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Abstract: Restrictions on the use of phthalates have led to the wide use of alternative plastici-

zers (APs) such as organophosphate, adipate, citrate, and sebacate. However, because plasti-
cizers combine with polymers in plastic products via unstable noncovalent bonds, they can easi-
ly migrate out of these products, causing environmental pollution. In particular, their migration
out of food packaging, containers, and other food-contact materials and into food has raised
great concerns. Toxicological studies have shown that APs contain potentially toxic substances
that can affect endocrine functions and cause neurotoxicity, genotoxicity, and other adverse

effects. Thus, their potential risks to food should not be underestimated. Sesame oil is a
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necessity in daily cooking. The results of risk monitoring in recent years have indicated that ses-
ame oil often contains phthalates in excess of the standard limits. However, the potential risks
of APs in sesame oil have not yet been reported. Some common detection methods for APs in-
clude gas chromatography-mass spectrometry, gas chromatography-triple quadrupole mass
spectrometry, and liquid chromatography-triple quadrupole mass spectrometry. Unfortunately,
these methods use low-resolution mass spectrometry and are limited by the resolution, scan
rate, and analysis mode. Gas chromatography-quadrupole time-of-flight mass spectrometry
(GC-Q-TOF/MS) has the advantages of high resolution, sensitivity, and analysis speed. In full-
scan mode, GC-Q-TOF/MS can accurately collect the full-spectrum mass number of target
compounds with low content levels in complex substrates, thereby realizing efficient screening
and quantitative analysis. It shows outstanding advantages in the trace analysis of pesticide resi-
dues and pollutants. Furthermore, it features strong qualitative and high screening abilities. Es-
tablishment of a personal compound database and library ( PCDL) addresses limitations in the
number of compounds that can be measured and enables the rapid identification of targets with-
out the use of standard products. In addition, increasing the number of targets for synchronous
screening enables the retrospective analysis of new targets.

In this study, a method based on GC-Q-TOF/MS was developed for the determination of
54 APs in sesame oil. The samples were extracted with acetonitrile and purified using a PSA/sil-
ica solid-phase extraction column. The mass-spectral information of the samples was then col-
lected by GC-Q-TOF/MS in full-scan mode, and the 54 APs were searched using an established
high-resolution mass-spectrum database to simultaneously achieve the broad-spectrum screen-
ing, qualitative identification, and quantitative analysis of multiple targets. The effects of differ-
ent extraction solvents and purification methods on sample extraction and purification were
compared. The accuracy of the screening results was improved by optimizing the GC-separation
conditions, quality-extraction window, retention-time deviation, and other screening parame-
ters. The screening detection limits ( SDLs) of the 54 APs ranged from 0.01 to 0.02 mg/kg;
specifically, the SDL of 41 compounds was 0. 01 mg/kg and that of 13 compounds were 0. 02
mg/kg. The limits of quantification were in the range of 0. 02-0. 04 mg/kg. A total of 80 sesame-
oil samples were rapidly screened using this method under optimal conditions. Five APs were
identified from the 80 sesame-oil samples and quantitatively analyzed using the matrix-matched
external-standard method. The results of this quantitative methodology showed that the five APs
had good linear relationships in the range of 0. 01-0.2 mg/L, with all correlation coefficients
greater than 0. 99. The accuracy and precision of the method were verified using a standard re-
covery test with blank sesame-oil samples. Under the three standard levels of 0. 04, 0. 08, and
0.2 mg/kg, the recoveries of the five APs ranged from 71. 3% to 97. 8%, and the relative stand-
ard deviations (RSDs) ranged from 0. 4% to 6. 1% (n=6). The developed method is fast, accu-

rate, sensitive, and has high throughput. Thus, it can realize the efficient screening, qualitative
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identification, and quantitative analysis of the 54 APs in sesame oil and provides a potential so-

lution for the monitoring of other contaminants in food.

Key words: gas chromatography-quadrupole time-of-flight mass spectrometry ( GC-Q-TOF/

MS) ; alternative plasticizers ( APs) ; high-throughput screening; sesame oil
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F1 SAMBRIVBUFE CAS S 4 FX . REMERER B FREHREL . FEMR(SDL) REEMR (LOQ)

Table 1 CAS numbers, molecular formulas, retention times and characteristic ions, screening detection limits

(SDLs) and limits of quantification (LOQs) of the 54 alternative plasticizers ( APs)

No. Compound CAS Molecular Retention Quantitative Qualitative fons (m/2) SDL/ LOQ/
number formula time/min ion (m/z) (mg/kg) (mg/kg)

1 trimethyl phosphate (B2 = fig) 512-56-1 C;H,0,P 3.768 110.0127  78.9943, 80.0022, 109.0049 0.01 0.02

