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Abstract: An analytical method was established for the determination of 101 emerging contaminants
(ECs) in human serum using high performance liquid chromatography—tandem mass spectrometry
(HPLC-MS/MS). Serum samples were treated with acetonitrile to precipitate proteins. After thor-
ough mixing, vortexing, and centrifugation, the supernatant was purified using phospholipid remov-
al columns. Separation was achieved on an ACQUITY HSS T3 column (100 mmx2. 1 mm, 1.8 pum)
with a mobile phase consisting of 0. 02% formic acid aqueous solution and acetonitrile—-methanol
(1: 1, volume ratio). The ion source for the tandem mass spectrometry was an electrospray ioniza-
tion source (ESI), mass spectrometric data acquisition was performed in multiple reaction monitoring
(MRM) mode, and quantification was carried out using matrix-matched external standards. The re-
sults demonstrated good linearity for all 101 contaminants within their respective concentration rang-
es, with correlation coefficients(7*) ranging from 0. 993 3 to 0. 999 9. The limits of detection(LODs)
and limits of quantification (LOQs) were 0. 01-0. 94 ng/mL and 0. 03-3. 20 ng/mL, respectively. At
three spiked levels(5, 20, and 50 ng/mL), the recoveries ranged from 75. 0% to 122%, with rela-
tive standard deviations (RSDs, n=6) of 1. 0%-9. 8%. The method was applied to analyze 17 human
serum samples, detecting 43 pollutants at concentrations ranging from 0. 01 to 48. 1 ng/mL. This

method features efficient sample preparation, high sensitivity, and good stability, making it suit-
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able for the rapid screening of multiple emerging pollutants in human serum.
Key words: high performance liquid chromatography—tandem mass spectrometry; serum; emerg-

ing contaminants; phospholipid removal column
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Table 1 Mass spectrometric parameters of 101 ECs

Retention  Precursor ion Product ion
No. Compound i . DP/V  CE/eV
time/min (mlz) (mlz)

Herbicides (BEHEF])
1 Ametryn (55 Ki4t) 14. 80 228. 1 186.2", 96.0 80 25, 35
2 Atrazine-2-hydroxy (55 L Ht-2-F8 3 ) 5.61 198. 1 86.07, 156.0 80 47, 47
3 Atrazine-desethyl-2-hydroxy (55 2 - i £, 3-2-F2 3% ) 2.07 170. 1 128.27, 85.9 80 23, 25
4 Atrazine-desethyl-desisopropyl (55 25 -t £, 3% 57 P 3 ) 13.05 146. 4 104.1°, 79.0 80 26, 25
5 Atrazine-desethyl (55 23 :-lii 2, 3% ) 8. 62 188.0 146. 17, 104.1 80 25, 37
6 Atrazine-desisopropyl (55 2 1t- i 57 TN ) 5.82 174.0 104.0°, 68.0 80 37, 32
7 Terbumeton (5773 ) 13.27 226. 1 114.0%, 170.1 80 32, 35
8 Terbuthylazine (45 T Ht) 14.51 230.2 174.0°, 104.1 80 25, 52
9 Terbuthylazine-desethyl (T H-Ji 2. 3%) 13.05 202.0 146.0°, 104. 1 80 19, 35
10 Terbuthylazine-2-hydroxy (FE T Ht-2-F2 3 ) 7.32 212.0 156.0°, 70.0 80 19, 49
11 Terbuthylazine-desethyl-2-hydroxy (45 T Ht-fiil £, 3L-2-F2 %) 3.83 184. 1 128. 17, 86.0 80 21, 35
12 Sebuthylazine-desethyl (53 T H- it £.%) 13. 41 202. 1 146.0°, 103.9 80 20, 37
13 Propazine-2-hydroxy (Fh K Ht-2-55 5 ) 7.77 212.0 128.0", 170.1 80 31, 27
14 Sebuthylazine (73 T ¥t) 17.07 230.2 174.17, 104. 1 80 45, 25
15 Terbutryn (£ T #4r) 16.77 242. 1 186.0°, 96.0 80 27, 27
16 2, 6-Dichlorobenzamide (2, 6-— 47 H B ) 5.85 190.2 172.9%, 145.0 80 22, 24
17 Prometryn (FMEE15r) 16. 56 242. 1 158.0", 200. 1 80 31, 24
18 Bromacil (%5 ) 12. 46 261. 1 204.9", 187.9 80 19, 37
19 Carbetamide (XU EE ) 11.51 237.1 192.17, 118.1 80 10, 16
20 Chloridazon-methyl-desphenyl (58 3 - FF 3 -l 358 3.46 160. 0 88.0°, 117.0 80 33, 45
21 Ethofumesate ( Z, 48k 25 4 ) 17.54 287.1 121. 17, 259.1 80 14, 24
22 Flufenacet ( F 1 HE %) 18.36 364. 1 194. 17, 152.1 80 16, 28
23 Topramezone ( I F i ) 7.74 364.2 334.17, 124.8 80 18, 33

