R, AR R, Dl B R i XUR (BE ) e 5 & e AL

- 594 - HEE SO BESE 2011 4F 10 H %5 28 55 10 4] J Environ Occup Med, Oct. 2011 Vol.28 No.10
XEHS : 1006-3617(2011)10-0594-04 FENES :RI2 XRRFRAERD : A [ip2)

RO (B B A = B R S

£, WAKE

m

WE. [Bey] FAIHBEAZHERR, 21— HEN-REAK-FTELLABT -_RAKIVENS
WA EIE(HPLC) M E k. [k ] ZREE-FR(ZR)BEABERANK. 4% 08 15% LB E T 4 Fi 5

FlEBRR, E2ARTREGRAHEEN, ERECEIEE, HELIBNERNL2F . MNE, Mg, [£
R] NEEAGPERZERNEBELTERAE T ZREAB-TEARAB T = REAKIHEN QN T F, &7 %
iy B IR 10 pg/dm?, 77 3 89 4 M 58 B 4 0.050~2.000 pg/mL, A & Ao kR B K ST B A 85.7%~105.7%, ¥ & 4 #3298 % N £ 45
RO AT Z N 043%~4.80%, [ 4] AT ERE - NN ZREM-FELLABY - REAKIHERE . AR
S REE WM E T

KR ZRAEIBE; "RMEEE; R TEE; RiGk

Study on the Method for Determining Migration of Melamine from Melamine-Formaldehyde
Containers by HPLC XIONG Li-bei, JIANG Mi, DAI Cheng-bing (Shanghai Municipal Center for Disease
Control and Prevention, Shanghai 200336, China)

Abstract:

determining the migration of melamine extracted by four solvents from melamine-formaldehyde products used as food containers.

[ Objective | To develop a rapid and simple high-performance liquid chromatography (HPLC) method for

[ Methods ] Melamine were soaked out by four solvents which were water, 4% acetic acid, 15% ethanol and n-hexane. The four
soaks were separated by reversed phase chromatographic column and detected by UV-detector. [ Results ] The analysis method of
determining the migration of melamine from melamine-formaldehyde food containers was studied from the aspects of chromatogram
and soaking solutions. The detection limit was 10 pg/dm?®. The linear range was between 0.050 ug/mL and 2.000 pg/mL. The recovery
was controlled between 85.7% and 105.7%. The relative standard deviation was between 0.43% and 4.80%. [ Conclusion | This
method was rapid, effective, stabilize and sensitive for detecting the migration of melamine from melamine-formaldehyde products
used as food containers.

Key Words: migration of melamine; HPLC; melamine-formaldehyde; soak
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Table 1 Selection of chromatographic column and mobile phase

it b A min )
Chromatographic column Mobile phase Retention time
. 0.1% =35 LR
Shield™ RPys 5 um, 150 mm x 2.1 mm ’ %‘ A . . 1.683
0.1% trifluoroacetic acid
0.1% =21
dCg Spm, 150 2.1 1.887
B mm s dmm 0.1% trifluoroacetic acid
0.1% =3 L1
ak Cjg MG 5um, 150 2.0 2.265
pak b Hm mm 2 fmm 0.1% trifluoroacetic acid
0.1% =L
suit polar C,3 5 pum, 150 4.6 3.780
pursuit polar Cig 5 um mmX MM 1% trifluoroacetic acid
CUBERER BN ( Sodium 1.860
di 1 G5 150 46 hexanesulfonate )( 5 mmol/L ’
S B X 4.
1amonsil Lig ) pm i i pH 3.0 )+ I ( Methanol ) 7004

(90mL+10mlL )

7.401
1.6
1.4
1.2
1.0
0.8
0.6
0.4
0.2

0

HEEE (mAU )

0 2 4 6 8 10 12
AsFTE] (min )
E1 =REERREREHEIEE

Figure 1 Chromatogram of melamine standard solution
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Table 2 Results of precision test for melamine-formaldehyde products

AU I E LA (mg/m?)

Determination results in every time of soak

RiA S

Soak vessel

QIR

Soak solution

AR R g 22 ( % )

Relative standard

W SF-H44H ( mg/m?)

