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REBEZNEZYILEmERM B PSR

BAEA kiR ErFE O4ME ER' ALK
"CIUARE A B VAT E S0, IR SRR =145 5 24 vp (AR s A B S0
i B Kb 54 T 2B, 5L 273165)
(P ERREBE PG R RS B, PE T 810001)

W OE SRRV - A% 2K (GP-MSE ) FoAR , HIRR AL W s SR IO TR, X2 i AR h g
JUi e AT T RO T 4 . L 10-2 k-1 WE R -2-Afi BE S8 ( EASC) A ZOLIAH], 75 60°C .pH 10 B Z&AFT, XA
e A TAE R 6T A, Hypersil GOLD #1438, ZEIGARAM BB I (A, FUE ST (A,,) 43510 262 nm Fl
430 nm, 12 FPARWIMEARE L BRM 0.4 ~0.6 pe/kg, BRI 1.2 ~2.1 pg/kg, 7£2.0 ~2000 we/L ¥ A,
MR BT 0,998, AL EA PG T RERS, HTE2YLE S aBs Bl o, 45848 A
W

KEEIR R RO A5 SR R - GRS AR A R 2240 LA i A AR A T

1 51 &

WA LB A T, (ML LS AR B ) B fE F A KRG 2014 AR B
KEEMIBIFR IR, 20% MRETT LE AR 2 i abiis, (v 7240 M E M EER Y5 n KA
PEP L MR AR AR R P i R e A R P, PR R L R R T A £ e A e
BT, BRI S B Y A SE R B AR T e T A ) R I e RN B R AN i, A
R, T BT AR WL TR R LB SR AL B T S I B AR A R E s
1A (R A B T AARAEY O X F 2R e T BRI ML E , e [ bR v 2 R X e 2k & W U T
TR SR LA R AR i JC ST AR SR SR A LA A A2 Rl v A B I e Ak T A
ZHEX, EMHS R AER R, fa R LSRR

R S B EURI 3BT 7 10 2 1 AL Ak P (T B A U A 11 ) e, AR e [EIACRE T B U T
RANHFER K, WG &, Wb, Sk s &Ml —AERm o m" B
B0 S BRI RE B ) SR S RO 12k DR B BRI A D R AR R T
I, AR R 5 vk 3 A R R RE S, AR R -0 ST A8 A5 B ((Gas purge-microsyringe  extraction
GP-MSE ) 5 AR S — il 24 () [ AR S R B 72, ad Ao A4 X0 25 A 2548 o A R I 4 2 iR
A, RE SR B B GRS AR, SO PO 4E . GP-MSE MR BT AN
T L i R e AN, BIRBCR R, fErl LY Bipt sy g I E R, HErg s T bk
B N2 PR I5 IR SALA W A Mr 718 (B oA WL HEAE R 105 e oA o B4 1 FHATF S

N Wil AN 225 5 3L A, W ICA BCERINR, 5730 AR (835 0 A R BUEAR, i A B4 mix s
A YRRR o i A R R A RIGE AR . FERT ST AR VA N R & MR SN RE L, TERR
R A R e #E T AR AR R A SE R E A il GP-MSE $RBCK B, a5 Aol b, d
ST R R P RORR e i -SSR . AR A VLRI AR, REEER, R T, HT24LE
wn B RE T IR W e i 3 AT, ROR RAF
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2 SLIGES

2.1 =E5RA

Agilent 1260 ERCRA I (€ E Agilent 257]) , BlATELEA AN, —J0E . H o HERS FIkE
A, A AR (SXKW-100 mL, A BESFERA R AR ) 3 SRR i i1t (LZB-2, 0.4 ~
4.0 mL/min, SIAFEEACGRAIRAF) Wk LR IRk T e S O Bl SRl T-Rie 58—
Jle RN+ e (26 >99% , SE1H Sigma ATH]) 5 LNE B CEE(HPLC 2, 3 Sigma A H]) 3 HE ]
YR brali A b, 10-2 FE-0 g -2 -fifi /5 5 ( 10-ethyl-acridone-2-sulfonyl chloride, EASC) 7] A 525
A S2E K Milli-Q #R4lik 2258 (35 [ Millipore 23 7)) il 45 O #R ALK
2.2 B &ERETAE

