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B R

LIN Qin-bao'

T A

DING Cong-yang'

LUO Jiu-tian'
(1. B RFEE TR MEESYRT AT E SR ESLRE. R KF
2. BRI AR IR R B R AR L TR BRI

FAKR F OB OH

LI Zhong*

f&?

LIAO jia®
5190703
519015)

(1. Key Laboratory of Product Packaging and Logistics . Institute of Packaging Engineering . Jinan University , Zhuhai ,
Guangdong 519070, China; 2. Zhuhai Border Inspection and Quarantine Bureau, Zhuhai , Guangdong 519015, China)

WE A THARBELEMAT Alf Mg 18R % P #
A VA B B 5 B BB AR L B0 AT AS 64 A AL L 3T 8 AR bR 4K AR
A RN IR RN T RN B AR R BARSF B TR
JR T A A A (ICP-OES) Al 8 Ak L 4847 F Al F= Mg #947
BAEERALOBREEREMY CULBRER)PEHSNGE,
WLLAR T Al Fo Mg 6941 36 4 4 51 4 841.6~3 482.0,
179.1~19 720.1 mg/kg., & 44 A 40 'C/12 h,8 # 4 &
Al fe Mg 5] 3% LR ®R T A F 4 5 4 0.077~0.212,
0.065~0.862 mg/kg, mf£ 70 C/8 h T 8 ## & + Al #= Mg
w3 LR AR T EMHF S A A 0.074~0.180, 0.064~
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Abstract; In order to study the migration of metal elements Al and
Mg into acidic foods in coated paper cups and the effectiveness of
mathematical simulation software to simulate migration, eight kinds
of coated paper cup samples were digested by wet digestion, and then
inductively coupled plasma atomic emission spectrometry (ICP-OES)
was used to detect the initial contents of aluminum (Al) and magne-
sium (Mg) in eight kinds of coated paper cups and their migration in-
to acidic food simulants (3% acetic acid solution). The initial
contents of Al and Mg in 8 paper cups were 841.6 ~3 482.0 and
179.1~19 720.1 mg/kg, respectively. Under the migration condi-
tions of 40 °C/ 12 h, the migration of metal elements Al and Mg into
3% acetic acid solution in the 8 samples was 0.077 ~ 0.212 and
0.065~0.862 mg/kg, and at 70 ‘C /8 h, the migration of metal ele-
ments Al and Mg into 3% acetic acid solution was 0.074~0.180 and
0.064 ~ 2.209 mg/kg, respectively. The thickness of the LDPE
layer, the migration temperature and time, and the thickness and
density of the paper can also affect the migration of the two metal el-
ements. Using the migration simulation software AKTS-SML, simu-
lation of Al and Mg migration were carried out. Piringer model was
used to calculate the diffusion coefficients. The partition coefficient
between paper and low density polyethylene (LDPE) was set to
1 000, The partition coefficient between LDPE and food simulants
(3% acetic acid) was set to 1, the migration of metal elements Al
and Mg simulated at 40 ‘C/12 h were 0.760~ 3.075 and 0.162 ~
17.750 mg/kg respectively; the migration simulation results at
70 °C/8 h were 0.757~3.059 and 0.161~17.660 mg/kg, the migra-
tion results simulated by the software are higher than those obtained
by the experiment, migration simulation software can simulate the
migration of metal elements Al and Mg to some extent.

Keywords: coated paper cup; Al; Mg;acidic food; migration; AKTS-
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WA AR R BRI R S AR EE R T
T DA BT ARl A R R 2 S 0 4 U R AR A O
PLA R B B 2 S 4RI 3 bR S o B 4
fil)s XA EICE M REB S HRZ T BRI EHP N
T X8 2 25 11 B 3 ol e A

