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Rapid determination of 41 primary aromatic amines in water by ultra high—performance liquid

chromatography—tandem mass spectrometry with direct injection

WANG Lu', HE Ze-ying', SUN Xiao—jie’, SHI Xiao—meng', HE Pei—qiao', WANG Ce', LIU Xiao—wei'"

(1. Key Laboratory of Environmental Factor Control for Agro—product Safety, Ministry of Agriculture and Rural Affairs/Agro—
Environmental Protection Institute, Ministry of Agriculture and Rural Affairs, Tianjin 300191, China; 2. SCIEX, Shanghai 200335, China)
Abstract: A ultra high—performance liquid chromatography—tandem mass spectrometric (UPLC-MS/MS) method was developed for the
simultaneous determination of 41 primary aromatic amines (PAAs) in water. The samples were not purified, and were filtered through a
0.22 pm microporous membrane. The target compounds were separated on a Phenomenex Kinetex 5(3 mmx100 mm; 2.6 pm) column by
gradient elution using 0.05% formic acid—methanol as the mobile phase at a flow rate of 0.45 mL+-min™'. The MS/MS analysis was performed
with an electrospray ion source in positive mode under multiple reaction monitoring mode, and the calibration curve was used for
quantification. The results showed that there were good linear relationships for the 41 PAAs in the concentration range of 0.08~50.00 pg-
L™, and their correlation coefficients (r*) were between 0.989 9~0.999 8. The limits of detection and limits of quantitation were in the
ranges of 0.01~0.15 pg+ L™ and 0.04~0.30 pg- L™, respectively. The relative standard deviations for the 41 prohibited compounds at three
spiked levels were in the range of 2.31%~7.90%. At the 5 g+ L™ level, the recoveries of 39 compounds among the 41 PAAs were above
80%. With simple pretreatment, a wide target range, high accuracy, and high sensitivity, the method is suitable for the analysis of PAAs in
water.

Keywords : water; primary aromatic amines; aniline; liquid chromatography—tandem mass spectrometry
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Table 1 Gradient elution program

FF ] Time/min 840 A Mobile phase A/% i 8li4H B Mobile phase B/%

0 90 10
5 10 60
7 5 95
8 5 95
8.1 90 10
12 90 10

1.3.2 Ji%&tF

BTUR R B IR (ESTY) s B IR 1600 °C;
BB R :2 000 V5 A5 AR J7: 30 psi(1 psi=6.895
kPa) ; BE 55 S 17 19 psi; S50 (GS1) K 7 :40 psi; 5§
W < (GS2) H 1+ 50 psis & W 07 =X« 22 S g W DU
(MRM) . 41 B4 25 55 7 i 2o 78 Js g W %) R 06 o %
K2,
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Table 2 UPLC/ESI-MS/MS parameters for 41 PAAs in MRM mode

