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Determination of Migration of 9 Phenols in Food Contact Materials by High
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Abstract: A high performance liquid chromatographic (HPLC) method was established for the
simultaneous determination of 9 phenols such as phenol, methyl-phenols and xylenols in food
simulants. The sample was separated on an Agilent ZORBAX SB - Aq column by gradient
elution, using methanol and water as mobile phase at a flow rate of 1.0 mL/min, and finally
determined by fluorescence detection at an excitation wavelength of 214 nm and an emission
wavelength of 315 nm. Meanwhile, the extraction method for 9 phenols in the fat-contained
simulant was optimized, and the performances of the method including linearity, spiked
recovery and precision were studied. Results demonstrated that 67% methanol aqueous solution
was the best extraction solvent for the 9 phenols in fat simulants. The results also showed that
there were good linear relationships for 9 phenols in all food simulants studied, with correlation
coefficients (r*) higher than 0.999. The recoveries for 9 phenols at 3 spiked levels in all food
simulants ranged from 90. 7% to 99. 8%, with relative standard deviations (RSD) all below
6.0%. The limits of quantitation (LOQs) were in the ranges of 0. 07 —0. 10 mg/L for aqueous
simulants, and 0. 15 —0. 20 mg/kg for fat simulants. This method was successfully applied to the

migration determination of 9 phenols released from 11 plastics articles (PC) and 15 coatings

KFmEE: 2021-07-30; fEEIEHI: 2021-09- 14
EL2TH . T8 HRBEEEHENH (BK20201109); JTHF T2 A0 H (KYH20072) ;. MEUESSEMIF TR H (2020K]126)
« EWESE: EIGIE, SRR, BRI &SR e 250, E - mail: 20228881@qq. com
BHENE, A, @B, BRI SR SRR A FE Y RSN, E - mail: spluo@jsut. edu. cn



1620 SRR 940 45

intended to contact with food. The method was sensitive and accurate, and was suitable for the
determination of 9 phenols in food simulants.

Key words: phenols; migration; food contact materials; high performance liquid chromatography
(HPLC); fluorescence detector
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AR, HBESLE. RO Z . MR . K. BRI . DAy 2R T A IR ) &
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RS S E . P, 1 P SNSRI I 28 i 1 BRI ZEoR . R TRRk AR PR AL A EAR S
B A i R i I 2 BB AE R . ATy . TR . M. 2,6- HIESREY . 2,5-H
FEIEWY . 2,3- " HRLIEEy . 3,5- HIRIEWY . 3,4- HIFLIEWY . FRIE GB 9685 — 2016 H A R
2,6- —HIEOREy . ABHEY . IHE . X H IR R R IIRIEEH , Hrb2, 6- B IR R E T
FER & (SML) 4 0. 05 mg/kg, ZE[y SML A3 merkg, APHY . [IHY . %F B3 A9 SML 214 60 me/ke. FR
2, 6- IR A oA — ) R AR IR A RN, R4 TR E GB 4806. 1 - 2016 brif > 2Rk, XXk
FRIZAUY I TR B i B T . BRI No. 1072011 EB L ST TV v b s 25 ot 1) 45 PR 3SR 55
FIE GB 9685 — 2016 £ FHERAHIT .
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U RAAIEE . RS - Bkt v e . BATE TN E Y R SR, B
47, BIGES PR RS AiSERA SRy, A SEBLA Wy Z  E YERUE B, A
S SCHRARIE H DURS ISy A EREEYY | 2, 6- I TR Sy i BT S w TR N, R
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AU . SR T o6 6 Ry . ABH Y . T H . XPEER . 2, 6- HI IR
2,5-HIRWY . 2,3-HIORE . 3,5-HIORW . 3, 4- ORI 3L o Py 2R BOA RSN it A T
JrikIr R AL, DR R IE & S e B R PR WS EORON S, A PR . oI fE TR
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1 SRIGERSY