H1 T 4% G2 00 3 A% 06 # 4F A J G B K B N T R g
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PE TR HEAT HE T AR, o I 2 T B LSS SR Y 2
SRR RN I W B TR ORI A RS R
R Z (B 43 T AR B0, — S 2 1 0 2K 10030 A5 280 14 Al oy i
FH 2 T O v 01 o0 A R 4RI T T 4 2 5, 40 Banger-
Piringer 1 % | Limm-Hollifield #1 7 | Piringer #% %) Hel-
morth AR AE 43 BT R BN B ST HI X T HOR B
/b BRI T 43 BE 28 B0 Al 35 3 S5 16 0 78 R B0 A A AT o
kTR ER X 2 APy ik T O R T AR N T
BUE 3 53— 7 T VF 22 BK 3 2 4 Ay Y2 g 7 — 1] SR R
ERAK ST BC R B W0 Tehrany %58 51 R 45 Y R B Y
JBT AR G B AL M BT S — iR SR 43 T R B O vk Gillet
0 I T A W I 0 AT A B H ST — R B 43 e R A
W7k . B L By FDA #2286 1 7% 455 00K 140 A g — Fh T
FEM T H SIS 0 {H A v [ 3 T A AR I R
NIT BB . AKTS-SML #4755 45 4 v A HL 47 i 1
BT 0O AW KIE S —F M TR, B FER
HE AR A R B IR K& AL Mg B JEHL 4 I8 #h i
IRIMF 3% 2 4 )8 o0 R B I 23 16 R B AR v 5k B ) A AR A7 T
I X 3 G B R Ik R AR 22 B 4 IR DT R 1w 4G
FE LRI AR Mg B & AR s .

HATX TRAUGX K IR RGP a3 B DL K 68 TR
HYIE R BT TE AR 5 2D A BR A B 5% o L D4R 286 4.2 okt
T LB AR RS = T AT AR 4 JE T
IR AR 1] & b B b RS R B LA B g 0 220K
FH AKTS-SML Hff X} 8 Fiifk 5 4% 3.4 b4 484 v 19 ALl Mg
2P &R IT R AT TR IF 5 X i i B 45 R AT N
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TR e SR « AT 4 ) I Ak 2 50 A BR A W

24 Fh 4 B T F IR G AR 100 mg/L. & BT R 451k
IR NI B I I S T VO LI = B
BB R VLB ER AT 048R B T AR S B R
':F"D;

VK TR : 4y W7 2l 4l B = 99.5%, K i K% Ak 2% iR
A,
1.1.2 FEUMEE

s Kt AR - XMTD-701 Y, 5 390 4F U8 i # i 4% B
AR

L A 45 B IR R 9O 3% 0 5100 ICP-OES #Y, 3¢
2R AT

HL AR TR 4 : GZX-9420MBE R, ¥ IR 3200 A FR
NEIR

AKTS-SML 3T B 1 8 % {2 . Bt 42 4 Advanced Version
5.231, B EHLBEA ] 5

IR JEL A . DRK203B %4, 3 g 7 5t 5 (45 45 PR/ ] 5

Ak & EPED-10TS 24, B 50 5 s B4k e A R
YNEIR
1.2 RWH®

A A A IR RS BR E N S RERE L ERA
CIEAIVE 28
1.2.1  FRUEVEMCECH IR 24 Fh 4 JE 0 R IR A b5 TR O
JE2 100 mg/1)10 mL, ¥ FH] 100 mL %5 il o, 1T 2K
FE Y LB R ) 10 mg/L IR A AR IR BER . KR A AR
T 5 Y P 8 K 43 B R B R 0.2,0.4,0.6,0.8,1.0 mg/L K
FRUEE W T 4 CTHIRAE R .
1.2.2 ICP-OES TAE&AF FE WA 2. 988 12 r/min, 42 F
FERT 25 sCHREEED) L I H] 5 s, 25 AL A% I i 0.70 L/min, RF
& 1.20 kW, 25 FAS & 11.0 L/min, faE B A 15 s,
WA A 1 L/ min, W57 U], A2 S B 0 L/ min,
WS B 8 mm,
1.2.3  BEFATALER R R IRV A% 8 hbk B AR AR A B
AL 5 mm X5 mm 1R HER AR T g ORf i £0.02 @) B &
FTT O ARG A T B AR B AR RR Ak i A
14 mL JE RV VIS IR Wk AT A S T L E R R L TR A
WA B HE N ERHE SR ABLK, A 0.45 pm
P8I 8 S5 AR 267K E 45 3 100 mL Rl
12,4 ERIAT 400 6B A R A Y 4 J8 J0 R 1 IR TE &
BERLY) 1T RS i O 210 AR A BR R A ol L AS BT 5T R T 3%
LREBEWAENE ML HEATER IR, SHEFE D K
PEYCAR A R > L, A 306 R4y B AE 40 °C(1,2,4.8,12 h)
70 C(1,2,4,8 H FREAF K GERIXKEXR 40 C/
12 h #1070 °C /8 h i & A #B 43 4R AR B85 U VL, IR LG AS T 34T
SR ] A T AL ) O R IR Y A — A B ]S 2 417
11 BRI AR B BLA B0US LRI . R dh T 56 {5 B T
BB S EIE 1,
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Table 1 Related parameters of 8 kinds of coated paper cups

