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Abstract: Supramolecular solvents (SUPRASs) are nanostructured liquids produced in
colloidal solutions of amphiphilic compounds by spontaneous, sequential phenomena of
self-assembly and coacervation, which have been already proved as effective extractants
of various analytes with different polar ranges in a variety of samples. SUPRASs have
intrinsic properties derived from the amphiphilic character of the molecules making up
them and their high concentration that render them very attractive for extraction
process. In most instances, SUPRASs are reversed micelles formed by mixing an alkyl
alcohol or an acid with tetrahydrofuran and water. The size of reverse micelle center
pore can be adjusted by changing the ratio of tetrahydrofuran and the macromolecular
substances are kept from entering the extraction phase, thereby facilitating the extrac-
tion and purification. Their adaption to different microextraction formats, compatibility
with separation and detection techniques, low cost, simplicity and quickness make
SUPRASSs a powerful alternative to traditional organic solvents in analytical extractions.
SUPRASs were mainly used in combination with high-performance liquid chromatogra-
phy (HPLC) coupled to ultraviolet-visible, fluorescence and mass spectrometric detec-
tion. Extracts containing the analytes are usully injected directly into the HPLC system
where the nanostructures disassemble in the hydro-organic mobile phase and produce
surfactant monomers that do not influence the chromatographic behavior of solutes. In
this study, a novel method was developed for the determination of the migration of 8
phthalic acid esters (PAEs) from food contact materials using SUPRAS-based dispersive
liquid liquid microextraction (DLLME) coupled with isotope dilution ultra-performance
liquid chromatography-tandem mass spectrometry (UPLC-MS/MS). The analytes in
food simulants were extracted by a SUPRAS consisted of octanol, tetrahydrofuran and
aqueous solution. The key parameters in terms of the type and volume of extractant,
amounts of tetrahydrofuran, and vortex time were investigated. The analytes were
separated on a Waters Acquity UPLC BEH C18 column (2.1 mm X 50 mm X 1.7 pm)
with gradient elution by methanol and water. The qualitative and quantitative analysis
was conducted by ESI-MS in positive ion mode under multiple reaction monitoring
(MRM) mode. The experimental results demonstrated that good linearity (+*>>0.99) is
observed in their respective concentration ranges. The limits of detection (LODs) are
0.1-1.0 pg/L, and the limits of quantitation (LOQs) are 0.5-2.0 pug/L, respectively.
The recoveries of PAEs range from 84.8% to 117.5% at three spiked levels with the
relative standard deviations (RSDs) between 2.1% and 18.7% (n=6). The proposed
method is accurate, reliable, simple and convenient, and is suitable for the determina-
tion of migration of PAEs from food contact materials.

Key words: supramolecular solvent; dispersive liquid-liquid microextraction; isotope
dilution; ultra-performance liquid chromatography-tandem mass spectrometry (UPLC-

MS/MS); food contact materials; phthalic acid esters
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Table 1 Basic information of the eight PAEs and their isotopic internal standards
HUX 23 7 5 -
& HRaE Vi Relative CAS & Putity/
Compounds Abbreviation Formulas molecular CAS y
mass
A5 W R W g DMP Cs Hy (COOCH3) 2 194. 18 131-11-3 99.9
SRARAR A R — R DMP-d, Cs Dy (COOCH3) 198. 21 93951-89-4 97.9
S W L DEP Cs Hy (COOC2 Hs ) 222. 24 84-66-2 99.5
AR R — L T DEP-d, CsDy (COOC, Hj) 226. 26 93952-12-6 98.0
PR TR BBP 1,2-C Hy (COOCH; Cs Hs ) (COOC, Hy) 312. 37 85-68-7 98.5
TARAR R W R TR TR BBP-d; 1,2-Cs Dy (COOCH, Cs Hs ) (COOC, Hy) 316. 39 93951-88-3 98.5
AR R R DPP Cs Hy (COOC5 Hip )2 306. 40 131-18-0 99.2
SRARAR A R R R DPP-d, Cs Dy (COOCs Hip)e 310. 43 358730-89-9 98.0
ARk R I C B DCHP Cs Hy (COOCs Hi1)2 330. 42 84-61-7 99.9
SACAR A R 5 O g DCHP-d, CsDy (COOCs Hip)e 334. 45 358731-25-6 98.0
SRR O DHP CsH, (COOCsHyz)2 334. 46 84-75-3 97.9
TARCAR A — H R OB DHP-d, CsDy (COOCs Hiz)e 338. 48 1015854-55-3 94.2
AR HRR - (2-2 ) Tk DEHP Cs Hy (COOCs Hi7) o 390. 56 117-81-7 99.3
SACAR A R — (-2 5 O 1 DEHP-d, CsDy (COOCgHir)e 394. 59 93951-87-2 97.6
AR R g DNP Cs Hy (COOCy Hig ) 418. 62 84-76-4 97.9
SRARAR A W R — T DNP-d, Cs Dy (COOC Hig)o 422. 64 1202865-43-7 98. 4

