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Determination of 27 aromatic amines migration in composite film bags by
electrospun polystyrene nanofiber solid phase extraction-gas
chromatography-mass spectrometry
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ABSTRACT: Objective To establish a method for the determination of 27 kinds of aromatic amines migration in
composite film bags by electrospun polystyrene nanofiber solid phase extraction- gas chromatography-mass
spectrometry. Methods After the sample was loaded on an activated solid phase extraction column made of
electrospun nano-polystyrene material, eluted with tert-butyl methyl ether, and injected with a
temperature-programmed injection port. The migration of 27 kinds of free aromatic amines in the composite
membrane bag in the water-based food simulators were determined by gas chromatography mass spectrometry
(GC-MS), and quantified by the ion internal standard method. Results The electrospun nano polystyrene material
had good adsorption and separation ability for aromatic amines in water-based food simulants. The recoveries of

27 kinds of aromatic amines were 80.2%—110.4%, and the precision was 2.0%—-6.9%. The limit of quantitation was
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0.01 mg/kg. Conclusion Electrospinning nanomaterials have large specific surface area, and have good adsorption

capacity for aromatic amines, which can greatly reduce the amount of elution organic solvents while meeting the

detection limit requirements of standard methods. Therefore, this kind of materials has a strong application prospect

in instrumental analysis, which is accurate, sensitive and suitable for the determination of 27 kinds of aromatic

amines in water-based food simulators.
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LY EARAEROR BIGUKRGON], AT LAy (i Hhoks 2 R AL ek e
WA T 5 REYIRA Y 4ok =2 AR ZF 2 AR S5 44
L, DT 245 2 B A WA DI RE B M . 38 BRI 1Y
ok, AR E IR AT Se i b o] £ 45 3 [
AHZERE o GOREA 4 AT R AR R, T AR S 4R I
B AERCR, T H AT DA AR R A, R T4 A
RO fy i b R B LA O BA B 4

W2 55 5 ¥ (primary aromatic amines, PAAs)Jf&—Fla;
PEEGR P BURYI BT, I R Rk . R R AN
A, PR G AARAERES), PAAs i1 i AL A FH oo AAA
DNA 251y, 5IRSpAE i & Wk, SBURNE . MR
B B EEpETY  S R A R e A R
r A B S IR AT BE S R I Oy i, AR R B
r A R, SRR BB, SRR B

CULRGER PAAs Kl 7 v5A WA €3 - AR I T 1
(liquid chromatography-tandem mass spectrometry, LC-MS
/M) R AR - S T U4
AT Tl A . MR . BRSO E IR AT A B B,
fiff FH B 96 B 73 57 78 15~80 mL o 43 A & AH 25 BB R
(dispersive solid phase extraction, dSPE)T] 45 % 2 bk i T
PO (A TR] B i R S R [ A3 HIGR), B AR A
MM AEEE, HFEA TR % ETk, A%
FERFT —RH 1 (04 B G TROE LR A AR AR 1 A 2
B, R B B 95 22 BOR U, YRS SR H AL,
FEBEIR A TR R A, A A5 i AR K AR UL v 1 5 A
Ak BY, HEEESMEOIE-Fi% (gas chromatography mass
spectrometry, GC-MS)ik X} & A EAS A oK B & S L4
g 27 BOSEREIEAT RN, AR R D 2 B S A
RO E R ES BRI T ES %

1 MR5ERZE

1.1 XBE5R
Clarus 500 S HHIE BT, Al H T35 di(electron

impact, EI) & + ¥ . 2 /¥ F+ it ¥< 1t (programmable
temperature vaporizing, PTV)JEEE O (35 [E ¥A4 5 /R B A A]);
PY-VM24 [ AH2E I (35 E SUPELCO /A Fl).

