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ABSTRACT: The work aims to study the migration behavior of 15 primary aromatic amines (PAAs) in biodegradable table-
ware. Four different food simulant solutions were prepared for migration experiments. Qualitative and quantitative analyses
were performed based on ultrahigh-performance liquid chromatography-tandem mass spectrometry (UPLC-MS/MS) to detect the
migration of PAAs from biodegradable tableware to different food matrices. The total run time of UPLC-MS/MS was 12 min, and
15 PAAs could be separated within 7 min. The LODs and LOQs of different PAAs were between 0.2-3.0 pg/kg and 0.5-9.9 ng/kg,
respectively, which met the requirement of legislation (10 pg/kg). The migration concentrations of most of PAAs migrated from

the biode-gradable tableware to different food matrices were smaller than the required concentration except for the
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1,5-diaminonaphthalene and 2,4-dimethylaniline. The PAAs in biodegradable tableware can migrate to food matrices during the

usage, which is potentially harmful to consumers. The established method provides scientific support for reducing food safety

risks by detecting PAAs migration amount in biodegradable tableware.

KEY WORDS: primary aromatic amine; biodegradable tableware; food matrices; migration; ultra-high-performance lig-

uid chromatography-tandem mass spectrometry
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B 2K % (m-PDA ) 1 2,6— 4 FH 4 (2,6-TDA)
4, HILT e fa AR Bk ] A YRR
ELH R SRR T s, (2 T R A BRI IR )Z
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AN I TR PAAs i E B R D18
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Tab.1 Information of primary aromatic amine samples
=2 1654 TR PR b2 a2y XTI BURSR EELIER
X H,N NH,
1 fF) 2 — iz m-PDA CeHgN, 108.14 3 \[:j/
NH,
2 2,6— G W 5 2,6-TDA C,H;oN, 122.17 / ij;
H,
b gar NH2
3 X H e p-TOL C,H,N 107.15 / /j::r
NHZ
4 1,5- &K% DANP C1oH 0N, 158.2 /
NH,
NH,
5 24— HI R 2,4-DMA CsH, N 121.18 3 /L:ji
N H, Cl
6 m—[A] R m-CA C¢H(CIN 127.57 /
o
7 A I 2 i o-TLD CiaH 6N, 212.3 2B
HN
8 2—H AR e —5— = 3 B R 2-M-5-MA  CgHgF;NO 191.15 2B EY()i;
F 3 2
HN NH,
9 44— S B TR 44-THOA  C;H;5N,S 216.3 2B
R T R T I > 12H121N2 \O\SQ/
?
10 2-EHE-4-TE S 2-M-4-NT  C;HgN,0, 152.15 / _04$i::IfQH2
11 45 B 4-ABP CLH, N 169.222 1
HN
cl
12 3,4- "R 3,4-DCA C¢HsCLN 162.01 / /(:(
2:
NH,
13 XS p-CA C4HCIN 127.57 2B /©/
Cl
14 2 LR IE 2-ABP C,H; N 169.23 /
NH,
Cl NH,
15 3,5- RN 3,5-DCA C¢HsCI,N 162.01 / \Q

a

e BUESYOR A R DA N SUEPREEM R I (IARC); “/Fnm K IARC 5 ABUEY .
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1.2 (UFEEEE

FEAUG SR Y SRR A g - — =Y
W AT 3% B X ( ACQUITY UPLC H-—class/Xevo
TQ-XS ), 3 [H Waters 2~ Al ; NWIOVF /KR4, i
ABVE FRBH A FR A A
1.3 FHik
1.3.1 BiKECH

TEMASE R, T PAAs bRUERE S AR 750 mg/L
B FF PSS T, AR T X i £ Y YR B B — 2R B s o
VW A HIEL 0.5, 1.0, 2.5, 5.0, 10.0 mL & AR
T s B8 28 25 mL, T i) 48 1140 s o V8 V0 140 o i YR
S5 15, 30, 75, 150 | 300 mg/L. FifiJ5#ix # %)
o VA A YR T BT B VR 43314 010, 0.20, 0.50,
1.00. 2.00. 15.00. 30.00. 75.00. 150.00. 300.00 pg/L
B AR
13.2 HRHE