1.1 M5
111 RFIRRENR KS . TKLSFEGrbral, L hagtb =R AR AE) ; HEE, &
W, CRRCHGE. SeiF(aiga, HigZaPER AR A s R (fe5=al,  FigZ8ERH
By AR AT ;s PREY BT ZKE (Phenol, 4l 99.0%) . ABH ) (0-Cresol, 98.0%) . [8) By (m-Cresol,
98.0%) . Xf H iy (p-Cresol, 98.0%) . 2, 6- — HI FL IR Py (2, 6-Xylenol, 98.0%) . 2, 5- — H K% iy
(2, 5-Xylenol, 99.0%) . 2, 3- — B FLFE W} (2, 3-Xylenol, 99.0%) . 3,5- — H FZE i (3, 5-Xylenol,
98.0%) . 3,4- ~HIZEEHEWS(3,4-Xylenol, 99.0%)I0H | i 22 i SEI RIS G A PR 25 ) .
1.1.2 LI —RUEE RS2 (5 mL) . 3E/K PTFE S ALIENE (25 mm, 0.22 pm) B H FifEe
TSI R By AR 2 7
1.1.3 WM NAiAFEYLRIE 1541 PC R S (CL4EA KR . B alff . TS . AT 123K
. TR, FHENREVEFE AR 1ISHRIZFEN, SRS PATRE 240
1.2 E=E5E&

Agilent 1200 B R L (R P A F)) , BEPGIENES 5 Agilent ZORBAX SB — Aq 4%
FE(4.6 mm x 150 mm, 3.5 pm, ZHGFEAF); XS104 5041 K1 (HEFFE) - FEFI 2 AR 2 A 5
SIGNMA3 — 15 & AL (AL S AT ZR A PR A F)) 5 Milli — Q Advantage 2 7K A% (32 [E Millipore 23 7] ) 5
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MVW — 2500 2R 2 8 IR TETR A48 ( L2 BHE Iy AR 2 7)) 5 SK8200HP 8 7 i1 i e ek (i k}
SR EAR AT
1.3 XWAHZE
1.3.1 BEMRAMEER(1 000 mg/L) MBS 73 AFEHFRILO. 05 gCHETA A 0. 1 mg) S MyZd Fobrife i
FRekrdr, N EHERME, FBES0mL A, HEEEREZE,
1.3.2 KESRENYFRIBESRAETEBRRABES /50 HAKE & MBI KR & ik
BB RFRERL 0, 0.10, 0.20, 0.40, 1.0, 2.0, 3.0. 5.0 mg/LIIRShrifE TAEW .

HAR/KIE &SR, K. 10% 28, 20% 05, 50% L0, 4% LR .
1.3.3 SHMEXEREMWRIEAIRETEROES  H 5 NRE IS NGRS AR E & 00E R
B S. 0. 10, 20, 30, 40 mg/L HIRAPRIEHR T . 43 AIFRELS. O g HHE i CREBE 22 0. 01 ¢) & 6 Ml 35
PSSO, BB BIMN 100 wL RANR S RfEF BIEIRGEIRS), F 3NN 2. 0 mL 67% H i
FERORENR 2] 2 min, LL4 000 r/min #5010 min, HUFJ2H L 5K PTFE S FLUE I I8 f5 fF . 153
RINR IR TAE R I 2R i & &0 %25 0. 10, 0.20, 0.40. 0.60. 0. 80 mg/kg.
1.3.4 FBIRE %GB 31604. 1 - 2015 F1 GB 5009. 156 — 2016" 3K, 435 % PRIV & 5
LK, 10% 0%, 20% L% . 50% L0 . 4% L% . HOWE T A & Sl o & S by ek 2 il sk 4 1
RSy, EBRIRE G, IR 7201k &) Ja AL B
1.3.5 EBRWHABZEROLIE 1~ 2 mLEBIREI K MERY), 235K PTFERFLIE
JE S U8 FE R

HETAARALS. 0 gCHE B 22 0. 01 o) IEFE IR0 By ARt 2T SR B 2 O b, N 2.0 mL 67% Hi%
W, TRESRE 2 min 5, L4 000 t/min &5.0 10 min, B _F )2 B A T 26 7K PTFE 2L UE I 5 A=
1.3.6 WIEBIEEME Ai%FEH Agilent ZORBAX SB — Aq 4,45 (4. 6 mm X 150 mm, 3.5 pum); izh
MH: ARHES, BRK, BEERBFEF: 0~5min, 5%~15% A; 5~25 min, 15%~22% A; 25~
30 min, 22%~30% A; 30~31 min, 30%~5% A; 31~35min, 5% A; ¥ : 1.0 mL/min; #75 :
35C; HEFER: 10 plo ZEERMER ML IE KM 214 nm, KHHER K315 nm,