Insecticides (% H7])
24 3-Hydr()xycar})()ﬁlran(3-¥é%ﬁﬁh&) 7.88 238.1 181. 17, 163.0 80 17, 23
25 Fenoxycarb (74U 18.39 302. 1 116.17, 256. 1 80 16, 19
26 Kresoxim-methy! ( fi g ) 18. 81 314. 1 267.1°, 116.0 80 10, 20
27 Methiocarb (2K HL gk ) 16. 84 226.2 169.1°, 121.1 80 12, 23
28 Mevinphos (3 K ) 7.84 225.1 127.1°, 193.0 80 11, 22
29 Phoxim (2B ) 19. 41 299. 1 129.0°, 153.1 80 11, 16
30 Clothianidin (& HLJ1% ) 7.36 250.0 132.0, 169.1° 80 17, 21
31 Tebufenpyrad (LI 17 ) 20. 21 334.2 171.0, 147.1° 80 32, 25

Fungicides( ZREA)
32 Cyproconazole ( FR P I ) 17.51 292.1 70.17, 125.0 80 42, 50
33 Epoxiconazole (FAFR 1 ) 18. 04 330. 1 121.0", 123.0 80 19, 10
34 Flusilazole (FUAEME ) 18.31 316. 1 247.17, 165.1 80 20, 12
35 Metalaxyl (FFFE R ) 16.05 280.2 220.07, 192.3 80 18, 24
36 Picoxystrobin (& 4 F# i) 18. 84 368. 1 205.1", 145.0 80 15, 27

1

37 Propamocarb ( 75 %3 &) 3.81 189. 102.0°, 74.0 80 24, 34
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No. Compound R.etentif)n Precursor ion Product ion DPIV CE/eV

