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Abstract [ Objective ] This study analyzes the species, distribution, and total concentrations of 39 antibiotics in influent and
effluent samples from seven representative municipal wastewater treatment plants (WWTPs) over a two-month period. Based on the test
result, we evaluates the removal efficiency of these antibiotics during the wastewater treatment process. [ Methods] The 39 antibiotics
were extracted from wastewater samples using an automated solid-phase extraction instrument and quantified by ultra-high-performance
liquid chromatography-tandem triple quadrupole mass spectrometry ( UPLC-MS/MS). [ Results | Various types of antibiotics were
detected in the influent and effluent water samples collected from selected WWTPs in February and March 2024. The primary
compounds identified included acetaminophen, sulfamethazine, 1,7-dimethylxanthine, sulfamethoxazole, erythromycin,
carbamazepine, diphenhydramine, and other components. The mass concentrations of the 39 antibiotics ranged (from 0. 086 ng/L to
14.300 ng/L) in the influent and <8. 51 ng/L in the effluent. [ Conclusion] By comparing the total antibiotic concentrations in the
influent and effluent, it is found that the existing wastewater treatment processes achieves a degradation rate of 40. 5% to 100. 0%.
However, this indicates that the current treatment method do not completely eliminate all antibiotics present in the wastewater.
Notably, some WWTPs exhibites relatively high concentrations of antibiotics in their effluent, which are subsequently discharged into
the aquatic environment. Long-term accumulation of antibiotic residues poses potential risks to the ecological system. Therefore, it is
recommended that WWTPs consider optimizing their treatment processes to mitigate the environmental impact of antibiotic residues.

Keywords wastewater treatment plant( WWTP)  wastewater treatment process 39 kinds of antibiotics ~ degradation rate residue

[WREEHEA] 2024-06-20
[MEERN] WoE(1986— ), 2, mge TR, 2 N FHHEK W UAF 78 % TAF , E-mail :249260139@ qq. com,
[BEEE] WHL(1987— ), 5, "% TR, 32 N HHK W58 % TAF, E-mail :312414536@ qq. com,

— 201 —



Wose ik M2 IR, AE

o X 5K ) H AR B TS QAR AR R

Vol. 44, No. 3,2025

and enrichment risk and hazard

Pk R IR A Y B S SR ) A A A AR b i
A — R I A ™ 0, g TP LAt A= 3% 20 e 1)
KEIRE , FRIRTT s il Bom o Prid gy v A2k
SRMEE R T2 R EIE , iR AR
MEARAEIE T B IR 25T BK A T TS 7K 45
NPl A 25, th T I seR 56 4 Al
R TE 4, — 530 AR 2838 4 2500 A1 AR VRCHE H 44
G EABIRTT, KEHBTARE ARFM TR
fEAE A R, s ok B i A R AR A 5 = A b A:
1 245956 5L A ( ARB) FlpiE RPiE 2L (ARGs)
o A A B R A 25 B A I e

2022 4 E 55 Be I AT ELVR T CGols Y rih #4 7
ST RY IR BTIIVE 5L T 48 h et s s
PR ZIR 2023 4F 1T AR S I R AR O
(ETBTS Y Uia BA T 3 TAE r ) ) A S 58
SR A 7S HB 25 B R 1 (TR A R R TS g i
(2023 4FRR) Y R BT ARSI EE R EN & T ( it
T A5 BT TS YL i B (2023 4ERR) )Y Mo,
PUER R —RZR) RN Y, BHarbid
TS O b 4 2R A5 U T IR IR 5 A
WS A TR T R BiAs R A Y
FEK IR A = R BT h (1) 5% B T BB BUE S AR
W5z B ] Rt s v i R s 5 T B 22 DG, R A
iR BPTAR AR P ERNE B | IE AT 3 A
Tl AR & R 4 T I Bt 5 At ] 5 0 b
X R PR AR B S Ye A, S, 7R R T
W WA B REE R R BT SR E AR,
HE R AR ARG 2R I, B K ek 2 AR Az B A
ESLE/

Pk ZIARe s A RS e ORI,
W I TR S Y AR S A bl 2
fEFI PRI AIRTT 15 K R G, I e & AT 5 7K
ARERTUT ) pRAh, AL B R A A s W A b
WK RGP R G FERT,
BUGKANE TR B PR R o sk B
AVE KT 10 AL B AR AR5 7K o ) 61 (k5
AL AT 2B, X 25 W i M I 1) 25 BR A
T A BRI 3 S R 3 A L ¥ K
ARFR TR 25 R i R B IR A R, R 14, 3% 1924
VIR A LB CE YRR 229 70% 4247 ) |, i