3 K DA 224 b T ) K ) AS [R5 ) R 4 LB S e MR A Sl K kg, B, SR AR B K
251 em® K/, FEHL
2.3 AikEE

Sy RIFRBGE AR bR, P A e 2
%5 mL, 1RSI, Rt A8 TR — 2 L 1 T
ke, THEGPRUEA I, PREL0.05 g EASC T 10 mL / N,
CIEHRR, BER 5x10° me/ L ARG A R
2.4 REUFZE

KL% [ ] GP-MSE B E (WK 1),
X AN TR A T £ i i Rk e g i I g R AT T B G
B, 2.0 g HEME TR, 1.0 mL FEH T
BUEIMA 0.5 L. B2 46 RS, VAW BTN y sy a0 Gr-MSE) 2 B
2.5 ml/min, IEVHVHSE 250°C, WA 30 min, i 1 Sketch map of gas purge-microsyringe extraction
PERR A H (GP-MSE) apparatus
2.5 [ERRERMITTE

1] 2 mL 2 PR 100 pL 42BUK , 50 wL EASC fiAiFI R A 100 wL NaHCO,-Na, CO,
LEPIAT (pH 10) , HEG T 60°C /KB 10 min, JVEEHJG, FHRAWEHEZER, RIGMAGE
WONEEW, BT AR B 20,5 mL, A HUBE 85 FE
2.6 DWEH

@I R AT Hypersil GOLD £ (250 mmx4.6 mm, 5 pm, ZERQHRBIHEL AR o WA A
5% N, WA B NG, Wik 1.0 mL/min, FEi 30°C . BREEVENFE/T .0 ~ 10 min, 40% ~60% B;
10 ~ 15 min, 60% ~100% B, 15 ~20 min, 100% B, BEFEEE 10 pl, 2GEE K (A,) Ak S K
(A,) 535K 262 #1430 nm,

3 ERSTE

3.1 REURFIXHR B R A T

BEPEIK | LN AR S B IBGRCHR] , 25 %2 0 0 DA B SO )36 1 R B2 AP A 2 7R ) 42 B
R BRI R R 22 GP-MSE HIAS [R) iR S U AT A2 20 A, REIUAR (ELREAT U X, 45 R R, |
BERIER IR T 40% , CIEHRIUSCRART 30% , K IERBUECRIRT 10% o 5 IS BIAR i e S otk
TESRBOR A 10 pL KEERR , SRS ey, P AL P B A e BOHCR et Tl H AR 2
WHCREIRT 87% o R SEHE N 10 WL pRESIR 4 HY B A S B0
3.2 |RREIHREERA T

RS GP-MSE %3¢ B AR AR AN IR, S0 BRI, 38 BT ) 23 S 5 S0
B2 T 2 HAR Y e B sE o AR AT IR, RIS LI = AR R B, 2 0.4 ~

N,
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4.0 mL/min L E B N XT GP-MSE A2 BUSCRIEAT TS, 455K M, 4 0.4 ~2.5 mL/min Ji
BN, PEIBCICRE R SR AT YRR HE N 2.5 ~3.0 mL/min B, $2EUSCR IR
FE, TS FE KT 3 mL/min B, $EEGCRIAE FRE, Hi, SCih /M E R 2.5 mL/min,

3.3 {RENEE R B E B R

ARSI B GP-MSE %% & R R BURAIAF R 50 mL, ZEH# N 2.5 mL/min B}, 584> B # 50 mL
P AR BT T B RN KT 25 min, SEEGFAA, A I R A 4402 det BB LRSS ] AR 385 I i 184 K, 30 min Ji5 0
mA TR, Bk, S b 4RI E R 30 min,

3.4 TTHEEHHRL

AL T EASC X g s e (7 A Ak SOy 24 < A AR 3N MR B G2 s W pHL (B A7 2 RN B (] RN
VLR SR Bt TR Bt Bk 4 SRR, S5REM, EHERR ST, 60°CT
B s, R LT, BV & AEAT AR R i AR ROV 10 min J5, f72E Y055 R
L, I, ARSEEEVEREAE 60°C FATA RN 10 min, M2 MW pH=10 B, /=R i, S0 EH S
R BT i 22 LR T 10 B, T B M5 58 TR, Ry (e, e fir AR 7 ik B2 5 x
10° mg/L, 7RSS, EFRYION 564, BRIV AT A= i & i 5 R e & FAH &5
3.5 &BiELE