FHEE . Bk BUT SRR EE (B al, E 25 4R b 2 i)
HBRAHD; 26 FhIFHMIRFR(00 mg/L, dbat @bk L
B4 AR A D) 1,3-5 Z e (4B 99.6%, 5 Dr
Ehrenstorfer 23 wl); Ji BL(ZEEE 99.5%, 35 [E Chem Service
NGNS

T A MR G IR RE AR B RS ME B 45 3K
1.2 tRfERRECH)

1,3-28 e Bk (1008 mg/L): FRHL 0.0504 g %] 50 mL
FRESERY, WEES, HAHES.

1,3-78 P B (50 mg/L): HERASHL 0.50 mL £
W E] 10 mL AR, HEEES, BOIfHESH.

27 5 IR A bR EW W (5 mg/L): 43 i B B
0.168 mL 26 Fl 35 F M IRFR AN 1.00 mL 1,3-28 il HP[A] IR i
F) 10 mLAR RIS, ST ERBESR, BAMESH.

SRS BRI TR (1004 mg/L): FREX 0.0252 g 5] 25 mL
FRESERY, WEES, HAHESN.

SR AR A A (10 mg/L): AERFZHL 0.10 mL fY
AR(1000 mg/L)F] 10 mL M, M TRFBER,
SIRE S
1.3 XWHE
13.1 MBELEH

GC %A% PTV BJFFHEA AR, PTV FHERTA:
100 °CH#3#5 0.1 min, L 50 °C/min F+3] 300 °C{£+5 2 min,
HERERRL: 1 ul, ERSHAEAETHEREF: 50 °CAFE 2 min,
15 °C/min #| 200 °C, {#4F 5 min, 25 °C/min #] 280 °C, 4%
6 min,

MS Stk ALHRZR IR 280 °C, B FIRIEIE 230 °C, %&
AW T FE T WAL R .

132 #T& @ik

B ARl R R IR GB 31604.1—2015¢ & h %%
SEZFRE B SRR TR R ) 1 GB
5009.156—2016 { & LR EFARE B MHIZMATE I 6 &
ARG AL i@ N ) B 2R TR L . A5
i FHE A A TE DR S, He IRSE bRt B i T BV E(6:1,
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S:V), BEFIKMENE RS, 7 60 °C, 10 d B4 ik
HTER L, BUR—UGT AR IR R A I, oy ek (il
FH 0.5 mL FEEA 0.5 mL 7K G fk B 97 2K 20 4 oK [ AR 26
BUNME, SRIGHEMAI 2.0 mL B0, A 20 pL 708 &
PR R RIS TR ) JE _EARR R/ b, il B 2 i A s
Z/NE, 7E 0.5 mL/min T, 0.4 mL AT 3B B4
2 R, WCAEEIRE, ] GC-MS sl .

2 HEREHHR

2.1 FEBU/INFEEERT
MRAES 2 SOk LA S AR SEI6 0o, X A ) [ AR 25 B
INEEMEREVEAT HEAS, WL 1. SCER A9 AR AE B i F

FERIRFRAC K, PRI P LA, AR 2 4 0 e e
RPN, FERMEC L . ARWIEST B TR A G A 2R IO
E, KA e/ MRV () 10 mg), BEFIHE D, LA
A4 W NI R IR R AE AP B, KR4 T HAER
[, Ly 32 TET e it J 2ok
2.2 AFRIIFNGERE R RIEE

ARG ST T AR SRR S AR, LR A5 R
T B R AE 14.48 min, SR 6 HE 06 B R 7E
28.433 min, ARG — M 3,37 - A BRI
WA F] A 22.78 min, [RIEHR AR TR N bR . 45
LAY TSRO0 EE 2, SRR aniE 1, wEns
T X 43 B R, il A SRR

Fz1 TRIEMEZERNMEFELR

Table 1 Comparison of different solid phase extraction columns

e FIPOBLBIAE 1 AR ZE B LS B AR BICRY% S5 CHk

CRE VRES Ak

1 L#E, Bl i:?géﬁﬂ 20mhs canert SLE-OD TR YRHL AL 20 mL H BB 61.8~109.2 [8]
LR, BRI, SRR, R A e -

= ~ = -

2 WEEAZ 1 mL, M S5k B 1 A 2 O 15~20 mL HI ik i 72.5~115 [10]
R, BRI, WedRg T E R E N N

3 5.0 mL, SMERIE PRI (R SCR R ) 80 mL Z J G 84.9~105.1 [17]