2 triethyl phosphate (2 = Z.0) 78-40-0 C¢H,;5s0,P 5.348  155.0468  98.9842, 109.0049, 127.0155 0.01 0.02

3 diethyl maleate ( 32— Z.0) 141-05-9 C,H,,0, 5.713 99.0077 126.0311, 127.0390, 143.0339  0.02 0.04

4 2-ethylhexyl acrylate 103-11-7 C,,H,,0, 6.177 70.0777  55.0178, 55.0542, 83.0855 0.02 0.04
(NIRIR-2- L lR)

5 dimethyl adipate (2 & —Hfig) 627-93-0 CH,,0, 6.262  111.0441 101.0597, 114.0675, 143.0703 0.01 0.02

6 diethyl adipate (. -k " ZF) 141-28-6 C,,H,,0, 7.258  111.0441 115.0754, 128.0832, 157.0859 0.02 0.04

7 tripropyl phosphate (#§fR =14 ) 513-08-6 C,H,,0,P 7.276 08.9842  123.0206, 124.9998, 141.0311  0.01 0.02

8 diisopropyl adipate 6938-94-9 C, H,30, 7.694  129.0546 100.0519, 101.0597, 111.0441 0.01 0.02
(BT SHEG)

9 trimethyl citrate (F7i5eH2 = Hig) 1587-20-8 CoH,,0, 7.830  143.0339 101.0233, 144.0373, 153.0182 0.01 0.02

10 diisobutyl fumarate 7283-69-4 C,,H,,0, 7.969 155.0703  99.0077, 147.0652, 221.0808 0.01 0.02
(ESR 5T

11 dimethyl terephthalate 120-61-6 C, H,,0, 8.106  163.0390 135.0441, 164.0424, 194.0574 0.01 0.02
(R ZHR W)

12 triisobutyl phosphate 126-71-6 C,,H,,0,P 8.128 98.9842  111.9920, 139.0155, 155.0468 0.01 0.02
(BEIR =BUT i)

13 dimethyl isophthalate 1459-93-4 C,,H,,0, 8.177  163.0390 135.0441, 164.0424, 194.0574 0.01 0.02
(2R W — W)

14 dibutyl maleate (/R — T FH) 105-76-0 C,,H,,0, 8.258 99.0077  57.0699, 117.0182, 155.0703 0.01 0.02

15 dimethyl azelate (T2 _Hfi§) 1732-10-1 C,;H,,0, 8.314  152.0832 111.0804, 143.1067, 185.1172 0.02 0.04

16 dibutyl fumarate (& SR T H) 105-75-9 C;,H,,0, 8.522  155.0703  99.0077, 117.0182, 173.0808 0.01 0.02

17 dibutyl itaconate (KR _THE)  2155-60-4 C;;H,,0, 8.619  113.0233  85.0284, 86.0362, 131.0339 0.01 0.02

18 2,2,4-trimethyl-1,3-pentanediol 6846-50-0 C,sH,,0, 8.678 71.0491  111.1168, 173.1172, 243.1591  0.01 0.02
diisobutyrate (2,2,4- = 3-1,3-
I 5 T IRER )

19 tributyl phosphate ( Bz =T ) 126-73-8 C,,H,,0,P 8.929 98.9842  124.9998, 155.0468, 211.1094 0.01 0.02

20 triethyl citrate (¥R = Z.BR) 77-93-0 C,,H,,0, 9.003 157.0495 115.0390, 129.0182, 139.0026 0.01 0.02

21 diethyl terephthalate 636-09-9 C,H,,0, 9.024  177.0546 149.0233, 166.0261, 194.0574 0.01 0.02
(AR ZHR =L 1E)

22 diethyl azelate (F R —ZMHK) 624-17-9 C;H,,0, 9.131 199.1329 111.0804, 152.0832, 157.1223  0.01 0.02

23 diisobutyl adipate (C. 2 "5 THE) 141-04-8 C,H,,0, 9.143 129.0546 101.0597, 111.0441, 185.1172 0.01 0.02

24 acetyl triethyl citrate 77-89-4 C,,H,,04 9.542  157.0495 139.0026, 203.0914, 213.0757 0.01 0.02
(LR = 2 1)

25 dibutyl adipate (C\ 2T Fg) 105-99-7 C,,H,50, 9.626  185.1172 111.0441, 129.0546, 156.1145 0.01 0.02

26 tris(2-chloroethyl) phosphate 115-96-8 C4H,,CL,O,P  9.676  248.9845 204.9583, 222.9688, 250.9816 0.01 0.02
(BRR = (2-/ L Hs) Bg)

