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ABSTRACT: The work aims to study the influence of temperature, time, food simulant, material structure and additive
molecule on the migration of three kinds of ultraviolet absorbers in polypropylene. A high-performance liquid chromato-
graphy was developed for three kinds of ultraviolet absorbers (UV-P, UV-531 and UV-327). Additionally, the migration of
additive to five kinds of food simulants at 20, 40 and 70 ‘C was studied. The additive showed good linearity in the range
of 0.1 ~ 20 pg/mL and the limits of detection ranged from 0.03 ~ 0.05 pg/mL. When the standard substance added was at
concentration of 20, 80 and 200 pg/g, the recovery rate was 81.6% ~ 99.8% with relative standard deviations ranging from
2.3% to 7.7%. No additives were detected in the solution with 10% (volume fraction) ethanol and 3% (mass fraction)
acetic acid. Only UV-P was detected in the 20% ethanol solution(volume fraction). All three ultraviolet absorbers were
detected in the 50% ethanol solution(volume fraction) and isooctane. With increased temperature and prolonged time, the
migration amount of ultraviolet absorbers gradually increases till balanced. The ultraviolet absorbers are inclined to mi-
grate to isooctane and ethanol solution. In the ethanol solution, the kinds and amount of the migrated additives increase

with the increase of the ethanol content. The migration amount of ultraviolet absorber decreases with the increase of the
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crystallinity of polypropylene materials. As for the additive with higher molecular weight and more complicated structure,

it is more difficult to migrate.

KEY WORDS: polypropylene; food packaging; ultraviolet absorber; migration
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1.2.1 PP A&

WINF 525 4 PP BRI FLAMIR A, ZRURFFHf
BRI T3 R . R T AR HR s R B 4 A, &
R 3 W, SRJG T JFY C-35 /NG S i AL Pk i
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HERM PRIt b dd 0.01 g, FH 1 mL =54
e, PP EEAEZE 10 mL, FHA 1000
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mL, JAPEEESAZE 10 mL, FEHIE 100 pg/mL
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ZEHhUE, WCERUEWE , K UTTE P bR T T EE T A 4
B, A9F 2 wERBGR, JEA W BEE AR 200 mL, 2
BB 2 0.22 pm ffL Y8 R 8 J5 BF HPLC A& . [R] A
fEZs X IR, BRELRE S IEAT 3 UOFAT .
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1) By, EHERSECH 10%0 CEEE
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VST, RSB0 50% 0 2 BEEVA W FN S22 S e
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3 cmx20 cm K/), R T4 100 mL B
HIEHIE D, B S T AT v b1 7
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HALEAE 3 NPT, FETEAXE, 20 C
T HROEURERT R S 1, 2, 3, 4, 5, 6, 7, 8,9, 10
K 40 CTEEERTTEAEE 1, 2, 4, 6, 9, 12, 24,
36, 48, 72, 96 /N5 70 TR BYEBURERT R M EE 10,
20, 40, 60, 90 /4P M55 2, 4, 6, 9, 12, 24 /hiT.

3) SRR R, Bk E A S, X
LBEORK MR KW, WL 0.5 mL, 3 0.22 um
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Fig.1 HPLC chromatograms of mixed standard solution at the
concentration of 20 pug/mL

TE 0.1 ~ 20 pg/mL [T EIREETERIN, 3 Favinsm 2
RN, HXREIIRT 099, ALK ER 3
W, IS 3 PR R BT . oM RE L AR
B, ahEEfh . AR, KR ACE BRI 1,

5 g BORE RS I B S AN OIGRI Rl 20, 80,
200 pg fF, 23 [ PP A 3 Ff e SR W5 A9 T [
N 81.6% ~ 99.8%, FIXARHENR22/NT 8%; 54Ul
VIR B B EE N 2.0, 5.0, 10.0 pg/mL i, 25

R 13 FEIR LTI BIELE > 7
Tab.1 The retention time, slope and intercept of linearity equation, correlation coefficient, purity angle, purity threshold,
LOD, and LOQ of the 3 ultraviolet absorbers

