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Abstract: Pharmaceuticals and personal care products ( PPCPs) are emerging contaminants

frequently detected in aquatic environments at trace levels. These chemicals have diverse struc-
tures and physicochemical properties and includes pharmaceuticals like antibiotics, antihyper-
tensive drugs, antiviral drugs, and psychotropic drugs that are widely used in large quantities
worldwide. Considering the large number of pharmaceuticals currently in usage, it is crucial to
establish a priority list of PPCPs that should be monitored and/or treated first. An accurate

%% H #:2023-04-05
+ J@ LB & A.E-mail ; 516482697@ qq.com.
EEWE . T4 I IR 410 51181 (1909,2202) ; 2021 4E 4 G4 A IR RHIFI H (JSZC-G2021-291).
Foundation item: Jiangsu Province Environmental Monitoring Research Fund Project ( Nos. 1909, 2202) ; Provincial Ecologi-
cal and Environmental Research Projects in 2021 ( No. JSZC-G2021-291).



SV PhERNE, S B R AOROR (- DR AT BB A K R 11 K3 145 BRGSO AR - 25

understanding of the occurrence and levels of PPCPs in aquatic environments is essential for
providing objective materials for monitoring these emerging contaminants. Therefore, accurate,
efficient, sensitive, and high-throughput screening techniques need to be established for deter-
mining and quantifying PPCPs.

This study developed a method for the determination of 145 PPCPs ( grouped into eleven cat-
egories; antibiotics, antihypertensive drugs, antidiabetic drugs, antiviral drugs, B-receptor ago-
nists, nitroimidazoles, H, receptor antagonists, psychotropic drugs, hypolipidemic drugs, non-
steroidal anti-inflammatory drugs, and others) in water. The method was based on large vol-
ume direct injection without sample enrichment and cleanup and used ultra-high performance
liquid chromatography-triple quadrupole mass spectrometry ( UHPLC-MS/MS). Water samples
were collected and filtered through a 0.22-pm regenerated cellulose ( RC) filter membrane.
Subsequently, Na,EDTA was added to the samples to adjust their pH to 6.0-8. 0. Internal
standards were mixed with the solutions, and because of the addition of Na,EDTA, the inter-
ference of metal ions could be eliminated in the determination of compounds, especially for tet-
racycline and quinolone antibiotics. Among the six filter membranes tested in this study (PES,
PFTE-Q, PFTE, MCE, GHP, and RC), RC filter membranes were screened for water sample
filtration. The UHPLC-MS/MS parameters were optimized by comparing the results of various
mobile phases, as well as by establishing the best instrumental conditions. The 145 PPCPs were
separated using an Phenomenex Kinetex C18 column (50 mmx3 mm, 2. 6 pm) via gradient elu-
tion. The mobile phases were 0. 1% (v/v) formic acid aqueous solution containing 5 mmol/L
ammonium formate and acetonitrile for positive ion modes, 5 mmol/L aqueous solutions of am-
monium formate and acetonitrile for negative ion modes. The samples were quantified using the
scheduled multiple reaction monitoring ( scheduled-MRM) mode with electrospray ionization in
positive and negative ion modes. A standard internal calibration procedure was used to calculate
contents of sample. The established method was systematically verified, and it demonstrated a
good linear relationship. The average recoveries of the 145 PPCPs at the three spiked levels
were in the range of 80.4% —128% with relative standard deviations ( RSDs, n=6) of 0. 6% —
15. 6%. The method detection limits (MDLs) ranged from 0. 015 to 5. 515 ng/L. Finally, the op-
timization method was applied to analyze the 145 PPCPs in 11 surface water samples and 6
drinking water samples. Overall, 93 (64%) out of the 145 analytes were detected. The total con-
tents of the PPCPs in surface water samples ranged from 276. 9 to 2 705. 7 ng/L. The detection
frequencies of antidiabetic, antiviral, and psychotropic drugs were 100%. The total contents of
the PPCPs in drinking water samples ranged from 140. 5 to 211. 5 ng/L, and antibiotics, antidia-
betic drugs, and antiviral drugs comprised the largest proportion of analytes ( by mass concen-
tration) in drinking water samples. Our method exhibited high analytical speed and high sensi-
tivity. It is thus suitable for the trace analysis and determination of the 145 PPCPs in environ-
mental water and showed improved detection efficiency for PPCPs in water, indicating that it

has a high potential for practical applications. This study can extend technical support for

SIFAARST  PNEGS KA A AR, HEVKTE , 25 W L. B R OB €8 1% - = S DUARAT BTk N g K i 11 K6 145 Bl it s A4
. (O3 ,2024,42( 1) :24-37.

SUN Huijing, ZHANG Beibei, CUI Dongni, DONG Bingjie, WANG Hui, HU Guanjiu. Determination of 145 pharmaceuticals and
personal care products in eleven categories in water by ultra-high performance liquid chromatography-triple quadrupole mass spec-
trometry. Chinese Journal of Chromatography,2024,42(1) :24-37.



- 26 - gl

i FH2E

further pollution-level analysis of PPCPs in water and provide an objective basis for environ-

mental management.