Average value

deviation, RSD

1 2 3 4 5 6

1 K ( Water ) 2.25 2.23 2.19 2.16 227 221 222 1.81
4% .18 (4% acetic acid ) 3.83 3.92 3.90 3.91 3.93 3.92 3.90 0.94

15% Z.BE( 15% ethanol ) 2.47 2.47 2.32 2.50 2.45 2.45 2.44 2.58

1EE % ( n-hexane ) 0.79 0.73 0.78 — — — 0.77 4.19

2 K ( Water ) 1.88 1.87 1.73 1.75 1.68 1.70 1.77 4.87
4% 2,15 (4% acetic acid ) 2.85 2.74 2.76 2.85 2.76 2.78 2.79 1.73

15% Z.1#%( 15% ethanol ) 1.71 1.67 1.70 1.73 1.70 1.70 1.70 1.14

1EEV % ( n-hexane ) 0.71 0.70 0.71 — — — 0.71 0.82

3 K ( Water ) 4.78 4.78 4.81 4.83 4.90 483 4.82 0.92
4% L1 (4% acetic acid ) 6.28 6.20 6.21 6.18 6.19 6.09 6.19 0.99

15% Z.1%( 15% ethanol ) 4.37 4.39 4.42 4.37 4.40 4.40 439 0.44

1ECHE ( n-hexane ) 0.71 0.74 0.75 — — — 0.73 2.84
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Table 3 Results of accuracy test for melamine—formaldehyde products

FRAAK % i (mg/L ) A FRE R 22 (% )

feslukasind R R P FEAIbRAE (mg/L)  SHE (mg/L ) BIR(% ) FRIRIEE (% ) .
Soak vessel Soak solution Sample No. Background content of Labeling value of sample Measured value Recovery  Average recovery Re]a'hv'e standard
sample deviation, RSD

1 7K ( Water ) 1 0.299 0.100 0.397 97.7
2 0.296 0.100 0.391 95.2 97.8 2.71

3 0.291 0.100 0.392 100.5

1 0.299 1.000 1.302 100.4
2 0.296 1.000 1.291 99.5 99.7 0.67

3 0.291 1.000 1.283 99.1

4% ZFR (4% acetic acid ) 1 0.510 0.100 0.604 94.1
2 0.521 0.100 0.626 104.9 97.7 6.41

3 0.519 0.100 0.613 94.0

1 0.510 1.000 1.507 99.7
2 0.521 1.000 1.517 99.6 99.8 0.27

3 0.519 1.000 1.520 100.1

15% Z.BE( 15% ethanol ) 1 0.329 0.100 0.416 86.9
2 0.328 0.100 0.417 88.5 90.5 543

3 0.309 0.100 0.405 96.1

1 0.329 1.000 1.302 97.3
2 0.328 1.000 1.294 96.6 97.5 0.99

3 0.309 1.000 1.294 98.5

1ECUHE ( n-hexane ) 1 0 0.100 0.106 105.7
2 0 0.100 0.098 97.7 102.2 4.00

3 0 0.100 0.103 103.2

1 0 1.000 0.901 90.1
2 0 1.000 0.883 88.3 89.9 1.68

3 0 1.000 0.912 91.3

2 7K ( Water ) 1 0.250 0.100 0.335 85.7
2 0.248 0.100 0.337 88.9 87.1 1.87

3 0.230 0.100 0.317 86.8

1 0.245 1.000 1.242 99.3
2 0.248 1.000 1.234 98.6 99.4 0.81

3 0.230 1.000 1.232 100.2

4% PR (4% acetic acid ) 1 0.380 0.100 0.478 98.5
2 0.365 0.100 0.461 96.4 97.6 1.11

3 0.367 0.100 0.465 97.9

1 0.380 1.000 1.377 99.8
2 0.365 1.000 1.375 101.1 100.4 0.65

3 0.367 1.000 1.372 100.5

15% £ J5-( 15% ethanol ) 1 0.227 0.100 0.319 91.7
2 0.223 0.100 0.319 96.0 93.6 2.34

