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Determination of 34 primary aromatic amines in medicinal aluminum
foil by ultra performance liquid chromatography tandem triple
quadrupole mass spectrometry

Z0U Jiajia' YANG Qianzhan’ DAI Lei' LI Shuya' HE Dan' ™
(1. College of Pharmacy, Chongging Medical University, Chongqing, 400016, China; 2. Shimadzu Co., LTD, Analytical
&Measuring Instruments Division, Chongging, 400010, China)

Abstract An ultra performance liquid chromatography tandem triple quadrupole mass spectrometry
(UPLC-MS/MS) method was developed for the determination of 34 primary aromatic amines in
medicinal aluminum foils. Waters ACQUITY UPLC-HSS T3 (100 mm X 2.1 mm [D., 1.8 pum)
chromatographic column was used, with 0.1% formic acid aqueous solution-acetonitrile as mobile
phase and gradient elution. The flow rate was 0.4 mL-min”', column temperature was 40 °C.
Electrospray ion source (ESI+) was used, and the working mode was multi-reaction monitoring mode
(MRM). The 34 primary aromatic amines had satisfactory linear relationships in the concentration
range of 1—100 ng-mL™" (+>0.999). The relative standard deviations of retention time and peak area
of each compound were less than 1.21% and 5.00%, respectively. The recoveries were between
73.5% and 114.8%. The established method has the characteristics of high sensitivity, good
repeatability and high accuracy, and is feasible for the determination of 34 primary aromatic amines

in medicinal aluminum foil.
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1 s
1.1 SEEAL R

LC-MS-8060 = 7 U AT 7% i 3¢ AL ( H A< i Ht 23 &) ) ; LabSolutions Ver. 5.97 A3 TA/E# ( H A B HE 4 &) ) 5 SIL-
30AC A shit e (H A S HA TR ) ; KQ-2200B B FH i ik a% Lok B Ll Tl 7 AR A BR 9344 W] ) s LS220A B J7 43
Z—HL AT R (G BT [ B 52 2 A B2 7)) s MIl-Q 4l K AX (Millipore A BRZA R ).

L (FEBR IR BB RA AL, Cigal); PR (R /RBH A RA R, @iksl); M (3EE TEDIA A F, @
TEA1) 5 34 FhIFFARREHRAHE i A0 T 1 2 B3 AR EBOR IR 55 A IRA F]) 5 25 AR (B N2 4.
1.2 WS

A3 B 34 FpOF EAMGE B, B RO, CIEEMIERBBME S 10 pgmL ! FIRA R (4 °C LN RAE) . B
REAMERG ST S % LIE/KHFRE, Bohl Bk EE R 1. 2. 5, 10, 20, 50, 80, 100 ng-mL™" AYTR S ARMER IR, BLFHBLAC.

B A BERE 100 em?, 3R 2.5 em=0.2 em B 40 400 & 250 mL ELIEHEIE M, 45 35 A P 20 mL, 7k H &,
A PR 30 min, B4R AN E SR H, $EA), BHRBUR L 0.22 um BB MR8, BUSEIE WA A R S A
1.3 ATk

WM 2514 Waters ACQUITY UPLC-HSS T3(100 mmx2.1 mm LD., 1.8 um) A0 (34 W EhAH N A #1-0.1 % H IR
7K, B -2 8 ; Wi 0.4 mL-min™'; FEEEARER 3 uL, 3 40 °C; BEEFVENR 2 : 0—1 min, 5 % B; 1—4 min, 5 % B—40 %
B; 4—10 min, 40 % B—95 % B; 10—13.5 min, 95 %B; 13.5—13.6 min, 95 % B—5 % B; 13.6—16.0 min, 5 % B.

S 25 LIS SS B TR (BSIH) 5 b8 <o U<, IS 10.0 Lomin ™' 25, 25460 3.0 L'min ' &R, TS
4 10.0 L-min™ Z&<; 3 HREE 300 °C, DL R BE 250 °C, INAEHGERE 400 °C; #: HHE 4 kV; HEB U MRMGE 1).

=1 34 FFFARER) MRM 241

Table 1 MRM parameters of 34 primary aromatic amines

a7 CAS N FEYE T Ql Pre/V CE/V Q3 Pre/V

pop: 3 106-50-3 109.2 65.1%,92.1 -13,-14 -24,-20 -11,-18

[E]R 1% 108-45-2 109.2 65.1%,92.1 -10,-13 -24,-19 -24,-16

2,4- TR 95-80-7 123.2 77.1%,106.1 -11,-10 -29,-19  -14,-11
4.4 ZE RO RE 101-80-4 201.2 108.1%, 80.0 -10,-15 -22,-35 -22,-15
2,6- AP R 823-40-5 123.2 77.1*%,106.1 -11,-11 -29,-22 -29,-20
B 92-87-5 185.2 167.1*%,168.1 -14,-14 -27,-21 -17,-17
44 HFE TR R 101-77-9 199.2 106.0%, 77.0 -15,-15  -25,-54  -10,-15
N 63-53-3 94.0 77.1%,51.0 -19,-11 23,32 -14,-20