time/min (mlz) (mlz)
38 Triamiphos (J& B % ) 14.79 295. 1 135.0", 44.0 80 33, 81
39 Boscalid (W B b 1 ) 17. 61 343.0 307.1°, 140.0 80 22, 14
40 Dimoxystrobin (fiik B ) 18.57 327.2 205.17, 116.0 80 23, 11
41 Prochloraz (DK &E 7 ) 18. 70 376. 1 308.0°, 266. 1 80 16, 32
42 Spiroxamine (BR¥R % ) 16.15 298.3 100. 17, 144.1 80 27, 43
Carbamates ( 23 H iR lig 25 )
43 Carbofuran (7% 5 J&%) 14.76 222.1 165.07, 123.1 80 17, 28
44 Propoxur (5875 ) 13.91 210.2 168.1°, 111.0 80 19, 12
45 2, 3, 5-Trimethacarb(2, 3, 5-=HI) 15.61 194. 1 137.0°, 122.0 80 16, 37
46 Pirimicarb (4047 &% ) 10. 15 239. 1 182.17, 195.1 80 21, 20
47 Metolcarb GG 2K &, ) 11.88 166.0 109.0°, 94.0 80 16, 40
48 Isoprocarb (F L) 15.44 194.0 95.1%, 152.0 80 20, 12
49 Fenobucarb (T &) 16.76 208. 1 95.0°, 152.0 80 19, 12
50 Banol (Gl KAL) 15.83 214.1 157.17, 121.0 80 15, 29
51 Methomyl-oxime (K Z 575 ) 3.45 106. 1 58.07, 88.0 30 16, 13
52 Bendiocarb (BEHL K, ) 13.98 224. 1 109.0°, 167.0 80 13, 25
Quinolones (CESGES)
53 Ciprofloxacin (RN V£ ) 6.72 332.1 314.0°, 231.2 46 25, 50
54 Clinafloxacin (e kYD 2 ) 7.93 366. 2 305. 17, 236.1 80 29, 50
55 Enrofloxacin (AP 2 ) 7.33 360.0 316. 17, 245.1 80 25, 35
56 Flumequine ( 5 H 14 ) 14.13 262. 1 244,17, 202.1 80 23, 42
57 Lomefloxacin hydrochloride (iR 9% 35 70 A2 ) 7.13 352.0 308.1°, 265.0 80 33, 28
58 Norfloxacin (i b 2 ) 6. 44 320. 1 302.2°, 276. 1 41 26, 27
59 Ofloxacin (A FRIP A ) 6.41 362.2 318. 17, 261.1 80 26, 38
60 Sarafloxacin (VD7 V) L) 8.09 386.0 342.3%, 299.0 80 25, 38
61 Oxolinic acid (BEMER ) 10. 96 262.0 244,17, 216. 1 80 26, 40
62 Pefloxacin mesylate ( FUE R 15 610 &2 ) 6.48 334.1 316. 17, 233.1 80 27, 38
63 Enoxacin (K70 AL 5.77 321.0 232.1%, 303.0 110 24, 46
64 Nalidixic acid (ZEBERR ) 13.71 233.1 215.1°, 187.2 80 18, 34
65 Cinoxacin (PG VD2 ) 9.81 263. 1 189.0", 217.1 80 35, 39
66 Difloxacin hydrochloride (52 — 70 & ) 8.18 400. 1 356. 17, 299. 1 80 28, 41
67 Orbifloxacin (B LD ) 7. 64 396. 1 352.0°, 295.2 80 24, 32
68 Sparfloxacin( H] MV A ) 8.22 393.2 349.2°, 292.0 80 30, 38
Sulfonamides (fiffi 2 )
69 Sulfadiazine (i i 195 g ) 4.58 251.1 156.0°, 92.1 80 20, 33
70 Sulfadimethoxine (fiff 7] — FFT 42 W& W ) 8.56 311. 1 218.2°, 156.1 80 28, 28
71 Sulfamerazine (fiff iz Ff S5 ) 5.46 265.2 156. 1%, 172.1 80 25, 25
72 Sulfamethazine (fiff f} — ! B4 0E ) 6.71 279. 1 186.17, 156.0 80 22, 26
73 Sulfamethizole (fif 1% FF 19—k ) 6.33 271. 1 156.17, 108.0 80 20, 28
74 Sulfamethoxazole (fifi % FmEME ) 8.01 254. 1 156.17, 108.3 80 21, 29
75 Sulfanilamide (% ) 1.82 173.0 93.1%, 76.2 80 28, 52
76 Sulfathiazole (A i BEM: ) 4.93 256.0 156.2", 108.1 80 22, 32
77 Sulfachloropyridazine (fiff i 58 5k 1% ) 7.53 285. 1 156.0", 108.1 80 17, 29
78 Trimethoprim ( F 407 2 M5 BE ) 5.44 291. 1 230.17, 123.1 80 33, 34
79 Sulfamethoxypyridazine (i i P 42 Ik 5% ) 6.57 281. 1 156.07, 126.1 80 23, 24
80 Sulfapyridine (i iz e ) 5.16 250. 1 156.17, 108.0 80 23, 32
81 Sulfadoxine (i 48 — H S W% 0T ) 11.06 311. 1 108.2", 156.0 80 37, 37
82 Sulfisoxazole (i i FBEME ) 8.99 268. 1 156.17, 113.2 80 22, 25
83 Sulfabenzamide (4 F B Ak 4 ) 9.77 277.1 156.07, 108.0 80 19, 32
84 Sulfaquinoxaline (fif i sBERE ) 11.37 301. 1 156.2", 108.0 80 24, 36
85 Sulfacetamide (fif 122 B ik ) 3.72 215.0 156.1", 108. 1 80 19, 32
86 Sulfaphenazole (fiff i A< LML ) 10. 65 315.0 156.3", 108.2 80 27, 40
Macrolides (KERNTHZS)