Key words : ultra-high performance liquid chromatography-triple quadrupole mass spectrometry

(UHPLC-MS/MS) ; large volume direct injection; pharmaceuticals and personal care products

(PPCPs) ; environmental water
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Table 1 Retention time and MS parameters for the 145 pharmaceuticals and personal care products ( PPCPs)

tg/ Parent Daughter Declustering Collison
No. Compound L . . IS
min ion (m/z) ion (m/z) potential/’V energy/eV
Antibiotics (4 %)
1 sulfachloropyridazine (fifiji 5 Wk 1ER ) 5.19 285.1 156.1°* 21 20 sulfamerazine-d,
92.0 21 39
2 sulfadiazine (fi#fflicmERE ) 3.03 251.1 156.0 * 40 22 sulfamerazine-d,
92.0 40 32
3 sulfadimethoxine (% (i) — ! 4 W5 0E ) 6.28 311.1 108.2 120 47 sulfamethoxazole-d,
156.1 120 28
4 sulfamerazine (fifi i 5L % 0E ) 4.07 2652 172.1% 70 23 sulfamerazine-d,
156.1 70 23
5 sulfamethazine (A% — H MENE ) 4.69  279.2 186.1% 45 24 sulfamerazine-d,
124.2 45 33
6 sulfamethizole ( filfifiic {19 1k ) 4.64  271.0 156.2* 30 19 sulfamerazine-d,
108.1 30 35
7 sulfamethoxazole ( fiffifi B W ) 5.43 254.0 156.1% 49 23 sulfamethoxazole-d,
108.1 49 31
8 sulfathiazole (il EmE ) 3.72 256.1 156.1°% 38 21 sulfamerazine-d,
108.1 38 31
9 sulfapyridine (BN ) 3.86 250.3 184.3* 60 25 sulfamerazine-d,
156.1 60 23
10 sulfisomidine (fiff i — Ff S W% 0 ) 3.17 279.2 186.1* 70 23 sulfamerazine-d,
124.4 70 30
11 sulfisoxazole ( fiffi i 573k ) 5.7 268.2 156.1* 60 20 sulfamethoxazole-d,
113.3 60 19
12 sulfameter (i H 4 W5 0E ) 4.66 281.2 215.3* 60 25 sulfamethoxazole-d,
156.1 60 25
13 sulfamonomethoxine ( i i [i) F 48 M5 TG ) 5.1 281.1 156.1* 100 25 sulfamethoxazole-d,
215.1 100 25
14 sulfachlorpyrazin (i 5% ) 6.17  285.2 156.1* 120 22 sulfamethoxazole-d,
92.1 120 37
15 sulfaquinoxaline ( fiff i W n k) 6.31 301.1 156.1* 120 22 sulfamethoxazole-d,
92.2 120 40
16 clindamycin ( FEMEE) 574 4253 126.2* 80 34 clindamycin-d,
377.2 80 27
17 lincomycin (MATEEZR) 3.97 407.2 126.2* 120 35 lincomycin-d,
359.2 120 25
18 oxytetracycline (L7 %) 4.5 461.3 426.2" 100 27 tetracycline-d,
443.2 100 19
19 chlortetracycline (4% %) 536 479.2 444.1* 120 31 tetracycline-dg
462.1 120 24
20 tetracycline ( PUFRZ) 4.72 445.2 410.3* 120 27 tetracycline-d,
427.3 120 19
21 doxycycline (58 J#% ) 5.67 4452 410.1* 140 34 tetracycline-d,
428.2 140 27
22 roxithromycin (F 4L ER) 7.61 837.3 679.2* 100 30 roxithromycin-d,
158.1 100 38
23 clarithromycin ( LX) 7.49 748.3 590.4* 120 27 roxithromycin-d,
158.2 120 33
24 erythromycin (5 %) 6.70 734.3 576.2* 30 27 erythromycin-d,
158.3 80 35
25 anhydro erythromycin A (/KL ) 722 716.3 558.3* 90 25 erythromycin-d,

158.3 90 40
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Table 1 (Continued)
No. Compound tg/ . Parent .Daughter Declust.en'ng Collison IS
min ion (m/z) ion (m/z) potential/’V energy/eV

26 azithromycin (Fi#F5 %) 5.87 749.7 591.5* 160 40 azithromyecin-d,
573.6 160 47

27 cefotaxime (SkfHEBEN) 4.41 456.0 396.1" 60 15 cephalexin-dj
324.0 60 19

28 cephapirin ( SkfEICHkK) 3.41 424.2 292.2* 60 21 cephalexin-d;
152.0 60 29

29 cefaclor (Sk#IFEH) 3.58 368.0 174.2* 29 20 cephalexin-d;
106.1 29 39

30 cefazolin (k{mEmE) 4.57 455.1 323.1% 37 15 cephalexin-ds
156.0 37 22

31 cephalexin (&%) 4.05 348.2 174.0* 80 23 cephalexin-d
158.2 80 15

32 chloramphenicol (AHEX) 5.87 321.0 152.1* -40 -24 chloramphenicol-d;
257.0 -40 -15

33 thiamphenicol ( FIFEX) 4.33 354.0 185.1% -50 -27 thiamphenicol-d,
290.2 =50 -17

34 florfenicol (FAJEH) 5.48 356.0 336.1°* -40 -13 chloramphenicol-d;
185.0 -40 -26