— 202 —

50% LI _L 1 25 Py B A SR ALAE 30% LA R it —
K, Gead i5 KA PR IS A0 2 SR A RS
5% BR AN & AR AR 5K AT e, I 23 i Vs e ik B A
5 KRR B T OB T B PR BE 2 X6 B Y RN
TR % 30 55 R & ol kg gt 1983 4R,
Watts 2 1 RARGE ZE K BEA PG I BT AE R .
21 2 IF UG HFoE A1 x5 K ) s A R 0w
FEH ML AR, ik e 4 Bk B 75 7K
REERS Bz ke, oKk AN R T E LA R —
A FEG YR M, HAG R R ng/ L~ pg/L, 3
TG K A TG G oA R AT, B RTTE
JKALFR T IAT §075 KA PR T 2 s AN R Se 4 2
Brim 7k Hh % B RN SR BT A 3, SCEE B T L
IR IX 5 KA EE ) K M K R BT RS R M
WRRPEATHRIT, N 22 i5 K AL B T2 8 AR AT i
PRSI BB S

TG K AL B A 7K R R 2K o T AT BEAEAE
Mbid B B L AR 22 R K HI5 K fF
TE R 50 2 2% T R 1) T P s K, s LA o b 00
15K BT AR R &R RS DL SCEE L R
X5 7K Fr BT Az 28 F A BRI I B R B WE T, HER R
W T H O3 X5 7K A BT e AR 2 G s Gtk 5
£S5 0 TR R G IS L A i ] U T e -
HCHE T 20T RE 4 v A it 4 S i AR I B AR
S I B Gtk 38 2B A5 BREEE B TH kTl b A A A
LT EE,

BT, B XTI EEAE S b AR R 5 ik ik
B — W EZ bR e 2, BB ok N R R
A7l sk T AR 2 ARSI 5 A s RO i
(HPLC) SUMH (35 - B i 36 7% (GC-MS) M AH 2
T — JF I 12 (HPLC-MS ) 1 H8 v 0 R AH (53 — e
I = DU BT (UPLC-MS-MS) . Hith UPLC-
MS-MS B R R PUTHeae s e Bk | X 2R
BB S R AR ARSI B AT IR A, SCEE
PUTE [ AH A U 4275 7K th i 2k %, UPLC-MS-MS £
DN Al L, 3 2 B4 T i b PSR | DA e A S
FER A SHALTREE . K0 7 vk 2% (LB T RO K b
R ik 55 8 ¥Ry . A HLYFEHR) (GB/T 5750. 8—
2023) H1775 90 2 S AP ER L (90, 1 = RO
Mo R A B G A7 M Method 1694



weook HoR
WATER PURIFICATION TECHNOLOGY

Vol. 44 ,No. 3,2025
March 25th, 2025

Pharmaceuticals and Personal Care Producis in Water
Soil, Sediment, and Biosolids by HPLC/MS/MS"" |
SCER L BOCRE T LR () 35 K AR BT R K | K R
AR B BRI AR B I 2R AR
R HUER U R AR K NERER
PUER FIOHT R PUAE RS 5 RNT5 YR ETT
K FNGE 53 BT, ST 7K A BT B4 sk /D 5 2 Bk
PUER P T 200 R m R R R BOR
WA
1 mEETERESKEN
1.1 AF S8

s (gl s H R A gl s B 2l K (425 1
WEAPAER G EB/NT AR )  #5R —=
PRI AL R . ARl £ eV LR — AR
i, HLB [5 A 2 BUkE & Agilent Bond Elut HLB,
500 mg,6 mL,tube ; 2 - FH /KA 0. 1% HR+
FH RS K (PR = K =10 = 90) 5 T B B i A=
RIR AR MEVE I (PPCPs) , & 4 70 R e FE 24 0y
100 mg/L; 8 FHEE 8 Fii Ak 2 NARIR A bR
W (10.0 mg/L) ; THEARNT A 13C°- ;N WARbRTE
VW BT R 2 100 mg/ L,
1.2 {XEBig&E