87 Azithromycin (AT # K ) 10. 18 375.4 591.5%, 158.1 80 20, 29
88 Clarithromycin (ST 75 2%) 16.03 748.5 158.0°, 590.4 80 29, 40
89 Erythromycin (£ 55 %) 14.38 734.5 158.0", 576.4 80 26, 36
90 Lincomycin hydrochloride (FRF] 2 Z Eh R ER) 5.26 407.2 126.1°, 359.2 80 33, 24
91 Roxithromycin (B 15 %) 16.16 837.6 679.5", 158.1 80 30, 37
92 Virginiamycin S1(ZE 758 % S1) 18. 12 824.3 205.0", 663.2 80 57, 36
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Retention  Precursor ion Product ion

No. Compound P (miz) (miz) DP/V  CE/eV
93 Ormetoprim ( — F1 420 F BER e m e ) 6.31 275.2 259.17, 123.0 80 38, 31
94 Clindamycin hydrochloride (E: R TEMEH) 11.13 425.2 126. 17, 377.2 80 35,25
95 Oleandomycin(fTBEEEZ) 13.32 688. 4 158.27, 544.3 80 70, 42
96 Tilmicosin(FF A% L) 12.32 869. 5 696.5", 174.2 80 52, 52
Broad-spectrum antibiotics ()" 3T 1# 24 )
97 Miconazole (K31 ) 17.71 416.9 160.9", 158.8 80 41, 45
98 Thiabendazole (BEZ 1K1 ) 5.54 202.2 175.17, 130.9 80 37, 48
99 Fluconazole (5 FEME ) 8.25 307.0 220.1°, 237.9 80 25, 23
100 Climbazol (52 %) 15.43 293.0 196.9", 140.9 80 23, 33
101 Carbadox(R[2£) 6.30 263.2 231.2°, 145.1 80 19, 29

*quantitative ion
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BT 101 R0 ECs A PRIEF A MRM {4355 (50 ng/mL)
Fig. 1 MRM chromatograms of 101 kinds of ECs mixed standard solutions (50 ng/mL)

the numbers in Fig. 1 correspond to the compound numbers in Table 1
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RV RBREE AR, RS EHPLC-MS/MS 341 25 F-H ) s s b 1) 2R U . PHREE AE5E
THARVER GRS HEBRAY, , e e e B i A, hixs 280 b S A v B bR W 455, IORETE =
A BRUENE R I CRE B R . EMRIERHRA “PRARHERH -2 AR XML, T HERR & B IF%
iR T, (HAT s P B b AN 5E 4 o HLB Y SAHWR AT (e A b R i 2O T H bR i ik e
MR SRR E AL, STE LRGP IR, SRR, 25 L, PHREEJEHAYF
SRR WG 2 BREE T, X TEARMETE A H bRy B A HARVE W, REOEI R ik 2R,
I, 24 PHREE B Tk
2.3 ERIMA

