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Migration characteristics of zinc oxide nanoparticles in food contact

material polyvinyl chloride
MIAO Hongjian', LING Yun®, ZHAO Yunfeng'
(1. China National Center for Food Safety Risk Assessment, Beijing 100021, China;

2. Chinese Academy of Inspection and Quarantine, Beijing 100176, China)

Abstract; Objective To investigate the zinc oxide nanoparticles ( ZnO-Np) migration characteristics in the food contact
material, namely polyvinyl chloride (PVC). Methods In this study, PVC/ZnO-Np composite with 1% w/w of ZnO-Np was

prepared. Single-particle system tandem inductively coupled plasma mass spectrometry ( Sp-ICP/MS) was used for the

particle size detecting of ZnO-Np during migration. Meanwhile, under the migration conditions of 20 °C , 40 °C and 70 C,

the total Zn content in food simulants, 3% acetic acid and 95% ethanol, was determined by ICP/MS as a means of analyzing

ZnO-Np specific migration, migration rate, nanoparticle size and migration morphology. Results The initial content of ZnO-

Np in the composites was 8. 43 g/kg. Migration experiments showed a minimum value of (9.27+3.37) mg/kg and a maximum

value of (1 947.33+75.02) mg/kg for the specific migration at different time points. The median particle size ranged from

28 nm to 1 156 nm. Migration rates at day 15 ranged from 5.42% to 23.01%. Conclusion The migration of ZnO-Np in PVC is

caused by surface migration and material swelling, and aggregation occurs during the migration process. The applicability and

safety of PVC/ZnO-Np composites for acidic, fatty, and high-temperature foods should be of ongoing concern.

Key words: Zinc oxide nanoparticles; food contact materials; polyvinyl chloride; migration characteristics

90 K S AL BE (Zine oxide nanoparticles, ZnO-Np)
LA H AR BT T P BE IR B 1R 900 1 T 25 20 2
BRI DL B2 w5 £ i 2 fil B4 R 2R 58 £ 4 (Polyvinyl
chloride, PVC ) . ik % & & & % ( Low density
polyethylene ,LDPE ) } % I 44 ( Polypropylene, PP ) 4
(e B M AL P BET L R M, AR Z WF 5T ZnO-Np
R it B i b e 21 2 ot BT RS AUL T A T RS S
ZEBUIESE ZnO-Np A B ME . BARTLR EXH
KIEFE W 58 Ak 2, (0N B0 S R G B0t &, IR R
ZnO-Np WA 51482l s g i B AU v i T RS 4
PEWFFEAT SR =, X T A0 R B it 4 bk ) 1
FHPERN S| R B AE 15 3 M B0 SR

FLF I, ABEIE UL PVC E N WF 58 4T 42, il 2%
PVC/ZnO-Np & & #1 ¥}, 7€ ( GB 31604. 1—2015 &
i 22 A TR G bR Bt 5 kb R B i A A 1
WY HEZRS  BEDAF 52 B ] & it T B8 92 456, )
Sp-ICP/MS 2545 R X} PVC/ZnO-Np & & kB 7E A [
TR JSE N 18] 0 £ B ) 2% 1 R £ 4T ZnO-Np 1L 7%
R PE NS 2 T RS i T B R M OK T B8 b LR AR Y
IRHT, LA O e ] 48 oK £ i 1 ol R Y 2 A VAT A
P BEROR 7 VB SR

I M5

1.1 #¥
11,1 BRde s Ak

30 nm 4 99K bR EE R (3£ , Perkin Elmer,
30 nm,2 ng/mL K T41 4x10" nps/mL) ; & TG R F
By oMb e BT (AL st , TR AR TR, 1 000 mg/mL) ;

LR Z 0 R B HEAR A (36 [, Agilent, Zn 7 &
10 mg/L) ; PUE LM (THF ) ([ , Sigma-Aldrich,
W, L >99. 5% ) ; LT (35 Fisher, (45 2, 4
J#>99.5%); & & (P E, Dikma, 3% 2%, 2l & >
99.5% ) ; il R ( [, Sigma-Aldrich , {5 1% 2% | 40 & >
99.5% ) ; 4K,

1.1.2  FEAU

FARTURE 72 45 Hf 12 PR BRI A A B T AR AN (3
, Agilent, Sp-ICP/MS8800) ; H 7& il B% ¥ fiL ( 3¢ [H ,
Synthware ,29. 7X21.0x 10. 0 cm) ; #7537 i ¥ a4 ( -
7, 7 M1, UC-T34) ; Millipore #8 4l 7Kk 2 %t ( 25 [,
Millipore ) ; 4 F K (EE ,METTLER TOLEDO) ;Ji€%%
ZERAL(FEE , IKA,RV 10 auto pro V-C) ;fH iR T4
(T8, Memmert ) ; T80 1 f# X (32 [E ,CEM,MARS6)
1.2 ik
1.2.1 PVC/ZnO-Np & &+ kLl %

