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Residue detection and migration risk assessment of 5 kinds of phenolic
substances in polycarbonate buckets

GAO Ya-Ting, LIU Gui-Hua, SHANG Gui-Qin’

(Changzhou Safety Testing Center for Enter-exit Industrial and Consumable Products, Changzhou 231000, China)

ABSTRACT: Objective To study the residual and migration risk of 5 kinds of phenols (phenol, bisphenol A,
p-tert-butylphenol, p-cumylphenol and 2,4-di-tert-butyl phenol) in polycarbonate (PC) buckets by ultra performance
liquid chromatography (UPLC). Methods Total of 30 batches of PC were extracted by dissolution precipitation
method. The migration test for PC bucket was carried out according to GB 31604.1-2016 National food safety
standard-General principle for the migration test of food contact materials and their products and GB 5009.156-2015
National food safety standard-General principle to the pretreatment for migration test of materials and articles in
contact with food. Qualitative and quantitative analysis of phenols in extract and migration test solution were
conducted by ultra high performance liquid chromatography. Results In the linear range of 0.02—5 mg/L, the linear
coefficients were all greater than 0.999. The recovery rates and RSDs were 82%—-109% and 0.6%—5.2% (n=3). The
positive rates of 5 phenols in PC were 73%, 93%, 50%, 43% and 93%, respectively. Only phenol and bisphenol A
were detected in the water migration experiment, and all the values were lower than limits in the national standards.

Conclusion The migration risk of 5 phenolic substances in PC bucket is relatively small, and this study can provide
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technical basis for quality control of PC products and risk monitoring of phenolic substances.

KEY WORDS: polycarbonate bucket; phenols; ultra performance liquid chromatography; residue; migration
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By A FEREACFIAELE T Tl . m s N>,
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The production process of PC



55 14 3]

PR, A RERERER A P 5 R T 5 R A LA B RS IXURS T

(2) -ZEBOL

FREL 0.5 g BIREAY/KARAES: (0.5 ecm x 0.5 cm), JILA
5.0 mL &AW EE, 58S MA 5.0 mL 5.0 mmol/L
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(3) WR-DIRETR

FREX 0.5 g BYREAYKAIFE (0.5 em x 0.5 cm), A
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EHOJE, 4551 20 140 °CHEIRAE K E 40 d, HATIERE .
TR, oG L 1 mL 3RS VR o 35 AR i
223 kAR E - B BRI A

B RO AR % 4 F: Agilent Proshell120 SB-Aq #i
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Table 1 Mobile phase gradient elution procedure
Fsf 7] /min 7K/ % 1%
0 65 35
6 65 35
8 10 90
13 10 90
15 65 35
3 ERESMH
3.1 EARMIBREENE
311 RF A

TR PRI VS - A TR I A - T V6 1 TR 8
PR LA IR LR 2, BRRA M 2 AT, Xt
TR, ABFFET LT 3 R REE R (R EE . PR A
CE IR RN BURCR o 3 FhHEEE 79 A (R TG Ry
91%~105%, HEICHCRIG T I EE< G <SR, 175 - 2K
7 HAESEEL phenol . BPA H1 4-TBP., DL &0 F ke i A5,
ZNE R UTTEF B VA - TE 75 [ R T B R 98%~102%, $:
BUCREEHT 2 Ok o I, AR SCREUGAFITTE LR PC
KA ) T 25 ) IO B B e A TR
3.1.2  FiEFEIE

5 P AR HERE S TS I W 2, RIEIE
T WX A BE i . A B 2R OR BRI MR
HHIE R, PEFEEI A BRI 3. A 2 ik 3 fiw,
FEZEOTE ST, W2 nT LIARLF 943 B, X346 BR
4 0.007 mg/L, 3 HAE 0.02~5 mg/L {5 EFNEA R
I RILEME LR, I R BLE 0.9997~0.9999 2 [h], TEHIZ%AX
AR TR H AR A T U E S AT

®2 5SHEISYIRERGERR

Table 2 Study on the extraction methods of 5 phenolic residues

PEHUHH (mg/kg)
W R7S T phenol BPA 4-TBP 4-CP 2,4-DTBP
0 AS 0 AS 0 AS 0 AS 0 AS
P it - 19.2 - 18.9 - 19.2 - 19.2 183 36.6
fehead 2 42 225 6.6 24.6 9.0 28.8 16.8 348 27 45.6
T il 6.4 25.5 12.6 33 15.0 36.0 26.4 47.4 37.2 572
TR firR-ZE L 2.92 22.1 12.1 31.8 17.7 36.6
T fR-UTIE 2N 7.8 27.6 13.6 33.2 17.4 37.3 31.4 51.5 47.2 67.7

E: HAreo AR G P A U, “ASTIRRINFRIRIE A 20 mg/kg I HYFRIBUIE.
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Fig.2 Chromatogram of standard samples of 5 phenols