TEBLARFT R, (4 e SRR AR AN [ (1Y
AL, BIK . SR RK . SRR AK AN . £ 5
R 9 A (ZE68K ). B (RFR 80 10%H)
WKE /K, ). C (IRFUAM L 3% £ 1R/K ) Al D (HiH
W, W H AR ),

B LA T K TE R ) R T A A et HL V) R E T B
(1.5 cmx4 cm ), XI5 12 AR FRHLLE L (20 mL )
HOREE 2 b, DIRLSEBR A R &5, fa KRS Y
A Fil B A TGE 1 0.22 pm JEE ( B IUGR 205k

1w uERs ) Uk, IEF 1 mL T BV R SRR
BT AT o B 1 mL R JE BRI C 2K
pH EHIHZE 7, R HKEFEBRNEIEZE 2 mL, H
F UPL-CMS/MS 38T JIBLHLE & % 1 i b B 2
BR:f 5 mL ¥R D A SF SRS A S mL
IECkE; 2% 10 min JEEFE, SEIFEEUR; A
W 0.22 pm JEME, SRJEHE 1 mL i8S BV B0
AR AT 00T o AR S AP S k. BRAE S
AULH, FTABBEEZR (25°C£1 °C) Fi#ff7,
1.3.3 UBHH

K UPLC-MS/MS SZELX} PAAs Ay %E M Al E i
M. LC 44 fdi ] BEH Phenyl {354 (2.1 mm x
100 mm, 1.7 um) 43 % PAAs, HiEHN 40 °C, diftaE
91 pL, W#EN 030 mL/min, FSHAH N &H
0.07% (RBIE0) WERM P EEA W (FshAl A) i
K (T B)o BREEVENA)T : 0~1.0 min, H3IAH
A 99%; 1.0~3.0 min, FishHl A M 99%F% = 70%;
3.0~7.0 min, WizshAH A M 99%F% % 0%; 7.0~9.5 min,
WAIAH A 0%39.5~9.6 min, Jit s A M 0%3 =15 99%;
9.6~12.0 min, FizhA A 99%., Aizf7HfE] K 12 min,

MS 4. IEHBIZEE TR (BSI+), B IERE
FER 150 °C; BANEHEE R 0.5 F10.6 kV; T
TR 500 °C, AR A ARG E M 1000 L/h; #EFL
LR 20 V, HEFLAARRIE A 150 L/h; RliE AR
O 0.12 mL/min; SR H 2 &0 F AL L

(MRM ), PAAs {5 B IFE] | FRAFES 1~ filf 3 g1 |
HEFLH R . BB R A LR 2,

R2 AAFBERHMUESNSH

Tab.2 Instrumental analysis parameters of different PAAs

B2 s = BT

o mmms Hﬁﬁiﬁ%(ﬁ;ﬁ%¥ ey ey 0
1 m-PDA 0.54 109 65,92 18, 14 20 2
2 2,6-TDA 0.59 123 106", 108 14, 16 20 2
3 p-TOL 0.74 108 91, 93" 16, 15 20 2
4 DANP 0.82 159 1157, 142 20, 20 20 3
5 2,4-DMA 1.20 122 105, 107" 17,15 20 2
6 m-CA 241 213 180", 196 36, 19 20 3
7 o-TLD 2.67 128 75,93 27,17 20 2
8 2-M-5-MA 3.87 122 77,105 20, 10 20 2
9 4,4'-THOA 4.42 217 124%,139 20, 30 20 3
10 2-M-4-NT 4.89 128 75, 93" 27,17 20 2
11 4-ABP 5.37 170 152%, 153 26, 20 20 2
12 3,4-DCA 6.39 170 1527, 153 26, 20 20 2
13 p-CA 6.51 192 148,177 20, 20 20 2
14 2-ABP 6.57 162 74,127 36, 18 20 2
15 3,5-DCA 6.83 162 74, 127" 36, 18 20 2

e e TS S A BR AOREE B T
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PAAs [E IR HIMERE . 5350 LL PAAs )
e B RN T RRLVE A A AR R R AR iR, 193] PAASs AUFR
M. PEFBELA (1),
y=axx+b (D)
Ky HEGEERPERM PAAs BIEHERL; x 4
AP PAAs R E, ng/L; a. b gl bkt mfe
FA) Ak 2 AR
AR IR PAAS BRI 2 )i,
y—-b
(2)

c=2"2
a
b C HERIAR T PAAs IR, ng/L;
y A ETEE TR PAAs WUETAIAR; a. b 54tk
J7 TR AR IR
AP PAAs IiEB EIE (3) 1158,
f xnxCxV
= (3)
Ax1 000
HH: M H PAAs NI &, pg/kg; f AR
R HRE R B, X B f=6 dm?/kg; n AFBAEEG C
FIREAES W T PAAs BRI, pg/L; VoM PT HIAR
PR, mL; A BB FRER, dm’,

