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Abstract: The continuous outbreak of COVID-19 results in a large number of therapeutic drugs
inevitably entering water bodies through different pathways, and there are problems of accurate and rapid
detection in the treatment and ecological evaluation of these drugs. Therefore, it is necessary to establish
a method for simultaneous detection of multiple antiviral drugs for treatment of COVID-19 in water. A

method for the simultaneous detection of 8 antiviral drugs (ribavirin, oseltamivir, nevirapine, lamivudine,
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abacavir, stavudine, acyclovir and penciclovir) in source water was developed by optimizing the

determining parameters of liquid chromatography—tandem mass spectrometry (LC-MS/MS). The daughter

ion response values of 8 antiviral drugs in this method were relatively high, which was beneficial to the

detection of target compounds. The correlation coefficient (r) of the standard curve of 8 antiviral drugs was

not less than 0.995 0, the method detection limit (MDL) and the lower limit of determination were in the
range of 0.004-0.081 pg/L. and 0.013-0.267 wg/L, respectively, and the spike recoveries and RSDs of
actual water samples were 81.61%—113.03% and 0.84%-8.12%, respectively.
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detection method;

LC-MS/MS

source water;

AB SCIEX TripleQuad 6500+ ; {4, 3% 43 #7#} : Kinetex®
2.6 pm F5 100A (3.0 mmx100 mm) . ACQUITY
UPLC® HSS T3 1. 8 wm (2. I mmx100 mm) , 4743
Kinetex® 1.7 pm C18 100A (50 mmX2. 1 mm) ; 8 4§
7K % 88 (MilliQ-Integral 3) ; B AR : 100, 1 000 wl;
Z5H9:10.100 mL,

NS 5 NN RS SIS oF 1A R 177 S e ]
ELR 5 A e (B T E IS bR, Al
FE=99. 0%; HBE L 1E , t ik 2l , 4l 5 >99. 9% ; H iz
B R, AT, 4l >99. 0% ; S26 K R 4t K
(FFH#%18.2 MQ+-cm) o
1.2 BRAEH

A3 FREL 8 FPUIEEEZS M) 1. 0 mg 2 10 mL (Y%
SO, FH e 255 BC AL 100 mg/L %) R — J5
W, TE 4 COME T A6 AE, U8 P25 i 10 pL I T 10
mL Z5 5, 2 mmol/L F R #%+0. 02% R 7K %5
/0. 1% W R Z NG W W (9/1) 5E 2%, il /i 100 pg/L Y
RAWW, T Bk &Y L+ 5 e , 1
B8 A2y i 100 pL J5 T 10 mL & i, H 2
mmol/L H 2 £ +0. 02% W 2 /K %5 /0. 1% W 1R £ )i
VW (9/1)SEZS 1 me/L IR SV IR AT
W 2 mmol/L F iR 45 +0. 02% 1 iR K 15 %2 /0. 1% H
MR IR (/) B BERL0.2.4.6.8 .10 wg/L AR i
2k TR -

1.3 HRHXE

S KRB B TR T e b XA K Bk )
AE K E RIS = N REEBEHEK 1, 2 LI
T 0 B B RSO, A0 i FH AR T A € B B 3 3~
AR, RE7KAE 58 4 e Tl b (B BB 5 5 L 55 1, O AE
4 CEAMETAERT, T 48 h N SE BRI AL B A AG T
1.4 LC-MS/MS &1

% S F AR 40 °CLBRRIRFE 80 °C, HEREA
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Tab.1 Gradient elution program of mobile phase

in liquid chromatography

Fisf [] /min H#/(mL-min™") A% B/%
0.0 0.40 90 10
3.0 0.40 10 90
5.0 0.40 10 90
5.1 0.40 90 10
7.0 0.40 90 10
W AN 2 mmol/L H R £+0.029% F BR/KIF W, B 7 0.1%
R L NEHIR

R IR B3 26 1 < B 1 U TE B S, R 7
AR Z BT R I (MRM) o 8 ML 24 M)
2 SN AGIN 25 UL 2.
R2 STHREHY S R AWM

Tab.2 Multi-response detection conditions of eight

antiviral drugs

WETERE |AfEFLHL | M S
WiH (T me T Fml
. " wmy | BN | DRy
113.0 15.0
FIBEFH| 2451 20.0 12.0
96.1 41.0
208.1 19.0
WEMLE | 313.1 225.1 15.0 30.0 10.0
166.1 26.0
BRI 267.1 226.0 34.0 | 130.0 10.0
hkIeE| 2301 112.1 24.0 | 155.0 10.0
frE 5| 287.2 191.1 27.0 | 120.0 10.0
166.1 17.0
FfRE | 225.1 147.0 10.0
208.1 13.0
frE | 226.1 152.1 18.0 20.0 10.0
Wi IR 254.1 152.1 24.0 | 140.0 10.0
2 #R53%
2.1 BiESHHERIERE