27 diethyl sebacate (% R, 1g) 110-40-7 C,,H,s0, 9.75 213.1485 125.0961, 166.0988, 171.1380 0.0l 0.02

28 diallyl isophthalate 1087-21-4 C,H,,0, 10.071  189.0546 115.0542, 149.0233, 190.0580 0.02 0.04
(7R R ISR )

29 diallyl terephthalate 1026-92-2 C,,H,,0, 10.125  189.0546 115.0542, 149.0233, 190.0580 0.02 0.04
(MR W IR )

30 tripentyl phosphate (2 =1E/%ER) 2528-38-3 CsH;;,0,P 10.810  98.9842  124.9998, 169.0624, 239.1407  0.01 0.02

31 diisobutyl terephthalate 18699-48-4 C,,H,,0, 11.286  205.0859 149.0233, 167.0339, 223.0965 0.01 0.02
(KR W 57 THBE)

32 bis(2-ethylhexyl) maleate 142-16-5 Cy,H,40, 12.892  117.0182  70.0777, 99.0077, 100.0155 0.01 0.02
(DR HECTR)

33 dibutyl sebacate (2% "R "IF THE)  109-43-3 C,4H,,0, 13.062  185.1172 139.1117, 143.1067, 241.1798  0.02 0.04

34 tributyl citrate (F71ERR =T 1) 77-94-1 CsH;,0, 13.324  185.0808 111.0077, 129.0182, 139.0026 0.01 0.02

35 bis(2-ethylhexyl) methylenesucci-  2287-83-4 C,, H;30, 13.501  113.0233  70.0777, 71.0855, 131.0339 0.02 0.04

nate (AKREMR . (2-ZFIE)BR)
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Table 1 (Continued)
No Compound CAS Molecular R.etentio.n Quantitative Qualitative fons (m/2) SDL/ LOQ/
number formula time/min ion (m/z) (mg/kg) (mg/kg)

36 acetyl tributyl citrate 77-90-7  C,,H,,O4 14.107 185.0808 129.0182, 139.0026, 157.0132 0.01 0.02
(LB RIR =T T8)

37 bis(2-butoxyethyl) adipate 141-18-4  CsH;, 04 14.394 155.0703  85.0648, 111.0441, 173.0808 0.01 0.02
(CZEA(2- TR H)BR)

38 tris(1,3-dichloro-2-propyl) phos- 13674-87-8 C,H,;Cl;O,P 15.0913 190.9426  98.9842, 192.9397, 380.8960 0.01 0.02
phate (BERR=(1,3-—5-2-N3E) i)

39 bis(2-ethylhexyl) adipate 103-23-1 C,,H,,0, 15.713 129.0546  70.0777, 111.0441, 207.0321 0.02 0.04
(BT (2-2 30 30) i)

40 tris(2-butoxyethyl) phosphate 78-51-3  C,gH; O, P 15.903 124.9998 199.0730, 227.1043, 299.1618 0.01 0.02
(BEIR = (2- TR AL L) BR)

41 triphenyl phosphate (B2 =%ME8) 115-86-6 C, H,50,P 15.913  326.0703 215.0257, 325.0624, 327.0736 0.0l 0.02

42 2-ethylhexyl diphenyl phosphate 1241-94-7  C, H,,0,P 16.221 251.0468 249.0311, 250.0389, 252.0502 0.01 0.02
(WERR K 5=FR)

43 bis( 1-butylpentyl) adipate 77916-77-9  C,,H,0, 16.330 129.0546 101.0597, 111.0441, 143.1430 0.01 0.02
(SR (1-T B B)

44 tris(2-ethylhexyl) phosphate 78-42-2  C,H; O,P 16.648 98.9842 55.0542, 70.0777, 113.1325 0.02 0.04
(W5 =)

45 tri-o-cresyl phosphate 78-30-8 C, H, O,P 18.307 368.1172 165.0699, 181.1012, 277.0624 0.01 0.02
(WERR =48 HRR )

46 tri-m-cresyl phosphate 563-04-2 C, H, O,P 19.074 368.1172  261.0675, 367.1094, 369.1206 0.01 0.02
(R =[] HY g )

47 bis(2-ethylhexyl) isophthalate 137-89-3  C,H, 0, 19.398 261.1485 149.0233, 167.0339, 279.1591 0.01 0.02
(MR R — (2-2.5%) CJHERR)

48 bis(2-ethylhexyl) azelate 103-24-2  C,sH,0, 19.654 171.1016  70.0777, 152.0832, 172.1050 0.02 0.04
(FoMR(2-Z3CHE) BR)

49 diphenyl isophthalate 744-45-6  C, H,,0, 19.867  225.0546 104.0257, 141.0699, 226.0580 0.01 0.02
()R PR — 2R

