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1.68 mg/kg; & T M 4 % 4 0.98,0.99,2.93 mg/kg, &£
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F % 81.0%~103.3% ; 48 2+ 47 A 4k £ 4 0.78 %6 ~7.05% .
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Abstract: Objective: A HPLC method was established for simul-
taneous determination of formaldehyde, acetaldehyde and
acrolein in food contact rubber gaskets. Methods: The migration
test was carried out according to GB 5009.156-—2016 by using
4% acetic acid aqueous solution, 10% ethanol aqueous solution,
20% ethanol aqueous solution, 50% ethanol aqueous solution and
olive oil as food stimulants. After derivatization reaction, the
samples were separated on Accucore RP-MS column with acetoni-
trile-water solution as mobile phase and detected by UV detector.

Results; The results showed that the three aldehydes showed
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good linear relationship in the mass concentration range of 0.05~
5.0 mg/L, with the correlation coefficients R=>0.998 3. The de-
tection limits of formaldehyde, acetaldehyde and acrolein were
0.57, 0.62 and 1.68 mg/kg, respectively. The limits of quantifi-
cation were 0.96, 0.99 and 2.93 mg/kg, respectively. In the
range of 1.0~15.0 mg/kg. the recoveries of the three aldehydes
were 81.0% ~103.3%, respectively. The relative standard devia-
tions were 0.78% ~7.05% respectively. Conclusion: This method
is suitable for the detection of the migration of aldehydes in food
contact rubber gaskets.

Keywords: HPLC; pre-column derivatization; rubber gasket for

food contact; aldehyde compounds
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1.1 UHEREHH
B 8 3% 4 : ACQUITY UPLC H-Class B, it A
Waters EmpowerTM 3 (i 4k B R %45 , 3¢ [ Waters A ] ;
T8 % ¥ 45 #% . MS3 Digital %, [ TKA A 5
VR B 0L 320R B, [E Hettich Universal 23 7] ;
WA : Finnpipette™ F1 &I, 3% [ Thermo Electron

NG

pH 31 :PT162 B, 35 [ R A A BRA Al 5

2K Bl - milli-Q Direct Y, 2R 7 %5 U 4\ 7

PR (a3 4, 56 B R b A R+ 5

K R R UE - 10 mg/mL, CAS 2 50-00-0, 1 [
T B A 5 B s

Ko ZEFRAE 2 1 000 pg/mL, CAS 5 75-07-0, |
W 2GR E A B 5

K P BERRUE AL 01 000 pg/mL, CAS 5 107-02-8.,
I 8B TR LR R0 A BR A F

2, A- T FEFE MR - 43 A i, 4 BE 2=>99.0 % . [ 24 4 1k
2R A RA A

WRIR - D gk 4l 4 i 2>85.0 % » K T B 25 B Ak 2 38 7
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1.2 Ak
1.2.1 HrfEE W i

(1) AR b B 23 0 HE B B L 50 pl 10 mg/mL
g .500 L 1 000 pg/mL £ ,500 pL 1 000 pg/mL 7
SRS T 10 mL A B P AR B2 A E 208 15 3 R
RS 50 mg/ L (R o VR BRAE AR S 1 AN A

(2) BRI AR ME AR I8 W < 40 0 A I B b R A o
] ¥ W 0,10,20,40,100,200,400,1 000 xL. F 10 mL F
o, S RBUN B 1026 ZBEA 0.6 0 9 12 /K 1 Tl
EAZES mL.HA 0.6 g/L 2.4- RS FE AT A 1Lt )
EARZE 10 mL, 15 3 5T & v B 4 %) R 0.00,0.05,0.10,
0.20,0.50,1.00,2.00,5.00 mg/L BIbrUE TYEE K . T2 1d
GB 31604.1—2015 B3R, g% 4% ZBRK KW 10 % 2
TR <20 Y6 L BETK 5 I .50 6 £ T 7K V8 S0 B AMOASS il /6 H
AL . AR A o AR A TR TR AR R A A
J5 ZCHEAT O o T MO T B AR L R o R R
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FH 0.6 N BERRKIEBE R ZE 5 mL. A 0.6 g/L 2.4- Y
BT AR ALK RN W A E 10 mL, ¥ 68 A TR
Vits T 60 CRMAMRN 1 h. R EZIR.Z 0.22 yum
BN o SRR

1.2.2 #f 5 A4k 3

(1) FE S SR PRI 1.0 g 4R 88 25 £ BBl A o ORE T &2
0.001 g)F 50 mL HZER% 1, il A 10 mL 7K .40 C &%
AW by U WO R IR .