B 77 Millipore Milli-Q 1Q7000 #4li/KHL[ 2R vatk
frkkE - BT AL THAR (i) A RA ] 5 ik
FAAL L AS (KBC-200F ) [ B 1L i #7454 g A7 BR 2>
A7 ;4 F 3 E A AR (SPE1000-08) (AL 503114
FHCES B A R 2> W) 5 & H 3 E i 4 (L
(DryVap-2008) ( 4t 5% 341 78 BHX A% B A R A
A s BAKELR (Genius 1024) (FAS R /IRERALES A
BN F]) 5 88 e RO A £33 £ 3K BT 5 4% ( QSight LC-
MS/MS 210) ( F14: 35 R BRAL AR A PR A ) 5 WA (1
FEHE(SPP C18 100 mmx2. 1 mmx2. 6 pm) (¥14:15
IR A BR D)
1.3 REHE

PRl 26 2 il U BE o PPCPs TR A A I
W, P BZ 2006 B 1000 185 )5 V8 TR A br HE 1R TR
15 FH, 23 )4 E 5. 0,10, 0,20. 0,50. 0,80. 0,100. 0
pL F1200. 0 pL MUFRAERT AW T 1.5 mL FR e
i R - R BOK SR E 2 %2 1. 00 mL, ACE
AT E M 0.50,1.00,2.00.,5.00.,8.00,10. 00,
20. 00 pg/L MUBRAERFNE WL, AL,

FE TR ATy v B 200 mL KR R ARETE
S IR 1,00 mg/L B INARIE S IR TR
20.0 wL, FEAMRAIE A 1.2 g iR 2480 A
BERR VAT pH(pH {EZ90 2) , FEIIA 0.2 g Z iU
LR AN TR S A8 FH R P LA G4 T 75 3L
b, HAEFLSERUS , F 4 A S A AR R G kA7
WG, FRERT S A AT 10 mL FEEF 10 mL
AR ALK IS AL [ A AL BUE, LL 3 ~5 mL/min (99
HERESE ] 10 mL 27K kst , T4 10 min 5, H 10
mL FEELL 1~2 mL/min A FEIEF TR, e MR
Mz mikatth, A A EE T, 1 mL B
R-HEEKERER, EE2~3 KRG, £&E
1. 0 mL J5 68 2 SRR L AL E
2 RIS KAE #HHAKMEZS T
=
2.1 K[ HKFRAERMERSESHT

AU FERE 7 TG K AL R 2024 4F 2
2024 4% 3 J koK K ok 39 B Az Z ke, i
IK B AR BT AR AR I A5 SR an 2. 1 Fnk 2
B .

M1 AZE2 /I %,B ) 2 H.3 H 14 24K
LA RS ETEN .B ) 2 A 1k Kb A R
G A ZH A M R EE e 3 ) 1K B AR E A
(ZH A M IS TR | LT85 K 52 A 24K P 2
HB B EH 53R R T 2 Ty |l e TR R 1,7 - P
NS R e TR 3 ) 2#ik K th A A6 B 4
GYR T SN e SRA I A
REPEF; %) 2 .3 A0 14 2#H Dk B A
BB G HA S RIGT A R

ST 2 H .3 Ai#bkhHi AR M3 mER. S
T2 Atk R B 4L o Skt £ Tk S
Tl e T e L 1,7 — — PP R B RSy it i PP e 3 1 g
IR A FAG B A A R B R IE 1,7 - R
WEERS SRR %) 2 A oK di Al ek gl o
S e R e TR A3 A KRB AE AR
H o HHATRIE

HJ 210 .3 Ak PHERMEANEN . H
J72 ARk A R A B AL 53 R R 2 T g S
Wy, 3 F K it 2R 2R B AL 53 o ik R I T
1,7- " H WIS %) 2 A 3 Ak haid

— 203 —



B R
SRS 5K T U B 15 YA AR

Bk 5%, 1k

Vol. 44, No. 3,2025

X X X X X X X X X X X X X X X X X ER7ICXTS 0c
X X X X X X X X X X X X X N X X X 4 S B ey 61
X X X X X X X X X X X X X X X X X B G 81
X X X X X X X X X X X X X X X X X RS- 250 LT
X X X X X X X X X X X X X X X X X H g 91
X X X X X X X X X X X X X X X X X S ey K S
X X X X X X X X X X X X X X X X X D150y LT iy 4!
X X X X X X x X X X X X X x x X X 1l by €l
X X X X X X X X X X X X X X X X X EpITIES 4!
X X X X X X X X X X X X X X X X X WREHN 11
X x X X X X X X X X X X x x x X X S 01
X X X X X X X X X X X X X X X X X W hd S 6
X X X X X 3 X X X X X X X X X X X 230 8
X X X X X X X X X X X X X X X X X 005 oy 3 L
X X X X X X X X X X X X X X X X X 20 ol 278 By 9
X X X X X X X X X X X X X X X X X A T S
X X X X X X X X X X X X X X X X X ) i T ¥
xOA XA AA A XA A A A A XA X T L €
x A A A AAA A A A XA A XA A X WA ¢
x x x A A X A x A X A X N X X N X W2 X I
HOE #1AE #TNAR #1AE NaE A Nar ddrE AR dAE AR AR AR AR AT Al AT s
Az (TtZ (T _(TZ A¥Z (M )\ L (L _(H _(H S S g (4 (4 (4 U Ll
He He Ht € Ht H¢€ He H¢ Ht He He He HT
dLAA Ul juenpup jo sonoiquuy jo uonnqrusiq [ "qeL

