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Abstract: In the post—epidemic era, the ecological system is facing more risk caused by the rising pharmaceutical use. This
study has established a detection method for 32 drugs in the influent, effluent and surface water. The effect of respiratory virus
epidemic in 2023 on the antiviral drug concentration in influent and effluent of wastewater sewage plants (WWTPs) and down-
stream surface water has been studied. The results indicated that during the outbreak of respiratory viruses, the concentration
of pharmaceutical in the influent increased due to the increase of pharmaceutical usage. Most drugs can be effectively removed
during wastewater treatment, while antiviral drugs cannot be effectively removed, and hence WWTPs have become an impor-
tant source to the surface water. Subsequently, respiratory virus epidemic indirectly increased the aquatic ecological risk of an-
tiviral drugs in WWTPs downstream. In the future, typical drugs should be into continuously surveillance. The emission char-
acteristics and environmental load of antiviral drugs should be studied. More research on ecotoxicological study and ecological
risk assessment of selected drugs is also required. Concurrently, the development of treatment techniques is necessary to en-
hance the removal efficiency of emerging pollutants.
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Table 1 Multiple reaction monitoring method of target pharmaceuticals

75 J FFR £ B 5F [R]/min T T(mlz) VBT (mlz) MLV RiERERER/V
. , i 189.0' 25
B 5 F2h SRR :
1 BRAZ FEV M 5.93 245.1 1611 10 e
. - 336.9° 20
45 2 S
2 B Y AFME 6.88 382.8 2660 10 20
P ) 341.0° 30
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1.2 T4 IR 5 BB 57 ik

15 KA il BB AP 4EDE I (GF/CL 1.2 pm) 3 U8,
pHHY 2 2.0+0.1, LA 100 pg AR , {6 FH 1 AH 25 B
/I (Oasis HLB, 500 mg, 6 mL) & £ bR, /M
WU TG AL L B RGE RPN, PR e A A rh
W, (# H 80% ZME B A E 1 mL, £:0.22 um PTFE
JEEE U8, AR

fifi 1] LC-MS/MS 43 375 1E B 7 #52xC (ESI+) Fl 1
BT (EST-) R MR iy, 1F 85 78R Waters
Acquity UPLC 1 Class #8 = %08 AH €0 3% 5 BX Waters
TQ-XS BB A B Anfb G A kil o (a4t ak 1
Waters Acquity HSS T3 #£(1.8 wm, 2.1 mmx100 mm),
FEIR 40 T, sl A b 0.2% 1 B R - 4l K | I
A B NN, SRR N 1 wl, Wik 0.3 mL/min,
o 5 W i B2 % 4 0~1.5 min, 10% B; 5.0 min, 50% B;
8.0~10.0 min, 95% B;10.2~13 min, 10% B, J5iii% 414
Ry : HELIBE 25 B YR O B A, SR 22 iy W T A
2, Rl A% A A, A SR A 500 °CL, HEFLHLE
3500V,

718 AR SR 5 T B0A 8 2 5O R 10335 e B
Jit AB 5500 Q—trap Jit i (SO0 HbRfb A itEA raeil . €5
T35 FH Waters Acquity UPLC BEH C18 41 (0.7 um,
2.1 mmx100 mm) , #: % K 40 C; M shAH A N 0.1% 1)
FOK-H 4K, i B N G, EFEE A 2 pL, Ui
# 4 0.3 mL/min, #BEEVERFET 4 0~1.0 min, 20% B
2.0~4.8 min,95% B;5.0~6.0 min,20% B, JHik 4R
HH % 25 B - I B0 B X, R 22 s i W T A =
Bl SO AU, B IR B 550 €L, B R R
-4.500 V,

A& S5 FN 2 K A i R FH A - IR A, JHE
AR E B IR I, #5259 KRR XTI A
) ST A I SR A N 1 B .

1.3 =4l

K H AR i B 2590 0 £ 537, A A
W AT 7 24 FATREIE , Bl 2 AT - 1
{H (RSD<20%) , J5 ¥ 25 FUM AR BHEE R 76%~115%,
25 FRE A TP A ORAG Y BRI BT, 32 Fh 2 bR it Ze A
K FREIIAE0.99 L I, @ =R 0.054~10 ng/L.
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K XU 5 18 (risk quotient, RQ) ¥ PEAli PAEs ¥

BRI S5 2, Ha R oh

_ MEC
RQ= PNEC (1)

(1), MEC A SE BRI 2 #e B, pg/L; PNEC i
TCRONH T, wg/Lo 24 0.01<RQ<0.1 I, FHAfL2# 5
Kot PRI A A= 25 XU 5 24 0.1<RQ<1 B}, Ze WAk 27 i Xt

A TR A AR AU ; 2 RQ>1 A, FR AL fh 0T AR
A = S, PNEC R IR T SCHkRAE (£ 2) .