FAKTRE S P B INART &(10, 15, 20 mg/kg) bR
VEWGIEA T W i [ R RS 5 B 2 . 2B 25 SR Nk 4 FF

o MFRPBIEATA, 6% 3 FRIAKE |, 5 M2y R
(8] 0 3R Y8 B 82%~109%, HH X bR 1 1R 22 (relative
standard deviation, RSD)JLFEI A 0.6%~5.2%, Ui H
HE L BORG B FE RAT o
3.1.3  HEAFRAR LR

XF 30 A~ PC KA A T 28 1) J5T 1 Ak B et A 70
(n=2), &5FWN, KB, B AL XHRUCTEIRE . XA
R 2,4- T BRI AR, B R 5. KBS
YIBHK H LEBoR TR, W A. 2,4- T SR 28 4
FESAS HY, K RS 93%, UiHPTAEF 168 7E PC /KARAY
EF*@mﬁﬁaﬁ;ﬁ%ﬁMA#m@ﬁ,hﬁ$B%
TR (19 5% P AR AN 25 B 2 4 AU X A 2R I 6
BA 50%, XPRUT HERBRL R 43%, X PIRMEL L RIAE
MR — 2 LB ER B o 5 B 284 5 1Y) 5k 7 4 A n %]
3. HERTAL, EA YA aR R EEE A, XHRCT 3K
By oA B AR, TE 0~20 mg/kg Z ] Y . XPAG IR
B B A RZ, 43319 0~40,0~50 Fl 0~100 mg/kg; 2, 4-
TRCT BEZR R A A B R, B 100 mg/kg (9
6.7%

R3S MEIMRRRERNE. LFE. BXRYK. SMEEMGHR

Table 3 The retention time, linear equation, correlation coefficient, linear range and detection limit of 5 phenolic substances

P24y it R B I} 8] /min A i LEESES
phenol 3.26 Y=4.5685X-0.0011 0.9999
BPA 8.09 Y =8.4962X—-0.0209 0.9999
4-TBP 8.50 Y=9.8629X-0.0126 0.9998
4-CP 9.03 Y=15.966X—0.0887 0.9997
2,4-DTBP 9.50 Y=17.7273X-0.0315 0.9999
R4 5 FEN B B ER NG B R R (%) (n=3)
Table 4 Recovery and precision of 5 phenolic substances(%)(n=3)
ISR /(mg/kg)
10 15 20
P2y 5t [E] s 5 RSD [E] s 5 RSD [E] s 5 RSD
phenol 107 2.6 82 0.6 91 3.1
BPA 102 2.1 105 22 100 3.6
4-TBP 101 2.3 103 5.2 100 1.6
4-CP 94 1.4 107 1.1 105 1.0
2,4-DTBP 109 0.6 100 0.7 96 2.3
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Table 5 Results of 30 batches of PC bucket phenolic residues

& t/(mg/kg)
FESh SRS
K W A X AT HEAE Xl A R 1y 2,4-TRUT 3R peliy
1 N.D. N.D. 8.9+0.03 N.D. N.D. 8.9
2 N.D. N.D. 8.4+0.23 N.D. N.D. 8.4
3 14.5+0.01 8.3+0.10 N.D. N.D. 13.8+0.67 36.7
4 12.1£0.65 7.7+0.08 N.D. N.D. 19.3+0.22 39.1
5 10.8£0.04 8.0+0.69 N.D. N.D. 17.3+1.34 36.1
6 12.8+0.39 10.6+0.4 N.D. N.D. 24.7+0.59 48.1
7 22.5+0.04 18.7+0.43 N.D. N.D. 25.2+1.74 66.4
8 N.D. 20.6+0.54 N.D. 27.9+0.56 17.5+0.52 66.0
9 N.D. 36.2+0.34 7.6£0.45 14.3+1.14 60.0+0.86 118.1
10 N.D. 40.5+0.72 N.D. 30.3+0.78 48.1+0.66 119.0
11 34.0+1.00 60.4+0.97 N.D. N.D. 56.1+0.77 150.5
12 11.740.36 10.0+£0.25 N.D. N.D. 20.7+0.55 425
13 11.6+0.59 9.9+0.09 N.D. N.D. 28.5+0.67 50.0
14 19.3+0.09 51.3+0.03 N.D. N.D. 63.0+1.00 133.6
15 19.8+0.20 51.2+1.62 N.D. N.D. 81.9+0.89 152.9
16 13.6+0.12 11.420.15 1.7+0.05 N.D. 2234031 48.9
17 N.D. 7.9+0.52 12.340.40 N.D. 1.940.02 222
18 N.D. 41.5+0.01 N.D. 29.8+0.30 28.3+0.49 99.6
19 10.2+0.11 27.0+0.61 5.0+0.18 6.3£0.21 129.3+1.59 177.8
20 30.2+0.71 37.8+1.06 8.6+0.31 2.1+0.00 76.2+0.34 155.0
21 37.5+1.60 35.7+1.82 1.0+0.06 2.9+0.10 116.3+0.57 193.4
22 8.2+0.14 32.540.02 11.240.21 13.4%0.45 28.8+0.39 94.1
23 9.5+0.18 35.7+0.30 7.5£0.15 17.8+0.45 30.7+0.36 101.1
24 11.0+0.57 35.0+0.99 6.7+0.30 22.3+0.30 24.4+1.83 99.4
25 11.6+0.12 49.6+0.53 10.0+0.82 26.140.56 41.4+137 138.8
26 5.6+0.05 35.0+1.10 N.D. 34.5+0.18 30.0+0.51 105.0
27 13.3£0.73 37.0+1.22 N.D. N.D. 30.4+0.61 80.7
28 11.6+0.46 22.0+0.80 5.6+0.66 9.4+0.07 18.4%1.61 67.1
29 N.D. 41.6+0.88 N.D. 40.4+1.33 53.240.39 135.2
30 16.440.58 55.3+1.32 N.D. N.D. 33.7£1.23 105.5
T H % 73 93 50 43 93 /
SN 37.5 60.4 12.3 40.4 129.3 /
A 11.6 27.9 3.1 9.6 38.0 /

