aakts 2 i3 o 4R Vol.44 No.2
202343 H Journal of Chinese Mass Spectrometry Society Mar. 2023

TR E#Zi##-UPLC-MS/MS
PR 1k 75 7k 50 F 3T iS H

/EE' %1295’1‘%}%1 iﬁ 9}? 9’1719%';13&195%%&19@ %1
(L AL SE B e, BT L R S =, Al i S e A R =,
AR LA E B AR RS & i 20006352, JLPHZS R R 2B 225 BE 1T L 110016)

FEE AR B RS Y B R T B R HOR AR A E B R T TR A, T B AR 10 R R A 4R

ARG Y AR R . 5 KR Y it AR 7 2 — Y5 K PSS A A

AT 5T H ST T SR T 42 - 1R OB €6 3% - R BK B 3% (UPLC-MS/MS) 3 i i B A% 75 7K 50 A

WGy, S5 FH], 50 FhFE 4 W i & BRSE B 0.1~ 5 ng/L, £ HIa] g 28 1 5k 53 848 43 0

65.4%~113.9% .64. 8% ~139.8% , £ 20 A~ SLFRT5 /KRR f P A FF BE R P9 e L v A R b (il T 2

O-Z Wl By 22 U JRURE I o 32 07 VR 5 4 17 B L %2 i PR i T LU ERGHE 57 A5 % A A AN [) DX 805 7K o i
BT V5 G 4y o Ry B T A0 3 B R B TR B T e R T R

KRR AT B R 5 B S RO (8- BRI B RS (UPLC-MS/MS) 5 81 15 Y 9 5 15 K

FE DS :0657.63 X ARERD A X EHS:1004-2997(2023)02-0286-13

doi:10. 7538/zpxb. 2022. 0193

Screening of 50 Emerging Contaminants in Wastewater
by Micro-direct-injection UPLC-MS/MS

REN Hang'?, ZHANG Su-jing' , ZHAO Yun-li*, YUAN Shuai',
LUO Ru-xin', QIANG Huo-sheng', XIANG Ping'

(1. Shanghai Forensic Service Plat form, Shanghai Key Laboratory of Forensic Medicine ,
Institute o f Forensic Science , Ministry of Justice, PCR, Shanghai 200063, China;
2. School o f Pharmacy . Shenyang Pharmaceutical University, Shenyang 110016, China)

Abstract; In recent years, with the increasingly serious problem of environmental pollu-
tion, people’s awareness of environmental protection has gradually strengthened. In
addition to the monitoring of conventional pollutants such as heavy metals and pesti-
cides, the monitoring scope has been extended to emerging contaminants (ECs), which
have the potential to cause known or suspected adverse for ecological or human health
effects. Recently, a new group of compounds has been added to the anthropological-
based pollutants, which are illicit drugs. The main source of these residues is from

consumers. After ingestion of the illicit drug dose, active parent compounds and their
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metabolites are excreted through urine, entering urban wastewater and reaching
wastewater treatment plants (WWTPs). These substances may have low removal effi-
ciencies and persist in the treated wastewater. Though the concentrations of emerging
contaminants in environment are low, the risks for human health and environment can-
not be excluded. Considering the serious threat posed by these substances, our country
has clearly put forward the work deployment of “paying attention to the treatment of
new pollutants”. Current analytical methods developed for the determination of trace
level of compound in wastewater samples usually include pre-concentration steps, the
most common being those based on solid-phase extraction (SPE) and online-SPE. How-
ever, there are many disadvantages of SPE, such as laborious, time-consuming, cost-
consuming and needing specialized instrumentation. Therefore, the convenient and fast
methods need to be developed, which can meet the high-sensitivity analysis requirements
of wastewater detection. Here, a method of micro-direct-injection ultra-high perform-
ance liquid chromatography-tandem mass spectrometry (UPLC-MS/MS) was developed
for the rapid screening of 50 emerging contaminants. The wastewater samples were
centrifuged at 13 500 r/min for 3 min, the supernatants were filtered through PTFE
filters before injection into the UPLC-MS/MS system. A Waters Acquity UPLC HSS
T3 column (100 mmX2.1 mmX1.8 pym) was used, the mobile phases were 5 mmol/L
ammonium acetate-0. 01 % formic acid (A) and acetonitrile (B). The result showed that
the limits of detection (LLODs) of 50 targets were 0. 1-5 ng/L, the extraction recovery
was 65.4%-113.9%, and the matrix effect was 64.8%-139.8%. The methamphet-
amine, codeine, morphine, ketamine, tramadol, O-demethyltramadol and 2-fluoro-
deschloroketamine were detected in the real wastewater sample. This method can rapid-
ly and simply screen the trace amounts of a variety of emerging contaminants in
wastewater samples.