H e | 2SR T e e SOAE i A AR B IR, 33 EASC Bi7K B BB B9 51 ARG T ¢ 0 9
MIBKPE, AR A5 0 OR B I RIS 2 T ARG, RIS T /B, 7E Hypersil GOLD A4
b, FHZHE-RAVEFL A, RITBREESEIE , 76 20 min NSEEE T 12 FRRIEEAT A M 58 200 S
3.6 GP-MSE 58 mEHIRER L&

B IEB Y 5 BT H K 3% BETR \95% £ BRI SF Jt 55 B B AT iR S0 50, (H i FRE 4
AR, TR RA R, SRR 2K BT RAERA L Y ) MRS S A AR
VIR B R T B , DRI £ S 3 b AR B R AT A B e ke BRI MR B sl B AR R R
AR A BRI AR RS R 55 0 81), o D3] 0 36 R £ 1 SO LT 18 7K D 3% T TR R R S L2 BB 7], 4% R
0.6 dm® FEAZIERARTUN 100 mL (9 HGPREEE IR0 HEE 24 W, 2 HAGIN 2 %, 1R FH GP-MSE $2
T 5 ORI 21 Y e T R SRR e 4 b A (K 2) . B S R R, GP-MSE $E U5 kg
AR IR RS Y A AR AR S s A N R RS W A T A S O T B
3.7 WHRERBEE

TE 2.0 ~2000 we/L WREEJERIP, ARHa0E E B TZRVERNE , Frs45 R 5 e i 2 PR AH G R B KT
0.998, R4l 3 FEEMELL (S/N=3) KR, 10 f5EWL(S/N=10) B ERR, 455mE 1 i,
NEM A PR N 0.4 ~0.6 pg/kg, EREBR N 1.2 ~2.1 pg/ke,

#1112 MREI R LML TR AR B AR o IR SRR (n=6)

Table 1  Linear equations, correlation coefficients (r), LODs, LOQs and precisions of 12 aliphatic amines(n=6)

i wpphern  RR s FATBRIEIRAE KSD(%%, =0)

Compound (r) I3 Eéi' Ej’lETJ U IR

(ng/kg) (ng/kg) Retention time Area
HI i Methylamine (C,) 0.99999 0.50 2.0 0.053 1.67
2} Ethylamine (C,) 0.99998 0.40 1.5 0.049 0.65
Pilé Propylamine (C; ) 0.99999 0.40 1.5 0.052 0.23
T Butylamine(C,) 0.99993 0.50 2.0 0.046 0.37
Pl Pentylamine( Cs ) 0.99998 0.35 1.2 0.042 0.69
% Exylamine( Cy ) 0.99999 0.40 1.5 0.033 0.76
BEfk Heptylamine (G, ) 0.99998 0.50 1.8 0.031 0.26
Mz Octylamine (Cy ) 0.99992 0.55 1.9 0.030 0.29
T/l Nonylamine( Cy ) 0.99982 0.55 1.9 0.032 1.04
241 Decylamine( C ) 0.99994 0.55 2.0 0.035 0.66
+—H% Unde-cylamine(C,; ) 0.99989 0.50 1.8 0.039 0.84
+ZJH¢ Dodecylamine(C,,) 0.99864 0. 60 2.1 0.029 1.03
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FEAR A VR R 4 F T, X 12 Fl i s g 0k A7 12 a

6 YCTATINE , 157 5 i i 1 i R L Lot b

w1 fon, SARNREAT DR B BTEIA RSD(% ) = 08f

/INT0.054% , WERTREO AT MR 2 RSD(% ) /N £ 00

T1.7%. 8; Co g,

3.8 [EMrE 6 0 12 14 16 18 20
T2 g T AL AL LT 4R B A 10, 50 Al 00, ¢ min)