2 HRSHE

2.1 SEWEMHMML

2.1.1 HEEIEEREE AU ORI B R AL S, HEMAELL, AR5 65y
SRR EE AR TEYI B C A BRI ORE RS, A5 LB A RS, MEIE . ki C &
1%@%@%%%3%&’f&%}ﬁo ESlio ZKE??E%%U%%T Phenomenex Kinetex C,8(4. 6 mm X 150 mm,
5 um) . Phenomenex ACE Excel 3 Aq(4. 6 mm x 100 mm, 3 pwm). Phenomenex ACE Excel 5 CN(150 mm X
4.6 mm, 5 pm) . Agilent ZORBAX SB-CN (4.6 mm x 250 mm, 5 pwm) . Agilent ZORBAX SB - Aq
(4.6 mm x 150 mm, 3.5 wm)5 A EIEAER 3 BACR . 4595REW], C AF. U LA EZeY i @
g BLE A, JUHARE T HER LR E 5 el i, HEE i R RSB PR R, T )4 e i
B R AT e 1 SE BN LR 43 55, 1R JH Agilent ZORBAX SB — Aq (4. 6 mm X 150 mm, 3.5 pm)Zidiizh
HHBERE R P RAL S, AT SEIL O Fpm 2 T AT R 50 5, PG AS A U e 2% 3264 Agilent ZORBAX SB — Aq 4,

WL 48 -
212 HREMBONSEMEORE LEMERKH sk

N = 5 Y N m-Cresol 5-Xyleno 5-Xyleno
i 9 TGRS SAIEED = ol om0

Zi%ﬂ‘ﬁ‘[ﬁo E%iﬁﬁ%ﬁ*uﬁﬁj?ﬁﬁ%4¢‘l;" U\9ﬁ]@‘}’} \ 2,6-Xylenol
R T GBI TR BRI . D TERCTE L e R B AL
BOWFEN, AT EIOLRMB Ry 0 3 b 5 D B B b

214 nm, KA 315 nm. TRA BRI I SR €4 3% | ORI b A 5 e
B 1 R 7R . Fig. 1 Chromatogram of 9 phenols standard solution

W R R e K PR A ST K, BRI £, mwk\\ 25
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2.2 HEIREEGFRMEAL

KL SR O Rl 2 S T B EAIURSI . AT R O FRIB 2R BT RBUGRIRZEE, 275
J O Tl 2 0 I Vs ek % 5 TR B R AR I PR R SR AR PRI RIEA T RE I, 43 AR FREL 5. 0 ¢
CREBAZE 0. 01 o) KE AT T 34> 25 mL HEESLOE R, 2N 100 L 40 mg/mL B bR £ (LR
WREAIERD , WIRIRAIG . BBIIIFRAEREE 4 0. 40 mg/kg ObRIE TAEWR , 48BN 2. 0 mL 2 HUEFR
ATEPERL 2 min, L4 000 r/min &0 10 min fEPIAHSY )2, $RBURZE 56K PTFE SFLIERE U85, SRAH
LCIRE . SHEHUARIMIEBU R ILE 1.

BEHE T K, WlE, CH53FRBUARIBIRBOL R . 45 R B2, KRIEEE b 3 R Ey 258 5
5P HI I 2 R SR BUCR PR T 20%, XA HH T X 8 Fh iy 2y e e /K v B R PR AR 22 s, |
. ZHEWFMRBOR P BRIRE Ah, Hopth 8 Fh H iy (0 i1 A0 X BRI 22, B BRI E I S, HIGHE
JETESE B EREAR, N e R, RIS B G B T L a] RS R R MO T TR e
B, THEE. WHERR S0 259 o B bR Bk =4 T30, DA SR BUE -5 90 463 30 AH I DTG
P,

ZEAHTK . HEE. M 3FMAFIRSREOSER, RZER BRI EK, BEARMIONE I b sl o 78
W IR, AT . B2 5E T 50% FHIE . 67% H XS O Ry 25y R BRR . 45 R
N, 67% HRESRIGR O Fhs 2K B ETERTRR, T Y, FEBCHERAE 80% ~ 95% 2 8] 5 50% HfiE
PEEUR RN H PR TR BUSCR T 67% HREHISRBCER . Rk, ARWFoTiiE R 67% B IR
PR