1.3 @BHFBEAHE &

HER R 1.5 mL IEFEE A 4 mL P & 0k
MR, TR VE A 50 mL BRSSO LA 34,5
mL 4l K 8 S 3 FE 5 min J5 . B4 3 000 r/min
B0 10 min, 38T 55 248 58 B E )2 A PLAH
THER T, T 4 CTHHERAE.
1.4 FHXE

W B A il b BHEFE BT A% 2 5 mm X5 mm
DIF 3% BB 52 2 E A b ifE GB 5009. 156—
2016 F1 GB 31604. 1—2015 HyER JE 1712 52
Bo MAKI0% CEEER (KB E S &E. T
) .20 % ZEEEOR A% L ER VST 4 Fhok &
mn BRI A A 0.5 g 1l 42 fil A1k
WAE, T 70 CHEE KB hRH 12 h 5. B )
5 mLIEB W E 15 mL HIEPII g0 8, ) 5
LA 400 p L #8531 500 08 e Pk T 4 X
3 min )5, A 3 000 r/min &5.0> 10 min, B 150
pL B2 I BERG BE 2 0. 5 mL, {5 &%

TR 0 35 HR R B35 I 5 E

1.5 SEH

1.5.1 @3k & @ # . Acquity UPLC
BEH C18 #:(2.1 mm X 50 mm X 1. 7 ym); i
M :0. 3 mL/min; i SIAH: A K, Bk HEE 4
BB AEF:0~1.0 min(35%B),1.0~2.0
min(35% ~95%B),2.0~4.0 min(95% B);
4.0~4.5 min(95% ~35%B),4.5~6.0 min
(35%B) s HE iR :30 CspbkEE .2 pl,

1.5.2 Ui Z&fF  Mamiss & 1, R B A
R BB R 4. 0 KV BB B LK .0.5 V;
B IR T 120 °C 5 B A IR < 350 °C 5 it
PR A - 800 L/hs HESL AU & : 50 L/hs filf
AR Rl R 5 < 0. 32 Pas B4 R AR B
% Jx i W5 M ( multiple reaction monitoring,
MRM) . 8 P &R 4 — F R i B2 X 1 A B 1) Jo
WS89 T 3R 2, 2 B W63 KR T
Bl 1,
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Table 2 Mass spectrometric parameters of the eight PAEs and their isotopic internal standards

PREWIE AR T BERAET JTERAM HEALBE  REfERERE X EE BRI

[iEg 7] , . s .
Compounds Retention Precursor Product Elemental Cone Collision Relative Acceptable
times/min  ions (m/z) ions (m/z) composition voltage/V energy/eV  abundance/% tolerance/ %

DMP 2.21 195.1 163.1 CoH7 04 11 11 100 +25
77.1 Cs Hs 11 31 49

DMP-d, 2.21 199.1 167.1 CoH3 D, 04 11 11 100 +25
81.1 Cs HD, 11 31 49

DEP 2.48 223.1 149.1 CyHy O, 11 16 100 +25
177.1 CioHy Oy 11 8 43

DEP-d, 2.49 227.1 153.1 CyH5 D, O, 10 18 100 +25
181.1 CioHs D, 04 10 7 33

BBP 2.83 313.1 149.1 Cs Hs5 04 14 12 100 +25
205.1 Ci2Hi504 14 7 45

BBP-d, 2.83 317.1 153.1 Cs HD, O4 14 12 100 +25
209. 1 CizHo Dy O4 14 7 28

DPP 2.99 307.2 149. 1 Cs Hs O3 11 16 100 +25
219.2 CisHi504 11 7 22

DPP-d, 2.99 311.2 153.1 CgHD, Oy 11 16 100 +30
223.1 Ci3sHi DyO; 11 7 18

DCHP 3.01 331.2 167.1 Cs H7 Oy 15 14 100 +25
249.1 Ci1sHi704 15 9 32

DCHP-d, 3.01 335.1 171.1 CsH3 D, Oy 15 14 100 +25
253.1 CiyHis DOy 15 9 26

DHP 3.15 335.1 149. 1 Cs Hs 04 13 15 100 +30
233.1 CiaHi7 04 13 7 11

DHP-d, 3.16 339.2 153.1 Cs HD, O 14 15 100 +30
237.1 CiyHis DO 14 7 14

DEHP 3.58 391.2 149.1 CsHs 05 18 24 100 +30
167.1 CsH7 04 18 14 12

DEHP-d, 3.58 395.1 153.1 CgHD, Oy 18 24 100 +30
171.1 CsH3 D, Oy 18 14 14

DNP 4.23 419. 3 149.1 CsHs 05 16 15 100 +50
275.2 Ci7Hz304 16 8 10

DNP-d, 4.24 423.3 153. 2 Cs HD, O 16 15 100 +50

279.2 Ci7Hi9Dy O3 16 7 8
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MRM chromatograms of the eight PAE standard solutions