Key words: micro-direct-injection; ultra-high performance liquid chromatography-tandem

mass spectrometry (UPLC-MS/MS); emerging contaminants (ECs); wastewater
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Table 1 Information of 50 monitoring targets and 3 internal standards

e H R4 %%’Efl‘ﬂ B3 FHEF ﬁﬁ‘ﬁi'ﬁ?%
No. Target Retention Precursor Product Collision
time/min ion (m/z) ion (m/z) energy/eV
1 PP TN i 3. 54 150. 1 119. 1 14
91.1 23
2 RN R 3.42 136.1 119.1 11
91.1 22
3 35 4-3F F 3k AR B AR TR 3.47 180. 1 105. 0 30
133.1 23
4 3, 4-31F F ik — 4 S5k FR R O 7 i 3.59 194. 2 163. 4 16
105 31
5 EEEE 3.25 300 199. 2 40
165. 3 52
6 e 2. 81 286. 1 201. 2 35
165. 3 52
7 61 2, T e 3. 44 328. 1 211.3 36
165. 3 48
8 oz 3.91 264. 2 58.0 37
42.0 111
9 O-ZREMS £ 3. 44 250. 0 58. 1 57
12.1 104
10 RE 4. 14 304. 1 182. 2 28

150. 2 35
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11 Z H k2% T 3.52 290. 2 168. 3 26
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T -1 H- 05 -3 HY gt g 201. 2 26
23 N-(1-8 33,3 - 1-8 0 T-2-30)-1- 5. 86 343. 4 298. 2 20
A= TR - 1- 58D -1 H-15] - 3- i i 213. 2 38
24 3-FP -2-[ 1- (A~ 90 ) g mse-3- T g Jde 36 1T 1 P g 6.52 384. 2 253.3 31
324.2 21
25 £ P 3.15 150. 2 116.9 32
105.0 26
26 R V5 i 3.26 164.2 145.9 15
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27 48R V4 3.40 182.2 164.0 20
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146. 0 26
29 2-H 3103, 4- (W H A3 K 36 -1-T I 3. 60 222.3 174. 1 27
204. 3 18
30 1R FE-2-F 0 3-1- TR 3.53 178. 2 132.1 27
91. 1 28
31 1-(1, 3-7K Ff W HE-5-38)-2- CH 4 38 -1- 1 i 3.91 236. 4 218.1 19
188. 2 24
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161. 3 26
33 4= 4L R PG R 3.48 194. 2 176. 2 17
161.1 30
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41 6-(2-52 2 T ) 25 I 1k 1 3.75 176. 2 159.1 14
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42 2,5- “HUAR BRI 3.54 182.0 165. 0 15
150. 0 24
43 2,5- AR -4 L2 R 3.89 196. 0 179.0 15
164.0 25
44 bk-4-J1-2,5-— HI & IL K 2 % 3.88 274.2 162.0 34
178.0 24
45 o - N-PI -1, 3- 4 A 4 IR MR -5- 2 4.00 222. 2 105.0 36
133.1 30
46 2,5- " H A FE-N-[(2-F SR 5D B 3L - 5.67 344. 1 121.1 27
(- 232K Ok 91.1 77
47 A VP 5.27 314. 2 268. 3 38
239. 3 48
48 A s k4 5.14 343. 1 314. 2 35
259. 1 45
49 L 2y e £ 4.73 353.7 308.0 36
326.0 34
50 T 4.92 371.2 292.3 47
223.3 47
51 B35 D Jhe-d5 3.56 155. 2 91.1 23
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53 3,3~ 3E-2-[ 1-(4- R - 1- 3 ) -1 H- 05 e -3- 7.03 362. 302.3 21
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Table 2 Relative error ranges of ion abundance ratios