M ARGV MLTE FE T 101 Rl H BRI 00 T4, A7 R F IR 2R L3 B2 B AR I 264 7 56 sk
RE(ME)TEMY . SR TR LAY : ME=(A/B-1)x100%, A K bRl LhabE, B sl
FRUERD R AR, MIMEIS20% A 55 5E RN 3 20% < IMEIS50% A 2558 B s IMEL > 50% A58 5L
RO, SRR, 89 FMELAMINIIMEI<20%, (L 88. 1%, FEP A BaBL R, FEHH BT AL BT AL 7
TR RTINS SR . A 7RMb S (i . 3-8 R, MM FNE e | Wi . mESR kg |
WP RFNES, 6. 9%) KB AH S IHIROY , B 3Fh b A% (Tl — H EmENE | R HH e — s
FRE G S, EG 3. 0%) BN SRR, A 2 Fb S R . RE L, HE2. 0%) RN
SRR, AR BRI RO A S . AR % Fhis e )20 2, AN 5 38 i TG ) S T DE g
Pt i ZeRIH B BN 1) 4
2.4 FHEFEM
2.4.1 ZMER, RHRMEE TR 3% “1.27 JFERHRFbRERR, LLE LAY iRk
(X, ng/mL) AREALER, XM i 8 PG TAR (V) AL bRl bR 2. R 20l 0L, 101 Fpi5 Y fe
F IR B IS N RS R, RS R %L () 470, 993 3~0.999 9, LIFFAE (i (F0e bk S/V KT
3FNIT 10 B X6 7 B9 bR 7K 430 kS HE PR (LOD) AilE &2 F R (LOQ) , 101 Ak LOD 4 0. 01~
0. 94 ng/mL, LOQ 4 0.03~3.20 ng/mL,
2.4.2 EWERMBEZE 2 EGAIE ETIFREWCEES:, 235075, 20, 50 ng/mL 3N KF1)
IRAPREIRI, BN 6 AT, THRCPEIMbRENCR & RSD, K245 R ER, 7EM%. H. &
3AMFRAET, 101 Fi H bl &0 898 2 O ER 53 50100 76. 29%~122% ., 78. 0%~114%., 75. 0%~118%,
81. 5% Ak B WS AE 80%~120% 2 8], 101 b &) RSD (n=6) 34/ T 10%, FIHIZIIER AR IF
HIHERREEFURE %, FF IR SR T 2K

2 101 FMEAIIRPETEE . MRS, KR . ER TR . BRI R 5 (n=6)

Table 2 Linear ranges, correlation coefficients(r*), LODs, LOQs, recoveries and RSDs of the 101 compounds(n=6)

Compound  Linear range/ 2 LOD/ LOQ/ Spiked 5 ng/mL Spiked 20 ng/mL Spiked 50 ng/mL
No. (ng-ml™") ’ (ng'ml™") (ng-mL™") Recovery/%  RSD/%  Recovery/%  RSD/%  Recovery/%  RSD/%

0.05~100  0.999 1 0.01 0.03 100 1.0 103 9.1 107 9.5
2 0.50~100  0.998 8 0.25 0.82 106 8.5 90.0 5.2 87.1 8.7
3 0.50~100  0.998 3 0.38 1.25 104 6.1 85.1 4.4 87.8 7.4
4 0.50~50  0.9987 0.36 1. 19 87.4 6.4 88.7 4.6 97.6 7.5
5 0.05~100  0.9972 0.01 0.03 103 8.8 78. 1 3.6 76.7 8.4
6 0.50~100  0.999 3 0.15 0.50 80.5 7.0 82.9 3.2 84.5 8.0
7 0.05~100  0.998 8 0.02 0. 08 79.3 7.7 83.2 3.5 75.0 3.1
8 0.05~100  0.998 1 0.02 0.07 98.6 7.2 91.3 4.6 89.7 6.3
9 0. 10~100  0.999 4 0. 06 0.20 117 3.9 89.6 5.3 82.3 7.4
10 0.10~100  0.999 3 0. 04 0.12 86. 1 4.7 89.6 3.3 98. 1 7.2
11 0.50~100  0.998 6 0.12 0.38 116 1.2 80. 1 4.5 75.6 6.3
12 0. 10~100  0.998 6 0. 04 0. 14 98.3 5.7 91.4 8.4 111 8.3
13 0.05~100  0.999 1 0.03 0.11 90.0 7.2 79.3 1.4 112 8.3
14 0.50~100  0.999 3 0.14 0.47 83.7 7.9 85.8 4.1 91.4 8.4
15 0.05~100  0.9989 0.01 0.03 90.5 7.5 93.0 3.3 91.2 8.8
16 0.05~100  0.999 1 0.05 0.15 107 6.2 80.7 3.3 76.7 8.7
17 0.05~100  0.998 5 0.01 0.03 118 3.8 91.4 4.0 75.9 7.4