ML L S R MRk

(=2

— 204 —



Vol. 44 /No. 3,2025

A

KO

H
WATER PURIFICATION TECHNOLOGY

March 25th, 2025

B TN R

A

A

A

A

A

A

X

X

X

X

X

X

X

X

X

A

AT R 0
Y hd
W bl il
HEETFIERE
L hdE
il ey
Ahd o
FHE
ERTE
BT
St s 2 3
¢ St 2 3
Hir Ttk
05065 bt sl
YoFamh e
REE M
A qhd
0505 bR [l

il ph 24

6¢

8¢

LE

9¢

33

143

£e

[43

53

0¢

6¢

8¢C

LT

9¢

Y4

4

€

[44

k4

BTN #1OUTE #TNTE #INAE AR

Az 7z

R
vz

RIS
s

NHHT NCHHL
(4

NeFr#T  NeFE#1

g (4

HC

HT

|

(13¢5

— 205 —



Ik, 55

zs
%
S OIRIK 5K T 2 TS S

Ny

Bkoos, 0k

Vol. 44, No. 3,2025

X X X X X X X X X X X X X X X X X X ER7ICXTS 0c
X X X X X X X X X X X X X X X X X X 4 S B ey 61
X X X X X X X X X X X X X X X X X X H R 81
X X X X X X X X X X X X X X X X X X RS- 250 LT
X X X X X X X X X X X X X X X X X X H g 91
X X X X X X X X X X X X X X X X X X S ey K S
X X X X X X X X X X X X X X X X X X D150y LT iy 4!
X X X X X X X X X X X X X X X x X X 1 b 0 €l
X X X X X X X X X X X X X X X X X X EpITIES 4!
X X X X X X X X X X X X X X X X X X WREHN 11
X x X X X X X X X X X X X x x x X X S 01
X X X X X X X X X X X X X X X X X X W hd S 6
X X X X X X X X X X X X N X X X X X 230 8
X X X X X X X X X X X X X X X X X X 005 oy 3 L
X X X X X X X X X X X X X X X X X X 20 ol 278 By 9
X X X X X X X X X X X X X X X X X X A T S
X X X X X X X X X X X X X X X X X X ) i T ¥
X X X X N X N X X N X X X X X X X X ST L1 [S
X x x X N X N X X N X X X x x x x X Vot 4000 2 by 4
X X X X X X N X X N X X X X X X X X WFZU 7 X I
ROV HUNCR RO SR ORI ORI NGRS NGRS R NORET OEHT OfRRT NOE#L
A<z (T (Tl (T (YLl (VYL (M )\ L (L _(H _(H S S g (4 (4 (4 U Ll
He He He¢ Ht € Ht H¢€ He H¢ Ht He He He HT

dLAVAL WOy Juenjyy ut sonoiqnuy jo uonnqrisi g “qe,
MRSy R U (sl 2

— 206 —



Vol. 44 /No. 3,2025

A

Ko

H
WATER PURIFICATION TECHNOLOGY

March 25th, 2025

X X X X X X X X X X X X 2k T S Bl 6¢
X X X X X X X X X X X X Y b il 8¢
X X X X X X X X X X X X Y hd Fir sk LE
X X X X X X X X X X X X EXCAvIiT] 9¢
X X X X X X X x X x X X [LhAE S¢
X X X X X X X x X X X X il py e 123
X X X X X X X X X X X X Achd 7o €€
X X X X X X X X X X X X E M 143
X X X X X X X A N X X X 81z I
X X X X X X X X X X X X el AT 0¢
X X X X X X X X X X X X St P e 2 iy 6C
X X X X X X X X X X X X it o 22 by 8T
X X X X X X X X X X X X KISk LT
x X X X X X x x X X X X e (SIS 9T
X X X X X X X X X X X X Yol ST
X X X X X X X X X X X X T T
X X X X X X X X X X X X FHrahd €C
X X X X X X N X X X X X % [\l e
x ox o ox o ox A A A A~ A A A WA 1

