyte Abbreviation Retention time/min  Qualitative ions (m/z) Quantitative ion (m/z)
Dimethyl phthalate DMP 7.730 163, 77, 194, 133 163
Diethyl phthalate DEP 8.570 149, 177, 105, 222 149
Diisobutyl phthalate DIBP 10.257 149, 223, 104, 167 149
Dibutyl phthalate DBP 10.985 149, 223, 205, 104 149
Bis(4-methyl-2-pentyl) phthalate BMPP 12.008 149, 167, 85, 251 149
Di(2-ethoxyethyl) phthalate DEEP 12.376 72, 149, 104, 193 149
Dipentyl phthalate DPP 12.722 149, 237, 219, 104 149
Dihexyl phthalate DHXP 14.833 149, 251, 104, 23 149
Butyl benzyl phthalate BBP 14.989 149, 91, 206, 104 149
Bis(2-n-butoxyethyl) phthalate BBEP 16.433 149, 101, 85, 193 149
Diphenyl phthalate DPhP 17.524 225, 77, 104, 153 225
Dioctyl phthalate DNOP 20.739 149, 279, 104, 261 149

1.3 BnCD-HCP R EFHHFI&

BnCD-HCP 2% 3Ciik[ 28 14 1, Hil/E 14 2 /i LA
FHEEEIEAT 24 h R ECHR I LA R 25 R I 0 1 B A4, 4
B2 0.20 mm K 20. 0 cm AR 22 19—
WAL IR B h 24 30 min J5 H—2ok | HBE N R 1 T
ARG VR, IR T TR RS B B4 A T
SEIREC L PDMS iy 32 W98 e ( 32750 5 Rl Ak 5] o
LA 10:1) H TR SR 5 1 2 B0 4%
HiFZ 40 PDMS =B HHEE IR, BTN LR
Hf A& A BnCD-HCP ¥y K BB LA T, - 17 JLIK
Jie%% ¥ BnCD-HCP i BN 22 %1, I )= K JE
2em, ARG H R Z 4R 45 B T 120°C 454 130 min

Ko IR S 56 (i FH AV IR B PDMS #5227 4E

1.4 HS-SPME ZEEUd 72

T $A e e (YR RE 254 US> PAESs 1975
Yy YRS LA A S Be A ALE O ek A T
pPk, AEIGT AR A R I R 004 R B
(1.00+0.01) g £ FAEYIMEE S, FIRER A 1 mL
PSS B o ek i R #2256, 4% A i ) BnCD-HCP £F
Y012 [ FE T2 BRSO T, IR7E 50 C Rt
PR FFZE 20 min, ZEHUSE LS, B BnCD-HCP Ik
YRR AE S FE T 4.5 min X} PAEs #E47 0% .
K 1 87" T BnCD-HCP A& B b Ho v J2 45 4k 1 il
% F1 HS-SPME B4 /E i
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Fig. 1 Schematic illustrations for the synthesis of BnCD-HCP fiber and headspace solid-phase

microextraction (HS-SPME) procedures

B-CD. B-cyclodextrin; BnBr: benzyl bromide; DMF: N, N-dimethylformamide; FDA . formaldehyde dimethyl acetal; DCE. dichloro-
ethane; BnCD: benzylated cyclodextrin; HCP: hypercrosslinked polymer.
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2.1 BnCD-HCP #M#EH&EFHH R

K FT-IR #1°C NMR 73 #r T #1819tk 2 45
¥ 458 2a 2b iR, a5 B-CD ML AhE
%, AT LA EE S| BnCD 78 1453 cm™ 4k B
RFIEIE , HAE 3250 cm™' 4k B-CD I A ¥ JE A i
M2, M B-CD C. @ se &% %1k, 7F BnCD-HCP
LTAMEEI T FEAE1 453 ~ 1 600 cm ™" 42b Y 4 BR R AE
I 1023 e &b (1) ik B R AF U R 2 850 em ! Ak 1Y
W SR RRIE I GE B AR A B, R, B 2D 1Y
“C NMR & fb2= i 128 4k )H g F 2R 30
BRI T 22 R 72 1 36 Ak B4 5 I 8 T 4
T FIOBE 24 b 7 H o iR 1, 55 SCHk [ 28 ] e il 45 21
—%,