35 oxilinic acid ( WEMERR ) 5.95 262.2 244.2 50 25 ofloxacin-d,
216.3 50 41

36 sparfloxacin ( @IHYS ) 5.35 393.2 349.2* 50 27 ofloxacin-d,
292.1 50 35

37 pipemidic acid (MEIRAR) 4.09 304.1 286.1* 118 27 ofloxacin-d,
217.2 142 31

38 cinoxacin ( PYiVPE) 5.56 263.3 245.3* 60 22 ofloxacin-d,
217.2 60 30

39 nalidixic acid ( Z$HEfR ) 6.81 233.2 215.3" 54 19 ofloxacin-d,
187.0 54 34

40 ofloxacin (&I R) 4.59 362.3 318.0% 140 26 ofloxacin-d,
261.1 140 38

41 norfloxacin (#EIPA) 4.57 320.1 302.3* 140 27 norfloxacin-d;
276.1 140 24

42 ciprofloxacin (HHVA) 4.67 332.1 314.1* 90 31 ciprofloxacin-dg
288.3 90 25

43 lomefloxacin (2 ) 4.81 352.0 265.2* 100 32 ofloxacin-d,
308.1 100 23

44 sarafloxacin (VPHiVPA) 5.26 386.2 342.3* 100 25 ofloxacin-d,
299.0 100 38

45 enrofloxacin ( iV E) 4.93 360.0 316.2* 100 27 ofloxacin-d,
245.2 100 36

46 marbofloxacin ( Bk E) 4.43 363.2 320.1* 80 23 ofloxacin-d,
72.2 80 41

47 fleroxacin (XY VP AL) 4.55 370.1 326.1°* 100 27 ofloxacin-d,
352.2 100 30

48 pefloxacin (¥R AL) 4.63 334.2 316.1* 124 29 ofloxacin-d,
290.1 124 25

49 enoxacin (HKIEVPE) 4.46 321.1 303.4* 108 27 ofloxacin-d,
234.3 108 32

50 orbifloxacin (H LR ) 5.02 396.2 352.3* 125 26 ofloxacin-d,
378.0 125 30

51 difloxacin ( JRIPE) 5.31 400.1 382.1°% 143 31 ofloxacin-d,
356.0 100 29
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Table 1 (Continued)
No. Compound tg/ . Parent .Daughter Declust.en'ng Collison IS
min ion (m/z) ion (m/z) potential/’V energy/eV

52 flumequine (5814 ) 7.05 262.2 244.2* 100 23 ofloxacin-d,
202.2 100 44

53 danofloxacin (EFIPE) 4.81 358.3 340.4* 119 32 ofloxacin-d,
314.0 119 26

Antihypertensive drugs (P&/E%5)

54 atenolol (PRI /R) 2.44 267.0 190.0* 90 30  atenolol-d,
145.1 90 27

55 clonidine ( FIRAE) 3.37 230.1 213.0* 114 34 clonidine-d,
160.1 114 47

56 nisoldipine (/2 ZH1F) 9.8 389.1 239.1* 40 24  nifedipine-dg
195.3 40 57

57 prazosin (WRMEIR) 5.46 384.3 247.2* 170 38 rosiglitazone-d,
138.1 170 42

58 reserpine (Il ) 7.67 609.2 397.2* 215 39 reserpine-d,
195.2 215 46

59 nifedipine (fif§jZ<H1F) 8.17 347.2 315.2° 41 12 nifedipine-dg
254.2 41 27

60 amlodipine (%2 &) 7.14 409.0 238.1% 50 15 nifedipine-d,
294.1 50 14

61 nitrendipine ( JE&RfH1F) 9.17 361.3 315.1° 50 25  nifedipine-d
328.8 50 19

62 nimodipine ( JEEEH# ) 9.58 419.2 343.1% 40 11 nifedipine-d,
301.3 40 38

63 felodipine (3}:¥% 1) 5.54 384.3 338.1°* 38 14 rosiglitazone-d,
352.1 38 14

64 hydrochlorothiazide (% %H(MEWE) 3.12 296.0 269.0* -77 -27 hydrochlorothiazide-'*C-d,
204.9 =77 -32

Antidiabetic drugs ( B&#Ez5)

65 metformin ( ! BUIK) 0.88 130.0 60.2* 30 18  metformin-d
71.1 30 29

66 butadiguanidine ( ] /) 1.51 158.1 60.1* 40 19 metformin-d,
116.1 40 34

67 phenethyldiguanidine (2 —XUAK) 3.98 206.0 60.2°* 50 22 rosiglitazone-d,
105.0 50 38

68 rosiglitazone ( % #%31i ) 5.48 358.1 135.3° 115 34 rosiglitazone-d,
107.3 115 57

69 pioglitazone ( MLA% 51 ) 6.35 357.2 134.0* 115 36  rosiglitazone-d;
119.3 115 66