SEI BF 98 T Kinetex® 2.6 pm F5 100A (3.0
mmx100 mm) Fl ACQUITY UPLC® HSS T3 1.8 pm
(2. 1 mmx100 mm ) PAS ] €6 5% 43 B A1 X6k 8 Fl H i
AW o B R 45 R, 4l H Kinetex® 2. 6
pm F5 100A (3. 0 mmx100 mm ) €33 43 A7 A5 15, 8 Fif
P 5 20 W RE O B AR G o3 B, HL B O = R
BE . I, ¥ #E Kinetex® 2. 6 wm F5 100A (3. 0 mmx
100 mm)fE A (3 73 At

2.2 HEERNERE

S 4y A EE L 4N L2 mmol/L HY R #7 +
0. 02% R /K 1 /0. 1% W R 2 W5 1 W (911 18N
FESL LT, 45 R0, 2 mmol/L F R E¢+0. 029% W iR
IR WN0. 1% IR NG (/1) VR R e i 3 BT
S PP HLIG BE 25T B F I o3 B FE TR AT DRk,
2 mmol/L F g £ +0. 02% W iR /K 5 /0. 1% F 1R £
HE T (7 DA R RE i 36 0T
2.3 WINERERE

S 431 SR FH O sh AR Ry 4K (A) FH EE(B) |
0. 1% HF g (A) FTH EE(B) .2 mmol/L H R B /K 1%
(A)FIH EE(B) .2 mmol/L H iR &% /K %5 W (A) F1 2. B
(B) .2 mmol/L H! i £ +0. 02% W % 7K 15 ¥ (A) il
0. 1% W R LG W (B) AT R . 25 381 2
mmol/L H R EZ+0. 02% H FRZK S (A) F10. 1% H iz
BRI (BIVE N TR ShAHRT , 8 ML #5254 1 55 1
F14) U 4 35 8 AR JO7 /L S A, RO, 3% 2 2 mmol/L
PR £ +0. 02% H R KW (A) RN 0. 1% W R £ N5
(B)YE M AH .
2.4 [RiEEEGNEL

SZE R LL 2 mmol/L iR £ +0. 02% W i K 7%
W (A)F10. 1% R G R (B)VE R I sh A1, R H
HL I 25 B 7R (ESI+) , %t 8 B H bk &9 09 i 4%
PaEAT 7M. B E & G W B BER A1 S
Je , XA T 22 IR (TEM) (0855 /L (1S) V<
it L J7 (CUR) (Z5 A0 1 (GS1) IS )
(GS2) &1 . S 43 Wil 7E TEM i 300, 400, 500
600 ‘C, IS 2 500.3 500.4 500.5 500 V, CUR Ky
2.068%10°.2. 413%10°.2. 758%10° Pa, GS1 2} 3. 447x
10°, 3.792x10°, 4. 137x10° Pa, GS2 N 3.447x10°,
3.792x10° 4. 137x10° Pa [ 25 /F N ZERERE I . T
I LSRR B Rl A A R b 5 A A R 2 3 i
JUAF &, B DO S Amic o A e AR L A
Tk 2 BRI 1B wE] AT 2 B R AT 35wl R
FE 1 A I E 2, I H LA AR B 75 F1E 1k
GYRERE T 45 RY], TEM 25 400 C.IS K
3500 V.CUR H 2. 413x10° Pa.GS1 H7 3. 792%10° Pa.
GS2 K 3. 792x10° Pa B} 8 P45 75 245 90 1) T 2 T 45
A W TR BUE AR A B, AR T B iR, &
L T BAnfe G W £ 81 RO AT (MRM) 4%
H(LFR2),
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Fig.1 Total ion flux diagram

2.6 TJTEMEREEIR
2.6.1 ZRMESCHR A ERA 2 T ER

R ALY 73 A 2605 0 AN R B O TR 5 259
HEATAGI , [7]— e B2 HEAT 6 YOP-AT 9550, 235
e JEE (10 AR XA 4 i 22 (RSD) 7E 09%~10% , L) 25 4y 16
T RUA AR | 2 ) e T A A A s 2 i s v i £
SR BEAT 100 S50, Mo 4500 A 45 SR AR JURE
f e B, T 55RO B o i 22 (RSD) AL AR HY FR
(MDL) , & ' BR R F TUPAC By A28, D25 (19256
N (A VD 22 £49 10 135 AFDGS I A 9 BE (LA S 0 B
Dy e TR, 29 3. 3£/ MDL. 8 R 24 1)
LMERZR G R A BRI T PR L3R 3.