18 0.50~100  0.998 3 0.36 1.19 113 1.2 105 4.2 76. 4 4.4
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(8:32)
Compound  Linear range/ 2 LOD/ LOQ/ Spiked 5 ng/mL Spiked 20 ng/mL Spiked 50 ng/mL
No. (ng-ml™") ’ (ng'ml™") (ng-mL™") Recovery/%  RSD/%  Recovery/%  RSD/%  Recovery/%  RSD/%
19 0.50~100  0.998 3 0.15 0.49 119 7.9 93.5 4.3 86.7 5.4
20 0.05~100  0.9947 0.01 0.03 97.1 5.5 97.2 3.3 80. 1 5.4
21 0.50~100 0.999 1 0.31 1.02 80. 8 5.9 80. 4 4.4 85.0 6.8
22 0. 50~50 0.9933 0. 20 0.67 78.3 7.2 78.9 4.5 84.4 7.9
23 0.50~100  0.9951 0.41 1.35 85.4 6.0 83.7 3.9 91.5 9.5
24 0. 10~100  0.9972 0. 08 0.28 80. 8 7.7 81.0 3.3 98. 1 8.5
25 0.10~100  0.998 0 0.10 0.33 99.3 6.3 87.9 4.5 81.5 8.2
26 0. 10~50 0.994 5 0. 04 0.12 77.7 8.9 80. 8 4.1 87.8 3.7
27 0.50~100  0.9951 0. 08 0.25 120 3.5 80.8 5.5 107 6.5
28 1.00~100  0.994 8 0.94 3.20 105 6.0 87.7 5.2 83.1 3.8
29 0.50~50 0.994 6 0. 20 0. 66 79.9 9.7 84.8 6.2 90.3 6.7
30 0.50~100  0.9982 0.22 0.74 80.9 6.6 114 4.4 79.5 6.0
31 0.50~100  0.9973 0.23 0.78 88.6 6.5 107 9.3 118 5.1
32 0.10~100  0.998 8 0. 08 0.28 101 5.8 113 6.3 101 8.9
33 0.05~100  0.9979 0.02 0. 08 91.8 9.8 107 5.1 102 8.7
34 0.05~100 0.9990 0.03 0.09 87.4 8.1 99.8 3.4 103 9.7
35 0.10~100  0.998 8 0.07 0.23 97.6 7.6 87.8 4.2 106 6.9
36 1.00~50  0.998 6 0.91 3.03 82.7 8.1 78.0 3.2 109 8.7
37 0.05~100  0.998 8 0.01 0.05 118 7.8 81.1 5.0 111 6.6
38 0.05~100  0.999 5 0.01 0. 05 101 3.1 90. 0 3.4 85.5 8.7
39 0.50~100  0.999 4 0.10 0.33 117 7.7 80. 8 3.5 82.0 7.5
40 0.05~100  0.9953 0.01 0.05 113 6.7 85.1 4.5 76. 4 8.7
41 1.00~50  0.9952 0. 62 2.07 94.5 7.0 81.0 4.6 93.9 6.9
42 0.05~100  0.999 5 0.01 0.03 104 5.1 80.0 4.4 80.2 7.0
43 0.10~100  0.999 5 0.04 0.15 95.2 6.3 85.3 7.0 102 8.4
44 1.00~100  0.9954 0.55 1.82 106 3.9 78.7 4.6 83.4 7.6
45 0. 10~100  0.9947 0. 08 0.27 96.7 6.1 87.5 4.3 84. 1 8.6
46 0.05~100  0.998 6 0.01 0. 04 93.4 5.8 89.2 3.4 76. 1 8.4
47 0.50~100  0.9962 0.27 0.91 105 6.1 90. 3 4.4 78.3 9.1
48 0. 10~100  0.998 4 0.07 0.23 109 8.3 87.2 4.4 87.7 5.2