7 &Y PREAM ] DOR A 1 PUtRAF3  RERHUE RfERE
No. Compound RT/min  QU(m-z")  Q3/(m+z") DP/V CE/eV
1 aniline #fi% 1.42 94.1 77%151 50 27/39
2 o—toluidine 4B F K % 2.36 108 91.1%/93 50 22/23
3 p-toluidine X F 2 fi% 3.99 108 91%/65 50 24/37
4 m-phenylenediamine [A]#% i 1.02 109 92%/65 50 21/30
5 o—phenylenediamine £ 7% i 2.36 109 92%/65 50 21/30
6 4-nitroaniline 4—fil 3L 5.89 139 122%/92 50 18/27
7 3-nitroaniline 3-f§ 37K ik 5.01 139 93#/76 50 26/37
8 2-nitroaniline 2—fiff 32K % 4.23 139 121%/91 50 17/23
9 2, 6-diethylaniline 2, 6- — Z i 4.56 150 105%/91 50 26/33
10 2-methyl-6-ethylaniline 2-H3£-6 2 FLH )% 4.67 136 91#/117 50 29/27
11 2,4—dimethylaniline 2,4-—F I JI7 3.52 122 77.1%/105.1 50 35/23
12 2, 6-dimethylaniline 2, 6- " Fi 3L I 4.43 122 77.1%/105.1 50 35/33
13 2,4-diaminotoluene 2,4- " FEFIZE 1.08 123.1 106.1%/77.1 50 20/38
14 2, 6-diaminotoluene 2, 6- 4 FE P 1.25 123.1 106.1%/77.1 50 20/38
15 o—anisidine & i A% 2.22 124.1 109.1%#/65 50 22/30
16 4—chloroaniline 44 % 3.80 128.1 93.1%/75 50 24/24
17 3—chloroaniline 3-5{ % 4.40 128.1 93.1%/111 50 24/18
18 2,4, 5—trimethylaniline 2,4, 5- = H ZLF 1% 5.99 136 91.1%/121.1 50 31/21
19 p—cresidine XJ Ffl [} 3.61 138 123.1%/78 50 21/36
20 4-methoxy—1,3" —phenylenediamine 4—F 4 3E—1,3" - F —Jfi¢ 3.62 139 124.1%/108.1 50 21/24
21 2-naphthylamine 2-%5 1% 4.87 144 127%/77.1 50 32/45
22 4—aminobiphenyl 4—Z FLBE IR 6.00 170 152#/153.1 50 38/26
23 2—aminobiphenyl 2 % JERE 6.74 170 152%/153.1 50 38/26
24 4,4~-diaminobiphenyl 4, 4- —Z JEIHE 1.84 185 168.1%/167 50 40/34
25 4—aminoazobenzene 4—Z JEfH A 4 7.29 198 77.1%/105.1 50 24/19
26 bis—(4-aminophenyl) methane X (4—% ZEHEHE ) H 8 2.03 199 106.1%/77 50 33/50
27 4,4’ —oxydianiline 4,4 ' -5 KK 1.73 201 108.1%/184 50 26/25
28 3,3’ —dimethylbenzidine 3,3~ F FEEX & 4.03 213 180%/196.1 50 44726
29 4,4’ —diaminodiphenylsulfide 4,4" - — 4 5 — ZE w7 ik 5.05 217 124%/200 50 25/25
30 o—aminoazotoluene 2% I {H & F 2% 7.96 226 91#/121.1 50 25/30
31 4,4'-diamino-3,3’ ~dimethyliphenylmethane 4,4'-—"/%3-3,3'-"FHIER L 4.06 227 120.1% 50 32
32 3,3’ ~dimethoxybenzidine 3,3 -4 JLI b 4.11 245.1 230.1%/187.1 50 27/45
33 3,3’ ~dichlorobenzidine 3,3'— " 5RIKHE % 7.39 253.1 217.1%/182.1 50 29/36
34 4,4" —methylene=-bis(2—chlorozniline) 4,4’ =7 H 53 (258 i ) 7.45 267 231.1%/140.1 50 27/45
35 3—amino—4-methylbenzamide 3-%24%k—4—FF I8 F g 2.18 151 108.1%/93 50 19/33
36 3—chloro—4-methoxyaniline 3-%5~4—H & FL 2% 3.23 158 123.1#/80.1 50 23/41
37 5—chloro-2—methoxyaniline 5-454-2~H & FHE % 5.96 158 143%/108.1 50 23/32
38 1,5-diaminonaphtalene 1,5~ "% 2% 1.72 159 115.1%/143.1 50 40/28
39 4—chloro—2, 5~dimethoxyaniline 4-%(~2,5- AR Z R 5.96 188 173.1%/130 50 21/38
40 3—amino—p-anisanilide 3—%{JEX [ 7 P4 I 3.64 243 212.1%/227 50 29/23
41 2-methoxy—4—nitroaniline 2-H & Jk—4— i IR i 6.00 169 152#/122.1 50 18/27

VR T

Note:"*" is quantitative ion.
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Figure 1 TIC of 41 PAAs(0.05% formic acid , ion source spray voltage 2 000 V)
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Table 3 Experimental results on the accuracy and reproducibility of 41 PAAs

FR

F39EF OH

TR B Accuracy I Reproducibility
TR i R R T i

75 wEY Spiked:5 pg- L Spiked:0.1 pg-L™" Spiked:5 pg-L" Spiked:20 ug-L"