H T HS-SPME 7 #f # 11 15 i A W Bl H A5
Yy, HIA R R P et B o6, A 2¢ gy
Hr (TGA) A W22 5] BnCD-HCP 7£ 300 C i HEf#
5 959% T, X % W] BnCD-HCP FLA ) 5 i ke
P R, AT AR E BnCD-HCP fEf% i £ 7 275 C
GO R F R o= B ol N D [ Ty v S £

iF SEM Xf SPME 4 )2 41 4k i R S0 34T 17 =4
(El 2d) , AT LAMSR RIS N 2 RS —)2 5
() BnCD-HCP )2, g% 5341 (EDS) JC & 45
Mra&B C F1 O JEER LR 24T 4 v (1) 43 A 52 80 3
B S FRIE (& 2e~g) o
2.2 HS-SPME ZFEERE ML

T Hi 4k BnCD-HCP 4178 £ 4 %t PAEs [ 2
WA NS A WIF 5T LA 28 3 46 6 1) 0% 3 0 A
2 IR B IR 25 g/ kg IARTE A, /%,T\
AR MU () A IR Sk A s () 0 o I 25 2 8K
BnCD-HCP < BRI A 5200

B G, 7E 10~30 min A5 [ P 2% %8 T A B[]
X} PAEs ZEHUSCR W52 (Bl 3a) o B T AR 43 F
i # /NG DMP Al DEP A4 06 11 FLU7E 26 BU 8] S
10 min B35 B KB SN, HiAth PAEs 1406 [ FLE4 78
20 min B35 3] i KAE, 22 J5 W T AR #7080, 1l fE
R K2 PAEs B # %1%, v £ BnCD-HCP iR )2
LR Y 1 AREGA BTA 1 Bl A U ] A RE A TR
Y12:5 PAEs g W BHO7 2 N T S BOE BUS R T
R PRI e DL i A BT i) 356 4 20 min,

AL IR AN Wi A% BT T L W U 2 1Y)
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(a) FT-IR spectra of BnCD-HCP, BnCD and 8-CD,

(b) solid * C NMR of BnCD-HCP, (c) thermo-

gravimetric analysis of BnCD-HCP, (d) scanning

electron microscope, and (e—-g) elemental map-
ping images of BnCD-HCP

Fig. 2
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Fig. 3 Optimization of (a) extraction time, (b) extraction

temperature, (c) desorption time and (d) de-
sorption temperature (n=3)
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ISZIR , FH AL 4d AT, 25 A W BE A 260 C 1 2
275 T, g g i AW K Y il i 275 C
b, W T R AR R AR | R I Aff 28 275 °C b fie AR %
B,
2.3 BnCD-HCP {FlHEMmER

et 120 Ry & & {f H1 )5 , BnCD-HCP ¥
JEET Y (1) 6 WAL RATY BB DR 15 76 B Uk il /R )
80% Lk I (&l 4a) , RWIHLEA w80 it APEFFR E
. N T IR AWFSE BnCD-HCP % JZ 2T 4k /E PAEs
BRI TR 5 PDMS W 2 4F 4E i T T
Fe#s, MIE 4b wn] DI 2], A48 T R A B8 1)
PDMS 732474k, BnCD-HCP [ 4H 130 A% B 2T 4 7 fi
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B 300% §

200
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o oF G S P e
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Fig. 4 (a) Effect of the number of BnCD-HCP fiber applications on extraction efficiency, (b) comparison of
enrichment factors ( EF) of BnCD-HCP fiber with homemade polydimethylsiloxane (PDMS) fiber (n=3)

24 FHEFWIE

ERARZEERAE T, Ml & 2 Fl AR A
(1) 12 Pl & ik, 431 7 PAEs (1935 51 DG Fc s o
MR ARifEiA R PAEs IO 80510 0.5.1.3.5,
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Table 2 Linear ranges, correlation coefficients (R?), regression equations, LODs, LOQs and repeatabilities of the 12 PAEs

Analyte Linear range/ &2 Regression LOD/ LOQ/ RSDs/% (n=3)
(ng/kg) equation (ng/kg) (png/kg) One fiber Fiber to fiber

