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Content and migration analysis of 16 kinds of synthetic phenolic
antioxidants in takeaway tableware
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ABSTRACT: Objective To determine the content of 16 kinds of synthetic phenolic antioxidants (SPAs) in
takeaway tableware, and analyze the migration behavior of such pollutants in takeaway tableware. Methods In this
study, the content of 16 kinds of SPAs in 6 categories of take-away tableware with different brands were determined
by liquid chromatography-tandem triple-quadrupole mass spectrometry and gas chromatography-tandem triple
quadrupole mass spectrometry. Pure water, 4% acetic acid (V/V), 10% ethanol aqueous solution (V/V), 50% ethanol
aqueous solution (V/V) and 95% ethanol aqueous solution (V/V) were used as food simulants to develop take-away
tableware with different brands. Results More than one SPAs could be detected in take-away tableware, among
which the content and detection rate of 2,6-di-tert-butyl-4-methylphenol and its metabolites were the highest,
followed by 24-di-tert-butyl-phenol and emerging compound 2,2’-methylenebis- (4-methyl-6-tert-butylphenol), but

2.4-di-tert-butyl-phenol was the main migration of take-away tableware. Conclusion SPAs are widely found in
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take-away tableware. 2,4-di-tert-butyl-phenol moves out in large quantities in take-away tableware, and its health

hazards need to be paid enough attention.

KEY WORDS: food packaging materials; synthetic phenolic antioxidants; migration experiments; mass spectrometry

analysis
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N4 2,6- AT HXH S, AR Ry — R Sk ISR S A,
H GB 2760—2014 (& &2 4R ZEhRUE £ b B n i) s
PR ) BUE: BTN . ke e L BDFT . O E S
b B AT AR TR A R R T ORI T 0 A T A 10
AR AV AR 200 mg/ke, A A RE A BT
100 mg/kg. AR, XMALEYE TG B 2T &AL
(synthetic phenolic antioxidants, SPAs)ZKJ%, Ll iZusin
TEARNH et A Tlb ™ b, S m ™ it i AR e v, e
TR AR B TG RURRL B AR A5 R R AR v | b
) R BTG R, SRS R E Al
BT H R AT O AT R —AR g, M EANSEH P E A 4
FCRP, e bbrl, FRALE SRR Sk - A 2k
A F3k SPASI E B IR RS B 1 A
AR, &b SPAs TSN, AFEREE S A AL

AR LG T G0 Y T J o i F BRI T 55 e i A ik 257
M REER Y SPAs, B LR 7 1k #E 23 fef T B
WIRLERE ) SPAs, HAT AW TR EEED O phgagikl
R RUR E FEEES ), SR T AR B 2 SPAS (1)
H #5060 . B WFRad R B SPAs TEANKZFIE
PIREAT 12 A A, Ayt L PR A R,
FAGIN R4 o ekl LB R B SPAs K HAR i)
o 2 s N L AR O S0k A D ABISOR, A AE XK. R
M, REAE AR EE TS P FEBaRAE, M Rt
HBi % SPAs TS YL A IEAEN T, DU 45U g K B
fBGEFUE 26 SPAs 18 % LWIH 5 A7 78, & 53 8%
SPAs ¥ B3t i T4 58 SPAs, HEWI W] RESRIH T e bh 4t
HUBIN B U 75 %

AT LALLEI RN BT 24 SPAs AR S, R ARA G
i F I = T DA B AR OR3-S R = T DU AR A B
I, J3Hr 6 RASAF S MAMSZAE H v 16 B SPAs I &,
I £ SPAs L GWMTR LS, MBStz Hp
SPAs HUIERSHFAE, Mo einrh SPAs R, JHEE
T FLAL A A 2 4 W A B LA T (R AR S HE AR -