No. Compound T IR AIRRR BIRCR MXPRR R ARERR BIRCR R

Average/ Recovery #EfiiZE Recovery/ #ifii2E Recovery/ fEfZE Recovery MEf 22

(pgl’) /%  RSDI% % RSD/% %  RSD/% 1%  RSD/%
1 aniline Kl 4.45 88.9 3.62 87.8 7.27 95.8 7.08  100.6  6.74
2 o—toluidine £ F 2R i 5.32 106.3 4.58 101.0  7.52 93.3 5.27 94.2 5.97
3 p—toluidine X F I 4.16 83.2 3.92 75.5 6.43 94.4 2.86 93.0  4.12
4 m-phenylenediamine ]2 .l 4.42 88.4 4.58 79.5 5.84 88.2 730 1028 287
5 o—phenylenediamine £ 7% —Ji& 4.74 94.8 5.71 78.3 4.15 86.0 4.45 94.1 6.83
6 4-nitroaniline 4—fif 3K % 4.24 84.7 6.20 101.7 392 88.6 4.03 90.0  5.23
7 3-nitroaniline 3—fil§ LA % 431 86.2 5.84 77.5 3.78 95.6 4.81 843 231
8 2-nitroaniline 2- A7 4.99 99.7 6.65 96.0 7.65 92.4 6.77 98.1 5.85
9 2,6—-diethylaniline 2,6- . Z FL 7K [l 5.40 108.0 546 88.0 4.04 84.4 6.23 99.7 7.21
10 2-methyl-6—ethylaniline 2—F 3 -6 Z JLIE I 4.43 88.6 7.15 91.0 6.59 87.7 6.44 939  6.92
11 2, 4-dimethylaniline 2 ,4-—F LI 4.14 82.9 6.38 89.7 5.75 87.1 5.42 922 632
12 2, 6-dimethylaniline 2, 6- " Fi JLIE 1 431 86.1 5.40 93.0 5.76 87.9 5.01 92.8 528
13 2,4~diaminotoluene 2,4 " H I % 438 87.5 6.58 90.8 5.06 89.6 6.28 984  7.50
14 2, 6—diaminotoluene 2, 6- " FL I %% 4.38 87.5 5.80 89.3 7.30 89.1 6.83 923  6.89
15 o—anisidine 4f [ % i 525 1050  3.86 85.5 6.98 79.0 6.81 89.3  7.55
16 4~chloroaniline 4—58 i 4.04 80.7 7.34 80.3 6.37 92.5 7.90 956  6.53
17 3—chloroaniline 3—5 K I 4.48 89.7 731 97.3 5.95 75.8 6.48 934  6.60
18 2,4, 5-trimethylaniline 2,4, 5= F B3 3.21 64.2 4.64 75.5 3.80 66.5 6.28 80.1 2.36
19 p—cresidine X F [ 5.51 110.1 251 100.8  7.82 1003  5.30 90.2  5.80
20 4-methoxy—1,3" —phenylenediamine 4-FI%3E-1,3" 2K ")l 3.99 79.8 7.41 87.3 5.60 74.5 5.48 852  3.02
21 2-naphthylamine 2-Z5 1% 4.50 90.1 6.73 85.5 7.30 93.7 733 1020 327
22 4—aminobiphenyl 4-2 FLBK IR 4.47 89.4 6.23 92.3 5.75 79.1 6.52 94.2 5.47
23 2—-aminobiphenyl 2—-Z FEH K 4.09 81.7 4.86 88.3 6.97 87.3 598 1063 332
24 4,4~diaminobiphenyl 4,4- "2 JLEEE 4.62 92.5 7.47 90.5 432 94.0 5.86 90.2  4.92
25 4—aminoazobenzene 4—2 JLH A K 4.78 95.6 5.37 99.5 5.25 93.6 6.49 98.0 7.30
26 bis—(4-aminophenyl) methane X (4-%{ JEFHEIE ) B ¢ 4.20 83.9 5.82 96.3 4.93 95.8 474 1011 4.42
27 4,4" —oxydianiline 4,4 ' - Ktk 4.24 84.8 5.08 85.2 5.40 87.9 6.50 1020  5.75
28 3,3’ ~dimethylbenzidine 3,3~ — F JEI ZE 4.30 85.9 6.05 78.8 550 1031 337  101.1  2.62
29 4,4 -diaminodiphenylsulfide 4,4 - %3t — ZE Rk 421 84.2 629 1000  5.60 90.8 4.46 99.8  5.65
30 o—aminoazotoluene 205 % Al % FH 2K 505 1009 256 91.8 5.91 95.1 7.79 9.5 771
31 4,4'-diamino-3,3 ' —dimethyliphenylmethane 5.39 107.8 4.86 84.0 6.87 96.6 7.72 101.8 3.90