*®2 ZHYWPNECH
Table 2 Drug PNEC values
B PNEC/(ng-L™) Z:7% 3k
Wb 100 [13]
FIEL T b 1.86 [14]
FIFEIRH 0.028 [15]
By 47 5 2% 19 [15]
Ve U 7.4 [14]
SkfuH e 0.25 [16]
Sk vl 0.064 [14]
SKAEIRAR 0.5 [14]
X Tk ALy 583 [15]
FiTRreA 6.6 [15]
LK AFIR 37 [17]
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it FHAR G R K M 7K sh Ui 35 25 Wk B 55 A
P Bt 9 B PH M 23 L 2 K ALK h bo 35 25 W 2R A T
Pearson FH I TE/M T, 24 P<0.05 I BT W FAH M, H
>0.70 B A A SRAH S , 1=0.4~0.7 IS IA A HR 251
I , r<0.4 B AR SCMERR 55 R IEF T iHE . HAb s
& H] Origin 2022 B/ 1 o W e B g i 25 A 3 3
BE AT IE R U5 T v [0 9 0 42 ) v I 3l 2 4K
PR T AT s e 4 [ A e S R SR e R I
O AEABISE T AU SR it v B4 e i
BRI I O

2 HREWHE

21 FKERGT B UG

1K ARG 30 RN, 25k B AR AL A A
Wi At 5 o 4T 55 WP IR T DA 71 DO S A AR L (T 1) o
2023 4E AT HEK P25 B E R 5.8~59.7 /L, 1F
2023 4 2 A I DR 8 17 J 1], R 00 2 5 7 4
1o PR B K 11 10 H Bk A T 82 100 1) -k pe sk
T BRI R KPS B R E Y,
SRR RE 43 17.5 g/l 1 7.8 pg/L. E5% 25 Fi
I 75 24 R Z 24 1 SR BE /N F 1.0 pg/Le STK
Wi Sk A7 DA BT 2 T 2 35 B 2 b 7K o ST 2 vk
JE (10~40 pg/L) I i 259 , X AR T BE -5 A5 8 5 A
I R R G HEK A 26 Rh 259, 2459
S R 0.359~0.907 wg/L, B 4> 2 Wy e b 3
JE AR B LR, I HLHEZK 25 9 Sk B 5 0 I S B
AT LA G . BURTE 2 FIPT A 25 % i,
WERE 7390 0.22 we/L F10.19 pg/L, Bl &35 % 25 14
P A AORHEK H 2 RS (250~300 ng/L) fie
254

HEARK BTG BE 259 SR R 1) JE AR Ak 5 2023
SRR EETLA T DL BE AL (B 2()) L ) TS L 35 24
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Fig.1 Concentration of pharmaceutical in influent and effluent of the wastewater system
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Fig.2 Concentration of antiviral drugs in the sewage system and correlation
analysis of antiviral drugs in influent (effluent) and virus positive rate

58%, BRI 5 F2 bR K 35%, 254 LT A fe bk
bR W EOR, ZEPUREA Y RER RS T5 KL
T A RBR AR U EE 2590 o T A W e e 1 i
IR 2 T i i D Y B T A
22 ERFHHRAAE

AT HE DU R K AL 27 R 2, MK
FRZGH) BRI 0.17~1.79 wg/L, Hige K i pezh |
PP 75 24 FIBL 1A 24 1% BAE A g, T2k B 43 o
0.25.0.19 F10.11 pwg/L, 54 251 1k 0% 24 Vi FE AR 3
KT 0.02 pe/L. ZHIKGIR FIE A5 bk SLAEHE KT
LT AT AT ¥ RIS FYRE S S22 K ik B de s
(K254, 53 314 179 146 .81.7 ,44.8 . 38.0 F135.3 ng/L,
HAZGY T4 B35 /NF 10 ng/L. 2020 4F 2 = Fi1Fk
T (B R Ie ) , BRI BRI RAT 5 G s 27 Fh 2y
Yy, BHE A 2.61~1 122 ng/L, Hih U 70 2 BT 45 2

LA AR A v P RS R DR R = b
MELAG 100% [ H R, KT 11 B 20 Fl 254 (3%
F 20062017 4E4R 38 ) i B FE MM 1 531.8 ng/L,
e R AR T PP AT B R R R A A i
FJLA ng/L™, A& S5 4 81.8 ng/Lo