1,5- "8 2243-62-1 159.0 115.1%,143.1 -12,-13 -34,-24  -20,-27
Xof AR R e 104-94-9 124.1 92.1%,109.1 15,26 -25,-22  -21,-19
RIGE=E-S 17 90-04-0 124.1 109.1%,92.1 26,-15  -22,-25  -19,-21

L HH R 95-53-4 108.2 91.1%,65.1 -10,-10  -22,-28  -17,-24

3,3 H AR RO 119-90-4 2452 230.1%,213.2 A11,-10 0 -19,-20  -24,-14
3,3"- " HH LI IR IR 119-93-7 213.2 80.1%*, 196.1 -17,-18 -35,-20 -19,-20
2,4- T R ik 615-05-4 139.1 124.1%,108.1 -11,-11 -17,-19  -12,-20
3G % FH R gk 120-71-8 138.2 123.1%,77.1 -12,-12 -21,-35 -22,-28
2,6- — HIEHE 87-62-7 1222 77.05%,107.1 -10,-10  -28,-22  -14,-21
3,3 HI R4 4 TR SR TR 838-88-0 227.2 120.1%,178.1 -19,-11 225,27 -12,-18

2.4 B T IR 1208-52-2 199.2 106.0%, 77.0 -15,-15 -25,-54 -10,-15
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st/ CAS HIAE YT Ql Pre/V CE/V Q3 Pre/V
XA 106-47-8 128.1 93.1%,111.1 -11,-10 22,-17 -16,-16

2.4- R E 95-68-1 122.2 77.1*%,107.1 -10, -10 -31,-22 -14,-21
2,4,5- = H 3R 137-17-7 136.2 91.1%,121.15 -11,-11 24,21 -17,-26
A4 TR TR 139-65-1 217.1 124.05%, 0.05 -17,-18 -23,-48 -24,-29
2-Z8 91-59-8 143.8 127.1%, 117.1 -12,-13 -26, -22 -24,-12
2,4,6-= M HEH e 88-05-1 136.2 91.1%,121.15 -11,-11 24,21 -17,-26
1-Z8 134-32-7 143.8 127.1%,117.1 -12,-13 -26, -22 -24,-12

2,2 RS TR 6582-52-1 199.2 106.0%,77.0 -15,-15 -25,-54 -10,-15
4GSR R e 95-69-2 142.1 107.1%,125.0 -12,-11 -20,-25 20, -22

2- B h-4-FE SR 99-55-8 153.1 107.0%,90.2 -13,-11 -17,-21 -19,-18
A-FFEROR 92-67-1 170.1 152.1%,153.1 -12.-12 -30,-30 -22,-22

3,3 BN 91-94-1 253.1 217.1%,182.1 -12,-12 -22,-28 -23,-18
X FH AR 60-09-3 198.0 77.1%,93.2 -15,-15 -23,-23 -14,-20
44K B IE-3-(2- G R ) 101-14-4 267.1 140.0%, 95.05 18, 12 -25,-32 -23,-13
AR 2R 97-56-3 226.2 91.1%, 121.1 -11,-11 -23,-23 -17,-20

RN E BT

2 RS
2.1 RGN AR

BURA T B, Bt T, a5 UV TR R R, 25 SR A OV IRTE T3, 363X T V€003 068 115 Weg s i) R ko B8 O
— B, 34 35 A e ek R AR R A B AR 1) £ €203 0 43 S R0
22 LRMEERHEE

A [F VR B R A PR SR AT AR RR ), 4% 2.2 TR R A0 BT A5 AR AT I 5, LA 3 A 8 Ak A, 0 TG B A A B, A
T 1/C. O RFAMR R S AL HE M1 42, 34 P05 & e B ML EAE 1—100 ng-mL ™ (4,4- (3% — W ik I 2-2( S -4-fil L T R
S 5—100 ng-mL ™)y [N, W EA B ALPER R, M6 REI KT 0.999, Hikgh F L% 2.
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Table 2 Methodological investigation results

EY MRZRE FEMeLE BB/ (ngmL™) E KR/ (ng'mL™) MY #+RSD/%

X4 0.9998 12 0.29 0.86 91.1£0.13

[ i 0.9999 32 0.29 0.87 92.6+0.86
24-THIER AR 0.9997 20 0.15 0.46 102.3+4.18
4,4- 5 5 T H ik 0.9997 11 1.46 4.41 88.0+£0.57
2,6- A HH R 0.9999 22 0.16 0.49 74.242.22
LN 3 0.9998 61 0.05 0.16 82.4+4.09