4,4 -5 -3 3 - T R R
32 3,3’ —dimethoxybenzidine 3,3 - F 5 JL LA ie 5.29 105.8  7.01 83.0 6.10 89.9 7.74 90.3 7.79
33 3,3’ ~dichlorobenzidine 3,3’ - — 58I A 525 105.1 5.82 79.2 7.73 76.9 327 1042 430
34 4,4" —methylene—bis(2-chlorozniline) 512 1024 228 90.8 7.45 89.4 532 1005  6.78
4,47 - H W
(2-5 W)

35  3-amino—4-methylbenzamide 3-243E-4-F LR BERE - 4.65 93.0 7.73 97.0 7.04 86.9 496 1008  7.67
36 3—chloro—4-methoxyaniline 3-58-4-F & K4 g 4.76 95.1 5.94 72.0 6.71 98.4 7.74 87.8  7.45
37 5-chloro—2-methoxyaniline 5—4%{ -2~ E LAz 5.05 1009  7.11 97.7 6.52 92.0 3.96 89.6 3.48
38 1,5~-diaminonaphtalene 1,5~ "2 2% 4.93 98.5 6.01 9.3 475 94.9 7.52 88.1 4.68
39 4-chloro-2,5-dimethoxyaniline 4-5-2,5- “HAILIM 540 1079  6.19 87.7 6.41 98.0 6.09 1060 234
40 3—amino—p-anisanilide 3—2 315 77 N I 551 1103 422 87.5 5.89 97.7 5.23 99.6 434
41 2-methoxy—4-nitroaniline 2—Ff 4 3L —4—fil§ FE e 4.07 81.4 6.76 89.7 730 1007  5.88 96.5  4.80
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Table 4 Linear range, correlation coefficient, LOD and LOQ of 41 PAAs