and food simulant volume

4C)EFE/ LDPE R/ 4UE R/ 1 LR
GETE RS ,
um pm (g+em™) KRB/ mL
1 244 20 0.870 180
2 227 6 0.884 160
3 282 10 0.868 180
4 265 12 0.942 180
286 19 0.950 180
6 256 16 0.950 150
7 181 10 0.949 120
8 268 10 0.881 180

1.3 HFEMEMHEE

L3.1 YA hTRENEYT fARRE LR FEka =
FEEY R BORE T RSO BT R OR M E S . i T AK-
TS-SML #( 4t A T Piringer #7 , Hiz R ) {2 38 HAEL %
BB L B —E B E M. BT LAARBETE R T AL Mg
TEMRBEAR b BR LA A 38R T Piringer #871,

L3.2 WA TBEHRIRAE Ker ZREWH YR
I B iy 2 it R DL S B 3% B P-4 16 L 3R 5 P o
JEE 5 B SR S BRI P S B A P . — Ok B
SRAEFE A2 J50 5 5 T B B AU b DU AT A S 23 IiE AR 4K
Kopp o 1o QRE RS 0 1 2 1) O T 62 i A5 400 o DU ]

BB RE Kpr i 1000,

2 gik5nbr

2.1 RN ER

2.1.1 FRAE LR 04 E ST R A B E

(D R Ly gy 49 A 0,0.2,0.4,0.6,0.8,
1.0 mg/L MARHERE W E LI ok B2, 45 31 A o il 48 R AR 5¢
FE:AL (396,152 nm) IR HE M Z6 9 Y = 24 216.8X +
136.6, 4036 R B(R) N 0.999 8, Mg(280.270 nm) Y A% i il £
K Y=092 717.2X +168.7 , 41 % ZF(R) K 0.999 8,

(2) PR 5E fEBR  E s AR 11 3R, T 45 A o i 22
3 A% B g A s B, 10 £ RIS R . G ok e, 15 3] Al
(396.152 nm) (A& IRy 2.4 pg/ L. g fEBR N 8.0 pg/L; Mg
(280.270 nm) & H R 0.3 pe/L. EER A 1.0 pg/L.

(3) JrEme kX & J A SO AR . AR Mk BE 0.2 mg/kg,
BEAREA M 2 AT 4 1.2.3 B0 F AL B O vk 0 A5 L RE O E
TTAb B E B ALK, A3 2] AL B Jinds BB h 82,45 %6, A%
PR 22 R 0.76 %0 s Mg (4 il b 5] 05 28 2 82.65 %6 , 4 Xof A 1
2% K 2.00%

2.1.2 FEfh ALFI Mg 90 46 & i EHL AL FI Mg i 46 )
W3 1 396.152,280.270 nm., BN FE S A 3 44T
AL A5 B A AR T ALRT Mg 900G & i 3R 2,
2.1.3 S FMFES R AL R Mg (iR RS 45 R ¥ 3U L MR TR
G318 Tl ik IR AR AR L FE T B 1R e 1) A I JR) RO |
L 2 Fh &)@ e R B . B FRE S 75 AS R BE R 1Y
AN [T B 1) A5 2 AP AT IR L A R L3R 3.4

R2 SHKERAMNERD AR Mg B EE'

Table 2 Initial content of metal aluminum and magnesium in 8 kinds of coated paper cup samples (n=3)
mg/kg
L FE it 2 5
&I/ILHR
2 3 5 6 7 8

Al 1053.2 1430.9 1726.8 894.9 841.6 892.6 3 482.0 1071.8

(6.3%) (3.7%) (8.6%) (3.2%) (0.8%) (1.7%) (3.5%) (1.5%)

M 1 813.0 3 351.6 2 951.9 12 720.6 179.1 19 720.1 10 281.7 6 845.7

N AL3%)  3.3%) (12.9%)  (14%)  A7.7%)  (3.8%) (3.0%) (4.9%)

T S5 W RSDE.