1% T 1Y) A6 B0 A0 R A i, B 2 B[] 0 o3 0 8l %
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2.2 mEBHAENMRL
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J& T RARBE AR T E Iy FIE . LR T IE
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LSRR T B 2b, Bl I EFE R A0, W
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Fig. 2 Effect of extraction solvents (a), amounts of alkyl alcohol (b),

amounts of tetrahydrofuran (c¢) and vortex time (d) on the extraction efficiencies (n=3)
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B TSR, 25 R OR T 20, Y DU A IR
FHEE R 4 mL B, 450 5 ISR 3 B2 100 % .

H R R s 2 0 & vkmg A & /N F 4 mL

BF o A it 194 [ s 23 i A1 EL 9 3 5 K5 T 24 D
W B R F 4 mL B, B AR RE Y BLRCR A
Ry = N (= OF I IS o il i
E QU E R R )[R VW i S e e e |
S5HEM AR EE WA D, R
TR A T AT A AR . R AR S R B
DU AR I A & 4 mL,
2.4 mhEREIE A

TEHR 4315 590 43 BOBOR 2R B L 43 BT
T o A IO IR ol Y Y 22 ) 114 78 4 2 fh w3
KN o3 - 5 AR EdR 35 AT LA 32 8 4

S R Tt B AR IR G LUE
J R A 2L i BOIR A AR AR R R S
TN TEI R 4 34 1.3.5.7.9.11 min B} #E
Al A TSR L S5 R T8 2d. Bl 2 i e I 1) Y
B, WA B A T AR I R Y i e i
)R T a2 T 3 min W, BE 50 |0k 2458 H.
AR, R, BRI BER R A 3 min,
2.5 FEEER

2.5.1  ZRPEVIE KRR Ko R LY
TS AF R 52— R FUAS [N AR K B AE 5
A log vy CH A5 9 i 1o B/ %k 17 ) 37 28 1N s 0 T
FBOXE « CH bR B i vk ) 14748 Mk 1 L 22 4
8 P &R 2R — W R IR M bR fE TR 4. 25 R %
B, 8 AT R — H R IR AE 45 I VR BE Y [ N 4R
PEIE R R MM R E ~ =>0.99, 5L
35T 10 A% 5 W L T F 55 O vk 1 K BRI e
B, 45 5191 F 3% 3,

2.5.2 [ICREREE LG E A SR
Wy R RE & o A 3R T, 4 B FE 2~ 200
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p/L S ARG b S A KT ROIR AR AE T8 46 % — R I - 2 e 3
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Table 3 Linear ranges, linear equations,

limits of detection (LODs) and limits of quantitation (LOQs) of the eight PAEs

- W% R A . .
& 2 M Pt . . iz i PR A R
Correlation
Compounds Linear ranges/(pg/1) Linear equations LODs/(png/L) LOQs/(pg/1)
coefficients(r?)
DMP 1~500 y=0.2968x—1.6148 0.9956 0.5 1.0
DEP 1~500 y=0.2826x—1. 488 0.9964 0.2 1.0
BBP 1~500 y=0.2847x—1.6182 0.9943 0.1 0.5
DPP 1~500 y=0.3169x—1. 7921 0.9952 0.2 1.0
DCHP 1~500 y=0.3284x—1. 5445 0.9905 0.1 0.5
DHP 2~500 y=0.2787x—1.0607 0.9920 1.0 2.0
DEHP 2~500 y=0.2773x—1.5782 0.9932 0.5 1.0
DNP 2~500 y=0.4014x—1.6191 0.9964 1.0 2.0

R4 8 FLRE Z FHERER A9 AR BB E AR AR ZE (n=06)
Table 4 Recoveries and relative standard deviations (RSDs) of the eight PAEs (n=6)