DMF 1.62-50 0.9998 Y=575.0X-173.9 0.49 1.62 6.9 12.9
DEP 1.65-50 0.9993 Y=551.1X-159.8 0.50 1.65 6.6 7.8
DIBP 0.69-50 0.9996 Y=1234.1X-268.2 0.21 0.69 3.6 6.5
DBP 0.73-50 0.9996 Y=749.7X+4.2 0.22 0.73 4.9 5.3
BMPP 1.68-50 0.9983 Y=578.2X+8.2 0.51 1.68 6.9 8.5
DEEP 10.69-50 0.9994 Y=222.0X+21.5 3.24 10.69 6.7 11.2
DPP 1.09-50 0.9968 Y=697.7X+267.9 0.33 1.09 6.5 5.1
DHXP 1.19-50 0.9977 Y=670.1X+220.4 0.36 1.19 7.6 7.1
BBP 2.31-50 0.9993 Y=379.7X+115.2 0.70 2.31 6.3 10.7
DBEP 2.48-50 0.9995 Y=186.2X-28.8 0.75 2.48 8.2 13.9
DPhP 1.82-50 0.9984 Y=474.0X-237.2 0.55 1.82 11.4 6.1
DNOP 12.34-50 0.9991 Y=224.1X-56.8 3.74 12.34 1.8 7.8

Y. peak area; X content, png/kg.

£ 3 127 PAEs 7£ 3 M+ 3 MK ETHMREKEREEE (n=3)

Table 3 Spiked recoveries and precisions of the 12 PAEs at three levels in three oil samples (n=3)

Anal Spiked/ Soybean oil Peanut oil Sunflower oil

alyte (pg/kg) Found/(pg/kg) Recovery/% RSD/% Found/(pug/kg) Recovery/% RSD/% Found/(pug/kg) Recovery/% RSD/%

DMP 0 ND - - ND - - ND - -
1 1.00 99.79 5.26 0.99 99.22 2.56 0.79 79.22 1.49

5 5.28 105.61 4.19 4.87 97.37 6.95 4.98 99.61 5.40

25 23.01 99.02 5.31 26.25 105.01 9.22 25.29 101.18 1.17

DEP 0 ND - - ND - - ND - -
1 0.95 94.81 4.89 1.05 104.61 6.98 1.01 101.04 4.29

5 4.83 96.54 3.86 5.42 108.38 4.57 4.91 98.17 10.54

25 24.72 98.87 5.19 27.95 111.78 7.77 26.59 106.38 4.68

DIBP 0 0.27 - - 0.33 - - 0.21 - -
1.20 92.55 6.82 1.47 114.41 5.13 1.34 113.05 6.19

5 5.36 101.84 1.60 5.69 107.12 9.25 4.75 90.71 7.73

25 26.56 105.14 2.76 23.93 96.07 5.13 24.19 95.93 8.44

DBP 0 0.25 - - 0.30 - - 0.19 - -
1.29 103.95 5.63 1.25 94.67 8.31 1.19 99.80 4.72

5 4.69 88.89 7.87 5.22 98.33 6.94 4.89 93.94 4.52

25 21.08 83.34 7.62 23.93 94.50 7.00 23.97 95.14 3.61

BMPP 0 ND - - ND - - ND - -
0.97 97.18 7.36 1.08 107.86 4.24 1.13 112.99 4.62

5 4.50 89.99 9.32 5.44 108.72 6.48 5.26 105.22 3.29

25 25.30 101.21 8.67 26.12 104.48 6.49 22.15 88.59 8.35

DEEP 0 ND - - ND - - ND - -
1 0.72 72.49 8.58 1.06 106.15 11.73 1.24 124.43 3.05

5 4.78 95.69 8.42 4.63 92.64 4.72 5.40 108.03 1.50

25 19.77 79.06 4.70 23.08 92.33 7.97 25.19 100.77 6.78

DPP 0 ND - - ND - - ND - -
1.03 102.70 5.82 1.01 101.34 6.58 0.90 89.90 3.98

5 5.40 107.96 4.51 4.36 87.22 11.68 4.78 95.65 10.11

25 21.99 87.96 1.88 19.68 78.73 2.27 23.41 93.63 6.82

DHXP 0 ND - - ND - - ND - -
0.99 99.44 6.22 0.92 91.79 6.36 0.97 96.77 7.64

5 4.48 89.54 7.73 5.30 106.07 3.53 5.48 109.61 7.50

25 23.78 95.13 3.67 22.22 88.88 8.77 21.76 87.05 4.94

BBP 0 ND - - ND - - ND - -
1 1.07 107.48 5.62 1.08 107.94 7.60 0.87 86.69 2.08

5 5.43 108.59 10.28 5.21 104.24 5.11 5.13 102.64 8.50

25 24.27 97.07 4.87 26.85 107.40 9.43 25.50 101.99 9.75




SRR , 55« BRI B SC IR 5 5 W T 24 T 2 [T AR A J- R (7 -

o H RV S — - . .
459 M Wi 5T 10 052 — P 889
®3 (#)