X HUKE A7 38 HLSE 4R AR R, AU
BRI K SPSS v18.0 # 4 #EFT ANOVA Fil A,
553 (PCA ),

2 HR5HH
21 USESTEGRNL

%07 BAE R BTASIN 15 b PAAS, 756 5 122 fil b1
BErboE Al LS IR Z 8 PAASY 1Y Ak, R ERE
i PAASs R BE A ASAHIA] , T B30 P o v A A
P A g S B H AR AR R S 2
() ) O B8 B TR DB, DASE SE AN PAASs . VB B2 (1)
WA HLIAR, RN 20 38 5 Bl P S AR SR (233
R BAREY 2425 2 E PR T B, BN
[6] PAAs Z[A][A) LR B3 B[] (] B AR X4/ ik, X HE
il R BEARRE VR M i sl AR 50 2 PAAs. AR, H
TE5A BRI K IE RN REAR I 73 25 AR TR Y PA A, T
P B R HH R 1) HR B WA E S T s o ARt i A
B, LA A R4 0.07% H IR 4 F B A
MU ShAH (i A), LUK ARSI B, 15 FORH
PAAs FRIEMHY UPLC-MS/MS A3 & 4nE 1 Fis .

100 —— 100 F 100 F
10T 054 ppa 059 5 6. TDA \o 0.74 p.TOL
= X =
i R b
- # i
= = =
= ™
z = Z
0 A, L L 0 ’\1 1 1 0 1 1 L
1 2 3 1 2 3 1 2 3
B} 6] /min st &) /min fis} B8] /min
100 F 100 F 100 F
© 082 pane © S
°\ = =
i i
3% ;% I }_20 2,4-DMA = 241
0 A 1 O L\ 1 Il /\ Il
2 2 2 4
fist 6] /min fist &) /min fist B8] /min
100 F 289 100 F 387 100 F 442
e ) g 2MANT ° 2-M-5-MA SN
8 : ! Iy % 4,4-THOA
H o-TLD \ H T
i = =
& ﬂ ‘ Z =
1 1 L 1 0L L oL 1 1
2 4 6 2 4 6 2 4 6
It [ /min Hs} B8] /min Hs} 1] /min
100 F 100 F - 100 F
4-ABP 6.39 6.51 p-CA . 6.57
S 537 34-DCA S S 2-ABP | 6383
g |° ® =
e 1 # # 3,5-DCA
= | 2 = |
= n ) |
0 | | 1 0 1 Il 0 1 \ Il
4 6 8 6 8 6 8
it [A] /min Fisf /Bl /min i} [] /min
B 1 15 F PAAs BRUE S 3%

Fig.1 Chromatograms of 15 PAAs standards
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2.2 W7 AR A

TH A AR R T T ARSI ik B PR RE o R T
EREIER (LOD) FE s BR (LOQ ) 43 FlAR 5 {5 Mt
Eb 3 F1 10 B . B0 T AT A YR iR R B Bl e
B PAAs BIRMEVERT . ZMERLE TR .
LOD. LOQ M [, U.3& 3.

H132 3 A1, 7€ 0.1~300 pg/L I IEE R0 R)
J7E 0.991 1 (DANP ) ~0.999 9 (2,4-DMA ) JLFIN,
Ui B A5 e R PR AF . FF43 PAAs (o-TLD i
4,4-THOA 5§ ) 15 M1 £ () o1 )5 32 88 b 2 i A BiF 5 45
T AFRPO S geAh, SR SCHR vk T DA SE i A R e ) S
L 15 Fh PAAs O3S .