K 10% LB 202 VR A% LR
7l
kT W 10% Aqueous ethanol 20% Aqueous ethanol 4% Aqueous acetic
Vi . ater
e Spiked solution solution acid solution
[S]
~ . oo/
Compounds —levels/ gy ¢ i alles i ek it ek it
(pg/L) Recoveries/ e v i 22 Recoveries/ Hr e 2 Recoveries/ s v i 22 Recoveries/ RS
% RSDs/ % % RSDs/ % % RSDs/ % % RSDs/ %
DMP 2 109.3 7.1 105.0 13.1 88. 6 6.8 114.3 10.2
20 97.9 6.0 91.0 9.2 86.0 6.0 115.7 4.7
200 90.9 6.1 93.4 5.2 5.6 3.2 108.0 4,4
DEP 2 103.3 7.9 99.6 7.9 87.1 5.1 116.0 10. 6
20 100. 1 3.3 88.9 3.5 86. 1 4,1 107. 4 5.6
200 115.9 3.9 110.0 3.2 97.5 3.5 111.9 4.9
BBP 2 112.7 13.4 93.1 15.7 95.2 8.8 116. 1 11.5
20 99.5 16.0 99.2 18.7 90. 8 6.3 92.8 10.1
200 99.1 13.5 93.6 14.9 88.4 7.4 96.0 14.9
DPP 2 113.0 10.6 97.4 14.3 99.9 12.4 115.2 14.5
20 94.9 4.9 89.9 8.5 87.4 6.5 116.8 5.4
200 98.7 12.1 100. 8 12.9 101. 1 13.8 116.0 11.9
DCHP 2 103.2 17.7 98.1 15.4 109.3 17.4 111.4 10.9
20 98.8 15.8 99.5 10.0 93.5 12.1 104.5 13.2
200 87.8 9.6 91.0 11.6 88.0 7.5 114.5 10.2
DHP 2 114.2 16.6 88. 6 5.8 99.3 5.8 108. 1 11.0
20 102.5 8.9 91.4 11.6 93.3 4.4 93.2 7.8
200 117.5 4.3 113.1 6.1 106.0 4.0 114. 1 5.1
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gx4
X 10 % CBEVE W 20% LRV L% LR
7]
kT W 10% Aqueous ethanol 20% Aqueous ethanol 1% Aqueous acetic
Vi ater
e Spiked solution solution acid solution
8
Compounds —levels/ gy ¢ i FI st alles it ek Fxt
(pe/L) Recoveries/ i fh 22 Recoveries/ 1 Al 22 Recoveries/ o fi 22 Recoveries/ i o T 22
% RSDs/ % % RSDs/ % % RSDs/ % % RSDs/ %
DEHP 2 98.3 10.1 86.1 4.3 92.2 9.2 100. 2 8.6
20 101.5 6.4 88.4 2.1 86.6 6.1 84,8 9.3
200 94,1 8.7 104. 4 6.3 107.6 11.6 115.9 6.2
DNP 2 93.1 10.4 106.9 11.0 112.8 12.0 103. 1 4.4
20 100. 6 13.4 105. 4 10.7 106. 9 10.0 98.2 10.9
200 98.2 8.1 99.1 5.4 108.0 6.4 110.2 7.6

2.6 EEREERSHT

6T 37 4 B 18— R PR R OBV L BR 5
AR 3 24k 10 MR f dh B Al AT RBHRE i HE AT I 7E
LRI AT b R RE S AE K 100 &
T /K VTR 20 20 2 T 7K V5 TS 00490 v A T
RIR HER IR Ol T i 76. 63
89.91.108. 03 pg/L;1 £ Sk R 7 20%
ST TRV TR DL rp A o 8 % IR . (2-
L) Ol HE BN 191. 67 pg/Ls2 R
i fil A RLAE KR UL Fh RS I AR TR TR
i T A 4 17. 23,11, 95 pg/L. HA
T it S B B 3 B IR R B R A Y A8 R T R
P S 1 5]

3 Hig

AT 5T 4 SE TR 43 R 43 BIOBOW AR
W, &5 4 T 57 3% s k-8 8 A0V AH 0 % - R K J5
T £ T 2 M A Rk e AT R R R R = 1Y
SYBT I SR A3 )k o BE R 0 R 2 5 A
VO S0 Kk T ] O T B ) 4 TR R AT T AR
5o TEARALIY T2 56 45 1 5 . 8 Fh 4R 7K — I iR Mg
TE 45 B9 0 Bl N R 50 R R4 2R A K
A >0.99. KRy 0.1~1.0 pg/L, & &
FRK 0.5~2.0 pg/L. ZEMR.H 3 ATk
SR L8 AR AR T HT IR IR 3 1 9 R Y 7 1 el i
HHy 84, 800 ~117. 500 MM bR IR 254 2. 106~
18. 706 (n=6) . i A5 7 37 5 65 14 5 B A
it s UE B % 7 15 A A T 5 L R R L A PILIA R
THFE AL /D 38 T 00 5 6t 52 A Ok v 4B 4 —

R T S 4 IR R Y I A% 4
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