F1 MR b O RIS BT SR IR

Table 1  Extraction efficiencies of nine kinds of phenols in olive oil (%)

Analyte Water 50% Methanol 67% Methanol Methanol Acetonitrile
Phenol 34 88.2 93.1 —* —-*
0-Cresol <20 85.6 92.3 94.8 92.5
m-Cresol <20 89.1 91.2 93.7 93.4
p-Cresol <20 89.0 90.3 90. 8 91.0
2,3-Xylenol <20 74.0 84.5 86. 1 90. 1
2,5-Xylenol <20 77.3 85.0 88.0 91.2
2,6-Xylenol <20 80. 1 88.4 88.3 90. 1
3,4-Xylenol <20 76. 4 88.1 87.5 88.6
3,5-Xylenol <20 79.3 89.3 90. 6 92.1

*it is impossible to quantify accurately due to interference of impurities
2.3 FHiEFWIE
2.3.1 SR, RHREEE TR AT & & S o R 25 it i) R FTR A brifE TAE
WA T , DU B bR B at g mi AR () 6 =k B o)L, A3 20brifE TAEZ. S PoKEE & S
Hr ORI YR 0. 10 ~ 5. 0 mg/L BN, S A & Al b 9 B 284 JT7E 0. 10 ~ 0. 80 mg/kg JE[H
W, HEMAETT RN ERE (A ET0.999, BT BA R IFM Lt o0 i DIR AT 5
3AEFN 10 /5007 H bR I 3 B 1R R J7 A PR (LOD) A E & FIR(LOQ), 453 EoR, 5 FukILA S
I o FpE 25 SRS HEBR 47 0. 03 ~ 0. 05 mg/L, %E & FFRM0.07 ~0. 10 mg/L, ShfEE SR
9 Fh iy 254 5t B K A BR 24 0. 05 ~ 0. 08 mg/kg, EE FFR A 0. 15 ~0. 20 mg/kg, #EHH T i H &40 2
. SRIRAE RN 2 ~ 3R,
F2 KIEEEER O PR FINZNE S R | K IR RE IR
Table 2 Linear relations, LODs and LOQs for 9 phenols in aqueous food simulants

Simulant Analyte Linear range (mg/L) Regression equation r LOD(mg/L) LOQ(mg/L)
Water Phenol 0.1~5.0 y =42.299x - 2. 599 0.9999 0.03 0.07
0-Cresol 0.1~5.0 y=60.217x — 4. 472 0.999 8 0. 04 0.08
m-Cresol 0.1~5.0 y =66.010x —4. 061 0.999 8 0. 04 0. 08
p-Cresol 0.1~5.0 y=62.126x—4. 158 0.9999 0.03 0. 09
2,3-Xylenol 0.1~5.0 y =153.492x - 5. 832 0.9992 0.03 0. 09
2,5-Xylenol 0.1~5.0 y=67.558x—5.633 0.999 8 0. 05 0. 10
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Simulant Analyte Linear range(mg/L) Regression equation I LOD(mg/L) LOQ(mg/L)