(2) FFEEAL BN - HERR RS BB 1 mL F 10 mL HL (8
B 0.6 X B R K IE M ESR 2 5 mL, ] 0.6 g/L
2, 4- TR B R AT AR AL IR E A R 10 mL, AR # i
e B (60 °C o1 h) A H B, 0.22 pm I H T
U8 BEREAI
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AR L R
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(1) REEBEHL WL - # B 1.0 mL 7K B8 0 A T
10 mL b4 i 3 IR 1.2.2(2) J7 ik i AR AL R B

(2) BYOHE b A AL TR AR B 10.0 g B Jih A8 400 40 3
K% 0.01 @ F 50 mL BB, A 10 mL 25 F
JK I 3 min,4 “C¥E 30 min, % .0 (9 000 r/min,
4°C), ML 0.22 pm 38 BE I 38 5 WS R DN B . oE
MR E 1.0 mL 3B F 10 mL @45 d 4% ) 1.2.2(2) )7
A A AL RN .

1.2.5 @kt

{03% $: o4 Accucore RP-MS (3.0 mm X 150 mm,
2.6 pm) s AETR 30 C A A W2 W shAE B oK 5
BEVRME A5 F R s Al A = S Eh A B=65% + 3550 s Ak i it
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2R 2 R DA R AR Ay B BT IR S I R R 4 3k 80 %6 LU
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Figure 1  Effects of extract types on extraction rates of

three aldehydes in olive oil simulant

2.2 fTHERFIREEE

Sk 2 5% A Az iR 700 kAT 2R K R W, T 5T R R O
10 mg/L {1y R | 2 0 0 P 065 T YR 5 7 1A V2 W b 43 33
A [ Jo 4 e 38 1 2, 4- 7 2 2R (DNPHD 77 28 32 77 i
A AL RN I B 45 R R BT 3 P 2R 1k & W Y 04 TH
Wit A A= TR o A o R R g O 2 BTR . MR
HWREE>0.4 g/ L i, WY A 2 A A 4 0 T FR B A 5K %)
IRAE s Y i MR B > 0.6 g/ L B, P9 9 T A7 A= 4 e 1T AR
FEAGIEAZ TR L T B A b TR AR A,
[# iy, DNPH ﬂnr“{ﬁum?rﬁm i R o TRk E
SR BRI e . GREHIR L ERE 0.6 g/L 2,42
it 48 JF (DNPHD A7 £E 328 70 4 g 7 A= 12008 ke 2
2.3 BEFATHMNEE

HEERIEEM T BRI EWE 2.4 0 58
AR A 2 AR SR S 4 S A B 3 B0k 0.194,0.2%6,0.4%
0.5%,0.6%,0.7%,0.8% ,1.0% 4 B R . Z TR Il B BR /K %
WA NBRBEVR ) . 1 3~ &1 5 Al 0, 24 3 R 9 1R
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Figure 2
hyde, acetaldehyde and acrolein derivatives

with the amount of derivative reagents
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Figure 3 Curve of peak area and acid content of formal-

dehyde derivatives

120 000
— TR =R . LR
= 100 000+
3
= & 80000
g
& 60 000}
40 000 | I | I ]
0.0 0.2 0.4 0.6 0.8 1.0
mﬁ‘z/\li
Acid content/%
B4 @A msEaRERASEH TMEL