SR (B min—— B gy PEACGRER g 2R
FEES R {ED) /(ug'mL™") /(ug'mL ™"
UV-pP 4.24+0.01 26785+423 1096+359 0.9995 0.407 (0.654) 0.03 0.10
UV-531 4.89+0.01 34734+214 1263+174 0.9998 0.681 (1.009) 0.03 0.10
UVv-327 8.00+0.02 12518+282 641+104 0.9999 0.425 (0.598) 0.05 0.15
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FEALL) 3 i SR AN WS A i BTk 75.7% ~
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AEEILE 2, BALKEL 3R, F 95%0 BI5K
VR, At B ER Ty 22 B R E] PP R [R]FRAS n
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Tab.2 Initial concentration of 3 ultraviolet absorbers inPP
films with different structure

Lhhk it /ug

W PP-H PP-B PP-R
UV-P 6048+151 6204+118 61914205

UV-531 7256+142 7354448 7126+192

Uv-327 72424115 7009+139  7123+184

2.3 ZEMLMUHIERBEMEITRER

TERFYBON 10% ) £ BRI TR 43800 3% 2
MR, AR R B &9 FEARFE0Ch 20%
B B, RGN 2] UV-P; i 7E R340 50%
() R AN S b rh 3 Tl A 2R W 30 15 kA6 )
|, AFEZHET, PP 3 Rl AMEISGRI7E 20 ~
70 CEAET MRFA B 20%H1 50%7Y £ A
SRR R R LR 3, FAHLRER 3K,

£3 PPIRPIMEMNEBUANESERUMBRPHERNIBE

Tab.3 Maximum migration amounts of 3 ultraviolet absorbers from PP films to 20%, 50% ethanol solution and isooctane

at 20~70 C
B v Le ER A BT e
PP-H PP-B PP-R
20°C, 10d 0.5+0.1 0.6+0.1 0.7+0.1
IREA R 20%7Y £ UV-P 40 °C, 96 h 0.840.2 1.0+0.3 1.5+0.2
70 °C, 24 h 1.340.2 1.7+0.2 2.0£0.3
20°C, 10d 5.9£0.4 6.7£1.2 9.0£0.6
UV-P 40°C, 96 h 7.140.7 8.5+1.0 10.8+1.2
70 °C, 24h 8.7£0.9 10.8+1.4 11.2+1.9
20°C, 10d 7.5+0.4 9.2+0.9 10.3+0.8
B ECR 50%0Y £ UV-531 40 °C, 96 h 11.7+1.3 13.8+1.2 15.9+1.8
70°C, 24h 13.0+1.1 14.5+1.6 17.0+2.1
20°C, 10d 1.1+0.2 1.340.4 2.240.6
UV-327 40 °C, 96 h 3.3+0.7 3.840.5 4.4%0.3
70 °C, 24 h 5.4+0.5 8.0+1.1 9.5+1.2
20°C, 10d 9.6+1.3 10.4+1.9 13.542.6
UV-P 40°C, 96 h 12.8+1.7 15.0£2.6 17.6+2.4
70°C, 24h 19.3+2.8 21.0+1.8 23.5+1.7
20°C, 10d 11.7+1.8 13.6+1.0 16.842.3
b UV-531 40 °C, 96 h 19.2+1.6 21.9+3.0 25.7+1.8
70°C, 24h 23.5+1.2 24.942.4 27.842.0
20°C, 10d 8.0£0.2 10.8+1.4 15.0+1.3
UV-327 40°C, 96 h 14.4+1.3 17.0£1.5 20.6+2.8
70 °C, 24h 19.742.6 23.742.5 27.0+3.3
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Fig.2 Migration of UV-327 from three PP films to ethanol
50% at 70 C

B FERIIA IR S AN BRI

I WY R D s 940 245 A 2 S JHG v 8 ) B0 A 7 A 5
Ml o

3.4 ZESMERIRUHI S F KA

s A R ARELE, RSB RAE RS
S F A RERR AR i 4t
MRS T 8, S5H 2% . ARX 01 B R i 2y
TR A AR AEOR, BORE S R TR .
SCHRFTTIERY 3 FESINGR R, UV-327 AR o1
IR, Mg, FiR SRR R A
INF 350 2 R InGR . FESEERE 3 FER NG Y iR
KIERS AN ZEAK, AT HESE LI AL X X 7% A4 52 )
RFERINGR B 250 B = A B, BAR 5L PR o 20t
— WS .