2,6-Xylenol 0.10~5.0 y=79.708x-5.778 0.999 9 0.03 0.07

3,4-Xylenol 0.10~5.0 y=91.077x - 7. 665 0.999 9 0. 04 0.08

3,5-Xylenol 0.10~5.0 y=117.879x - 8. 651 0.999 1 0. 04 0.09

10% Phenol 0.10~5.0 y=40.501x - 1. 157 0.999 8 0. 05 0.10

Ethanol 0-Cresol 0.10~5.0 y =56.813x — 1. 621 0.999 8 0. 04 0. 08

m-Cresol 0.10~5.0 y=63.150x — 1. 765 0.999 9 0.03 0.07

p-Cresol 0.10~5.0 y=59.230x — 1. 785 0.999 8 0.03 0.07

2,3-Xylenol 0.10~5.0 y =49.508x —2. 872 0.999 4 0. 04 0.08

2,5-Xylenol 0.10~5.0 y=62.788x — 1. 896 0.999 8 0.03 0.09

2,6-Xylenol 0.10~5.0 y=75.010x —2. 060 0.999 8 0. 04 0.08

3,4-Xylenol 0.10~5.0 y=84.639x —2. 894 0.999 8 0.03 0.07

3,5-Xylenol 0.10~5.0 y=110.701x —3.230 0.999 8 0. 04 0.08

20% Phenol 0.10~5.0 y =39.299x - 0. 599 0.999 9 0.03 0.07

Ethanol 0-Cresol 0.10~5.0 y=54.217x - 0. 472 0.999 8 0. 04 0.09

m-Cresol 0.10~5.0 ¥ =60.010x - 0. 061 0.999 9 0.03 0.07

p-Cresol 0.10~5.0 y =56.126x - 0. 158 0.999 7 0. 04 0. 08

2,3-Xylenol 0.10~5.0 y=47.492x - 5. 832 0.999 6 0. 05 0.10

2,5-Xylenol 0.10~5.0 y=64.558x—1. 633 0.999 8 0.03 0.09

2,6-Xylenol 0.10~5.0 y=73.708x—1.778 0.999 8 0. 04 0. 08

3,4-Xylenol 0.10~5.0 y=80.077x — 1. 665 0.999 8 0. 04 0.09

3,5-Xylenol 0.10~5.0 y=105.879x — 1. 651 0.999 5 0.03 0. 08

50% Phenol 0.10~5.0 y =37.285x + 0. 942 0.999 7 0.03 0.09

Ethanol 0-Cresol 0.10~5.0 y=51.697x + 1. 357 0.999 2 0.03 0.09

m-Cresol 0.10~5.0 y =58.395x + 1. 477 0.9992 0.03 0.09

p-Cresol 0.10~5.0 y=54.218x + 1. 521 0.999 7 0. 04 0. 08

2,3-Xylenol 0.10~5.0 y=42.813x + 1. 149 0.999 9 0. 04 0. 08

2,5-Xylenol 0.10~5.0 y=55.492x + 1. 416 0.999 7 0.03 0.09

2,6-Xylenol 0.10~5.0 y=67.506x + 1. 734 0.999 4 0. 04 0. 08

3,4-Xylenol 0.10~5.0 y=74.945x + 1. 997 0.999 4 0. 05 0.10

3,5-Xylenol 0.10~5.0 y=99.592x +2.715 0.9999 0. 04 0.08

4% Acetic Phenol 0.10~5.0 y=38.675x—-1.176 0.999 5 0.03 0.09

acid 0-Cresol 0.10~5.0 y=53.765x— 1. 871 0.999 7 0. 04 0.09

m-Cresol 0.10~5.0 y =54.822x + 0. 829 0.999 7 0. 04 0. 08

p-Cresol 0.10~5.0 y =54.383x - 0. 837 0.999 8 0.03 0.09

2,3-Xylenol 0.10~5.0 y=44.513x - 2. 267 0.999 6 0.03 0.09

2,5-Xylenol 0.10~5.0 y=57.509x — 1. 955 0.999 9 0. 04 0.09

2,6-Xylenol 0.10~5.0 y=70.145x — 2. 355 0.999 9 0. 05 0.10

3,4-Xylenol 0.10~5.0 y=77.910x - 2. 793 0.999 9 0. 05 0.10

3,5-Xylenol 0.10~5.0 y=103.316x — 3. 470 0.999 8 0. 04 0. 08

3 IR AR ORI Y TSR | KR E B TR
Table 3 Linear relations, LODs and LOQs for 9 phenols in fatty food simulants

Simulant Analyte Linear range(mg/kg) Regression equation r LOD (mg/kg) LOQ(mg/kg)

Olive oil Phenol 0.10~0.80 y=31.212x + 0. 462 0.999 8 0. 05 0.15

o0-Cresol 0.10~0.80 y=27.589x - 0. 557 0.999 8 0. 08 0.20

m-Cresol 0.10~0.80 y=42.132x - 1. 004 0.999 8 0.07 0.20

p-Cresol 0.10~0.80 y=35.079x - 0. 524 0.999 8 0.07 0.20

2,3-Xylenol 0.10~0.80 y=15.743x-0. 127 0.999 9 0. 05 0.15

2,5-Xylenol 0.10~0.80 y=16.793x - 0. 348 0.9999 0. 08 0.20

2,6-Xylenol 0.10~0.80 y=29.191x-0.572 0.999 5 0.05 0.15

3,4-Xylenol 0.10~0.80 y=22.979% + 1. 207 0.999 2 0.08 0.20

3,5-Xylenol 0.10~0.80 y=42.599x + 2. 361 0.9997 0. 06 0. 15

2.3.2 EERSERERE SRATEFMARGRIE 3BT B & 3 M REZRIRSTRIER
TRISAE T PR W HETREE MR B, IR B 6 AFATINARE , HRAE A T7 i 2 A7 i AL B A &)
€, THRHAFR IR AR bRER 22 (RSD) , Z52RUWAK 4. WR AW, TEFTABINFNKE T, #&
AL R O R 24 I T34 IS 2R 45 90. 7% ~ 99. 8%, RSD A 0. 06% ~ 5. 6%, iHHA T 2 HA K i
1R B B R 2
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4 AFEE S O TSP B IRR IR B AR IE R 2E (n = 6)