70 repaglinide (Fit#517%) 9.6 453.1 162.3* 80 29  repaglinide-ds
86.3 80 31

71 glipizide (4% ) 7.73 446.1 321.3* 65 19  glipizide-d,,
346.9 65 20

72 tolbutamide ( H Z%H T MK ) 7.72 271.0 155.0* 48 23 glipizide-d,,
74.3 48 17

73 gliclazide (#&%15545) 8.42 324.1 127.3* 116 24 gliclazide-d,
110.3 116 27

74 glibornuride (#31MIK) 8.80 367.2 170.0* 93 22 gliclazide-d,
152.3 93 27

75 glibenclamide (4%%14%K) 9.28 495.1 370.2* 50 21 gliclazide-d,
169.3 50 46

76 glimepiride (#%%13E%) 9.50 491.1 126.2% 161 34 glimepiride-d,
352.9 161 28
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Table 1 (Continued)
No. Compound tg/ . Parent .Daughter Declust.en'ng Collison IS
min ion (m/z) ion (m/z) potential/’V energy/eV
77 gliquidone (4% MR ) 10.13  528.1 403.1°* 175 19 glimepiride-d;
386.2 175 30
Antiviral drugs (HiFEH%)
78 amantadine (4 NIz ) 4.30 152.2 135.2* 45 25 amantadine-dg
93.0 45 41
79 adamantine (4RI Z %) 5.71 180.4 163.1% 50 22 amantadine-dg
121.2 50 34
80 memantine ( FE4NI) 5.83 180.3 163.3* 50 21 amantadine-dg
107.0 50 34
81 imiquimod (WkMESAF) 5.64  240.8 185.3* 123 34 amantadine-d,
168.2 123 47
82 oseltamivir (H b ) 5.95 313.1 166.0* 40 27 amantadine-d,
225.3 40 15
83 morpholin guanidine ( kAR 0.94 172.2 130.2°* 68 25 amantadine-d,
113.2 68 27
B-Receptor agonists (B-F&HzhF)
84 terbutaline (4F75MAk) 1.91 226.2 152.2* 49 22 clenbutero-d,
125.0 49 17
85 cimaterol ( 75 Eh4E%) 2.06  220.3 202.3* 23 15 clenbutero-d,
160.3 23 24
86 salbutamol (Vb1 JiitfE) 2.02 2403 222.2% 40 15 salbutamol-d,
148.0 40 26
87 fenoterol (IS ) 3.77 304.2 135.1* 90 24 clenbutero-d,
107.2 90 47
88 cloprenaline ( & NTBHK) 4.62 214.2 196.2 ¢ 33 18 clenbutero-d,
154.2 33 25
89 ractopamine (ZETEZMIIE) 4.71 302.2 164.1* 63 23 clenbutero-d,
107.1 63 51
90 clenbutero ( FLE4ES) 512 277.1 203.1°% 40 23 clenbutero-d,
259.0 40 16
91 tulobuterol ( ZAi%F% ) 5.08 228.3 154.1% 38 24 clenbutero-d,
172.1 38 16
92 penbutolol (MEAiHEE ) 7.47 292.3 236.3* 65 23 clenbutero-d,
201.1 65 30
Nitroimidazoles (FHEBKMZE)
93 hydroxymethyl nitrazole ( ¥ JEnlmk ) 1.51 188.4 123.2* 48 18 metronidazole-d,
126.2 48 24
94 2-methyl-4-nitroimidazole (2-FJ&-4 fifbpkms)  1.48 1282 82.1% 56 24 metronidazole-d,
42.1 56 51
95 hydroxydimetridazole ( ¥23E — FHfilpkmk ) 1.91 158.0 140.0* 35 17 metronidazole-d,
55.1 35 24
96 metronidazole ( FffiEgimk) 2.21 172.1 128.2* 39 20 metronidazole-d,
82.0 39 33
97 ronidazole ( I&HimkmL) 2.52 201.4 140.2 " 31 16 metronidazole-d,
55.0 31 24
98 dimetridazole ( — Hfibkmk) 2.93 142.0 96.0 " 54 22 clenbutero-d,
81.0 54 36
99 5-chloro-1-methyl-4-nitroimidazole 3.6 162.1 116.0" 44 24 clenbutero-d,
(A BRI ) 145.1 44 23
100 benzimidazole ( ZAHBKIE ) 4.23 164.0 118.2° 46 30 clenbutero-d,
91.2 46 50
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Table 1 (Continued)
No. Compounds tg/ . Parent .Daughter Declust.en'ng Collison IS
min ion (m/z) ion (m/z) potential/’V energy/eV
101 hydroxyisopropinidazole ( ¥%%& 5 PN figm ) 4.54 186.0 168.1* 28 19 clenbutero-d,
122.3 28 27
102 ipronidazole ( 5P ) 5.62 170.2 124.2* 56 24 clenbutero-d,
109.2 56 34
H, receptor antagonist (H, Z{&EHF)
103 ranitidine (FJE&T) 2.74 315.3 176.1" 40 24 clenbutero-d,
130.2 40 33
104 cimetidine (VHBKEET) 2.29 253.3 159.1°* 48 20 clenbutero-d,
117.2 48 22
Psychotropic drugs (5 FREEZEZE4))
105 caffeine (MIHE ) 4.01 195.0 138.0* 80 27 caffeine-"*C,
110.0 80 31
106 carbamazepine (5 P5F) 6.85 237.3 194.2* 135 26 clenbutero-d,