44- "I TR 0.9998 43 0.08 0.24 76.8+1.00
N3 0.9999 31 0.22 0.66 100.7+3.71

1,5- 28 jtk 0.9999 22 0.10 0.29 93.743.54
Xof AR B 0.9998 125 0.03 0.08 87.6+0.26
Rk S N 0.9997 196 0.02 0.06 95.1£1.20
REE NS 0.9994 132 0.03 0.08 112.7+0.35
3,3- HU R BRI 0.9996 80 0.03 0.10 106.4+3.77
3,3- LI 0.9995 177 0.02 0.05 100.7+1.54
2,4 G A ik 0.9998 53 0.06 0.17 112.4+1.37
3G o0t F R gk 0.9996 111 0.03 0.09 106+0.87
2,6- — HHIR R 0.9995 48 0.06 0.19 111.3+0.97
33-ZHISE-44- T E B TR 0.9996 79 0.10 0.03 114.5+0.39
24- IR 0.9993 107 0.03 0.09 103.6+3.13

PO PSS 0.9996 100 0.03 0.10 108.3+2.53
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E&Y MHRRE  (EMRL KR/ (ng-mL™") FE R/ (ng'mL™") B FE+RSD/%
2,4- W IR 0.9993 14 0.23 0.70 106.5+2.34
2,4,5-=HE 0.9996 30 0.12 0.35 102.7+0.93
4,4- 5 TRk 0.9996 105 0.01 0.03 112.3+1.01
b-ZE 0.9998 141 0.01 0.03 114.5£1.06
2,4,6- =W E 0.9998 141 0.03 0.08 107.8£0.69
a-ZEfk 0.9996 225 0.01 0.02 114.2+0.61
2,2-EH TR 0.9998 107 0.03 0.10 107.4+1.66
A- GRS R 0.9995 111 0.01 0.03 107.4+0.21
2-FFE-4-f R R 0.9996 16 1.10 3.31 108.4+2.20
45 IR 0.9998 149 0.02 0.07 112.6+1.68

3,3- AU R 0.9994 37 0.07 0.21 108+0.12

X R AR 0.9998 133 0.03 0.08 101.5+1.42
4,4V F - 0L-(2-5 R R ) 0.9995 42 0.09 0.26 109.4+0.51
AR AT 2 0.9996 71 0.05 0.15 109.7+0.89

23 RuE MR

F B L2 TR 7 vk il 4 BE SO VR, B RE A IATRE IR TR 04 2. 4. 8. 12, 24 h, #1377 {033 K o i £ 43k
FEIMNSE . £5 5% 34 Fh 5 B Ar e (0 W TR FRPR ME AR 25 A8 KT 8.71%, RIIZAEMIATRAE SR T 24 h WEGE.
24 R EI LR

L3I T gl R BRI T, K B 5 ng-mL ™" IUARIE TAE R /0 DI FE S A2 8 K, B AU IR 2, 45
RN 2 7R, 34 FhI5 A0 M £ B8 Aot 1) 0 g TR A o O 22 43 TR KT 1.21 % 1 5.00 %, AL R84 %5 1 R4
2.5 FEEMERE

T AR Sl VR TR 4 T 1A T A AR (8 FURE D YA T 8 10 IR 40 BN 34 55 40 e s o 5 335 o, A AR
WM 10 ng-mL™", 451,375 (3 K TR 25 {1 0 AR I 5 . 34 Tl 35 7 06 A1 e (%) A B8 s [0 60 6 T R0 ) A v Al 22 40 S0 S R
T 1.18 % M1 4.44 %, X ZITERA RIFMERZ M.
2.6 AR

TE2S A8 TERE i Hh S N 2 VR 5 e R U R A s TR M 2 565 (m=2) , AR HR B 10.0 ng-mL™". 25 (A RR o 34 F 5%
FEAA MY R RAG ISR 2, S 0L 3% 2. S5 5 7R, 34 Fh55 300 e I B4R B b TR R AE 73.5%—114.8 % 22 [i],
RSD ANETF 5 %, IR KR 4
2.7 BESL A

SRFARTT XS 5 AR 25 AR S HEATI0 X2, 45 S e AR A9 & w35 A ARG T 1 1500 49 34 Fh35 B (A K, R WA
FIT IR S FF A2 34 T 37 40 e () PR R

3 458 (Conclusion)

AR SCHEST T — T (7 P 5% 0 v AR R €0 15 = B WO BT R 6 R 4SO R 24 R AR 9 b 34 R D5 A A i i UPLC-
MS/MS J7k. R 5 kil AT T kS 50 E, 7 B B A e s b . ik R ke B . RO AR T AR RO
Al T 25 AR 34 FP 5 B AR R HER I A
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