100 L HEJE A 400 pe/L By Y BETR & br E 18 8t

MR T 2, 10 F150 pg/kg BIMpRFEG ., & £ o ¢

30 min, P EE R E 4G, 4 GP-MSE 4#BUH = 4

GiNINT 70w N < T & N 11 O = 7T

FE3 W, Wk 2 Frw, FriliAs 12 s i e i) al i 74 6 8 10 12 14 16 18 20

RIYLE 87.9% ~102.0% 2], Pogin)

3.9 HERAH B2 7 2 0 T = A5 RSO 5 P B T B 10 26 4 19 e i [l

SR A ST B J7 9 0k B2 4y LA T3 6% | %
R A B e S5 AL 40 R 7 B S AR AT T oy
Br, e a R e 3 Fin . 45K 1E2 L
i B PP ARG T 2 BN [R5 A A0 I Mt (45
RULF 3), Al RE X B4 LAE R A R

B
-7 uﬁ o

(A)GP-MSE #2055, (B) BB (/K) $RI%
Fig.2  Chromatograms of aliphatic amines derivatives from
Rubber cap for Zinc gluconate (A) extraction of GP-MSE,
(B) extraction of water food simulant ( Peaks: C,, i
(methylamine) ; C,, T % (butylamine) ; C,,, 2% (decyl-
amine) ; C,,, T /% ( dodecylamine); a, 10-ethyl acri-
bone-2-sulfonyl chloride (EASC) ; b, EASC 7K f#fié ( EASC
hydrolysis product)

2 Ik SRS
Table 2 Recoveries and precisions of the method
s gt; Elk ?)’JIE% D&“WJE | RIEI q'lﬁ RSD o gt; Elk {f)‘]ﬂ% Di‘ﬁ‘iﬂﬂi . RlEI Hﬁ(}: RSD
Compound ( ;L ) ( pl/ﬁ() (ele;/nlins ?Lb;ov;?ry (% , n=3)|| Compound ( ‘}1 ) ( I;;/E ) (ele;nlim)e (zc(;ovt;ly (%, n=3)
ng/ kg ng/ kg ng/ kg ng/ kg ng/ kg ng/ kg
2 3.87 102.0 4.8 2 1.96 98.1 4.3
C, 1.83 10 11.9 101.0 1.0 G, - 10 9.74 97.4 3.8
50 51.6 99.5 3.6 50 48.3 96.6 2.7
2 1.99 99.6 4.4 2 1.96 97.9 3.5
C, - 10 9.92 99.2 3.9 (O - 10 9.36 93.6 2.6
50 49.1 98.1 3.6 50 46.2 92.4 2.0
2 1.99 99.4 4.5 2 1.83 91.4 4.3
Cs - 10 9.87 98.7 3.6 Cy - 10 9.09 90.9 4.3
50 49.1 98.1 2.8 50 48.3 96.5 3.0
2 4.59 99.1 3.7 2 4.51 89.9 4.9
C, 2.61 10 12.5 98.8 3.2 Cio 2.71 10 11.9 92.3 3.9
50 51.2 97.2 2.5 50 48.4 91.3 3.5
2 1.97 98.4 3.4 2 1.80 89.8 3.5
Cs - 10 9.79 97.9 3.2 C, - 10 9.00 90.0 3.0
50 48.4 96.8 2.4 50 44.5 88.9 2.4
2 1.95 97.5 5.0 2 30.0 87.9 4.4
Cq - 10 9.71 97.1 4.0 C, 28.21 10 37.0 88.2 3.6
50 48.4 96.7 3.6 50 72.7 89.0 2.9

C, IAZ& 1(C, are same as in Table 1),
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16
12_ a
aph e b ¢ _—
121 1.0
Z10F z20.8F
q:) 8 . Cz Cx C; . (4m g
= . . G 2 £0.6r
= or o G G G G = c
4r K 041 c
2 [ 10 C]Z
O L L L L L L L L L : 0-2 i | I I Il I | I I I I
b2 4 6 8 10 1214161820 0 2 4 6 8 10 12 14 16 18 20
t (min) £ (min)
U b Cs 3012 Pl 7 e A A 0y ) G L (A) BRI, (B)
0sl I e B 9155, (C A R 0
= Fig.3  Chromatograms of 12 aliphatic amines derivatives
% 0.6 (A) standard, (B) Cod liver oil capsule shell sample,
= G
— 041 c (C) Rubber cap for Zinc gluconate.
0 Cp,
02k ° I (Peak): C, [A]3 1(C, are same as in Table 1),
0 L ! ! ! L L ! L L ! a, EASC; b, EASC 7K fi# 14 (EASC hydrolysis product) .
0 2 4 6 8 10 12 14 16 18 20

t (min)