4 EAE, VEBUS RN, PbRs HL 2 A R [T AR ZE TR 0.4mL AT HHEE  80.2~1104 AL

*2 EFBTRUEGYNEMEEERTF. &MHHRE. HXRHK. TERMGLR
Table 2 Qualitative and quantitative ions, linear equations, correlation coefficients, quantitation limits and detection limits of each
aromatic amine compound

75 5 B AR FE M E T LM LR P ERB/(mgke)  KHBR/(mg/ke)
1 g N3 93*, 66, 39 Y=0.7617X+0.0138 0.999 0.0005 0.0002
2 AT R i 106*, 77, 89 Y=0.7015X-0.0025 0.998 0.0005 0.0002
3 2,4-ZHIHIR 121%, 106, 120 Y=0.3906X-0.0036 0.997 0.0005 0.0002
4 2,6- " H LI 121%, 106, 120 Y=0.554X+0.0005 0.999 0.0005 0.0002
5 LB A SR 108*, 80, 123 Y=0.3527X-0.0123 0.998 0.0005 0.0002
6 POE=P i3 127*, 65, 92 Y=0.5063X+0.0014 0.999 0.0010 0.0004
7 3G KT F R P 122%*,137, 94 Y=0.4008X-0.0184 0.997 0.0005 0.0002
8 2,4,5-= 3 e 120%, 135, 134 Y=0.4986X-0.0153 0.997 0.0010 0.0004
9 A AR H R 141%*, 106, 77 Y=0.3675X-0.0054 0.998 0.0023 0.0009
10 X 108*, 80, 53 Y=0.285X-0.0242 0.995 0.0013 0.0005
11 1,3-2K 108*, 80, 53 Y=1.944X-0.0894 0.995 0.0013 0.0005
12 2,4- AR R 121%, 122, 94 Y=0.3201X-0.0177 0.995 0.0005 0.0002
13 2,4- S HR H ik 123%*, 138, 95 Y=0.1868X—0.0147 0.997 0.0015 0.0006
14 2-Z8 M 143*, 115, 89 Y=0.7714X-0.0246 0.998 0.0005 0.0002
15 2-G H-4-RgEE A OR 152%, 106, 77 Y=0.1318X-0.0108 0.995 0.0010 0.0004
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28
e 75 B AR EME R T 2tk R LIPS de E R BR/(mg/kg) G 1 BR/(mg/kg)
16 4-B TR 169%, 141, 115 Y=0.7207X-0.0365 0.997 0.0008 0.0003
17 e SR AR 92%*,197, 120 Y=0.3711X-0.0245 0.995 0.0005 0.0002
18 4,47 TS TR 200%, 108, 171 Y=0.172X-0.0179 0.996 0.0023 0.0009
19 4.4 - Fk T IORH 198*, 106, 182 Y=0.1713X-0.0194 0.995 0.0018 0.0007
20 I5C i 184*, 92, 156 Y=0.4692X-0.0486 0.995 0.0020 0.0008
21 AR LA R 106*, 225, 134 Y=0.4354%X-0.0348 0.995 0.0005 0.0002
3,3 - K440 - Tt
22 . 226*,211, 120 Y=0.1493X-0.0168 0.995 0.0018 0.0007
TORHE
23 3,3- " H LR 212%, 106, 195 Y=0.4681X-0.0447 0.996 0.0010 0.0004
24 4,4°- 54k TR A ik 216*, 184, 80 Y=0.1607X-0.0197 0.996 0.0100 0.0040
25 4,47 YK B 33 -(2- S PR ) 231%, 266,1 95 Y=0.1277X-0.0176 0.995 0.0023 0.0009
26 3,3 - AR 252%,254, 126 Y=0.2747%X-0.0277 0.995 0.0008 0.0003
27 3,37 - H A RO i 244%,201, 158 Y=0.128X-0.0183 0.996 0.0020 0.0008
28 St B 188*, 187, 189 / / / /
o ERE T,
2.0x107 -
1.5%107 |- 2 4
L 3 8
4
1 7 9,10 !
8 %107
g p 11
= H 2 20,21
23
6 17, 1
5.0x10° - 1 22| 25 26
3 15 1
r * 24127
0.0 - U L
| L | L | L | L |
5 10 15 20 25
AR B s} ] /min

T o 2.