AR 18 F B2 L CHE 06/ 20)

Relative error of ion abundance

TR VAR R 22
Maximum allowable

ratio (base peak/%) relative error/ %

>50 +20
>20~50 +25
>10~20 +30
<10 +50

2 #ZR5iTiR
2.1 FEFTEM
2,11 BEFEPE 1.5 WA R A AR PR Y
235 TG KRR A BRUS ERE 3BT 25 SRR B 45 1

W H bRy o & R af, Bl T,

2.1.2 R BR O TG KRR S S NS
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SEATRE S 15 W 7 A S B RE 4 BT
PL 2 Xt F B F S/N>>3 I (1 ¥k B o i i A
MR (LOD) . &5 R Bon .50 F H AR 1) LODs 2y
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2,13 BLEAON AERECE YRR ) 2 s K
B S IS NS R AR U TAE . 4E 1.5
Jr kAL B S L B K 1.2.5.10,20,400 ng/L
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N A28 RE R R 1.5 35 07 340 B 8 &
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FEFRRE N =B/CX100% . 45 -5 F £ 3. Al W,
ZRERTAL B IS L[5 ADB-PINACA , MDMB-4en-
PINACA F1 ADB-BUTINACA [ 4 B[] ig %
(65. 4% ~69. 920 BALAL, K4 B br i) 12
BRI R A 78. 1% ~113. 9% 2 i), 45 SCHk T
T A R RZR 2828 wi K Ve 5 & W ks T
RE W% [} T 38 1 15 {H ADB-PINACA . MDMB-
4en-PINACA FI ADB-BUTINACA [ # H3 BR
9 5 ng/L. BEAEWE L I EESK 50 B H FRPI
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Table 3 LODs, extraction recoveries and matrix effects of 50 targets in samples (n=6)

Bt o R WRE RECEeR  BERAOY R E ] RSD
Target LOD/ Concentration/  Extraction Matrix Retention
(ng/L) (ng/L) recovery/ % effect/ % time RSD/ %

F T e 0.5 2 106. 1 82. 4 0. 241
400 102. 2 90. 1 0.383
e 2.0 10 97. 3 80. 8 0. 005
400 100. 2 79.2 0. 440
3. A-TF 3k A SN 2.0 10 97.1 97. 2 0. 004
400 100. 6 94. 2 0. 390
3, 4-1F FP i = A TP S T e 0.5 2 101.5 102. 8 0. 003
400 107. 3 84.7 0.333
Al 72 2.0 10 104.5 116.5 0. 003
400 99. 6 111.1 0. 306
i i 5.0 20 94. 9 92.1 0. 006
400 98. 4 89. 8 0. 425
6-BAL 7, Tk N 1 2.0 10 101.5 107. 2 0. 005
400 102. 2 95. 2 0.421
=z 0.5 2 113.9 139.8 0.002
400 101. 4 91.5 0.310
O-ZHEMS 2 5.0 20 103.0 79.8 0. 005
400 99.9 84. 6 0.315
R 0.5 2 105. 3 122. 4 0.002
400 100. 5 106. 0 0. 334
A R T 0.5 2 103. 1 83.9 0. 004
400 104. 5 97.6 0.323
AT 0.5 2 94. 9 92.1 0. 001
400 98. 4 89. 8 0. 258
5 FR U T 2.0 10 101.5 107. 2 0. 004
400 102. 2 95. 2 0.326
IR TR 0.5 2 102. 1 87.9 0. 003
400 103.1 85. 8 0.323
5 PR S T 1.0 5 100. 7 85.3 0. 004
400 102.5 97.9 0.372
N, N-T 5 3-5-F & 3 0 il 0.5 2 100. 0 106. 1 0.003
400 107.5 96. 6 0.251
1-C4- 3 T H)-N-(2-F B py-2-3)-1H- 0.5 2 82.8 98.7 0. 002
18] ;e - 3- g i 400 85.8 101. 8 0.232
N-C42 RlE-1-38) - 1-CA-FU 2R 56 ) -1 H-1g | msg-3- 1 i Ji 0.5 2 81. 1 93.0 0. 001

