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Direct determination of carcinogenic aromatic amines
in surface water by UHPLC-MS/MS
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Abstract: A rapid method was developed for the quantitative determination of 23 carcinogenic
aromatic amines in surface water by ultra high performance liquid chromatography tandem
electrospray ionization mass spectrometry ( UHPLC-MS/MS) . After water sample was collected it
was filtered with a 0.22 pm polytetrafluoroethylene ( PTFE) membrane and then the target
compounds were separated on a C18 RRHD column gradient eluted with methanol and water and
determined by positive electrospray ionization mass spectrometry with multiple reaction monitoring
mode ( MRM) . Quantitative analysis was performed with external standard calibration method in the
study. UHPLC separation condition concentration of ammonium formate and formic acid in mobile
phase fragmentor voltages and collision energies were optimized. The relative standard deviation
( RSD) of the developed method was in the range of 2.1%—10.2% ( n=7). Standard added
recoveries in sample matrix ranged from 70.3% to 119.8%. The limit of quantification ( LOQ) was
from 0.01 to 2.0 pg*L™". The proposed method is easy to operate highly sensitive fast and
accurate.
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Table 1 MRM conditions for the target AAS compounds
No. CAS No. tg /min /(m/z) /V /(m/z) CE/V
1 4- 92-67-1 5.74 170 130 152.1 33
77 48
2 92-87-5 2.58 185 110 167.1 2
115 45
* 2
3 4- 95-69-2 4.88 142 110 106.1 ?
89 33
4 2- 91-59-8 4.55 144 110 127.1 2
77.1 37
’ 21
5 97-56-3 6.85 226 110 oLl
65.1 45
6 10647-8 3.36 128 90 93.1 17
75.1 37
1" 13
7 2 4- 615-05-4 1.08 139 90 124.1
108.1 13
8 4 4- 101-77-9 3.87 199 150 106.1 2
77.1 50
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1
No. CAS No. ty /min /(m/z) IV /(m/z) CE/V
9 33 91-94-1  6.02 253 130 182.1 29
217.1 17
0 33- 119-904 430 245 110 187.1 33
230.2 13
133 119937 434 213, 130 180.1 33
198.2 17
12 44— 33 §38-88-0 5.5 227 150 120.1 25
77.1 50
13 2- =5 120-71-8  3.92 138 90 123.1 13
77.1 37
4 44— 33 101-144 627 267 130 140.1 2
195.1 29
15 44— 101-804 277 201 130 108.1 17
80.1 33
16 44- 139-65-1 449 217 130 124.1 17
80.1 45
17 95-53-4 2.71 108 90 oLt 17
65.1 25
18 24- 95-80-7 121 123 90 771 2
108.1 13
19 245 137177 5.30 136 110 L1 21
121.1 13
20 90-04-0  2.57 124 90 109.1° 13
80.1 33
20 4 60-09-3  6.12 198 110 7.1 17
51.1 49
2 26 87-62-7  4.10 122 90 105.1 13
51.1 19
23 2-53-3  1.67 94 50 77 17
51.1 33
%
( (0.0.5.2.5 mmol L") ( 0%
0.01%.0.05%+0.1%)  AAs
AAs
LC-MS
pH M+H *
2.3 N
(10% ) 0.01.0.05.0.1.0.5.1.0.2.0.5.0.10.50.100 ug‘L_]
(x
-1
neeL) () 2
23 AAs 0.9975.
(LOQ)
10( S/N =10) LOQ 2 AAs LOQ  0.01—
2.0 pgeL! LOQ GB 3838—2002 100 pg*L™" 0.2 pgL™'
LOQ s GC-MS
2.4
(0.0l pgeL”" 5.0 pg'L" 7 ) 7
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3 70.3%—119.8% (RSD) 2.1%—10.2%
2
Table 2 The linear relationship and limits of quantification
No. /(gL LOQ/( pgeL™)
1 0.05—10 ¥=3692.0x+37.0 0.9999 0.05
2 0.2—20 y=1893.5x+40.6 0.9975 0.1
3 2—100 y=64.1x+13.2 0.9994 2.0
4 0.2—20 y=3001.2x+107.0 0.9984 0.1
5 0.05—10 y=24679.0x—66.2 0.9999 0.05
6 2—100 y=108.1x+55.3 0.9985 2.0
7 1—50 y=683.7x+285.1 0.9990 1.0
8 0.2—20 y=2144.2x+135.3 0.9985 0.2
9 0.5—50 y=339.8x+15.6 0.9992 0.5
10 0.1—20 y=2155.2x+133.8 0.9979 0.1
11 0.1—20 y=2748.9x+107.5 0.9991 0.1
12 0.05—10 y=5799.6x+254.6 0.9978 0.05
13 0.01—10 y=12592.9x+49.2 0.9999 0.01
14 1—100 y=244.9x+17.8 0.9982 1.0
15 0.5—50 y=3066.7x+157.0 0.9980 0.5
16 0.2—20 y=570.8x+25.1 0.9996 0.2
17 2—100 y=296.0x+41.6 0.9989 2.0
18 0.5—50 y=2357.5x+523.0 0.9976 0.5
19 0.05—10 y=4911.1x+116.2 0.9998 0.05
20 0.05—10 y=7882.7x+0.4 0.9999 0.05
21 0.01—10 y=38093.9x+235.5 1.0000 0.01
22 1—100 y=1129.0x+5.5 0.9984 1.0
23 2—100 y=304.4x+15.9 0.9998 2.0
1.
2.5
(s1) . (s2) .  (s3).
(S4) 4 AAs 2.0 ;Lg'L_l 23
AAs (4 4 AAs
71.5%—117.5%
3
UHPLC-MS/MS - N

; MS/MS
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Table 4 The results of real samples and recoveries of 2.0 pg*L™" spiked samples
No.! S1 1% S2 1% S3 1% S4 1%
1 nd? 97.5 nd 94.0 nd 95.5 nd 97.5
2 nd 80.5 nd 92.0 nd 95.5 nd 92.0
3 nd 112.5 nd 79.5 nd 101.5 nd 98.5
4 nd 91.5 nd 97.5 nd 93.0 nd 90.5
5 nd 91.5 nd 94.5 nd 94.0 nd 93.0
6 nd 99.5 nd 117.5 nd 94.0 nd 94.5
7 nd 97.5 nd 86.0 nd 96.5 nd 88.5
8 nd 84.5 nd 93.0 nd 89.5 nd 82.5
9 nd 100.5 nd 96.0 nd 100.0 nd 98.5
10 nd 78.0 nd 71.5 nd 78.0 nd 71.5
11 nd 81.5 nd 76.0 nd 88.0 nd 82.0
12 nd 86.1 nd 88.5 nd 89.0 nd 80.0
13 nd 95.5 nd 99.5 nd 98.5 nd 96.0
14 nd 97.0 nd 87.0 nd 86.0 nd 89.5
15 nd 78.0 nd 83.5 nd 90.0 nd 81.5
16 nd 110.0 nd 114.5 nd 110.5 nd 109.0
17 nd 103.5 nd 104.0 nd 97.0 nd 90.5
18 nd 79.5 nd 86.0 nd 87.0 nd 76.0
19 nd 95.5 nd 98.0 nd 95.0 nd 92.0
20 nd 99.0 nd 98.5 nd 97.0 nd 96.5
21 nd 99.0 nd 97.5 nd 98.5 nd 98.0
22 nd 85.5 nd 89.0 nd 95.0 nd 92.0
23 nd 115.0 nd 105.0 nd 105.0 nd 90.0
1) 1; 2) nd
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