F3 RERL PRI

Table 3 Contents of aliphatic amines from sampls

K it Contents (ng/g)
Samples Cl CZ C} C4 CS C6 C7 C‘S CQ CIO C]I CIZ
10 MR #EAME Capsule for vitamin AD - - - 233 - A & - - 2,44 - 30.2
B2 LYY 1 Baby nipple 1 - - - 0.93 - - - - - 0.73 - 8.31
WLL45ME 2 Baby nipple 2 - - - 0.78 - - - - - 0.69 - 8.28
H454% Milk carton - - - 0.46 - - - - - 0.46 - 5.54
A EE Milk bottle cover - - - 0.57 - - - - - 0.46 -  6.00
A5 5 P Milk bottle cover gasket - - - 073 - - - - - 0.63 - 8.30

A PR BRI 55 2.21 _ _ 1.35 _ _ - - - 1.23 - 12.8

Rubber cap for Zinc gluconate

R & Juice carton - - - 0.98 - - - - - 1.00 - 13.6
4548 Paper noodle bag - - - 1.9 - - - - - 1.87 - 22.4
BAMFRZ Food label - - - 2.64 - - - - - 2.8 - 39.1

T %G 4K Bread paper package 1.83 - - 2.61 - - - - - 2.71 28.2
Bf4% 1 Paper pie bag 1 39.5 - - 2.54 - - - - - 2.54 - 277
4% 2 Paper pie bag 2 3.32 - - 2.67 - - - - - 2.11 - 28.3

C, [ 1(C, are the smae as in Table 1)

4 % i&

RJHSEE A 89 GP-MSE 38, 4537t bRic, dar 7 B4 LR S B R AT R s T i % )
2R | RGO Ik . 20T ERA WOIHAR D R BUE & R I R S, AT TR e
FRPRH P ROR IR A E . AR T AS SRR, B IL R S B AR — 2 R AR WG, R RETE
(LUiPuRE L Ie R 2 N T LA
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Determination of Aliphatic Amines in Infant Food Packaging
Materials by High Performance Liquid Chromatography

SHENG Cun-Cun', ZHANG Shi-Juan*', WANG Fang-Fang' , JI Zhong-Yin', DOU Kun', YOU Jin-Mao*'"

"( Shandong Province Key Laboratory of Life-Organic Analysis, Key Laboratory of Pharmaceutical Intermediates and

Analysts of Natural Medicine, College of Chemistry and Chemical Engineering, Qufu Normal University, Qufu 273165, China)

*( Northwest Institute of Plateau Biology, Chinese Academy of Sciences, Xining 810001, China)

Abstract Aliphatic amines in infant food packaging materials were extracted and concentrated by 0.5 mL of

acidified methanol using gas purge microsyringe extraction ( GP-MSE ). Pre-column fluorescence labeling of
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amines was achieved in mild conditions with 10-ethyl-acridine-2-sulfonyl chloride ( EASC) as labeling
reagent. The derivatization was carried out at 60°C and pH 10. The derivatives were successfully separated on
a Hypersil GOLD column with excitation and emission wavelengths of 262 and 430 nm, respectively. The
detection limits were in the range of 0.4-0.6 png/kg, and the quantitation limits were in the range of 1.2 -
2.1 pg/kg. All analytes were in good linearity in the concentration range of 2. 0-2000 pwg/L with correlation
coefficients of higher than 0. 998. The developed method was characterized by celerity, accuracy and high
sensitivity. It was successfully applied to the determination of aliphatic amines in infant food packaging
materials.
Keywords High performance liquid chromatography; Gas purge-microsyringe extraction; Packaging materials
of baby food; Fluorescence detection
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