1 #MRER*%
1.1 #R5EF

A ST I A 24 HL R I R B R R A, 20
BOAAEANE G REOSTE . AW, BYIS G R

L BB 6 KK, HEK
ARCR I 30 AL R . e 2RI 36 AR H
TTRSE . b, ARBERM TUR IR %A, SRR
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2,6- KT FE X H B (2,6-di-tert-butyl-4-methylphenol,
BHT). 2,6- T 52K (2,6-di-tert-butyl-p-benzoquinone,
BHT-Q) . 3,5- T #-4- 52 3 28 H R (3,5-di-tert-butyl-4-
hydroxybenzoic acid, BHT-COOH), 2,6- "#{ T H-4-#7 Fi 5L
ZK32,6-di-tert-butyl-4-(hydroxymethyl)phenol, BHT-OH], T~
FLF2 I ] F i (3-tert-butyl-4-hydroxyanisole, BHA) . 3,5- 4%
T Hk-4- 2 LK B B8 (3,5-di-tert-butyl-4-hydroxybenzaldehyde,
BHT-CHO) . 2,6- T Jk-4-F2 5L -4-H 52 5-FF . —Jdi-1-
fifi (2,6-di-tert-butyl-4-hydroxy-4-methyl-2,5-cyclohexadienone,
BHT-quinol), XJA=EHEZK W} (4-tert-octylphenol, 4-tOP), 2,4-
TURUT BRI (2,4-di-tert-butyl-phenol, 2,4-DTBP), =4 | %
WY (2,4,6-tri-tert-butylphenol, A0246), 4-fh T K:-2,6-—
BT FEIR W (2,6-di-tert-butyl-4-s-butylphenol, DTBSBP),
2,273 H B -(4- H B -6- 80 T 3L 28 1 )[2,2°-me  thylenebis-
(4-methyl-6-tert-butylphenol), AO2246]., 2,2-TF.F 3EXW-(4-Z,
F-6-H T FEFR W [2,2°-methylenebis (6-tert- butyl phenol-4-
ethylphenol), AQ425], 4,4°-3F T KL (6-A4 T FE-3-FH L2
fi)[4,4°-butylidenebis (3-methyl-6-tert-butylphenol), AO44B25].
4.4 -FRARKL (680 T FE/A] I ))[4,4°-thiobis(6-tert-butyl-m-cresol),
AO44S25\(Fr I T, £ Aladdin 2 A]); [FI67 R M An
BHT-d21. 13C-TBBPA(FREW T, SIFFIRIN; R LI %A H);
I WEE, IEC ke, —EWbe(farkat, 35E Sigma AH).
12 UFE5EE

CPA 225D WL F4r#r KF (K 0.0l mg, fE[E
Sartorius 24 F]); KQ-600DE A7 I i Vb (2 th i 48 7
A PR H]); TKA MS3 iR iR &4 (FEE IKA A F);
Milli-Q £ & F/K &4 %% (3& E Millipore /A 7]); AB SCIEX
QTRAP® 6500 ¥ AH €433 5 B¢ DU AT 5 3% 43 (3 SCIEX
Iy ML ER R A BN F]); Agilent 7010B S AN @5 B =
T PUBAT B (G5 R R A R AR, CT-1 AR
Az A (R DUR R AU A BR A F]); SCIENTZ-10N 4
T BLCT 8 2 AR W B B B A BR /A 7] ); Eppendorf
5430/R {5 2R B V8 VR 0 AL (R [ SEAR A A 40y 2 )
Lindberg/Blue M T3 (FEEK i /REHE A ), ACQUITY
UPLC BEH C g #(2.1 mmx100 mm, 1.7 pum)(3E [E Waters
NGNS

7 Pt 6 DA, B
P:
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W53 A0 SCHRFER bt — A AL RE A A B sk 1))
FUAEREWTT: B 200 mg BYREI/MSZA EAR T EBERE v,
T 50 pL ZIEHMTR A ARARAM 3 mL —SEH5e1EC
P31, VIV), A ZEE 30 min, FR2EHGE AU, 3000 v/min &5
0 5 min, FERAEBORE S — Wi . MG, msare
BRI 3 mL 2, EEMA AR 2 K. ¥ 3
WA B A e — 8 5 40 AW A8 43 (4.5 mL+4.5 mL).
—MAERIAE FTRELT, H 200 L ZHERHER,
it 0.22 pm HHLUERE, F T IROAE (05 - 58 06 = 3 DOARAT T
3% (1 liquid chromatography-tandem triple-quadrupole mass
spectrometry, LC-MS/MS). 75— RIFEERAURB TR
BT, 200 pL ECEE RS, i 0.22 pm AHLIEEE, FT
A € 1 HR I = EE PUAR AT BT % (gas  chromatography-tandem
mass spectrometry, GC-MS/MS)4#3#7 o
132 BBEH

()G &1

i TR BHT Al BHT-d21 7EJ0H 33 53 € 5 3%
M, ARFFERF GC-MS/MS HEFTI s SERE i
230°C, A ANEERAR, Rodmibre . SRR FHE T,
FHEFRRE: 16 45°CHR4F 1 min, 285 LA 30°C/min (9 THEE
RIHRE 130°C, {4 3 min, FHLL 12°C/min 1) THERH T}
2 180°C, FELL 7°C/min MFHRHZFHE & 240°C, {RHF
5 min, FLA 12°C/min A9 FHELE R FHE 5 325°C, #4455 min,

HA WA 1 mL/min.