49 0. 10~100  0.9997 0.10 0.33 103 5.5 88.8 3.3 93.8 5.3
50 0.10~100  0.997 1 0.09 0.29 99.4 6.2 83.1 3.2 86. 6 5.2
51 0.50~100  0.999 3 0. 26 0.87 104 5.6 91.7 4.4 79.5 5.3
52 0.50~100  0.994 0 0.29 0.98 96. 8 6.0 80.5 4.2 83.5 8.7
53 0.50~100  0.9953 0.27 0. 89 103 5.0 78.3 4.8 75.2 6.5
54 0.10~100  0.9989 0.10 0. 34 102 5.1 84.0 5.6 75. 4 8.7
55 0.10~100 0.997 1 0.03 0.09 76.2 7.7 85.2 5.4 75.1 6.3
56 0. 10~100  0.998 8 0. 08 0.26 107 6.1 81.5 6.2 88.8 8.7
57 0. 10~100  0.996 6 0.03 0.11 80.3 3.5 86.2 5.2 90. 6 4.7
58 0.50~100 0.997 4 0.12 0.39 81.3 3.8 84.5 6.3 94.6 5.7
59 0.10~100  0.998 5 0. 04 0.12 84.5 5.1 80. 1 6.0 92.1 8.7
60 0.50~100  0.998 5 0. 14 0.48 80.0 5.9 80.2 5.7 87.8 5.4
61 0.10~100  0.9977 0. 04 0.13 79.0 5.5 79.7 4.3 76. 1 6.4
62 0.10~100  0.9970 0.09 0. 30 86. 1 7.5 80. 1 3.8 93.3 8.7
63 0.10~100 0.9979 0.10 0. 34 94.6 8.8 90. 8 4.8 92.9 4.8
64 0.50~100  0.9982 0.16 0.55 86.7 5.5 81.5 3.6 87.8 8.7
65 0.50~100  0.998 5 0.27 0. 89 77.9 7.3 84.5 4.2 84.6 5.9
66 0.05~100  0.9989 0.02 0.08 84.7 6.2 89.7 4.6 80. 1 6.6
67 0.05~100  0.999 5 0.02 0. 06 95.6 4.6 103 3.7 92.4 8.7
68 0.05~100  0.999 1 0.02 0. 06 99.5 5.4 80.5 6.7 88.7 6.8
69 0.05~100  0.998 8 0.02 0. 06 83.9 3.6 89.1 7.5 76.7 8.7
70 0.05~100  0.999 5 0.03 0.10 94.0 5.1 83.2 3.5 76.4 5.8
71 0.05~100  0.9992 0. 05 0.16 83.8 6.6 79.6 4.2 77.2 8.7
72 0.05~100  0.998 8 0.01 0.03 91.9 6.2 100 6.5 114 6.8
73 0.10~100  0.999 5 0. 06 0.19 96.9 7.2 98. 4 4.1 113 8.7
74 0.10~100  0.999 1 0. 05 0.17 115 2.8 78.9 3.4 77.1 5.8
75 1.00~100  0.994 0 0.58 1.92 84.0 6.3 87.4 3.1 96. 1 8.7
76 0.10~100  0.999 5 0. 08 0.25 113 9.7 81.8 3.3 96.9 5.9
77 0.50~100  0.998 7 0. 14 0.48 117 3.5 87.3 4.1 78.5 5.8
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(5i2)
Compound  Linear range/ 2 LOD/ LOQ/ Spiked 5 ng/mL Spiked 20 ng/mL Spiked 50 ng/mL
No. (ng-ml ") ’ (ng'ml™") (ng-mL™") Recovery/%  RSD/%  Recovery/%  RSD/%  Recovery/%  RSD/%
78 0.05~100  0.998 1 0.01 0.03 122 7.3 87.9 4.3 98.0 4.8