4 EE

SCHVEEST TRV 3 Rl SN SR ) = 30
ARSI ik, O vE BT R A A0 MR BRI %
TEMCIERE [, #EFT T7E 20, 40 A1 70 CH&AFF, 3 b
WA S A ALY (IRFU SR 10%0) B,
e ECR 3%M TR, RGBT 20%M B2, 1A
TR 50%0 CBERREELE ) IR sT . 455 3R
B, WREE . B BRI . RINIE RS i S E
o1 R/ NEB 2B P2 AR SE R - 3 T A 1]
SiFR R A OO, B IR R TR L B R A
R RGN I 3 FRRANEIR G 5 T 1) 5+
Ve, TEOEAIT, M QB m, &
AT RS B IS N B Fb RN o R A B 2 8 Bl AR
g5 BER BN, Hr A R AR SR ) B S
B B WS, B SRS ISGRI7E 3 R4y PP it
B K/NE RN PP-R>PP-B>PP-H; T4 HUAH
XPorF IR . S T, AN S KT

S -

(11 5FNF5, Rorer, @ik, &% SV RS i XOHAE
L N ] FE TR, 2003, 24(5): 1—3.
FU He-qing, ZHU Li-hong, HUANG Hong, et al.
Characteristics and Applications of Polypropylene
Film inPackaging[J]. Packaging Engineering, 2003,
24(5): 1—3.

[2] W, ZENNMG, PEJE, 4. PPH/PPR/PPB JLIR{KR /)
SVERERORFZE[I]. ¥R Toll, 2003, 31(11): 39—41.
AN Feng, LI Bing-hai, PANG Bo, et al. Study on Me-
chanical Properties of PPH/PPR/PPB Blends[J]. China
Plastics Industry, 2003, 31(11): 39—41.

[3] JHIF, MOTHR, Bedbte, 55 RN AORNE Bk
PEAYBTFT[I]. A% TR, 2016, 37(11): 27—31.
YIN Fen, LIN Yue-cheng, DUAN Ji-hua, et al. Trans-



- 18 -

(R

20174F 1 H

[10]

[11]

parent Modified Polypropylene Packaging Material[J].
Packaging Engineering, 2016, 37(11): 27—31.
2002/72/EC, Relating to Plastic Materials and Articles
Intended to Come into Contact with Food[S].

EU 10/2011, On Plastic Materials and Articles In-
tended to Come into Contact with Food[S].

WEME, WG, DENR, 5 EmEMMEER G
RPN 9 Rt AR 7 B A h YIRS L
BWTSE[I]. f2E T, 2011, 32(17): 20—24.

GUO Chun-hai, CHEN Rui-chun, MA Yu-song, et al.
Research for Migration Rule of 9 Kinds of Antioxi-
dants in Food Condact PE and PP Film to Food Simu-
lants[J]. Packaging Engineering, 2011, 32(17): 20—24.
W, XUBL, wrlk, S5, £l RN SR T
A AL T R RIWF ST (7). ks, 2015, 43(3):
399—403.

CHI Hai-tao, LIU Ying, GAO Xia, et al. Study on Mi-
gration of Antioxidants in Food Contact Polypropylene
Plastics[J]. Chinese Journal of Analytical Chemistry,
2015, 43(3): 399—403.

JARAAE, MRENR, 20k, 5. AR Z5HE RN A
w6 Tl s AR 1 i 1B RS B RS TS,
il TALBHE, 2015(14): 330—334.

ZHOU Song-hua, LIN Qin-bao, LI Bo, et al. Study on
6 Additives of Polypropylene Packaging Materials with
Different Structure Migrate to Fatty Food Simulant[J].
Science and Technology of Food Industry, 2015(14):
330—334.