50 diphenyl terephthalate 1539-04-4 C,,H,,0, 19.945 225.0546 104.0257, 197.0597, 226.0580 0.01 0.02
(MR HIR — KT )

51 tri-p-cresyl phosphate 78-32-0 C,,H,,0,P 20.258  368.1172 261.0675, 367.1094, 369.1206  0.02 0.04
(IR =X 2R g )

52 bis(2-ethylhexyl) sebacate 122-62-3  C,,H,,0, 20.961 185.1172 139.1117, 186.1206, 203.1278  0.02 0.04
(B R (2-LIECFE)BR)

53 dioctyl benzene-1,3-dicarboxylate 4654-18-6 C,,H;;0O, 21.484  167.0339 149.0233, 261.1485, 279.1591 0.01 0.02
(7R R —IEERR )

54 butyryl trihexyl citrate 82469-79-2  C,Hy6O4 22.613 213.1121 129.0182, 157.0132, 315.2166 0.01 0.02

(ZBAr MR =1ECHR)
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(a) Total ion current (TIC) chromatograms of samples with methanol and

acetonitrile as extraction solvents and (b) recoveries of the 54 APs (n=6)
For APs 1-54, see Table 1.

I H 0 BEAE & 1 Ak 22 SR BE I 5 35 (0 1k
(GPC) ¥ URBR A | B A 6 i, Horp GPC HUAA AT
DRSS Y= bW (SR A5 4 OF 1Y€ I valll ) o N = P |
I, S 52T VRIS IE \PSA/ Silica & 45 [ AH 2K B
FEE AL P A Ak SO R B PR B
PRI 5 AN AR R S 42 IO GE 3 GC-Q-TOF/
MS 7 eHH, Ha ik E L E 2, Bk
JIR B SRR fAT A | ARG, (H 9%y 1k 3 1 L 2k 4
1R IR BRI 25, 23 R MRS R I AR S

8-

MMk A PSA/Silica & & [ AH 26 WO ¥ 4k, % 4
PSA FIAKHH A L Ay W B 75, RT3 3o 55 B 25 58 4t
SR A A 2052 o 2 RS v B R T TR A AILR AR
Qe ANy N 75 9 i R 7 = K iR -8 S O
Fe VR RO AT H AT S RS A 0
TEHR T AR AR B AT REHE T 1Y Sl APs 1 R 1Y
S5 Ys BB AR AR 2 AR RE, 18 TR At &=
FESh B A, AR SCG [R5 58 T PSA/Silica l*ﬁ
FIFA AL 54 Tl APs Jids ] i 5 1 5

1 -~ -~ Unpurification
1.0 - --- Freezing defat purification
] —— PSA/Silica purification
> 0.8
2 0.6
2 ]
8 ]
= 044
0.2
] boatk A 4 EA RN N AL
0 ] T " T ' T T T T

16 18 20 22 24 26
t/ min

B2 ARELAXTHERHNEEFREIEE

Fig. 2 TIC chromatograms of a sample with different purification methods
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Fig. 4 Identification of five APs in positive sesame-oil samples
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IR 14 AT B, DL E AR S W 00 o v B
BEABR (2, mg/L) |, W T BUR PN AR R () 2 1l s v

Mk, 450 FEW, 76 0.01~0.2 mg/L LN 5 Ff
APs MR R RIAF HXEREIIKRT 0.99, L3k 2,

R2 SHERAUBUFLMESE AXRY ERUERINFEKE(n=6)

Table 2 Linear equations, correlation coefficients, matrix effects (MEs) and spiked recoveries of

five alternative plasticizers (n=6)

0.04 mg/kg 0.08 mg/kg 0.2 mg/kg
No Compound Linear equation Correlation ME/ R / RSD/ R / RSD/ R / RSD/
. D! q coefficient % ecovery, ecovery, ecovery,
% % % % % %
1 dimethyl azelate y=2037312x+3291 0.9973 -16.2 82.0 2.5 78.1 4.3 81.7 1.3
2 2,2,4-trimethyl-1,3-pentanediol y=6346831x+702936 0.9981 -25.7 94.0 5.6 83.0 6.1 79.8 2.8
diisobutyrate
3 triethyl citrate y=17014666x+32188 0.9954 -21.6 85.4 0.4 74.5 2.5 71.3 4.0
4 tributyl citrate Y =5262182x-8865 0.9998 -4.9 94.1 1.9 85.5 3.0 84.7 3.4
5 acetyl tributyl citrate y=15467371x+61056  0.9975 -22.0 97.8 1.0 83.2 1.1 86.6 3.2
y: peak area; x: mass concentration, mg/L.
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