FHh 15 FAAHTIRFH LC-MS/MS #7013k
Waters ACQUITY UPLC BEH C 3 #4(2.1 mmx100 mm, 1.7 pm),
JEA# ] Waters ACQUITY UPLC BEH Cig A IS 5
Yo, FE: 40°C; FEBhA: R A Fi B 2B kR Al KR
PEREARR: 5 pL; JiE: 0.3 mL/min; B6EFRENT: ¥)4R
35% B, 0.5 min 35% B, 1 min 80% B, 3 min 80% B, 5 min
100% B, 8 min 100% B, 8.1 min 35% B, 10 min 35% B.

Q)T g1

SPAs {{Z% /3 HT ¥ O B2 B [ AU S8 F R LR 1.
133 SEAREBEE

A 5T 2 BEORR B G F 2 O ik 90 R} 1 2 T4 A
(2002/72/EC), EXHEE M 54 E MR (ATl 4s
M AR T TR A M fLE L) M GB
5009.156—2016 € £ b LA ERbRE B S HE b Rl K il
TR A B 5 338 W) YDA B SR ST T 2202,
FESIOHEI 5 A ST, (LR B U A 4liiFoK;
AR B: 4%BEIR(VIV); B BHUY) C: 10% LB K T
WVIV); B D 50%2 B KA (V)R SR
Y B: 95% L BEKIEB (V) WAL BRAETE 5, ABIEE
SR H AR BT — 0K 2.5 em WIETTEM KL, F6
AL B3R S AR A (10 mL)Hh, 78 25°CHIR A
TR (300 t/min) 3 ho FEREEMEYE, KGRI R IA
Gy RISy, ArELES AR TR EE T, —35H 200 pL
ZIWEEWIE, FT LC-MS/MS 4. % —43H 200 uL
ECEREE R, T GC-MS/MS 7347,

R 1 SPAs (UFEDTHVR BB R FIESH

Table 1 Retention times and relative parameters of mass spectrometry of SPAs

ST PREAETE/min - BEF(mz)  HELHEEEV FET 12 REEREE eV FEF2(Wz)  RiEEREE 2/eV
BHA 2.76 179.1 8 149.1 26 164.11 12
4-tBP 2.57 149.1 2 133.3 18
2,4-DTBP 4.98 205.4 22 189.1 26
A0246 6.14 261.3 54 245.3 32
4-tOP 4.78 205.1 6 133.4 20
DTBSBP 6.26 261.2 52 231.3 32 245.6 32
BHT-COOH 2.20 249.1 14 189.2 28 205.17 38
BHT-CHO 4.36 233.1 34 217.2 30
BHT-quinol 4.36 235.2 38 205.2 30 220.18 12
BHT-Q 4.36 220.1 5 203.6 25 148.2 25
BHT-OH 3.09 235.2 8 160.1 24 217.28 24
A02246 5.92 339.2 14 147.1 52 163.16 28
A0O44B25 5.85 381.3 76 163.1 32 339 32
A0425 6.22 367.2 56 162.1 48 177.22 30
A044825 5.22 357.2 60 179.1 48 194.13 32
A04426 6.66 4233 4 393.4 48 407.44 44

U -RRZIA T 8T 2 195 BT
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FEA Y BT, SR B S AR 0L, A 7ERR T iR i
24 h, BB R 405K e T4, FF Tk prd 480°CHLE
6 h Je L b BES TS, BN A AR T R AR T
FERCS, BRATHT 20 MR, AT —RETAS . FER
PFEAS (2 png/kg) . A AT AR 2
14 HIELIE

SR FH B A A0 X6 SR A A 0 1 IO 1 B3 2R A T 43
Br, FHFIH SPSS 25.0 XF R 17430 o R FH i A MG 153
Wrohse& Bre i JE B 5250 SPAs 5 TPs RV JE A1 4
fiE, Spearman F3 IR R AR SPAs (L& W Z A IAHE R o
STPs % X BHT-Q. BHT-CHO. BHT-OH. BHT-quinol .
BHT-COOH ¥ & 2 I, YSPAs & LT &Yk g >
. NG E S L P<0.05 75y A G275 X .