SKRE T, ERL, XK, SRR R R
A i A ) R T B I E T AR [)]. R T
HLBK, 2011, 29(2): 91—94.

ZHANG Zhi-li, WANG Wei-shan, LIU Cheng, et al.
Research on Testing Method of Overall Harmful Mat-
ters Migration from Products of Polypropylene for
Food Packaging in Microwaves[J]. Light Industry
Machinery, 2011, 29(2): 91—94.

DOPICO-GARCIA M S, LOPEZ-VILARINO J M,
GONZALEZ-RODRIGUEZ M V. Antioxidant Content
and Migration from Commercial Polyethylene, Poly-
propylene, and Polyvinyl Chloride Packages[J]. Jour-
nal of Agricultural and Food Chemistry, 2007, 55(8):
3225—3231.

CANER C, HARTE B. Effect of High-pressure
Processing on the Migration of Antioxidant Irganox

1076 from Polypropylene Film into a Food Simulant[J].

Journal of the Science of Food and Agriculture, 2005,
85(1): 39—46.

CASTILLO R, BIEDERMANN M, RIQUET A M, et al.

[15]

[19]

[20]

[21]

Comprehensive On-line HPLC-GC for Screening Po-
tential Migrants from Polypropylene into Food: the
Effect of Pulsed Light Decontamination as an Exam-
ple[J]. Polymer Degradation and Stability, 2013, 98(9):
1679—1687.

CHOI S S, JANG J H. Analysis of UV Absorbers and
Stabilizers in Polypropylene by Liquid Chromatogra-
phy/Atmospheric Pressure Chemical Ionization-Mass
Spectrometry[J]. 2011, 30(6):
673—677.

ALIN J, HAKKARAINEN M. Microwave Heating

Causes Rapid Degradation of Antioxidants in Poly-

Polymer Testing,

propylene Packaging, Leading to Greatly Increased
Specific Migration to Food Simulants as Shown by
ESI-MS and GC-MSJ[J]. Journal of Agricultural and
Food Chemistry, 2011, 59(10): 5418—5427.

O'BRIEN A, COOPER I. Polymer Additive Migration
to Foods-a Direct Comparison of Experimental Data
and Values Calculated from Migration Models for Po-
lypropylene[J]. Food Additives and Contaminants,
2001, 18(4): 343—355.

BEGLEY T H, BRANDSCH J, LIMM W, et al. Diffu-
sion Behavior of Additives in Polypropylene in Corre-
lation with Polymer Properties[J]. Food Additives and
Contaminants, 2008, 25(11): 1409—1415.

ALIN J, HAKKARAINEN M. Type of Polypropylene
Material Significantly Influences the Migration of An-
tioxidants from Polymer Packaging to Food Simulants
during Microwave Heating[J]. Journal of Applied Po-
lymer Science, 2010, 118(2): 1084—1093.

WANG Z W, WANG P L, HU C Y. Investigation in Influence
of Types of Polypropylene Material on Diffusion by Using
Molecular Dynamics Simulation[J]. Packaging Technology
and Science, 2012, 25(6): 329 —339.

VRENTAS J S, DUDA J L. Diffusion in Polymer sol-
vent Systems. Il . A Predictive Theory for the Depen-
dence of Diffusion Coefficients on Temperature, Con-
centration, and Molecular Weight[J]. Journal of Poly-
mer Science Part B: Polymer Physics, 1977,15(1):
417—439.

VRENTAS J S, DUDA J L. Diffusion in Polymer sol-
vent Systems. I . Reexamination of the Free Volume
Theory[J]. Journal of Polymer Science Part B: Polymer
Physics, 1977, 15(1): 403—416.

VRENTAS J S, DUDA J L. Free-volume Theories for
Self-diffusion in Polymer-solvent Systems. I[. Predic-
tive Capabilities[J]. Journal of Polymer Science Part B:
Polymer Physics, 1985, 23(1): 289—304.