K3 AWWCTSHMERHAIFIMgE 3N ZHIHITIBRSE

Table 3 Migration of aluminum and magnesium into 3% acetic acid in 8 samples at 40 °C (n=2)

mg/kg
1h 2 h 4 h 8 h 12 h
i 9 5

Al Mg Al Mg Al Mg Al Mg Al Mg
1 0.022 0.056 0.036 0.092 0.056 0.144 0.080 0.212 0.100 0.246
2 0.016 0.078 0.026 0.116 0.040 0.213 0.060 0.324 0.153 0.578
3 0.018 0.075 0.035 0.129 0.042 0.266 0.081 0.313 0.118 0.862
4 0.025 0.085 0.038 0.144 0.046 0.219 0.070 0.412 0.077 0.527
) 0.029 0.019 0.049 0.035 0.071 0.036 0.103 0.047 0.134 0.065
6 0.016 0.072 0.030 0.156 0.047 0.315 0.074 0.611 0.080 0.774
7 0.045 0.150 0.077 0.230 0.100 0.307 0.157 0.462 0.212 0.572
8 0.018 0.048 0.026 0.079 0.048 0.161 0.077 0.274 0.108 0.453
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Table 4 Migration of aluminum and magnesium into 3% acetic acid in 8 samples at 70 °C (n=2)

mg/kg
1h 2 h 4 h 8 h
AT Res

Al Mg Al Mg Al Mg Al Mg
1 0.042 0.095 0.056 0.157 0.061 0.160 0.144 0.304
2 0.028 0.100 0.035 0.208 0.065 0.261 0.180 0.353
3 0.040 0.104 0.046 0.205 0.058 0.250 0.108 0.411
4 0.037 0.126 0.048 0.344 0.056 0.549 0.114 1.356
5 0.017 0.022 0.049 0.025 0.069 0.040 0.116 0.064
6 0.027 0.131 0.041 0.438 0.042 0.802 0.181 2.209
7 0.062 0.184 0.069 0.294 0.128 0.414 0.157 0.462
8 0.028 0.083 0.061 0.295 0.092 0.412 0.177 0.897

RYETE BRI 45 R w] LLF W, 3 55 0 ] A [ B 3 b F5 40 C 12 h &M THELRS Al F1 Mg

.2 R R R AT M AT A — B A LR R
FANCY) IR/ ST SoR I—JBHLYMH%ZEEH@?%E%)%'J%E&XH‘Zﬁﬁ

TR R iR

Table 5 Aluminum and magnesium migration simulation

JBICR TR A BRI . a1 2 5 A1 8 4 mh (10 i B il I data in coated paper cups(40 C,12 h) mg/kg
W AR AL RIGR B B RE 25 8 R HL AR 9 BT B AR — AR A OB - Al Mg
EBE AL TR /N, DLRTE 6 5 H 8 SRS I IE B I KB (H FLAL I R
B, SAEM Mg WA S EE R TS SN EH T 6 1 0.100 0.874 0.246 1.505
S SR BT DL Mg B IE B & BN T 8 S MY, 2 0.153 1.193 0.578 2.795
H T AR T3 ARARAE (i B I )2 5 i LA 2 A % K 6 I T b % 3 0.118 1427 0.862 2.440
] AURRBE 55 AUAR IS R 5 Y 45 111 A B B 96 R R ok, R 4 0.077 0.802 0.527 11.400
TR H A, 502 Fh g s B 1 0T B X I B K. D) g 0.134 0.760 0.065 0.162
SRR )R B AR B FE AR s 2 R B OC R T B 6 0.080 0.803 0.774 17.750
zh 7 0.212 3.075 0.572 9.082
8 0.108 0.901 0.453 5.753