WE 3) 7 , IR BE 2 MY 85 25 Wik AR Lk
PO TE G B LA T AL, I HLAE 56 H F112 A
SR . HE— 20X K FIHEK B R Al 5 2%
FE FIFCART 2 B 5 AR B 5 AR S 5 PR 524
Yy TR M AT, 5 SRR (B 3(b)) , bk
FHEZK rf 5 R 2 25 0 HLAT 35 0 v A5 ZE A G 1
(P<0.05) , IX Ut B F 15K AL B T A 20 s bboin
BEZYY , FEOLSON K rh BT 8 254 1) = ZEHEL
TR UESE T IR 5 75 B S T RETE 2 01 P 5 [ s Rk
YU R 259 A R
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Fig.3 Concentration of the drug in the surface water surrounding the effluent of the sewage plant and
correlation analysis of antiviral drugs in surface water and drainage water

BRI A AT R IR, T H A
JZAE 6 2010 AR 4f 6 H AR S R R b Ae i
G FIR P RYRFIEEAT T 0TS, W5 B Rl b K
AR A TR R, 7 n] DLHEROK (HEZK T i)
R I ELAEHRA R R AT B s A i 0 g e
B RS KA B A HER IR, R SC T

B AT, B w25t oKk
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Table 3 Concentrations of antiviral drugs in surface water

HURTEEZIY) HIX I [ W/ (ng-L™) EE PN
B iy 2023 4F n.d.~89.6 N
WM R R NN 14 2007-2008 4F i Jik 2= 2~58 [23]
WM R IR At KPR 2007-2008 4F- AR e 2 n.d. [23]
WM R AR KPR 2008-2009 4F- i Jik 4= 6.6~190.0 [24]
BE b KR 2013-20144F n.d.~41 [25]
B E b R AR N 2013-20144F n.d.~125 [25]
B b JE B T] 200949 H 17 (Max.) [26]
ISR % i 2023 4F n.d.~424.7 ENTE
FIEL AR I 2020 4F 1.04~52.20 [14]
ISR S ) 2009479 A n.d. [26]

T en.d. FTR N ARKE Y s Max. AR .
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HRAE AR5 R XA 3545 PNEC £ 19 11 #2454
PEAT T ARSI, (B 4) , 25 1 R, 252yt
5 ARG 7K P71 W 0 B ) P A B A Ak, e BTy
B 2 M E T K A A S NS B R T 352, 7 Fp 2y
PIAEA 9 s TR A AR K A AR 25 XU, ) =5 e
612 J3 35 6 FIRK A 8% 25 1 1] < Ao o) Ak = v 258 JXUG:
IR, FIFETIB = WAL AR08 st 2 17 0 ) R4 0 B ]
IR E A AR RS K, LR 2 S 3 W AR R I G s 75 A T
Wi, th FHUR S R R R LR T5K) ok
SF bR, W R K AE S BT T — KUK . Wu
ZEPTRE 2022 4F 7 H X ERVT I I b 2 K H 30 FP 2G4 1Y
SIMTEE SRR, Y TR AR X K R 258
IRV p= A 8 R X AT BB R R 2022 4F 7 H AT3tA T
CEHREBUR Bt 28 1 B N B /DT 2023 41T
WIS 5 R 4 v D B P SRR A B X S 9T 3
B, 0 e e 15 K T HEk T 2 R 25 W ik i o
T, F 3 245t P ) n 2R LA e RGO Y R FHY g
FHEE 2019 4R T1 1 2270 200 2247 , i 0 K T A A
S o WS RIS 2 B, B e 1 Ja Bk T PUm s 2
FIGLER 2590 , 157K Hp 1 S5 70 RIS #2454k 2 A B
LT R ORI VLIRS SR ORI ST
P YE N SRR, BT AL TDARG &8
FZK 7 SRR v ol FH -5 FH 24 0t vl g PR A= 7 3 B
FEUK 2T 25 W 5% B KT AR 2 RS & A A P
AR BRI, AR DB — SRR 22 2
B AR TEXT KA ARSI BE R [ B $ T 5 K A B i
it 25 A KT e ) bR AR T .

ENG T |

0.00 [!..](} 0.20 0.30 0.40 0.50 0.60 !],.'.-‘(} 0.80 [!,.‘-)(} 1.Iflﬂ

LK ¥ Bl
Al its 5%

X £ 1k 48 Kk
3 fil % A

e 5 5
3o 0 Hi J2

e UG ED
] 95 45 2
R 4
F
] i

Pel4 B 2 oK ep 2459 A2 35 P RS T £l
Fig.4 Ecological risk assessment of
pharmaceuticals in surface water
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