2 HER5HH

21 IEBREDERBEMEUTINESENTH
FF{E

AWFRR PRSI AR SPAs 14347,
FHHILR LRI 0.1~1000.0 pgkg (r*>0.999), #5 KR
(limit of detection, LOD)} 0.01~0.07 ng/g, ks MmNy
87.3%~106.5%, A7l & AR AR 25<10% (n=7). 74
R T A4 Horp SPA (VRIS R A nge 2 s ks
SN PRI AT 2K ) SPAs, Hirp 7 SPAs (G H

BT 70%, 435129 BHT (100.0%). BHT-Q (100.0%). BHA
(97.2%). BHT-COOH (91.7%) . DTBSBP (86.1%) . 2,4-DTBP
(85.5%)F1 BHT-CHO (75.0%) . MK H MR 2 /11 i &, 2,4-DTBP
M B (P AEEG 10733 pg/kg), HiUkE BHT-Q(FR A%k
371.8 pg/kg). BHT-CHO(*F{i%L: 188.6 pg/kg)Fl BHT(H 1
£ 68.8 pg/kg). HULAT UL, AhS2AE &bk i ik Sk
LS B2 SPAs, Hirh BHT # R 5 TAE &N E T
A IR S RN, AR SRR S I Z A BHT £ R
sty S A BBk P RUER R S B804 fe R XU 5 5 e JE
KiF. T DTBSBP fF&HEAM: . LR KAA
YA B A 50 25 hn i, e mE R T By 24
ARG R LR . EAMSEH DTBSBP BARMKEAR
1o, EJEAG IR E] 86.1%. Fofrss on: A m K
FESRII R AL S8, Bl ETF R M e ER. £ F
B ZER SPAS T 75, HUARZZAL A DI RES BEAG H,
R A AR 5 a A HE SRR IR IS, R 285 R E Y 2
AO02246, Fy A5 61.1%, HIEHMEIAF] 349.0 pg/ke,
VLA XA A W RS A A A Se R P, (H27E
C A& R IR & REZ R E S iE T
A02246 HAWHWTHREME . At . ZFHMESN
BT M R B oR: BR T BHT &R HI(BHT-Q.
BHT-CHO, BHT-OH, BHT-quinol. BHT-COOH)#£1E H14%:
SREAICIL, R A EEAI ORI TS . kAl I,
BHT-Q. BHT-CHO., BHT. A02246, 2,4-DTBP J24h%
P EEN SPAs L a .

F2 SIRBEAPTSPASHEE
Table 2 Content of the SPAs in takeaway tableware

Gy HT) K H /% A/ (ng/kg) TR (ug/kg) 6/ (ng/kg)
BHT-Q 100.0 4344 371.8 <LOD~1617.5
BHT-CHO 75.0 264.1 188.6 <LOD~916.4
BHT-OH 66.7 6.1 3.8 <LOD~30.4
BHT-quinol 69.4 7.2 5.6 <LOD~24.3
BHT-COOH 91.7 7.5 3.4 <LOD~37.7
> TPs 100.00 719.4 709.1 3.70~2134.5
BHT 100.0 188.4 68.8 <LOD~4290.8
BHA 97.2 7.5 0.1 <LOD~149.4
4-tOP 41.7 7.0 ND <LOD~25.2
2,4-DTBP 85.5 2484.0 1073.3 <LOD~39563.6
DTBSBP 86.1 0.6 0.1 <LOD~4.7
A0246 13.9 2.5 2.1 <LOD~26.9
A02246 61.1 349.0 0.1 <LOD~7332.0
AO44B25 6.1 0.1 0.1 <LOD~0.50
A044S25 11.1 0.1 ND <LOD~0.90
A04426 11.1 42 0.1 <LOD~78.8
A0425 30.6 0.1 ND <LOD~0.53
Y'SPAs 100.00 5704.3 3275.8 4.49~69485.7