HONCH #T O #TNCH TN W N N NEE NCURHT NORHT OUR#C e

A<z (Tt (T (T (VL M L S (4 (4 (4 (4 W Ll

He Ef He £ £ HT

(¥ %

— 207 —



Wose ik M2 IR, AE

o X 5K ) H AR B TS QAR AR R

Vol. 44, No. 3,2025

TI 2 H .3 A#EKhHAEZFMESAER. T
J72 AR s oA A 0 ALy 6 2T S
Ty B RSIE 1,7 — — P e g R 3
H K R R A2 4 R B R I e 41 B
)2 KA R AL R 2 e
By G DR L 1,7 — — PP L IS i i Pk
Jie — B AR RE S 3 1 KRBt A R A AL B R K
o

W2 A3 Ak AR AIE M. W
J7 2 A KRR A B AL R 2B A S
TR B B G L 1,7 - Y L B sy it e P e 3 7
TRBCA A 2 53 o B e s It 1,7 - P R
Wiz 2 Aok i Bk ARk, 3
FA oK b A R K 41 50 Ry k) 2Tk By | e
B TE 1,7 - F LR R R e A

4T 2 3 KA RZ MRS G
74 ] 2 K R B Az R 0 AL SRk 2
Py BT T 1,7 — P LI i H k3 H
HEK AR R AL A 1,7 - SR RS it
JHe HOIE M s i) 2 A KR AE R A R K
3 H KT A: ARG 2 43 R B R IR 1,7 - —
FH R B Iy s g Y A 5

2272 3 A 1#EK 28K b hi A R RS
SAATEOL.Z2 )7 2 A 1K A ARG A5 R
X O FEWS B 1,7 - LR A
FHOEmE 3 7 1adbok e A 286 A 28 0 - Bl R T
B 1, 7- RS 72 T 2 H 2#ifik hiiE R
Aot B 2H 53 Ay < B TR I ke fie PP IR s 22 T 3 ) 24
KA R R 22 T2 Ay 3 Ay 1#
oK P AE R A YRR 2 A 3 A 24
HK LA R A AL YR
2.2 MEEMNKBEMEBRFR
2.2.1 V5K BUERBESIHEL

X LT IR DX 7 AR SR Y s K b 3T 2024
2 A3 A BaoK oK EE T I SR AR, 45 B AR
“2 YA Z ATAL LT RN Ty vk AT AL B R R
MAHr, G5 KT 2 A—3 A 39 Fhbtd R R
i, ZE RN 3 R 1 PR,

2.2.2  T5/KALST AR R AR RS

5% 3 A 1 AR CEUR S5 R, et R st
R 7 JHE RO X 5 K AL BT 5 K i A 2R R R
fif % g Rk 4 &2 BioR,

— 208 —

x3 KT 2B AYUAERAESE (BAAL: ng/L)
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from February to March (Unit; ng/L)
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Fig. 1 Statistics of Total Antibiotics in WWTPs From February to March
F®a VKT 2 A3 ABUEREEMRR
Tab.4 Degradation Rate of Antibiotics in WWTPs
from February to March

Wi H £ 7% 2 A 3AH
B PR 99.3% 82.7%
ST hiA R 100% 100%
H J HiA: REE 2 100% 100%
T Hid: R FEfr 40.5% 100%
W Hi A R R 97. 6% 100%
72 A R A 99.7% 100%
ZA T A R R 100% 100%

B2

PRk, AR B, LB 3 RIS KA R
RS SE R X BB B, A= TG 15K PR R
BB M AR IR, O ELAPUAE RO E 15K
AR BT R AR PR T 20 AR A BB L B ki ok PR AR
ARG TS K P B A R B A W, —E R
RUILA L 3 a5 kAL BE T 7K Fp ok B BB AR 20 AR
ASFRIFEIE A XU 2 R B, (EL2, LAl P Lo X
TR B K R AT R A — e WL BT AE BBk
FREAETS KA B K —E W R TR R Bk
IR I HEA B IR BRI R GE v, al fiE 2 % A2 2536
B3t B — RE IR, AR )2 75 K Ak BT H 7K B R

15K 2 H—3 AHiA R
Fig.2 Antibiotics Degradation Rate in WWTP From February to March
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