1
Fig.1

gl 0.1 mg/L ()75 & TR A bR AV W (& ), T
FE 2 mL ERRZETEAL I A AEBUNME, T, K5 5Bl
0.2, 0.4 F10.6 mL RYHEE, LBk, AT HFBELEDE, 21k
AW EICR 5 R X BR R 22 (relative standard deviation,
RSD)SE i UNZE 3. I AT 56 B B AT S0 O Db A
Zed B B 2R 0.4 mL AT L B BRI .
2.3 ZMHiE. EERMEEIR

S EL 27 FIO5 B MR A PRMERS (S mg/L)0.05 .,
0.10.0.20.0.40 F1 0.80 mL #| 5 mL &=, A 0.25 mL

FR VA R I e 1% #1(0.8 mg/L)
Total ion flow chromatogram of standard solution (0.8 mg/L)

SRR EAAR PRI (10 m/L), AUT FEHBEE 7, #3505
53 RSN BREF RO T A 0.05. 0.10, 0.20, 0.40 F1 0.80
mg/L; SRJG AT E S B4 S Wt R, Wk 2,
AT AR MR BV T, 2R e R 0T

fd1 75 0.05 mg/L (1) 27 Fh 5 FNIR G AR R, B
FE 7R, T 27 Pk G W5 16 L (S/N)(FE 49~1502 Z i)
ek B E B A0 5 SN ESR, E R RLEA
0.0005~0.01 mg/kg. & HBR A 3 5 SN, B iTE 52 %10
AW BRIE L 0.0002~0.004 mg/kg, TEWLZE 2, LR
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BER R o
2.4 FFAREWEMBEE
SPHIFE 0.01, 0.05 F1 0.1 mg/kg ¥REEF BEAT AR [l

R, ZERANGE 4 PR, BIBCRTE 80.2%~110.4%, 1545
BEAE 2.0%~6.9%, T & JK & 43 B X5 & U 7 3 Bk &
(60%~120%)FILKG 2 B (10%) Y B3R