{E: ND £ ARK i
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ARWFFEW KA ZAE H Ay N (Eshsz e Bash
&, A, BHSNEE . Wk, B 6 KK, Wk
22 FAlk. % 3 IS5 BoR: BHT & BHT-Q 76 iR 6 K3k
R A B R, BHT-CHO 7E4 fE 48 2R
fik. BHT fCBi ik B8 (A %55 F BHT, #08] BHT-Q 55X
AT BEACIE T A AL A P O R Mg RS0, il Trganox
1076 Fl Irganox 1135 P&fif (0287~ H it & BHT-QPY,
2,4-DTBP 7E4CHIFIE WAL b & i Al i, i
HoAb AR H—F5 DA b B 248U 454 1) A02246 12 T
BadR, H o abR AL &N 8~1000 5L |

2.3 HhEHET SPAs 1 TPs BT B

KFFRIRR T Hb2BE AT SPAs HITRIENL . -
BHT-COOH 1 BHA iE 550 0%, FEASA 2 kA3 B
%, TR REB AP RNT 50%, KRR RA

R ¥ BHT-Q. BHT-CHO. BHT, A02246, 2,4-DTBP
Bk . A UTR HEROE RREE B I &R
Y1 AGEIBAO)<E iU B (4% )< & i B4 C (10%
LTEKIEWB)<E MUY D (50% 2 B /KB < B i 54
Y E (95%FKEW). HH, 2,4-DTBP ZABGE i H
B Fem LS, SRR B A S 3T B L
BHE D IRBE S AR Z I FEFREEIRE FR&E K 72h
5, BEBRCEIT R 2,4-DTBP i e ik 25 mg/LPY,
QIAN ZEB2PRITE CLbe hy LRI, TR IR I £ 422
it A TR BOR, IEM 2,4-DTBP [AlRE R &S 2/ Y
ST Z — o ABFTTE— R BRIBE 95% L BER R B & b
R S 2,4-DTBP 55 S Ukl 44.39 pg/kg. BR
WAZE L 25 10/2011 544 IH0E 8 FER St 60 mg/ke,
SRIMAE 2016 4F, BRUHZE 512 MBR T8 TR i, IF4E
HE YR LOD 4 0.01 mg/kg, AIUL, 2,4-DTBP 53515
Y 1) 1 M R0 R A5 7E R 0 B 5T R0 PR A, 9 R R
2,4-DTBP [T Hh T 825 e SR,

#3 TRLBINZEETEE SPAs A 2HERE, ng/kg, n=6)

Table 3 Content characteristics of main SPAs in different types of take-away lunch boxes (median, pg/kg, n=6)

ES BHT-Q BHT-CHO BHT A02246 2,4-DTBP
HEs R A 4353 368.1 127.4 12.9 865.6
BESEE 288.2 318.3 63.8 0.1 722.0
B E 405.9 372.6 17.1 0.1 1668.9

i) 288.2 318.3 63.8 0.1 2164.4

2R SR 501.6 504.5 66.7 0.1 410.7
LEENS 276.5 0.1 78.6 102.22 1097.7

38 mmm24-DTBP
] AO2246
36| W BHT

B BHT-CHO
10T M BHT-Q

e (ng/ke)

0
OB £ SR £ A (e Ay fr iy
(HFK)  G%BEIR) (10%ZFE) (S0%ZEE) (95%Z )

NG kY

K1 B PG T e % SPAs /Y
FLBCE R (ng/ke)
Fig.1 Median migration concentration of major SPAs in plastic
bowls in food simulators (ng/kg)

3 W54

ATFFME T 6 K2 36 4~Hh324& Bt 16 Fi SPAs %
i, IR MR R SPAs FUIT BB, 85I F 4
W () ARG RAET LIS Z K SPAs, Hp
BHT-Q. BHT-CHO, BHT, A02246, 2,4-DTBP J&4h 245
& EZM SPAs, (2) 2,4-DTBP EAME &P FER
SPAs iR, FRilRAEdimi P T B i o BHT g E R 1L
A AR 2N E R B SRS IR AL R, RSN SR AR Al
PR, WIS SR O KU T S R e T
A02246 CLALETTE M BE MR Iz N, LA R
Mt T g, toh, SRS 45 i SPAs, H
SOk 2 O K R TR | IR RS YK, &
b S AR R 2% SPAs TRAEAE LM AN 4. HaRA
PR MAEAE— SR I 22 Ak (DA AR A B L2258, 4y
TWF . FTRgE . EE . A ROERESE, R
YRR Z R R SPAs B BERIAMI; (AR
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