79 0. 10~100  0.9999 0. 08 0.28 117 5.1 90.0 3.1 97.1 5.7
80 0. 10~100  0.998 8 0. 04 0.15 109 9.6 97.3 3.3 80.7 4.0
81 0. 10~100  0.998 3 0.05 0.16 119 5.5 83.0 5.1 80.3 6.6
82 0.50~100  0.998 0 0. 14 0.48 116 5.7 108 7.1 89.1 7.4
83 0. 10~100  0.999 0 0.03 0. 10 122 5.3 83.0 4.2 81.1 7.8
84 0.50~100  0.999 3 0.10 0.34 113 5.9 79.6 4.2 100 8.7
85 0.50~100  0.9995 0.22 0.74 113 6.5 80.2 3.2 94. 4 6.2
86 0.50~100  0.9992 0.18 0. 61 116 5.4 83.6 4.5 113 6.4
87 0.05~100  0.998 9 0.01 0.03 108 6.3 80.2 3.4 79.8 8.7
88 0.50~50  0.9935 0.11 0.38 117 9.6 81.2 3.2 82.8 6.7
89 1.00~50  0.998 1 0. 68 2.27 104 9.5 86.3 3.1 88.9 7.9
90 0.05~100  0.9999 0.01 0.03 103 6.3 92.9 4.3 86.2 8.7
91 0.10~50  0.9975 0.10 0.34 97.4 7.1 88.9 4.0 99.3 3.7
92 0.05~100  0.998 3 0.01 0. 04 98. 1 7.2 80.0 3.5 80.4 8.7
93 0.05~100  0.9963 0.01 0.03 109 6.6 83.8 3.2 83.5 3.9
94 0.05~100  0.997 8 0.01 0.03 98.6 6.6 83.5 2.2 80. 4 2.8
95 0.50~50  0.9946 0.30 1. 00 89.6 7.5 89.9 2.0 77.9 8.7
96 0.10~100  0.9951 0.02 0.07 96.0 6.4 79.2 3.3 84.5 4.8
97 0.05~100  0.9982 0.01 0.03 92.6 7.8 84.5 4.2 77.3 4.7
98 0.05~100  0.998 8 0.01 0. 04 112 7.0 80.9 3.5 92.1 8.7
99 0. 10~100  0.999 6 0.05 0.15 120 6.2 83.2 3.4 92.5 7.9
100 0. 10~100  0.998 6 0. 04 0.13 120 6.6 80.5 4.9 89.2 6.9
101 0.50~100  0.998 7 0.42 1.41 116 3.5 83.2 3.4 87.2 8.7

the compound No. correspond to those in Table 1

2.5 LPRIERKEN
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JZWE . BeAh, WEEEIZEPUAE R (I BRI R ) | BEEZShTAE (I R ) K ) ST
(IR EL) FER AR AR
3 & it

ARG AT, T —Fa] ] A0 2 N LE HE 101 FlsHT TS Gedh 0 v RO 23— B R /AT i . 1%
R E A VUESS S UG R ERA R T, T AR TS FE T3, HAEEE . iEs . K
SEENF | FREPESRSERRA, RENS I L ML R B ETE R ORI R RS UE R, R EURN
RORMEEE . KR & TR IR RO SR ORI AT S A AR T R . AR T T R
NBEHTTS G N 285 0 A S8 A 15 YR IE AT PR T SE M BOR 30 38% , JR8IS By REAE . 41k
NG )2 TSR TRA TR R BT, JE— 25 IR A it XU Ak 2w B4 2 s T
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