FREL 0.9 g W ih PVC MR (/3 , /e 0 98 1 i
PEAE, W&, Z MR Zn & & K IKEH
0.01 pg/kg) T 50 mL Be#F, DL 20 mL /) THF 5&
IYVERIG B9 mg 19 20 nm ZnO-Np (& 08 i 44 >k
BHEE ) B m BB AR Y, 72 18 BE TR 21 5 8 4 30 min,
B F 0 B B O, TR A WO A S dk e
730 min, S5 B E H RS G S T 35 CfEIR T
BEAA Y, fF THF 2218 ¥ & 56 % )5 , %% PVC/ZnO-Np
HAEMBELRE T/ M. 6l & 0866 E R E
0.001 cm; M B 1. 38 kg/m’,

1.2.2 ITBLEK
RPN 1 AR Nl & 09 PVC B4R BE B
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WA R 16 1, B0 A RHRE S AR 10 emx 10 em IE
5, LAY R W 5 64T Zn JC 2 & i, DL H)
JE Tl £ ML ZnO-Np 43 B S 510 TEIT R S0 56
1B 10 emx 10 em 1E J5 9% /N I B BE ST 50T IR A
FEU (HEMNTA AR . 44. 15 em?) | 22 %58 1 1T 7 25 8 5
TG % B (B AU AR R .95 mL) A CTE IR T
BRI TR, IERIRE N 20 C (40 C A1 70 C, 1E
0.1.0.2.0.5.1~15 d % 18 /™ i) 25 HURE | BURE
1 mL,MJE#M7E 1 mL & MY 5 256 & N 4k 281

K1 TR s E K

Figure 1 The picture of migration experimental equipment

1.2.3 PVC/ZnO-Np 1 ZnO-Np ¥J 4 5% B2 i 5 &
A% B AR AR AR I E

ZnO-Np V)46 5% A 4 FRR 58 1 B i DA v 8l 5
%%%Mﬂﬁiﬁﬁﬁ(lnductively coupled plasma mass
spectrometry , ICP-MS) Wl i& & Zn 7 & J5 H8 Zn AN
ZnO JE R BT LU BEAT 408 9 oK v AORLAR B DL
TURL 28 50 5 6 WL IR 5 55 1 7 IR BT 3% B R (Tinglle-
particle system tandem inductively coupled plasma
mass spectrometry , Sp-ICP/MS) Jll £ .

R Al AL BE 7125 08 - 0 46 A% B s AR IR
1 g (4 PVC FESD, LA 70% Vi i IR HE AT 10 I A o TH
PR LK B 10° A5 )5 R 10 mL A BEAT 1ICP/MS
D€ 5 4 1A% 1 U S b B BORE IR ) R 1 mL &
BRI LUK A B 10° A5 )5, B 10 mL W AR #E4T Sp-
ICP/MS Il %2 ; ZnO-Np H {7 Rz 42 0 4 B & i Ak B8 7
250 TR R E — 2

ICP/MS {4t 25 £ 2 - SR DI R 1 550 W %
TG 15 L/ming #0 0,77 L/min; 4 B
UL 0.43 L/ming ZUH A 4.5 mL/min; FFALE
WRIE 2 °CBERHETEHR 0. 1 v/s; RAEHE /R IBUAE B
HE S SRAERE 10 mm ;R AEBE U BRI K0 7 X 8 3l
g U AR 35 A UK 3 A I B AR 65,

Sp-1CP/MS J I it AR #E AN No gas i, H
RALER A5 1ICP/MS A —F, 7540, gkt fiL
FLAR I & S B 5 ICP/MS R [A] 5 it 5 2 2 fB) 5 i
SE R LLMRBE 9 50 ng/L (9 1 ALRLAE 30 nm 4 4
KARUER WA 1 ng/mL 43 0 R B3 43 B bR EH)

i Z W GE I E 2 ng/mL 1Y Zn BRI R
J&, LA Agilent ICP-MS Mass Hunter B A% %t ZnO-Np
S RE VR VA I A B G =R 7 (5= Bl WA = R Vi