F£ 3 ERATEESLEEEN=3)
Table 3 Elution solvent selection experimental data (n=3)
‘ ) PEMLIARL 0.2 mL VLA 0.4 mL PEBLIARL 0.6 mL
TIPS
1%/ % RSD/% [l /% RSD/% [T % /% RSD/%
B 50.4~94.7 3.5 75.4~95.1 3.9 92.4~94.8 3.2
LTk 57.2~95.3 4.1 87.2~95.7 3.4 93.2~95.5 3.1
BT 5 ik 65.7~95.8 3.0 91.7~95.1 2.9 93.7~94.9 2.8
%z 4 FEEERNEZE(=6)
Table 4 Recovery and precision of the method (n=6)
rELE AN B3 ek 3 X ST A N = ek 3
/(mg/kg) 1% 1% /(mg/kg) /% /%
0.01 80.6 2.7 0.01 88.4 3.3
. 2-54 Jk-4-1il§
1 /913 0.05 86.4 23 15 e 0.05 96.2 4.6
FEH R
0.10 87.4 2.0 0.10 106 4.5
0.01 81.2 3.6 0.01 90.3 4.4
2 L8 R R 0.05 80.2 22 16 4-2Fhk 0.05 88.7 2.1
0.10 82.6 45 0.10 86.6 3.3
0.01 83.0 5.3 0.01 84.2 4.9
. - POE-
3 2,4- " HUSR g 0.05 84.5 3.8 17 - 0.05 87.0 2.5
0.10 83.9 2.6 0.10 88.6 4.9
0.01 84.2 43 0.01 88.4 2.5
. T 4.4 -7 Kk
4 2,6- . F LR ik 0.05 90.2 2.9 18 e 0.05 85.6 2.6
TR
0.10 92.3 3.4 0.10 88.3 2.4
0.01 92.1 4.6 0.01 106.6 3.7
e 4.4 -5 0k
5 LR S AR 0.05 83.6 2.7 19 " . 0.05 110.2 2.0
TORHE
0.10 100.1 3.4 0.10 109.1 2.9
0.01 87.1 5.1 0.01 100.0 22
6 X AR 0.05 84.5 23 20 7S 0.05 85.1 2.5
0.10 92.3 4.1 0.10 83.4 4.6
0.01 87.4 43 0.01 87.7 4.0
X . B2 FEH A
7 3-Z X F R ik 0.05 89.5 3.7 21 3 0.05 100.0 4.7
0.10 87.1 3.6 0.10 104.5 23
0.01 84.2 42 330 0.01 84.3 3.8
8 2,4,5-= IR % 0.05 90.2 2.5 22 -A4-TEEE 0.05 80.9 2.6
0.10 86.2 3.5 R 0.10 86.6 2.8
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L L1y 2D B2 K% o TSR S % sk 3% i
’4%47:51_ %@Hﬁf@% ﬁu*ﬂ’]@lbﬁ j]“*/TIEILwK ﬁ%-—yﬁﬁx‘ J_‘?%‘ ﬁ%‘ﬂtz%f/’ﬁ fJLM‘/TIEm{E ﬁu*ﬁlﬂlq&}: ﬁfﬁg
/(mg/kg) 1% 1% /(mg/kg) 1% 1%
0.01 86.7 5.9 0.01 87.3 3.3
. 3,3°- T H LR
9 4-GHAR H RN 0.05 92.5 3.5 23 ST 0.05 107.4 2.0
0.10 100.7 23 0.10 103.6 2.9
0.01 87.1 25 0.01 86.8 3.6
. YWY S
10 pop S 0.05 86.6 23 24 e 0.05 85.1 3.0
IR Mk
0.10 923 29 0.10 90.9 43
0.01 87.8 42 0.01 85.4 44
11 13- ke 0.05 100.2 6.2 25 oA 0.05 96.0 2.5
T ' ' ' - H M) ' ' '
0.10 110.4 3.6 0.10 106.9 3.7
0.01 90.3 55 0.01 80.3 6.4
. e 3,37 -k
12 2,4-"FFEFR 0.05 90.9 6.2 26 o 0.05 88.7 3.4
i
0.10 86.6 2.7 0.10 86.6 2.8
0.01 87.6 5.4 0.01 84.5 5.4
e 3.3- R A
13 2,4- 5 SR ik 0.05 110.1 3.4 27 N 0.05 87.4 2.1
P Ni3
0.10 103.8 43 0.10 91.6 3.5
0.01 86.8 6.9
14 2-Z5 M 0.05 85.1 5.9
0.10 90.9 45

2.5 SERREEmIQI

BCEERNR 15 HERAYE G BASHE AT TR,
BEKAE R B SR, 4 BR S BRAE THBU AR B (621,
S:V), £ 60 °C, 10 d B4 P EBELR, BOE—IKE
I R, B FEAh TR R 27 PS5 RRE
it

3 4 1

AR 5 o5 FH — ol R, 275 400 K SR K 297 4 R A 4 1 [ A
ZEPAEIFATRE SR ATAL R, SR GC-MS kil & A R4S AE
d K AT ST P 27 B OF A, 7E 0.05 ~ 0.8 mg/L il
FRl A SE R B KT 0.995, EIMCRIL R 80.2%~110.4%,
KE 3 ETE R 2.0%~6.9%, HIREW 2 H &R a2k, I
FRBRKBEACE I F i, (iR IR, 2 — AR
A AT 0 E AR AR BONE R R, 55 SN R IR 2,
A RLE A SR BT I TR, BR T B A 4 G AR ZE U
FE, 8T LA R W R L FH 21 8 Ak AR AR R
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