191.9 135 34
107 diphenhydramine ( ZE{EH7H]) 6.50 256.4 167.0* 32 20 clenbutero-d,
152.0 32 52
108 fluoxetine (FPHTT) 7.56 310.0 148.3* 50 12 glipizide-d,,
44.3 50 56
109 olanzapine ( H%F) 4.19 313.4 256.2 " 100 37 clenbutero-d,
84.2 100 29
110 papaverine (% 3¢fik) 5.80 340.2 202.1* 100 35 glimepiride-d,
324.0 100 44
111 noscapine (HFHT") 5.87 414.1 220.2°¢ 80 29 glimepiride-d;
353.2 80 34
112 thebaine (FEH) 5.26 312.0 58.0" 50 38 glimepiride-d;
266.2 50 25
113 morphine (M) 1.37 286.3 201.1°% 100 36 glimepiride-d;
185.1 100 42
114 codeine (A7) 3.52 300.0 215.3% 113 36 glimepiride-d,
199.0 113 41
Hypolipidemic drugs (F%£IMASZ4)
115 rosuvastatin ( &P RALTT) 7.83 482.4 258.2% 223 46 clenbutero-d,
272.4 223 46
Non-steriodal antiinflammatory drugs ( JE& @ HT4%5)
116 acetaminophen ( X} Z M & ) 2.04 152.1 110.0* 20 23 acetaminophen-d,
93.0 20 31
117 sulindac (#FHKER) 7.53 357.1 233.3" 120 65  piroxicam-d,
248.1 120 46
118 loxoprofen (%&i%5%) 7.46 2643 117.2" 30 45  piroxicam-d,
201.3 30 18
119 ketoprofen (il 75 ) 7.94 255.1 209.2* 88 21  piroxicam-d,
105.1 88 32
120 mefenamic acid ( F 3FHRHR ) 9.8 242.2 223.9* 35 20  piroxicam-d,
209.2 35 38
121 nabumetone (25 ) 8.97 229.1 171.1% 55 26  piroxicam-d,
128.2 55 52
122 tenoxicam (i HE) 5.75 338.3 121.0* 122 27 piroxicam-d,
95.0 122 26
123 piroxicam ( Mt% #5) 7.12 332.2 95.1% 115 23 piroxicam-d,
121.2 115 26
124 meloxicam ( FEH PR ) 7.98 352.3 115.1* 153 23 piroxicam-d,
141.1 153 27
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Table 1 (Continued)
No. Compound tg/ . Parent .Daughter Declust.en'ng Collison IS
min ion (m/z) ion (m/z) potential/’V energy/eV
125 rofecoxib ( #HEEAi) 7.42 315.1 269.0* 110 29 piroxicam-d,
192.2 110 33
126 antipyrine ( ZZ#:ITHK) 4.74 189.1 77.0* 95 54 piroxicam-d,
106.1 95 36
127 phenylbutazone (f#Z&#4) 9.55 309.1 160.3 * 126 29 phenylbutazone-"C
188.3 126 22
128 tolmetin (F£3£7T) 7.66 258.0 119.0* 45 50 piroxicam-d,
91.0 45 23
129 diclofenac ( B5E75MR) 9.14 294.1 250.0°" -12 -17 meclofenamic acid-'">Cy
214.0 -12 -27
130 meclofenamic acid ( F1 & ZFIBHER ) 9.88 293.8 258.1% -40 -19 meclofenamic acid-"C,
214.1 -40 -27
131 nimesulide (/8 E47F]) 8.55 306.9 229.0* -35 -23 meclofenamic acid-'">Cj
198.0 -35 -38
132 parecoxib (M%) 7.78 369.1 119.0 -100 -38 meclofenamic acid-">C;
234.2 -100 -32
133 etodolac (RFLEEHR) 8.07 285.7 212.1% -36 -34 meclofenamic acid-"Cy
242.1 -36 -26
Other drugs and personal care product with fungicides ( Hftt AR R I EFILEMAPER)
134 cotinine ( AJ#ETH) 1.19 177.1 98.1* 25 21 cotinine-d;
80.2 133 31
135 ormetoprim ( B35 HK) 4.60 275.2 259.3* 145 36 clenbutero-d,
123.2 145 33
136 diltiazem ( Hi/RATH) 6.72 4152 178.1" 80 34 clenbutero-d,
150.2 80 62
137 fluconazol ( FEHEME) 5.09 306.9 238.0" 60 20 clenbutero-d,
220.0 60 25
138 ketoconazole (ML) 7.35 531.0 489.1* 50 43 clenbutero-d,
533.0 491.0 50 46
139 miconazole ( BEFEME) 9.06 417.1 159.0* 50 36 clenbutero-d,
161.1 50 36
140 gemfibrozil (3E%5F) 10.02 249.3 121.0* -35 -22  gemfibrozil-d,
127.0 -35 -14
141 warfarin (4£3H) 8.52 307.2 161.0* -85 -27  warfarin-d;
250.1 -85 -30
142 diethyltoluamide (#¥FSC% ) 7.63 192.1 119.1°* 80 25 atrazine-d;
91.1 80 40
143 triclosan ( =&4:) 10.54 287.0 35.0" -104 -45  trichlorocarban-"Cy
289.0 35.0 -104 -45
144 trichlorocarban ( =& K ¥f) 10.46 315.0 162.0* -60 -23  trichlorocarban-"Cy
313.1 160.0 -140 -22
145 1,7-dimethylxanthine (1,7-_F 2.78 181.2 124.0 120 28 atrazine-d;
69.2 120 40