Figure 4 Curve of peak area and acid content of acetalde-

hyde derivatives
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HEWIFE 353 nm F 364 nm Ab A WK (B AT AL 2B R3 IHBRLAYES MEREMYH
DNPH i A= W) £F 364 nm b 55 K2 SMR I 79 5 % DN- Jn AR B ZE 1 RSD
PH 1774 9y dsc K 9 28 SM NI AE 372 nm b,y T K45 B Table 3 The recoveries and RSD of three aldehydes in
b B R R K R S H bR W e R W i 4 B five food simulants(n=6)
A PR T E ERNE
PRI AT RUE R s ngg W PEBEC RSD/
2.6 ZMUTEERHREEER w 2 (mg - kg D) /% y
B B E e Sl 0,05, 0.10, 0,20, 0.50, 1,00, 2,00,
o o o ) 1.00 91.0 5.13
5.00 mg/L [ 3 FhEEZRIR A A5 ME VA W e b i 6 3% 2% 14 iF B 2.00 90.5 0.78
AT RE - 22 T b o ol 28 OB A R S FF 5 MR B mg/ L 9\ 4k 15.00 103.3 1.91
bR AL, AU, AT R A, RIS R BoR . %l 10% 7. B 1.00 89.0 3.75
AE 0.05~5.00 mg/L i B N A BT 1 St ¢ &, 3 Bl K Zm 2.00 88.0 1.05
FAo e W0 LR HE AR 6 R B R >0.998 3. LK 1. MRAR o o .
ST 22 — v ST A v pa e o, 3.00
GB/T 27417 2017,7i<ﬁﬁ1E%(ﬁfﬁ%ﬂﬁﬂ{i@%mﬁ{z — 6.00 90,2 503
B G L BRI S R BR . LA I A SR fER T B A7 R R RE B A 15.00 90.7 413
ST E 10 TR A R AR R 2= () L LS (8 1.00 95.0 5.0
{5 +4.65)FF gk H BR L DL (38 3 39148 + 10s) /E b E i s 2.00 92.5 2.35
PRI SE R EE 2, W28 2 )20, P L o0 T 0 TN A T 1Y 15.00 96.7 3.29
K B 4 3 S 0.57,0.62,1.68 mg/kg. & & BR 4> 51 20% 2./ 100 87.0 395
0.96,0.99,2.93 mg/ke. K R e %00 00 00
e 15.00 88.0 3.11
2.7 EMEAMSEE 3.00 88.7 4.20
2 5 I O T R L X S R R L AT 7 T 6.00 89.2 346
3 B AL A W 10 =K TS AT B e R B R R 2 15.00 86.7 4.20
BT IR 28 1.00,2.00,15.00 mg/kg; P44 1 %8 i 7k 1.00 90.0 2.11
-4 3.00,6.00,15.00 mg/kg, Fi | i §if 4b B 5 1 M £ 1% iy 2.00 91.5 1.27
SAFREATINGE . i FE 3 AT R K 81.0% ~103.3% . 15.00 88.7 2.91
RSD 9 0.78%~7.05%. Wik MOLHEA MR sovem ;22 Z;Z jjo
HEB PR - K 15.00 89.3 1.29
# 1 BB ZEBNEEEITEYSEEIRAEMEERY 3.00 8o.7 119
. . . . W 6.00 88.8 3.44
Table 1 Linear regression equation and correlation coef-
15.00 85.3 2.26
ficient of formaldehyde, acetaldehyde and
lein derivati 1.00 88.0 5.51
acrolein derivatives Eﬁ% 2.00 91.5 3.45
FE i 2 ey AR R? 15.00 102.0 2.17
_ — 5z 99¢ 1.00 91.0 3.44
I fi-DNPH y=7.05e+005 0.999 2 % 7 W ,, '
2.1 DNPH y=4.70e+0052 0.998 3 i L 2.00 905 4.13
it 15.00 88.0 2.36
N #BE-DNPH y=6.20e+004x 0.999 7 o : o
3.00 88.7 5.57
. . T 6.00 89.3 4.71
F2 FEHNKRERMEZR 15.00 053 )11
Table 2 Detection limit and quantification limit 100 870 544
of the method I i 2.00 89.0 3.39
AR 12 vk 15.00 87.3 5.14
=Rl oz B/ BB/
o ( o R AT ( 2 N Eﬁk . 1.00 81.0 4.11
mg ¢ mg * mg * ik + I I
£° K8 bR (R 2 g kg g ke T T 2.00 82.5 7.05
—~ : 15.00 83.3 4.24
Cis 0.23 0.073 0.57 0.96 300 % 3 65
R 0.29 0.070 0.62 0.99 oL 6.00 7.2 4.98

TN I 1 0.60 0.233 1.68 2.93 15.00 86.0 4.01
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