Table 4 Recoveries and RSDs for 9 phenols in different food simulants(n = 6)

Recovery(RSD)/(%)
Aqueous food simulants Fatty food simulant
Analyte - -

Spiked Spiked
Water 10% Ethanol 20% Ethanol 50% Ethanol 4% Acetic acid Olive oil

(mg/L) (mg/kg)
Phenol 0.10 97.9(0.81) 96.9(0.05) 97.8(0.58) 97.6(0.79) 98.3(1.2) 0.20 91.6(5.1)
0.50 99.8(0.11) 99.2(0.97) 98.9(0.82) 98.9(0.94) 96.6(1.2) 0. 40 94.7(3.0)
5.0 98.1(0.85) 99.2(0. 86) 98.1(0. 85) 96.6(0.94) 98.3(0.94) 0. 80 97.3(1.4)
o0-Cresol 0.10 99.0(0. 55) 97.4(0.77) 98.3(0.67) 98.8(1.3) 98.0(0.38) 0.20 92.8(4.5)
0.50 99. 1(0. 84) 99.2(1.0) 97.9(0.99) 99.8(0.11) 98.9(1.0) 0. 40 96.0(3.4)
5.0 97.9(0.09) 96.4(1.7) 94.1(2.3) 98.1(0.85) 98.2(0.45) 0. 80 98.3(1.4)
m-Cresol 0.10 96.5(1.5) 96.9(0. 06) 98.0(0.43) 97.8(0.78) 98.5(0. 48) 0.20 90.7(4.8)
0.50 99.6(0.78) 99. 1(0. 84) 97.8(0.12) 99.2(1.0) 98.9(1.0) 0. 40 96.6(2.2)
5.0 99.6(0.24) 97.9(0.09) 97.8(1.3) 96.4(1.7) 96.5(1.7) 0. 80 98.0(1.6)
p-Cresol 0.10 98.2(0.51) 97.3(0.91) 96. 4(0.57) 97.9(0. 80) 98.7(0.40) 0.20 92.0(5.6)
0. 50 96.0(1.6) 99.6(0.78) 96.7(2.5) 99.8(0.11) 98.9(0. 85) 0. 40 96.1(2.6)
5.0 95.8(0.14) 99.6(0.24) 96.1(1.8) 98.1(0.85) 98.2(1.5) 0. 80 97.8(1.1)
2,3-Xylenol 0.10 96.7(0.20) 98.0(0.38) 98. 1(0.74) 98.8(0.61) 98.3(0.61) 0.20 92.4(5.3)
0.50 98.0(1.4) 98.8(1.0) 97.6(1.4) 99.2(0.97) 98.2(0.93) 0. 40 95.5(2.6)
5.0 95.8(1.7) 96.9(1.3) 96.2(1.6) 99.2(0. 86) 96.8(1.7) 0. 80 97.9(1.6)
2,5-Xylenol 0.10 94.7(0.23) 98.3(0.56) 98.3(0.60) 97.8(0.78) 99.0(1.1) 0.20 91.1(5.2)
0.50 99.0(0.25) 98.1(1.5) 98.3(0.27) 99.2(1.0) 99.5(0.42) 0. 40 96.6(2.2)
5.0 97.1(1.1) 96.1(1.5) 98.2(0.85) 96.4(1.7) 98.5(0.95) 0. 80 98.3(1.2)
2,6-Xylenol 0.10 95.8(2.4) 97.1(0.54) 98.4(0.76) 97.9(0. 80) 98.9(0. 14) 0.20 91.2(5.0)
0.50 95.4(0.28) 98.3(1.6) 97.7(0.98) 99.8(0.11) 98.1(1.5) 0. 40 95.1(3.1)
5.0 94.9(1.2) 97.6(0.92) 96.1(1.7) 98.1(0.85) 98.3(0.49) 0. 80 98.5(1.4)
3,4-Xylenol 0.10 95.5(1.1) 96.5(1.5) 97.6(0. 82) 98.9(0.48) 98.0(0.44) 0.20 92.8(4.9)
0.50 95.9(0.06) 97.9(0. 88) 97.8(1.3) 99.2(0.97) 98.8(0.93) 0. 40 96.2(1.9)
5.0 98.3(0.09) 96.8(1.3) 98.4(1.0) 99.2(0. 86) 97.3(2.3) 0. 80 98.6(1.2)
3,5-Xylenol 0.10 95.1(0.44) 98.2(0.55) 98.8(0.74) 97.8(0.78) 98.2(0.50) 0.20 90.7(4.2)
0.50 97.7(0.68) 97.8(1.2) 98.5(0.98) 99.2(1.0) 98.5(1.5) 0. 40 96.3(2.2)
5.0 96.9(0.89) 96.9(1.1) 98.4(0.69) 96.4(1.7) 96.8(1.7) 0. 80 97.6(1.5)
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Fig. 2 Chromatograms of typical samples
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Table 5 Detection results of 9 phenols migration from PC articles and coatings