15 7 PAAs B LOD F1 LOQ 43 #I7E 0.2~3.0 pg/kg
F10.5~9.9 png/kg WP . DANP [ LOD 1 LOQ #J
e (5518 3.0, 9.9 ng/kg ). BFEANRI M ng/kg
y ng/L (0.50 ug/L F1 1.65 pg/L) J&, X H DANP [
LOD F1 LOQ #JJ& & A& & SCHR S5 R (1.38 pg/L F1 4.60
ng/L) [y 1737, 5@t Hegg Hofth PAAs (4 2,6-TDA
m-PDA . 4-ABP ) BB ] SRIGRMILE S, RFSTH 7
B REINRS B s, K RE VT LASESZ . eAb, 1k
t 15 Fi PAAs ) LOD 4455 Hr 2 & 4 B 5

(10 ug/kg) R o

3 2k DA R B S bR ASE S R BE = LR AR T
R, R A AIIA T 3 N E KK PAAs
(15, 75, 150 pg/L), HEAF2IAEE IR (n=3)
FiAEXHREIRZE (RSD) N3 3 FizR. A PAAs F[H]

WCRIATE 74.1% (DANP ) ~114.1% ( 2,6-TDA ) JEHI,
RSD {H¥/NT 5.7% (m-CA ). SCrhJ7H:00 PAAs UL
R TR FICHRT B LT PAAs Rl S5 SR,
FLIZERS TP 0 J Sk 2 U202,

2.3 TFmah

] 1.3 /AL R T7 %, AT A Wy s B
TR E] 4 FEr s BB 19 PAAs. T HRLIVE H.
A SE PR IS B0, IXHURIT T 4 FfEr s SBLA  ( Eﬂ

K. CEEER . SRR ), iﬁﬁ%ﬁﬁﬂﬁﬁnﬁ%
LA 3031 AR 4 FBILE W P IS PAAS Y I
E*ﬂiﬂ%iﬁn%ﬁﬁﬁo

ZEREUEYE, TARC 2028 rh B S BUETER
PAAs( HJl 4-ABP . 0-TLD,2M-5-MA . 4,4-THOA . p-CA )
TEMAEIUR (50.305 pg/kg ). FRIA (49.106 pg/kg ).
7J< (47.590 pg/kg ) MO AU (45.542 pg/kg ) HEy
MR O E 2. WA, 3E p-CA TV\]E’J
— ML EWITE AP T R T M 2, X5 E
5 FCHR 25 S — 2P,

R T 2 AN R TR 2 (8] B 22 57, A
PAAs MM FE 1T F 10535341 (PCA ), PCA 53R &l
2 R o ARYE PCA 25258, i 2 A~ F A4 (PC1 A1 PC2)
Hi 79.96%M AR B X R I PAAs R A5 115 8
1E PCA KI5 2] T B AL, LI 4518, PAAs
W A R9IE R ] LI i p-TOL .p-CA #13,5-DCA
KFRAE, FRIHIXLL PAAs TEBHIE A rhaRILH AN R 1Y
AR [ARE, B C Al D H PAAs TR T LU

R 3 NHPFHERT PAAs FILMHTEE ., LHERIAEHRE, LOD, LOQ R EZE
Tab.3 Linearity ranges, linear fitting equations, LODs, LOQs and recoveries of PAAs detected with
methods mentioned in the paper