MRAE R ERR

%1\‘1? cziﬁﬁd ngi 'fjﬁi(m Correlation  LOD/ LOQ/
) - coefficient  (pg-L7") (g L")
1 aniline <% y=1.905%10°%+1.604x10°  0.996 2 0.08 0.20
2 o—toluidine £ FF 2R i y=2.12x10°%+14 137 0.998 1 0.05 0.10
3 p—toluidine X B ZE e y=2.39x10%+11 145 0.990 5 0.05 0.10
4 m-phenylenediamine [i] % — % y=1.329x10%+10 356 0.999 8 0.05 0.10
5 o-phenylenediamine 487 —Ji¥ y=1.112x10%+14 220 0.998 1 0.08 0.20
6 4-nitroaniline 4—filf A i y=2.321 4x10%+31224  0.9924 0.08 0.20
7 3-nitroaniline 3Tl FEE y=2.123 1x10%+3 491 0.993 9 0.08 0.20
8 2-nitroaniline 2—ff LA y=1.007x10°+10 001 0.999 2 0.08 0.20
9 2, 6-diethylaniline 2,6-— Z 3R ¥=6.002x10°x+6 113 0.998 0 0.05 0.10
10 2-methyl-6-ethylaniline 2—F1 £:-6 Z JEHE y=5.321 9x10%+5 681 0.999 5 0.08 0.20
11 2,4-dimethylaniline 2, 4-— 1 JLF 1% y=1.784 0x10°%x+8 177 0.997 7 0.01 0.04
12 2,6-dimethylaniline 2, 6-—"H JL3E 1 y=1.612 1x10°%+25 871 0.997 5 0.04 0.09
13 2, 4-diaminotoluene 2 ,4- 4 KL y=1.444x10°%+23 110 0.999 5 0.05 0.10
14 2, 6-diaminotoluene 2, 6- — 4 5L I y=1.232 46x10°%+20 386 0.993 0 0.05 0.10
15 o-anisidine &5 4] &l y=4.354x10%+3.007 8x10*  0.994 5 0.01 0.05
16 4~chloroaniline 4~ %k y=1.146 5x10°%+5 264 0.998 7 0.01 0.05
17 3—chloroaniline 3-5 % y=1.311 2x10%+6 578 0.999 1 0.15 0.30
18 2,4, 5-trimethylaniline 2,4 ,5- = B JL2E )7 y=2.536 3x10°%+25 932 0.997 2 0.05 0.20
19 p—cresidine X F i} y=6.667x10°%+3.307c4 0.996 6 0.01 0.05
20 4-methoxy—1,3 "' —phenylenediamine 4—F 5 J—1,3" 2K —_Ji% ¥=5.805 0xX10°x+2 242 0.999 3 0.05 0.10
21 2-naphthylamine 2-%5J}#% y=2.580 1x10°%x+3 999.3  0.999 1 0.01 0.05
22 4-aminobiphenyl 4—2 FLBEOK y=2.827 4x10°%x+8 232.5 0.997 2 0.05 0.20
23 2—aminobiphenyl 2 —Z{ FLBE K y=3.833 4x10°%+4.629 4x10*  0.989 9 0.05 0.20
24 4,4~-diaminobiphenyl 4 ,4- — 4 JEHETE y=1.526 8x10°%+13 989 0.998 4 0.01 0.05
25 4—aminoazobenzene 4—% FAM %K y=1.482 6x10°%x+7.47x10°  0.995 8 0.01 0.05
26 bis—(4-aminophenyl) methane ¥ (4% FEFRIE ) B e y=3.049 4x10°%+3.23x10*  0.998 0 0.02 0.06
27 4,4" —oxydianiline 4,4 ' 4 H y=2.238 3x10°%+18 163 0.998 7 0.01 0.05
28 3,3’ ~dimethylbenzidine 3,3’ - F FETEZE i y=2.269%x10°%x-8 183 0.999 0 0.05 0.20
29 4,4’ —diaminodiphenylsulfide 4,4 - — 43 3 — 3£ fi ik y=1.769x10°x+9 944 0.998 8 0.05 0.20
30 o—aminoazotoluene 403 % I M 2 I K y=1.107 9x10x+4.681 7x10°  0.994 4 0.01 0.05
31 4,4'~diamino-3,3' ~dimethyliphenylmethane 4,4’ ~—4}£-3,3" - —FIIHER L y=3.467 9x10%+29 360  0.995 5 0.01 0.05
32 3,3’ ~dimethoxybenzidine 3,3~ Fl 4 JEIB HE i y=2.607 6x10°%+5.719 8x10*  0.995 5 0.10 0.30
33 3,3"~dichlorobenzidine 3,3’ - 4B HE y=6.535 1x10°%+27 514 0.999 2 0.05 0.20
34 4,4’ —methylene—bis(2—chlorozniline) 4, 4" —\[F F 3 (2~ 40 4z ) y=1.070 2x10°%x+4.756 8x10*  0.998 6 0.01 0.05
35 3—amino—4-methylbenzamide 3% & —4—H 23 F b y=3.025 7x10°%+27 540 0.995 2 0.01 0.05
36 3~chloro—4-methoxyaniline 3—4~4-H A JE A y=1.078 3x10°%x+3 546 0.999 7 0.05 0.20
37 5—chloro—2-methoxyaniline 5—4{ -2~ A JE 2 1 y=2.807 8x10°%x+26 640  0.9957 0.01 0.05
38 1,5-diaminonaphtalene 1,5- "4 JL%% y=1.408 6x10°x+2 846 0.999 2 0.10 0.30
39 4-chloro-2, 5-dimethoxyaniline 4-%(-2,5-_ H EUER y=3.681x10%+4.046x10*  0.992 3 0.01 0.05
40 3—amino—p—anisanilide 3—Z 3 X ] & P IR ¥=2.269x10°x+2.763 0.996 2 0.10 0.30
41 2-methoxy—4—nitroaniline 2—F 4 3 —4—fiff FL IR i y=4.946x10°x+2535 9 0.995 6 0.01 0.05
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