3 0.226 0.100 0.319 93.1

1 0.227 1.000 1.212 98.5
2 0.223 1.000 1.210 98.8 98.6 0.15

3 0.226 1.000 1.212 98.6

IEC%E (n-hexane ) 1 0 0.100 0.095 94.6
2 0.100 0.093 92.6 93.7 1.07

3 0.100 0.094 93.8

0
0
1 0 1.000 0.978 97.8
0 1.000 0.961 96.1 97.0 0.88
0

1.000 0.971 97.1
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B i by TOAIRIERE 00 ) g (gl WG gL FUCR o) FI Tl (9p) TPRIERE (%)
Soak vessel Soak solution Sample No, Duckeround contentof o value of sample  Measured value  Recovery  Average recovery |02+ standard
sample deviation, RSD
3 7K ( Water ) 1 0.631 0.100 0.726 95.3
2 0.632 0.100 0.728 96.8 96.5 1.08
3 0.636 0.100 0.733 97.3
1 0.631 1.000 1.623 99.2
2 0.632 1.000 1.631 100.0 99.5 0.44
3 0.636 1.000 1.629 99.3
4% .18 (4% acetic acid ) 1 0.829 0.100 0.926 96.9
2 0.819 0.100 0.917 98.7 96.8 2.02
3 0.820 0.100 0914 94.8
1 0.829 1.000 1.816 98.7
2 0.819 1.000 1.796 97.8 98.6 0.72
3 0.820 1.000 1.812 99.2
15% £, ( 15% ethanol ) 1 0.581 0.100 0.686 104.8
2 0.583 0.100 0.687 103.5 102.9 2.14
3 0.588 0.100 0.688 100.5
1 0.581 1.000 1.573 99.2
2 0.583 1.000 1.580 99.6 99.7 0.45
3 0.588 1.000 1.589 100.1
1EC 4% ( n-hexane ) 1 0 0.100 0.093 93.3
2 0 0.100 0.097 97.2 96.6 3.15
3 0 0.100 0.099 99.3
1 0 1.000 0.982 98.3
0 1.000 0.976 97.7 98.7 1.38
3 0 1.000 1.003 100.3

3 g

FL i = BRI A 2 O A G, R, =R -
T RS i Sy SR HIIN A ) £ A 25 At v = SR U B e
Jrik BRI o AR 4% LR . 15% L. IEC RN
Pl SR B A, X = SR AGUE — FYIE £ il 5 A T o 5
B, TSR A 5 MRS R0 £ ot A Rt 2 B, R 1E O e AU
i HBRZS B, HERE OB FIB B A &b, PR LR KoK
VR R B S A 7E— BRI T, 4R e
WAL SRS, SE A T A5, e IR 1 i AT S it 3
AR, BERE RS T XR O e R B, I pH (B A 2~3 By SRR Pk
FAETR, SRJE R Cos WA CL 54T, 1 AR £ 335 {3 58 A G
T = RE R A T S RENE R R IE . A AR
TRREWE AL BT i ok 2 B L M B R, T FL S B4R TR
HLCP, AITTBE A H B W IR B AR P

S k.

[1JEHLING S, TEFERA S, HO 1P. High-performance liquid
chromatographic method for the simultaneous detection of the
adulteration of cereal flours with melamine and related triazine by-

products ammeline, ammelide, and cyanuric acid[ J |.Food Addit

Contam, 2007, 24(12): 1319-1325.

[ 2 ]MUNIZ-VALENCIA R, CEBALLOS-MAGANA SG, ROSALES-
MARTINEZ D, et al. Method development and validation for melamine
and its derivatives in rice concentrates by liquid chromatography.
Application to animal feed samples[ J ]. Anal Bioanal Chem, 2008,
392(3); 523-531.

[318K3E4, Mg, PRid, 25 . im0 R A o ok 0 s R R 4 &
iR S R S () ) A TR R 56 2%k, 2007, 17(12):
2205-2206.

[4 1Bz, XK, S, 55 N0k = RGUR Y & S50 oR
JENE [T ). A riiiaEdi, 2008, 27(3): 322-324.

[5IRPugE, BA, FNE, % w8 2 e 7L -5 2L R
SRFEMELT ) REES TAELGE, 2009, 21(1): 2731,

[6 8K, ZEAE, XE, 5. &R0 R e & SR =
REMELT ). A HnfEE , 2008, 27(5): 190-192.

[7 102045, Enp, 22EEE, 55 . = 0RO (s i s fape) 2 & fh i =
REMEE T ] EEEZ S, 2010, 7(18): 12-14.

(Y FEEE: 2011-06-16)
(G ARG i Tkl B A