2 ZR545H
2.1 Sp-ICP/MS Fl1 ICP/MS J7 % %5 $ i iE

Sp-1CP/MS Ml =& B 3% £, TR Ml 95% £, B
B9 ZnO-Np H v ki 42 A9 K H B ( Limit of detection,
LOD) 1% & FR ( Limit of quantification , LOQ ) il 1 %X
HiEEiTRAE R Y901 nm Fi1 S nm,Xﬂ‘@E@%%ﬁz
JER 1.3 ng/L M5 ng/L, tHFHBILEKRKMS DL L
RSE T8 ZnO-Np bR Y T, A 0F 5 L SE 56 %5 R
W B H 2 A0 AR 20 nm B9 ZnO-Np (45 A8 H 5t 44 K B
) Xt 7 vk B RS 9 B RS BLPE BEAT IR . FF 20 nm
1) ZnO-Np Bt & i 1 000 we/mL B9 7K B, 16 FH b
A 1% W ik 3 5% 31 R — ¢ TR 41 R (DOSS) , A
30 min Ji7, AR E FR B2 EE N 100 ng/L 17K
PR AT 10 OPATIN E , 25 R (22+0.3) nm
(mean+SD,n=10) ,RSD% N 1. 4%,

ICP/MS {ll 2 & Zn & 81 LOD 1 LOQ LAk 4E
TAE 10 WK 3% TR 0 A Zn 5 5 00 b O 25 10 3 1%
10 5 AT IHAAS 1, 78 PVC 2R 0.5 ng/mL Al
2 ng/mL; 76 B LW 3% 2 R Ml 95% 2 I b hy
0.2 ng/mL #l 1 ng/mL, JnbxR [l i 52 56 34 A 4 7 2%
LBRIRAF G LOQ, LA Zn J0 F b 1 ¥ TR 1L 42 W fin 5]
BRI, bR 2K P43 A b R B 3 il X
NELOQ M 1.3.5 f5uk B2, DL b Aw [l e 2 A
95.5% ~102. 1% 22 [8] ,RSD%1E 1. 2% ~3. 5% Z ] ,
2.2 PVC/ZnO-Np ¥ ZnO-Np ¥J 4 5% 85 & 2 Hr

X FEAIL S ECAY 16 £ 10 emx 10 em 1IE )5 PVC/
ZnO-Np # JRIEAT B Zn S8R 5E IR BT Zn &
W ZnO-Np Tk #4797 55, 74t PVC/ZnO-Np
t ZnO-Np %% B & V- % {6 4 8.43 g/kg, RSD% K
1.21%, FWM R ZnO-Np 5 #i ¥ 50 P& g, 4t
XoF SE B T BRAS AR 15. 7% 1945 5%, 4% 52 56 % 4] 4%
aob AR vl R ) 3 B (AR 2R T E AT ZnO-Np $2 U A
Zn T GE A ZnO-Np & w750, 3% 55 &1 AR N
BEMY ZnO-Np 5 BB ME M 1% M 2%, X5
CHEN 2"/ ZEBF 58 PP #4 Ji Xt ZnO-Np i B 19 52 Wi
BRI Z5 L, YEF 46 1 . PP/ZnO-Np & & M ¥}
il % I, ZnO-Np B9 2% K 35% ~50%, PP #f 5t
HIZE FHEE 5 2 AR R ZnO-Np B0k A H 6
I T VS AR I 590 A7 B s g ok Ok o DRI AE AR
W5, ZnO-Np K& R &M, ZnO-Np (1938 4% 1 7
HOHAE PVC e s M 2% [ ZnO-Np B A 5
HL W BEE 7, A ] ek R v A B T A R T T e
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ik, T ZnO-Np ¥ 1G & 5K T HIe(H, B UL 7E
JE SRR S AN K A WD G N D) S B U
SR UE
2.3 ZnO-Np M PVC B & S AU iR Rt oA
2.3.1 FBFRIST

ZnO-Np iF 22 FE | 3E B i) (8] F1 6 5 A 40 ) 46
ZRHREE W, fR1ES, R SRR
(R TE AL B 1 5 B 5 S B e (] I R Y GF G I
PE. ZnO-Np W 475 1IT B & 7E (9.27£3.37) ~
(1947.33+75.02) mg/kg [A], 5 B Bl 15 5 0 B[R]

W Eokad, BRI PR ETIRES PVC/
ZnO-Np i 3 7] 5% 71 & AH B 5 2 ZnO-Np W iE %
o ONE 2 TLLE S 15 R, 3% SR AE
20 °C 40 C M 70 C FWTEBF45 N 5.42% .
6.71%F1 10.01% ;95% L. W43 5 A 5.20% . 8. 01%
F123.10% , X S Rf 8 i #% & ¥l T K A
(EU)No.2016/1416 X} Zn 1E £ & B84 v 19 1 7%
N 5 mg/kg BRLAE . TERR T NG 28 R0 = i A% 1R
T ,PVC #JEH ZnO-Np (40 FH P A 7 6 5
BERXE,