No. Sample Migration test Result
1 PC cocktail shaker 50% Ethanol, 40 °C, 0.5h Phenol: 0.23 mg/kg
2 Ounce cup with two ended (PC) 50% Ethanol, 40°C, 0.5h Phenol: 0. 14 mg/kg
3 20 cc Ounce cup(PC) 50% Ethanol, 40°C, 0.5h -k
4 Drinking-cup 300 mL 50% Ethanol, 70 °C, 0.5h -
5 Grape wine divider 50% Ethanol, 40°C, 1h -
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No. Sample Migration test Result
6 PC wine divider(1 L) 50% Ethanol, 40 °C, 1h -
7 Drinking-cup(PC) 50% Ethanol, 70 °C, 0.5h -
8 5 L water container(PC) Water, 70 °C, 2h -
9 2 L water container(PC) Water, 70 °C, 2h -
10 Blue sports water cup(PC) Water, 70 °C, 2h -
11 Sports water cup(PC) Water, 70 °C, 2h -
12 Coating on both sides of tinplate 50% Ethanol, 130 °C, 1h, 2,6-Xylenol: 0.77 mg/kg
(10 em x 10 em) followed by 60 C, 10d
13 Coating on one side of tinplate 10% Ethanol, 130 °C, 1h o-Cresol: 0.38 mg/kg
14 Coating on both sides of tinplate 10% Ethanol, 130 °C, 1h, 2,6-Xylenol: 0. 12 mg/kg
(10 em x 10 ¢cm) followed by 60 C, 10d
15 Coating on one side of glass 4% Acetic acid, 121 °C, 0.5h, m-Cresol: 0. 11 mg/kg
followed by 60 C, 10d
16 Coating on both sides of aluminum sheet 10% Ethanol, 60 C, 10d -
17 Coating on both sides of aluminum sheet 4% Acetic acid, 105°C, 1h, -
followed by 60 C, 10d
18 Coating on both sides of aluminum sheet 20% Ethanol, 121 °C, 0.5h, -
followed by 60 C, 10d
19 Coating on one sides of aluminum sheet 4% Acetic acid, 60 °C, 10d -
(10 ecm X 10 ¢m)
20  Coating on both sides of tinplate(10 ¢m X 10 ¢cm) Oilve oil, 121°C, 0.5h -
21  Coating on both sides of tinplate(10 cm X 10 cm) 10% Ethanol, 121 °C, 0.5h, -
followed by 60 C, 10d
22 Yellow coating on both sides of tinplate 4% Acetic acid, 100 C, 4h -
(10 em X 10 em)
23 Coating on both sides of tinplate Water, 100 °C, 1h, followed by 60 °C, 10d -
24 Coating on both sides of tinplate 10% Ethanol, 121 °C, 1h, -
(10 cm X 10 cm) followed by 60 C, 10d
25 Coating on one sides of tinplate 50% Ethanol, 121 °C, 0.5h, -
followed by 60 C, 10d
26 White coating on one sides of tinplate 4% Acetic acid, 121 °C, -

0.5 h, followed by 60 C, 10d
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