®3 SHMAMKHKMXR MHR ME TR
Tab.3 Linear relationship, detection limit, and lower

limit of determination of eight drugs

g R WET
m H EVE iy N (g |FR/(pg-
R it LY | LY

FIBEFM| y=11268c | 0~10 |0.998 8| 0.081 | 0.267
WHEMbTE | y=591620x | 0~10 |0.997 0| 0.054 | 0.178
ZHRF| y=266509x | 0~10 [0.998 0| 0.034 | 0.112
FIKRE| y=17635c | 0~10 [0.9950| 0.014 | 0.046
B R | y=2x10% 0~10 ]0.997 5| 0.055 | 0.182
FMRE | y=61689x | 0~10 [0.9969| 0.044 | 0.145
FIEI%T | y =217 759 | 0~10 ]0.999 0| 0.005 | 0.016
iR | y=87761x | 0~10 |0.999 4| 0.004 | 0.013

AL, 7 B B M AH SC P 4F (20,995 0) , H bR
YA Y BRTE 0. 004~0. 081 wg/L, il & T FRAE 0. 013~

0. 267 wg/L, ATt 2 AR ARG B2 A it PR A 75 2K
2.6.2 K%L AER

XTI T b XA 75 K B K T ik ek e
TR T 55 = N R B HEZK 1 =B AS [] 288 2 7y 52 s
KA HARE A YRR B R AT | 25 2R 28 Ak
W AT RE SR R K RE rh 8 R g 2 24 Wk A1,
BREANT SFHUREEAY . 7E = 100 mL 1 %5 [
FE (47K FR 23 A 0. 1.0, 5.1 mL¥&EE K 1 mg/L
FITR A PRUEV T, IEAE =3 100 mL SEFRIIIA K FE
FIA 0. 1 mL &M 1 me/L BYIR S AR W, 20 9l ik
FFhOAR DS SE 5, P AT 8 IR P47 S2 06, AR 4l I 4 &%
FHESE SR [F R AT RSD, &5 5 k4.5, nl I,
4l 7K KCRE I AR [BLIRCR K 85, 25%~115. 82% , RSD
M 2. 15%~9. 94% , 5% B K BE B I A [0k R
81.61%~113.03%, RSD 4 0. 84%~8. 12%, 3¢ W] %
515 BRI 5 K R A B R AT

T4 HKEIARE R R AR R A e
Tab.4 Spike recoveries and RSDs of pure water %

BIBR L e/l | HIBRS pe/l | AR 10 pe/L
WH | ndwE RSD i [ml RSD iz [al RSD

g g R
FIEF#k| 9550 | 5.61 | 111.86 | 2.23 | 112.92 | 2.19
WEMhE | 96.85| 7.13 | 108.07 | 5.19 | 102.99 | 3.28
ZERIFE | 90.87 | 9.17 | 93.42 | 5.08 | 8844 | 2.34
PIKKRE| 96.08 | 3.56 | 8525 |3.83| 99.57 | 4.77
Frte 4545 | 107.52 | 9.91 | 112.72 | 3.00 | 106.70 | 2.15
AR E | 94.65| 8.48 | 103.50 | 3.38 | 98.90 | 5.04
Bl E %5 | 107.33 | 9.94 | 104.93 | 3.08 | 105.43 | 4.22
WS | 102.48 | 8.74 | 111.89 | 3.01 | 115.82 | 4.02

RS KBRAKFERYINAR I R AR AR R =

Tab.5 Spiked recoveries and RSDs of actual water

samples %
M(ER! W2 WA 3
WH | bsE RSD i el RSD i [al RSD
e g [

FIELFAK | 99.80 | 5.74 | 103.02 | 8.12 | 92.09 | 2.76
WEMbES | 112.15 | 2.04 | 113.03 | 1.19 | 107.00 | 1.38
ZEHPF | 8654 | 241 | 91.76| 0.84 | 87.33 | 4.98
FikkiE | 97.76 | 3.98 | 9325 3.38 | 97.00 | 3.96
FIE-K=5 | 82.06 | 2.82 | 82.14| 1.32 | 92.34 | 2.82
AMBRE | 99.90 | 5.14 | 106.40 | 2.30 | 104.36 | 0.92
BE% 45 | 98.43 | 5.64 | 104.06 | 3.86 | 102.57 | 4.47
WiE%E | 81.61 | 1.75 | 8429 | 1.78 | 84.61 | 243
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3 #i#

@ #£ & H Kinetex® 2.6 pm F5 100A (3.0
mmx100 mm) {E A 2 53% 43§71 AL L2 mmol/L F PR 44 +
0. 02% H iR 7K 15 /0. 19% R 1 Vi (9/1) 1 Ky
FE SR FE T 2 mmol/L H iR £ +0. 02% H R /K %5 W (A)
F10. 1% W & £ 15 1% W (B) AE R 3t sh 4 L TEM 4
400 °C 1S 4 3 500 V,CUR 4y 2. 413x10° Pa . GS1 J
3.792x10° Pa.GS2 K 3. 792x10° Pa () 5514 F , 8 Fhdit
I 75 24 W0 1 - 5 I 7 R G A L A R AR
RGP0 ARG

@ 8Fh L RE 25 W B AR I 2k AU AH OC R B>
0.995 0, MDL A1 % T BR 43 5 7£ 0. 004~0. 081,
0. 013~0. 267 /L1 BBl P, RT3 A2 AR (AR Ik A o
BRI 5 3K o XoF 52 B KRR P R 0 &5 SR 32 B, ik 1)
N 5 3 R f R R

@ KB EESE 25 R DA Iy 1 ST
SR AIE 5T B HE 245 0 1 A 85 R A B B T A s
erF R X TR TR N A I T A SR
PF e 1 B A BE S PR
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