400 86. 6 96.0 0.189
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?j:ft LOD/  Concentration/ Extraction  Matrix Retention
(ng/L) (ng/1L) recovery/ % effect/ % time RSD/ %
2-[1-(5-%F % 3L -1 H-ng| -3 R gk 4 5L - 1.0 5 89. 2 88. 0 0.002
3, 3- T HIE T R W R 400 108.5 117.9 0. 239
N-C1-% P L2, 2- — i L 38D -1- 2.0 10 66. 6 91.7 0. 002
T S v - 3- F B i 400 65. 4 113.1 0. 241
3.3~ 3k-2-[1- (4 s -1-3) -1 H-mg| g -3- 2.0 10 69.9 93. 2 0. 002
R 4203 T 1% P g 400 83.8 90. 6 0.189
N-(1-503-3,3- ZH -1 A T-2-38) - 1- T 3k 2.0 10 69. 4 96. 5 0. 003
1-H-15] mg-3-F g i 400 68. 4 89. 8 0.161
N-(1-43-3,3- B -1 T-2- ) -1- 1.0 5 84. 8 82. 2 0. 002
CA- TR -1-HE) -1 H-15] - 3- F1 i i 400 91.8 82. 8 0. 165
3= 3-2-[ 1-(4-JR0 % 3w g~ 3- FF G i 356 1 T 1R P 1.0 5 82.5 90. 2 0. 002
400 78. 1 96. 1 0. 190
+ VY 5.0 20 97.0 94. 8 0. 005
400 96. 7 94. 7 0.297
- 4 5.0 20 98.7 82.0 0. 004
400 102. 4 91.7 0. 389
A- G R 7 0.5 2 100. 7 87.2 0.002
400 97.1 93.1 0. 364
4-H 3% 2 R P R 2.0 10 103.7 93.5 0.003
400 100. 0 95.0 0. 260
2-H G Jk-1-[ 3, 4- CIF F — 480 ) 28 3 -1- T 1 5.0 20 97. 9 91. 2 0. 004
400 96. 4 96. 0 0. 301
1-78 F-2-F 1 - 1-T il 5.0 20 94. 1 102.0 0.003
400 100. 2 88. 4 0. 330
1-(1, 3-8 3 i 9 -5-3 ) -2- CH & 58D - 1- 7% B 2.0 10 102. 3 108. 4 0. 003
400 102. 8 97.5 0.299
12K -2 CN-IIE I g 56 - 1- 13 il 1.0 5 102. 6 104. 3 0. 003
400 102.1 98. 6 0. 335
A~ 4 35 S TG 2.0 10 102. 2 106. 4 0. 004
400 103.3 92. 8 0. 393
3. 430 B 46 B R G T 5.0 20 96. 5 89. 8 0. 004
400 100. 6 96. 5 0. 381
1-[3,4-CF B =43 R 3L 1-2- CIN -k % e 55D - 1- 1 il 1.0 5 104. 9 101. 3 0.003
400 103.0 88.1 0.342
128 3 -2-CN-IE 6 e 36D - 1- TR i 1.0 5 103. 4 95.7 0. 003
400 99.0 92.0 0.251
N-(2- BRI ) -2-(2,5- — AU BE-4- TR ) 2 % 0.5 2 102. 7 66.0 0. 003
400 98.0 87.7 0.262
N-(2-HU A B4 56 -2-(2, 5- Z W4 -4- G R 38 2 e 0.5 2 113.9 64.8 0. 002
400 96. 9 89. 4 0.217
N-(2- B B 50 -2-(2, 5- Z 4 e -4- R 38 2 ik 0.5 2 86. 6 66. 1 0. 002
400 94. 7 89. 2 0.207
3.4-4 A R VY R 5.0 20 99. 4 100. 9 0.005
400 102.5 95. 6 0. 395
6-(2- 5 FE N ) I nk g 1.0 5 95. 1 122.4 0.003
400 100. 5 102. 8 0.318
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gx3
. A 0 R R PEEE R YUY PR A RSD
?j:jt LOD/  Concentration/ Extraction  Matrix Retention