Table 3 (Continued)

Spiked/ Soybean oil Peanut oil Sunflower oil
(pg/kg) Found/(pg/kg) Recovery/% RSD/% Found/(pg/kg) Recovery/% RSD/% Found/(pg/kg) Recovery/% RSD/%
DBEP 0 ND - - ND - - ND - -
1 1.05 104.80 7.21 1.02 101.90 8.59 1.10 110.02 10.03
5 5.01 100.24 5.97 5.36 107.17 10.97 4.79 95.87 7.34
25 28.25 112.98 6.62 26.15 104.59 8.73 28.29 113.15 8.52
DPhP 0 ND - - ND - - ND - -
1 1.02 101.65 10.26 1.00 99.89 5.96 1.04 103.73 7.89
5 5.26 105.12 1.27 4.83 96.64 2.72 4.72 94.39 6.46
25 27.16 108.65 8.41 26.24 104.97 6.82 25.07 95.00 4.58
DNOP 0 ND - - ND - - ND - -
1 0.88 83.50 6.97 1.06 105.95 7.33 0.92 99.25 6.43
5 4.37 101.91 11.14 5.49 109.73 9.29 3.87 77.45 8.71
25 26.16 106.90 9.68 27.46 109.84 9.48 22.38 110.19 7.37
ND: not detected.
4 a. Soybean oil 4- b. Peanut oil 4- c. Sunflower oil
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Fig. 5 TICs of the targeted PAEs in (a) soybean oil, (b) peanut oil, and (c¢) sunflower oil

samples after HS-SMPE procedure

I ;. unspiked sample; II, I, IV. samples spiked with each of analytes at 1 ng/kg (1), 5 pg/kg (II), 25 pg/kg (IV).
Peak identifications: 1. DMF; 2. DEP; 3. DIBP; 4. DBP; 5. BMPP; 6. DEEP; 7. DPP; 8. DHXP; 9. BBP; 10. DBEP; 11. DPhP; 12.

DNOP.
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Table 4 Comparison of this proposed method with other methods

. Number LOD/ LOQ/ Recovery/ RSD/

Coating Methods of PAES Samples (ng/L) (ng/L) % % Ref.
SWCNTs SPE/GC-MS 6 camellia oil - 10.0-30.0* 86.4-111.7 5.4-10.4 [5]
DSMNPs dSPE/HPLC/UV 5 water 0.5-5.0 3.0-10.0 85.7-105.5 3.9-5.7 [6]
Co-MNPC@ MIPs MSPE/GC-FID 5 edible oil 10.0-25.0  32.0-69.0 81.6-102.2 3.3-12.0 [7]
G/PVC HS-SPME/GC-FID 4 vegetable oil 60.0-80.0 200.0-300.0 87.0-112.0 8.1-10.5 [30]
MWCNTs dSPE/GC-MS 7 virgin olive oil 6.0-50.0 - 87.0-111.0 3.7-7.6 [31]
PDMS DI-SPME/GC-QqQ MS 9 vegetable oil 15.0-144.0* 25.0-523.0* - 1.3-11.8 [32]
PDMS/DVB HS-SPME/GC-MS 4 vegetable oil/soft drink 0.1-3.3 0.2-11.1 84.5-102.1 1.6-4.9 [33]
BnCD-HCP HS-SPME/GC-MS 12 vegetable oil 0.21-3.74* 0.7-12.3* 72.5-124.4 1.2-11.7 this work

SWCNTs: single-walled carbon nanotubes; DSMNPs: diatomaceous earth-supported magnetite nanoparticles; Co-MNPC@ MIPs: co-
balt magnetic nanoporous carbon molecularly imprinted polymers; G/PVC. graphene/polyvinylchloride; MWCNTSs: multi-walled car-
bon nanotubes; DVB: divinylbenzene; dSPE. dispersive solid-phase extraction; DI-SPME. direct immersion solid-phase microextrac-

tion extraction; a: the unit is ng/kg.
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