# 1 ZnO-Np TEAR[AER 2560 214 T M PVC/ZnO-Np S B4 2 £ Gl B0 v 19 18 G2 1 A8 BRI (s )
Table 1  Specific migration limits of ZnO-Np from PVC/ZnO-Np composites to food simulants under different
migration experimental conditions(x=+s)
RIS/ (mg/kg) (n=6)
)/ d 20 C 40 C 79 C
3% L% 95% < T 3% LR 95% .1 3% LR 95% . T

0.1 9.53 x1.67 9.27 +3.37 140. 781 +10. 116 44.67 £1. 68 431.61 £92.73 98. 631 £85. 143
0.2 132.35 £15.06 12.64 +£3.37 169. 443 +9. 273 76.71 £37.93 456.06 £82. 61 558.909 +£269. 76
0.5 190. 52 £53. 11 18.55 £6.74 234.35 £12. 64 96.94 +16. 86 472.92 £85.98 1 309. 17 £569. 86
1 327.93 £76.71 29.50 +9.27 338.04 £106. 21 99.47 +16. 01 477.13 £73. 34 1 310.02 £53. 10
2 328.77 £9.27 131. 51 £60. 70 354.90 £15. 17 391.99 £85. 14 481.35 £56.48 1 784.63 +429.93
3 345.63 £21.08 234.35 £53. 11 419. 81 £59. 85 434. 14 £106. 21 531.93 +44. 67 1 784.63 +101. 16
4 345.63 £1.69 279. 88 £47.21 465.33 £56. 48 447.63 £11. 80 535.30 £12. 64 1 788.00 £30. 34
5 379.35 £5.06 295. 89 £28. 66 466. 17 £56. 48 451.00 =11. 80 544.57 £20.23 1 814.13 £29.50
6 388.62 £5.06 311.91 +£3.60 465.33 £42.99 456.06 £10. 95 544.57 £9.27 1 814.13 £34.56
7 397.05 £7.59 330.45 £7.32 507.48 £42. 15 522.66 £35.40 546.26 £17.70 1 821.72 £102. 00
8 423.19 £10. 12 354.06 £9.73 510.01 £26.97 531.09 £37.09 560.59 £85. 14 1911.92 +110.43
9 429.93 +8.43 383.56 £26.97 523.50 £82. 61 526. 87 £82. 61 616.23 £169.44 1 913.61 £110.43
10 442.58 +8.43 384.40 £27. 81 535.30 £31. 19 548.79 £92.73 684.51 £186.30 1 922.88 £379.24
11 446.79 +6.74 388.62 £37.93 539.52 £37.93 615.39 +£75. 87 826.98 £295.0 1923.72 £54.79
12 451.00 5. 06 406. 32 +26.97 556. 38 +£82. 61 620. 44 £75. 87 826.98 £77.55 1912.76 £52.26
13 450. 16 =5. 06 429.90 +38. 54 558.06 +£35. 40 638. 15 £10. 11 836.25 £80. 08 1 913.61 £52.26
14 456.06 =1. 69 429.91 +30. 84 563.96 £36. 24 665.12 +11. 80 837.09 £63.22 1 .930.47 £84.32
15 456.91 £5.90 428.36 +12. 64 565. 65 £64. 06 675.24 £15. 17 843. 84 £102. 00 1 947.33 £75.02

1£ 20 °C ' ,ZnO-Np 7 3% £ 1@ ' 45 A~ Bt 1] 45 Y
TBRBET 95% LBE(FE 2A) , 7E 40 C F,95%
L EEHY ZnO-Np iF 7% F B L 73 i 7E 5 2.7 .11
Kt EABE MEETFR(E2B), 770 CT,
95 LI R FAHERBEERT 3% LM, H
RSN IR R ER THEA (E 20),
ECHEGOYEN 4% FI CHEN Z£'°" B 1/ ¥ 1T % 52 3
R R — A4 BT AT R GE R S, B — W A
9 K T R 3 T4 ORI = U, I LA HE
3 G K BURL A 1 52 & MR R T, 35 T3 — Ik
TR AT B ZE A 5 & 2-B BT RS I E RS
REYER T — 5, 74, GRAY % LI A PH
(R R AN TR N £ i B9, & B4 oK R 1Y) 1 B
HMELRPEE, X2l TFOMERGKERE
Yy 43 T RE 0 T SR R T i LA L TRV BE, Z BEAE
PVC B R B T L, I 7E &R T 56 8