(ng/L) (ng/1L) recovery/ % effect/ % time RSD/ %
2.5 AL M 0.1 1 101. 9 100. 3 0. 004
20 99. 3 92.5 0. 443
- R A IR 2 1.0 5 100. 0 131. 8 0. 002
400 101.1 108. 2 0. 355
bk-4-75-2,5- — H 5 IL K 2, I% 5.0 20 99.4 90. 6 0. 004
400 96. 7 98. 3 0.279
N 3-1,3- K H E M -5-2 1.0 5 101. 7 100. 0 0. 003
400 101. 3 100. 3 273
TP AR B N[ (2- AR TR ) B -4 2.0 10 81.9 100. 0 0. 003
(-HIE 25 R Ok 400 83.2 84.2 0.217
AR VY 0.5 2 106. 0 73.7 0. 002
400 100. 7 91.6 0. 231
AR 0.5 2 93.1 97.6 0. 002
400 96. 2 96. 2 0. 220
Bhayme 2.0 10 92.3 90. 3 0. 003
400 84. 4 106. 6 0.188
SR A 1.0 5 98.7 73.6 0. 001
400 97.7 80. 5 0. 180
x4 HRBRER
Table 4 Screening results of samples
- . IR INRE S B TR L PR BT ERE BT F B2 LU AR T 22 £ 6 8] i 22
Sample Target Ton abundance ratio Ton abundance ratio  Relative error of ion Error of retention
of add sample/ % of sample/ % abundance ratio/ % time/ %
1 Al 7% 91.3 94. 9 3.8 0.0
e e 70.0 62. 1 —12.8 0.0
2 i 70.0 64. 8 —7.9 0.4
3 HH LT TN i 50. 1 56.0 10.5 0.0
e s 70.0 58. 6 —19.3 0.0
=z 5.8 5.4 —7.6 0.0
O-LHhh % 7.4 7.7 3.7 0.6
4 S R 53.9 50. 6 —6.5 1.0
5 Sz T 53.9 53. 4 —0.9 1.0
6 B 35 T e 50. 1 51.3 2.2 —0.
S TR 53.9 54. 4 0.9 0.5
7 FH 3R T e 50. 1 56. 1 10. 6 0.3
AR 53.9 54.9 1.8 0.8
8 R 2R TN e 50. 1 57. 4 12.7 —0.8
S TR 53.9 51.0 —5.7 0.5
=z 5.8 5.4 —7.6 —0.3
O-LZRhE£ 7.4 8.2 9.3 —0.6
9 ST 53.9 48. 2 —4.6 —1.3
10 FH 3 9 e 50. 1 59.0 15.1 0.0
e 53.9 44. 6 —13.1 —1.
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gx4
- e e = A S FERBETFEER BT AR - B4 B [0 A 22
Sample Target Ton abundance ratio Ton abundance ratio  Relative error of ion Error of retention

of add sample/ % of sample/ % abundance ratio/ % time/ %
11 CIREA| 91.3 93.3 2.1 0.0
12 P 5 45 A T 50. 1 53.8 6.7 0.3
T 5.8 5.7 —2.6 0.5

et ) 82.9 72.7 —13.9 —1.9

13 g 70.0 58.8 —18.9 —1.1
=z 5.8 5.4 —8.3 0.0

O-EHihT £ 7.4 7.7 3.0 —0.6

14 AT # H 91.3 104. 2 12.4 —0.3

i 70.0 67.8 —3.2 —0.4
=z 5.8 5.5 —6.4 0.3

15 g i 70.0 63.8 —9.7 —0.4
=z 5.8 5.8 —0.6 0.3
16 LR TN i 50. 1 60. 4 17.0 0.3
i 70.0 74.5 6.1 0.0
17 B 2R T e 50. 1 61.6 18.6 0.3
e i 70.0 66. 1 —5.9 0.0

18 e i 70.0 62. 2 —12.4 —0.4
19 S e i 53.9 49. 8 —8.3 0.8
20 e 70.0 59.6 —17.3 0.3
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