gu o wmae o megm or LOD) 0 LOQ TAIBUCR I RSDI%
(pgL™") (ngkg) (pgkg ) 15pgL 75 ng/L 150 pg/L
1 m-PDA 0.10~300  y=61352x-3696.2 0.999 1 04 14 88.0 (2.5) 101.9 (0.03) 100.1 (2.4)
2 2,6-TDA 0.10~300 y=9 800.8x+853.08 0.996 6 04 1.2 90.4 (2.0) 114.1 (1.5) 99.4 (2.1)
3 p-TOL 0.10~300 y=12 017x-18 640 0.999 7 0.2 0.5 82.6 (2.5) 101.2 (3.7) 100.4 (0.5)
4 DANP 0.10~300 y=744.39x-7532.2 09911 3.0 9.9 109.6 (3.9) 74.1 (4.0) 104.0 (1.4)
5 2,4-DMA  0.10~300 y=1671.7%=732.59  0.9999 1.7 5.5 100.3 (4.8) 98.9 (1.9) 100.2 (0.8)
6 m-CA 0.10~300 y=3517.2x-30839  0.9945 1.6 5.2 100.2 (5.7) 80.0 (1.9) 103.3 (0.9)
7 o-TLD 0.10~300  y=28 136x-170282  0.9975 2.6 8.7 96.1 (1.4) 87.3(0.8) 102.3(1.2)
8 2-M-5-MA  0.10~300  y=20049x-116 133  0.997 4 1.0 34 93.9(1.6) 88.5(2.7) 102.1 (2.2)
9 44-THOA 0.10~300 y=33 819x-85 055 0.999 7 1.1 3.7 91.1 (2.7) 96.5(1.1) 100.9 (0.2)
10 2-M-4-NT  0.10~300  y=38270x-211 740 0.998 1.1 3.7 95.5(0.2) 88.7(2.2) 102.1 (0.9)
11 4-ABP 0.10~300  y=62310x-233677 0.9991 04 1.2 90.7 (2.7) 93.9 (2.0) 101.3 (1.4)
12 3,4-DCA 0.10~300  y=83 617x-233993  0.999 6 2.3 7.6 85.7(2.1) 97.5(1.7) 100.9 (1.0)
13 p-CA 0.10~300  y=155029%x-387 053 0.999 7 0.2 0.7 85.1(0.8) 98.4 (1.5) 100.8 (0.3)
14 2-ABP 0.10~300  y=69441x-307363 0.9989 0.3 0.9 903 (2.4) 92.6 (1.9) 101.6 (0.9)
15 3,5-DCA 0.10~300  y=40358x-262653 0.996 4 0.5 1.5 98.5(1.1) 85.6(0.3) 102.5 (2.4)
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Tab.4 Concentrations and migrations of PAAs obtained in four simulant solutions

/)54 W ((ug' L) T/ (ngkg )
=
15 FR A B C D A B C D

1 m-PDA  0.660£0013° 06330007 0.677£0010° 0.685:0.008" 131940.025° 12660015 1354+0.021°  137+0.017"
2 2,6-TDA / / / / / / / /

(9%}

p-TOL  1.62240002° 1.601£0.005° 1.600£0.005° 1.603+0.007° 3245+0.004° 3203+0.01°  3.199+0.01°  3.206:0.014°
4  DANP 10.643+0.038° 12.003:0.017° 12.753+0.044° 13.046+0.045" 21.285+0.076° 24.005+0.035° 25.507+0.087° 26.093+0.09*

(O}

2,4-DMA 30.552+0374* 3.19940.175% 19.873+0365° 22.582+0374° 61.103+0.748" 6.397+0.351¢  39.745+0.73° 45.164+0.748°

N

m-CA  9356:0.019° 886140014 9.505+0.019" 9452+0.015° 18711+0.039° 17.723+0.029° 19.009+0.039" 18.905+0.031°
7 o-TLD  6.143:0008" 6.168+0.004° 62030005 6246:0.004" 12.287+0.017% 12335£0.009° 12407+0.01° 12492+0.009"
2-M-5-MA  6014£0016°  5.860:0.013'  6.187+0.015°  6.113£0.016° 12.028£0.031° 11.719+0.025" 12375+0.03" 122260032

[ere)

9 44-THOA 3923+0.118 3395:0.044° 441240118 487340118 7.846+0236° 6.79+0.088"  8.823+0235°  9.745+0236"
10 2-M-4-NT 6290+£0012° 5985+0.010' 6.138+0.011°  637120.011*  12.58+0.025°  11.97+0.021¢ 12276+0.022° 12.742+0.022°
11 4-ABP  5010£0.056° 4.697+0.057° 5098+0.056° 5234+0.056" 10.02+0.113° 9395+0.113° 10.195+0.113° 10.468+0.112°
12 34-DCA  3206:0041* 3.120£0.039° 3225:0.039° 321940039° 6412+0082° 6240078  645:0.078"  6.438+0.078
13 p-CA 27040026 2.652£0019° 2653+0019° 2.687+0.019° 5409+0.052° 5303x0.037° 5306£0.037° 5374+0.037°
14  2-ABP  4674+0023° 4592+0012° 4735:0.023" 4747+0.023" 9347+0.046°  9.184+0.023°  947+0.046"  9.494+0.046"
15 3,5DCA  6678:0.045" 6.653+0.010° 6.655:0.010° 6.671£0.009° 13.357+0.089" 133050019 1331x0.019" 13.343£0.018"
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