#* Quantitative ion.

R 245 MAARHR B B EFIETE S

Table 2 Retention time and MS parameters for the 45 internal standards

. Parent ion Daughter ion Declustering Collison
Compound tr/min ;
(m/z) (m/z) potential/V energy/eV
Caffeine-"*C; (MIMERA-2C,) 4.02 198.0 140.0* 27
Reserpine-d, (F1fil°F-dy ) 7.65 618.4 397.2 38
Gliclazide-d, (#%31554%-d,) 8.42 328.1 127.3 25
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Table 2 (Continued)
. Parent ion Daughter ion Declustering Collison
Compound tz/min )
(m/z) (m/z) potential/V energy/eV
Olanzapine-d,, ( A F-d,,) 4.19 316.0 256.1 100 32
Fluoxetine-d; (#RPG{T-ds) 7.55 315.0 44.0 50 54
Ciprofloxacin-dg (IR E-dyg) 4.70 340.0 322.0 90 31
Glipizide-d,, (#4%nLEE-d,,) 7.73 457.2 321.3 44 38
Rosiglitazone-d, ( Z 1% 1-d; ) 5.50 361.0 138.4 115 36
Enrofloxacin-ds (B> A-ds) 4.94 365.0 321.0 100 26
Azithromycin-d, (I} 2-d, ) 5.90 752.7 594.5 160 40
Cotinine-d; ( T #T-d;) 1.20 180.1 101.0 25 21
Lincomycin-d, (FRAIEEZ-d;) 4.00 410.2 129.0 120 35
Glibenclamide-d,, (#%4J%-d,,) 9.28 505.4 369.3 158 19
Glimepiride-ds (%% 3&/IK-ds ) 9.53 496.2 357.0 158 20
Metformin-d, ( —F XUAK-dy ) 0.90 136.3 60.0 36 18
Repaglinide-d; (Fiif%5117%-ds) 9.60 458.1 230.4 84 40
Nifedipine-d, ( A< H1F-d, ) 8.17 353.4 318.1 38 12
Clonidine-d, ( 1J‘RkE-d,) 3.35 234.1 217.1 122 36
Salbutamol-d, (0T HefE-dsy ) 2.02 243.3 225.1 27 15
Piroxicam-d, (W% H5E-d;) 7.14 335.2 95.0 115 23
Phenylbutazone-"*C ({£ZE#-3C) 9.56 321.0 166.2 128 30
Acetaminophen-d, (% Z B2 ZEH-d, ) 2.05 155.0 111.3 20 23
Sulfamerazine-d, ( fiff i/ JLBEIE-d, ) 4.07 269.2 172.1 70 23
Sulfamethoxazole-d, ( i F Emk-d, ) 5.43 258.3 160.0 49 23
Ofloxacin-d; (AP E-d;) 4.60 365.2 321.0 140 26
Erythromycin-d, (£[%%-d;) 6.70 738.7 580.3 30 27
Norfloxacin-ds (i 2-ds) 4.57 325.3 307.1 85 29
Cephalexin-dy (k& "%-dy) 4.01 353.0 179.0 80 23
Tetracycline-d, ( PIFRE-d,) 4.72 451.4 416.2 120 27
Roxithromycin-d, (¥ £ % &-d,) 7.61 844.3 686.2 100 30
Clindamycin-d; (FEME%E-d;) 5.74 428.0 128.0 80 34
Clenbutero-d, ( WiE45%-dy) 5.12 286.2 268.3 40 16
Amantadine-d ( 4z RIBEfE-dg ) 4.30 158.4 141.3 38 24
Atenolol-d, (FT##%/R-d;) 2.44 274.1 190.3 90 30
Metronidazole-d, ( Hfil§#-d, ) 2.21 176.1 128.2 39 20
Atrazine-d, ( FTRFIHE-ds) 7.44 221.1 101.0 70 26
Tolbutamide-d, ( F Z&H% T fik-dy ) 7.73 280.1 155.0 50 26
Prazosin-dg (WRMEI%E-dg ) 5.47 392.2 251.0 60 42
Meclofenamic acid-*C ( ' &JMIRIRZ-Cy) 9.88 299.8 264.1 -35 -19
Trichlorocarban-"*C¢ ( =& K HE-"Cq) 10.50 318.9 159.7 -53 -20
Hydrochlorothiazide-'3C-d, (&4 BEH-3C-d,) 3.12 299.1 269.9 -77 -29
Warfarin-d; (fFEEM-d;) 8.52 312.0 161.0 -111 -27
Gemfibrozil-d, ( 7 3E® 5¥-d,) 10.02 255.3 121.0 -34 -33
Chloramphenicol-ds (% %-ds) 5.87 326.1 157.0 -40 -24
Thiamphenicol-d, ( FIE#-d;) 4.33 359.1 295.0 -50 -18

o o dif FH I (S RME Bl | Sk L DE AR Sk 7l 5
7 e Tmek Sk R H 50% (v/v) LIEKIETR)
BCAL 1000 pg/mL MARIERE 2, T -20 C vKAF IR
1Eo JHPEERCH 1 we/mL TR A bR W, 8 it
FH & Na, EDTA 05 B 70 e ] B s 28 ik

45 Fh AR 43 51 H B BEEC I AL 100 wg/mL 1N
B fids 25 5 FH Y Bt — 25 R T ) 55 2 Wk 52 0 10. 0

ng/mL 1 NARTE G I
1.3 HMBTaE

MR SCHR[ 23 ] b AT AR ST AL 2, F2HR 100
mL KFE, 28 0. 22 pm W PR LR 4 R g U 5, i
A 0.025 g Na,EDTA, 7 H H iR 5k & /K 18 15 pH {H
£6.0~8.0, BUETEKEE 1.0 mL, A 10 pL
WFRE RS TR AT, B
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i FH2E

14 &G
141 &5

{63%+}: . Phenomenex Kinetex C18 £ (50 mmx3
mm, 2.6 pm, LFEFED [ TAF]) ; IEE R g
HH A A5 5 mmol/L HEREZAY 0. 1% H R /K 7, i
M B AN B T i AH A 2 5 mmol/L
H R K ST, T s B A B 5 1K - 0. 4 mL/min;
BB VE AT .0~ 1.5 min, 5% B; 1.5~10.0 min,
5% B~70%B; 10.0~13.0 min, 70% B ~90% B; 13.0
~14.0 min, 90% B; 14.0~14.2 min, 90% B ~5% B;
14.2~15.0 min, 5% B, #H£HE 100 pL,
142 Jig &1