TE: NDFRRE TR R
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Fig. 3 Numerical distribution of 5 phenolic residues in 30 batches
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Fig.4 The relationship between the total amount of phenolic
substances and the residual amount of bisphenol A in water bucket
and the production year

3.2 EREMIRE RN ITMA

Fif GB 31604.1-2015€ il FE bR UE £l
FHRE R il S R g6 ) ) P, SEE PC KA B9 T i
RIS 50 °C 10 d, BB k. HRYE GB
5009.156-2016 (£ &2 4 bR UE £ H2 il Ak B il
RS0 T4 B 7 v m ) PR R A SR vk o iR B
i F AR AR KT 0.5 mm /NF 2 mm, R RE A R
M. ARSI I 2.2.2(1), BA6, ik %R
PC KA A S B it R 2 I 1B A% B BE A S R T, 56
—REER AT R AR, RIAHE 5T R 28— KT

TR R LR S e I, R ER Ik
5k i w0 0 230 MR 0.007 mg/L,
A PRA 0.02 mg/Lo BT AT

Yo (C; = Cy)xV x S8
SxVxp
Hrb X iE i, me/kg; CoNEBIRE T W E, mg/L; C,
28 R T YR BE, m/L; VR ARTR, Ly v, Ry SebRds
AR, L; S HEWEF, dm?; S PR, dm% p RiE
i (1 kg/L). S5HRICE T 6,

W22 6 7, 30 M AHTFE & o B AT By 23 L ) 5k
TRRAEE R R o R 1 5 R R B AL A, Horp
SRR A 1A EAE S R, B A K 9 it O
¥IEN 0.069 mg/kg, FEAATAE 0.023~0.211 mg/kg Z [8]
AR T AP R AR . R, PC KA BIFSE Y 5 Rl
VIR BT RS KSR /N e 34N, IR R BN A A5 A
Hopk A2 A1 B A It . Mercea MBI S 5 H XU}
A MiIEH5 PC REMBZUBEEAFHVIXLR, MIRdE
IRTEXES A BRER RN 2~70 mg/kg RYTEREN, XU A 77K
FEROh AT S AR R R T B R

BRibZAb, AT RALL SR PGS, ST EL T M
Y5k R A HAT U A TR AYES 25 SOkt T TR
B () A R SE 50 . HARSEIR IR UL 2.2.2(2) 0 SEIRES R R,
IKARTE 20 °CiER% 40 d B I ZRYF AT, 7E 40 °CiTF8
40 d B W A A, BB 0.034 mg/kg, /NF RN
SEHGH A EL(E (0.087 mg/kg) i /N F E KB E (0.6 mg/kg),
R L TEAE R B o X — &5 SRt I B 1 - Jo  SE 6 F 5
AT LA S B S o f P 2 7 P 0 T 25 00 5 4 S S XU o

Fz6 30 HKBHEIRMRAE 1 KEIBZERNIBELERILER0O=2)

Table 6 Summary of the results of the first migration test of phenolic substances in 30 batches of buckets(n=2)

124 Jot Ko Hh A5 K H R /% e KAB/(mg/kg) FHME/(mg/kg) PR B/ (mg/kg)
phenol 1 3.3 0.019 0.019 0.05
BPA 9 30.0 0.211 0.069 0.6
4-TBP 0 0 - -
4-CP 0 0 - -
2,4-DTBP 0 0 - - -
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