2.2 EIBERLER

P4 25 A S B A DG A B A0 AR 0 JEE 9 B JEE L AR Y
FE Ik R AR5 A 0 A 1% 4 o TR R £ A L 1 R AR
FAE B il 5 45 1 i A B AKTS-SML {4 ep . 2 F 4 J8 T %

9 BR BRI Piringer BERLPEAT 0 5 20 Bl R BOR 5T F

£6 70°C.8hHI%
T LA R

Table 6  Aluminum and magnesium migration simulation

ST HBRRARH ALFD Mg

data in coated paper cups(70 °C, 8 h) mg/kg

WS T A TR TN K e = 1. 522 0 R B _ —
W Kow =1 000, 57 L4465 LDPE B 5 4 2 2 5O 1% B TP P - - _
1 000, LDPE [ 5 K 94 2 5 5N 505 0 1. 35 RS B 3 1 f’f *f*jf : if *T*“f
ﬁ%ﬁj i% 0:0e 2 0.180 1.186 0.353 2.778
MBI 2 AT 2 i 5 26 10 AL B (38 T 3 S
o 0 15— 7 2 g o 74 048 5 B ) e o
B2 55— T B P 0L 2 #0486 2 T A5+ 4F 36 B gt e e
VERT RS 0  THE 28 60 B o 9 % 7 23T 75 15 17 B ) S e iwe e
A K AR 5.6 B L R T 6 e 7 ) e
O T 1 T 5 L 40 5 o B B 5 1 2 . e ok me s

FEETRERABNIB T, SBTEWNTBEAFTA

B 43 o HCAE £ 25 A4 Rk o 3T % 3K 3 i 1 e i) A T AR

YA 8 v 25 B ATRR 19 S R A G 5% L 3R B 1K 00 A AR R R T

WG A% 1k i DL 4 g 0T R 1 1T B8 08 B A IR BT L

TEFAF B AR o BB M JE 6 T 4 Jm T RAE M e

BORBOW T SRR BT LA Y B B 0L T R A Y 2 Piringer
98

BRI FEAT AN B O3 — J7 T » bk IR 40K 5 b 4% 28 60 288 B0 R 19 oy
P B RO P T 56 T AR A =R 2 T 4R 4R X —
SRR L R R E R VRS TSR T
BAFR TR R E Tl m . SBERERE X R

BN 71« [ I T 7% B0 B A5 P B S i A B X
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FEA BEORAIE TS 2% 35 22 4, TR M2 8 BP0 AR 1 e AE — o8 R
W 2 R R T R iR .
3 &k

AW R IR TH R 45 & ICP-OES K31 1 8 Fil ibk 2 4%
e ALFD Mg i & i AR 1) 300 LRV I i T L 8
bk IR AR AR AL B9) 1R & 4t 841.6~3 482.0 mg/kg, Mg &
B 179.1~19 720.1 mg/kg. FEF B 514 40 °C/12 h.8 Fi
WRBEACHR o ALl Mg [l 346 RIS E & & 2 ik
0.077~0.212,0.065~0.862 mg/kg. M 7E 70 °C/8 h T 8 Mkt
e AL Mg 0] 306 L BRVE W RS B 4 5 Oy 0,074 ~
0.180.0.064~2.209 mg/kg. i il AKTS-SML if # # #1l
{5t 8 Fhik L ACHR P 2 Fh & JE T FE 7] 300 L BRIK TR P T
B4 R S5 40 °C/12 h, Al F1 Mg 3 B #2480 45 31 4
Wk 0.760~3.075,0.162~17.75 mg/kg;70 ‘C/8 h FiT#
WA g5 B4 )l 0.757 ~3.059,0.161~17.660 mg/kg, # )
SRR TR, XFETBELEZS T LR TBE
MR BRI — B BB E BT, 5 shd
BB A TS [ A DGR B AR A T — S FR AR
SR I T 4 IR T R AE AL 3 AR T BCR RO 4 I R
Bt AR DL R B B A [R) h 2 0 RERE R A BSOHE L A R
BT EE S LB E g iE, BT~ 5%

TR
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