SR ESTIE, 251 HRGR B 500 C 460 75
AR AL o3 oF ] Bt - 22 I 7 3% 4 2 - W DU ( Sched-
ule-MRM) B2, TF 851/ 970 88 K600 W5 25 v Ry
5500 V/-4 500 V; 254k J1 0 345 kPa (50 psi) ;
B J1 2R 345 KPa (50 psi) ; AT UETIH 207
kPa (30 psi) ., SLEWHTIESEILE 1,

2 SRS

2.1 FUEFEHHMRA
BC ] 145 Fh2h b A 3P B SO PR IR 51
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IZo
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t/ min

W (100 pg/L) , iR A5 W 1 Ak 27 1 BT K 4540, 4y
B ESTIEIE 58 TRl BT R it 2 i 49 i
A AT s e 2R U BT R I 4%
A WRE B R 8 A5 IS S8, Ak S Y
WAL 1k 2,
22 BIESENREL

7 EST B A T AR IE I & 40 58 4 14 i 11k
SEET X T 0. 1% H R K - E A 5 mmol/L
FH R L1 0. 1% FH BR/K V- MG VE Rt s AT B A
VIRWEM B EREm, 4582 LW, HTS
mmol/L HFREZ 1) 0. 1% H R /K 75 W 1 R /K AHI 1k
By EE g, 43 B A PRk B S mmol/L
FH R 11 0. 1% FH R /K WA IE B T AR
7K AH, 7E ESI BT, 280 %5 b T K-Z i F 5
mmol/L H FRE K IR - £ I AE R i shAR IR, &5
R LIK- 6 M shAR 38501 & 4 ) (i 05
B 25 B RIS, LAXLGRIS R | JE SE 87 F) A% A K
FCEERR A B, AT TFE LTSN A T B € 33 04 i 4E |
N WERSEAEMG A 5 mmol/L HEREZ L) )5 | 16
TEAS EIW] 5 Al | R BT AR (DL 1) | ik
£ 5 mmol/L H RE /K IR- LI E R ESI AT
TR, i E ESIT AT LL% 5 mmol/L H

5 mmol/L ammonium formate-acetonitrile

47 Diclofenac
37
2

Intensity / 10°
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e
W
1

" "Ftololac”
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Fig. 1 Chromatograms of the four PPCPs under different mobile phase conditions
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FREZ Y 0. 1% H BR /K - N5 i sh A, EST AR X
TLL S mmol/L H R4 /K W-2 NG M sh A, 145
L&Y RE SE I s (UL 2)

7 4

61 ESI

6

Intensity / 10

Intensity / 10°

¢/ min

B2 1457 PPCPs EE. B FHEXTHESFREIER
Fig. 2 Total ion chromatograms of the 145 PPCPs
in positive and negative ion modes

2.3 Na,EDTA §J50

PPCPs ¢ F N O .S 555 H T IR H Fh 2 5
Z K 5 &R AR 5 B A% A RVIE A&
Y- R FHEEY ., PlanF2hih B S A R,
PRFE SRS e ], B AT RE Y AE i Lt
WS &R Y BAEMREDY KW, & E TR
AT EIGEE R, SPUAE R A4 M R, Na® Al
K % & @B FIAR LA R S, Ca® Al Mg™ B
HEGR A4S RE ST, Fe® F1 Cu™ 4% & ik J1Fcom
T LAAWIGEEE & A Ca® (30.2 mg/L) Mg (8.9
mg/L) .Cu® (0.01 mg/L) .Fe* (0.01 mg/L) A Hi
FK MWFFE RS Pk Na,EDTA 15K 48 85 74
il , % %% Na,EDTA (Il A X} 4525 PPCPs [n]1i0%
ISR (UL 3) , EL AR [R50 DL REE 2 1 (3 I
https : /www.chrom-China.com)

R WR, RUSINAESIN Na, EDTA X K45
acs /L&A NN EDO RS S 7 T
UM Na,EDTA J5 [B105 52 W 5 7, 461 4n [ = 24 e
R [P 61. 2% $2 75 % 98. 1% ; B LLFE &K |

120

100 -

80 -

60 —

Recovery / %

40

20 -

no Na,EDTA addition Na,EDTA

B 3 Na,EDTA iFinxfithR KRS 145 F
PPCPs [E4 2 i) 3 )
Fig. 3 [Effect of Na,EDTA addition on the recoveries
of the 145 PPCPs in surface water samples

SRR R IR N ER ISP AE Z A IR 43, 6% ~
66. 6% HETHZ 95. 3% ~ 113% ; FIMAYD & R iR 25 s
VEEA BT A R 1 IS DA 50. 3% ~ 66. 9% $2E T+ =
93.2%~96.3%; &R R UAREFENUAREIAER
(TR 2 DA 52. 2% ~ 69. 7% 32 T+ 22 90. 1% ~ 112% ,
BARZ &R TP E & YEGE AR Z  (HEATHS
JETEIREE R g i LS P AR R IR L e R A
JKFEFIA Na,EDTA, IR UE& 2L A YRS 9l 1
B
24 JRERMIEE