KA H B %, N Zn0-Np 18 &5 i 5% i 1 43
BE, Z LR, U B R M EALIE T Zn0-Np 1
TR EPIFHLE A S5 4 B ZnO-Np W& & Mok
1] 1Y 3 A% RN RS K S ZnO-Np BRI
2.3.2 YUK AR BT

E AT BT 90K 02 75 g N2 G R rh i B Fl 48
KT B A K 2k R SR A5 5 b — T A 4 B
FEMIAE . SIMON 261 Ay 3 T2 ML Fick §
BOE & GO PR TE | nm EEEF/NA SR
HiE B, 1 HUANG % 78 7 S AL B9 PET 1 6 52
55 % B 100 ~ 300 nm f9 4R 44 K ik, 3= BH R RS
YORRORL AT DL & AR, 3T 4Ok, Sp-1CP/MS $ R
14357 % ol 0 K A% F 5% o B BE RS ME RN A, AR
WFFE LA Sp-1CP/MS 4 JF 43 2R AF 55 i & i A 404
PEAT T ZnO-Np HOr ki 42 i I 52 | 25 S an &l 3 frow
ME T E 1 3% 1 ZnO-Np Wi ki 4% 52 i #
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B 2 ZnO-Np 7ZEAFHEE T (A:20 °C; B:40 °C; C:70 C) M
PVC 3 BB (3% LR AN 95% B8 ) TS H (%)
Figure 2 The migration rate (%) of ZnO-Np from PVC to
food simulant (3% acetic acid and 95% ethanol) at different
temperatures (A; 20 C; B; 40 C; C: 70 C)

TR W AR AL R B3 L6 70 CF B A T 1
354 132 nm A1 203 nm, SHE A B BLES 14
S K FREAGUK R AT REM M RHA A 06, Ha
KEBS>SEHAE 28 ~76 nm X 8] N, X W T ZnO-
Np 76 R B A 87 1Y 3 B (R i 72 b A7 A
QK RO S, (H AR R A R AR I A A R
B, 3% LR AT R fe ™ SR B S BLHLY , ZnO-Np
T 3% LT h HAT B s fd b Rk B SR A
] HEFS | 48 oK Fh ARz A2t B I M /N i B, HoAE
Sp-1CP/MS Il 2 v £ it A58 H00 U v 4 oK JB0RL B DL AT
FEAI UG I 1) 0 B i B, 7R 50 1 K SURIFRA , BN
KU B8 A I 7 (A 55 T LOD By 1E i, 3 15

3 ZnO-Np 7£ 20 °C |, 40 C A1 70 C FTEH B 3% LW Al
95% LR T B4R 9 A
Figure 3 Median particle size distribution of ZnO-Np

migrating to 3% acetic acid and 95% ethanol at 20 °C
40 C and 70 C

BRI D i ZnO-Np LUK IE S AE1E BHE 3% &
R h R 7 ZnO-Np ¥k W E FRE, 5 —JF
Ifil ,95% & h ZnO-Np A 4 é&iﬁ%&ﬂﬂ‘lﬁl IR
BRI AR AL 2, JUIAE 70 CF R ADRLAR (E 5
1156 nm, HA] WL 95% £ i ZnO-Np H i ki #2
AT R IR B A Eom A IE ) e, X ATRES &
sﬁ PVC ¥ %5 i3 AR 1S B0 T 19 2 s kA ¢

AIREEH TAOKITR | o 5 A2 R
?ﬁzl%‘é Ph b 25 58 IE [ 5 5 T & W] ZnO-Np 7
PVC/ZnO-Np 3| £ 5 B LY A7 76 99 K 3 55 Fn A1 3R
ML,

3 NG
A S LUK HE W] SE A Sp-ICP/MS Fl ICP/MS K5
M A % # & B PVC/ZnO-Np B S M R 947 T
ZnO-Np W] 45 5% B it F 2 R 4% 5500 T ke e 2 45
DL R A R AR I DA I A AT 6 A kb R
PVC/ZnO-Np 1 ZnO-Np [T B EE, £ FRE S
PR, ZnO-Np i % 77 76 W A AL, B ZnO-Np ML
AR R B9 IE R FI ZnO-Np PR R Ik S 8o
T ;ZnO-Np WUIE RS i B2 A A0k BT R B B 4 & 8
9K Y A AR B A7 AT B TR R B L) S 2 B
RZEM S, €585, % T Zn0-Np i #
FEPE A3 AT 45 R 5 2 G MR B G S 0 B R S BR
et T 2 A5 1 B AT S o N SO TE

5% 3k
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