VEPET 6 FhfLARJ 0. 22 o, A1 543501 g S ik
(PES) SE/KPER I 44 (PTFE-Q) R MU &
1 UERE (PTFE) IR G442 UEE (MCE ) RN g
JIE( GHP) 1P A 2F 2 R — ok e Rl g 4%, X
100 ng/L W95 FUIMARAE d #6475 B, i 2843 00 m
FrESCR N 4 froR 4558 WoR 4 B RC B H R
LA WS 2 [ 84. 4% ~ 116% , 34 FE Tt 2 4G
BR Bk RC RIS B KRR

200
150 4 . .
1 %
X . . *
=3 1 RS,
Q e .
& 4 B b3
50 . ‘
4 . . 8“
1 . - e .
i -
04 H < - :Q
PTFE-Q MCE RC PES GHP  PTFE

4 AEFEEM R 145 7 PPCPs EISR K500
Fig. 4 Effect of different membrane materials on
the recoveries of the 145 PPCPs



- 36 - gl

i FH2E

2.5 FAEFWIE
251 SMEEEFEAeHR

B il AR AL A 0 0 R SR A AR TV T, Fe i 2
)T A5 R EA TIN5, LA 40 0 ) Jo o 3k B (ng /L)
St AR BR X, LA A e T AR 5 PN A I TR 1 L
NS Y, 2 hil bR fh 2k, 4558 Bow, 145 Fh
PPCPs 7£45 A Mt Bl N etk AT (ILR 2% 2) .

MR HI 168-2020 J7 A i FR A9l 223K, 4
145 PG B PPCPs FRfE WA in 2= 8 2K 4%
HERE S AT I R AT I 7 By, S5 RH, 145 Ff
PPCPs [ 7 LK H R 0.015 ~ 5. 515 ng/L( WLEY
F2), HIERWE S, 5E AR 2 B KK
PPCPs kil (LK
252 HEHBEERTE

A3 TS5 FHAK R 2s s K FP AR
3 FIARCE TR A PRI TAER , A K& FAT I E 6
W, B EILNSOR AR bR 25 . 25 SRR, ik
R TSR 80. 4% ~ 128% , A XA vHE Il 22 4 0. 6% ~
15. 6% ( VLEfFER 3) .
2.6 SHAMAENIER

A WPk ee M g KR LE B R
PPCPs, %} TFP 25 % £ () PPCPs 1Mii 75 , fR MEFL 2] 1%
BT AT A e pH A, PRI AL B R ZAEAN
] pH {E40F F AT EAI A, H T EPA 1694
J& PPCPs ZW 0 AR E 3BT 71, 1% 1% At FH T A
UK 74 B PPCPs #E 47 Hi AL B, Y0 Bl 25 1
PUER B2 BRI 25 55 2 P2 25, AR R
ST AR AR 40 2 P[RR
Ab PRSI FR AN 4 TSR] AL RS 5347 050k A o T
BAERHS P IREB, HIAAR 5 Je, I, iR 20
TR S K I 25 S TSR I HLnT DATR] B
W%E ZFp PPCPs B3 M1 7 % o A SCT7 ¥ 5 SCHk iR
T ABRE T AR HE (L2 3) , Z A% n] DA IR

W F 2K SR A KRR 29 1 [ AL A i)
AEfE IR 2 ek 43 A K i 3 o 0 A 10 B Y, M BB K
it PPCPs 1 M il 4 £ R 3l | vy 2k, 22 8501 40 A
2.7 EEREESBIDHT

K AR SCHE ST W) 5 3R 20 4 i KRR AN 6
AMRHIKEE S AT E  FE A 93 A (64% ) 1b & W8k
ot AR LR e 4 FIREER 5

20 Nl K FE S PPCPs B & il 276.9 ~
2705.7 ng/L, ¥ 54 989.2 ng/L, HA ik
BEZN | RWE 24 TORG PR RIS 24 S R 1 0 % T o L
Bl R (UL 5) K R 100% , & e AL A
YAy 9 R4 Wl ke ie (771. 4 ng/L) . —F XSUIK (632. 8
ng/L) FMIHER (452. 6 ng/L) . 6 DR FHKEE i A
K Hif) PPCPs B4 140.5~211.5 ng/L, 1
T 177.8 ng/L, EEK HPLAER PR M
M2 (LI 5) .

100

I Antibiotics
E— E Antihypertensive drugs
I Antidiabetic drugs
Antiviral drugs
[ S-Receptor agonists
I Nitroimidazoles
I H, receptor antagonist
I Psychotropic drugs

60
] Hypolipidemic drugs

] B NSAIDs
40 4 Others
20
0 -

Surface water  Drinking water

Percent of total mass concentration / %

5 HhFRAKMIKAKF 11 KE PPCPs RS E L
Fig. 5 Proportion of the total content of the 11 types
of PPCPs in surface water and drinking water
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Table 3 Comparison with other methods

Compounds Procedure Recoveries/%  LODs/(pg/L) MDLs/(ng/L) Ref.
145 PPCPs large volume direct injection 80.4-128 / 0.015-5.515 this method
23 PPCPs SPE at pH=3 and pH=4 22.7-127.6 / 0.227-33.3 [52]
70 PPCPs SPE at pH=2.5 and pH=6.5 45-168 / 1-206 [53]
42 PPCPs SPE at pH=2.5 9.1-1946.4 0.01-0.1 / [54]
168 PPCPs and metabolites SPE at pH=3 and pH=7 77-117 / 0.01-2.61 [55]
18 PPCPs SPE at pH=3 and no pH adjustment 49-120 / / [56]
12 PPCPs SPE with no pH adjustment 61-110 / 0.02-1.5 [20]

MDL: method detection limit.
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