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Occurrence and ecological risk assessment of antibiotics in overlying water and sediment of different
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Abstract: Baiyangdian, a prominent shallow lake in the North China Plain, has historically been surrounded by numerous pharmaceutical factories
and aquaculture facilities, leading to widespread antibiotic contamination. Although the implementation of pollution control measures in recent years
has resulted in notable improvements in water quality, limited research has been conducted on the spatial distribution of long-term accumulated
antibiotics and their potential ecological risks. To better understand the historical impacts, ultra-high-performance liquid chromatography-tandem
mass spectrometry (UPLC-MS/MS) was utilized to investigate the occurrence characteristic of antibiotics in the aquatic environment, G1 evaluation
method was employed to establish an antibiotic pollution assessment system and calculate the antibiotic pollution index, ecological risk entropy
method was applied to evaluate the potential environmental risks of the typical antibiotics. This study focuses on the distribution patterns of 13
antibiotics, representing three classes—quinolones, sulfonamides, and macrolides—across four typical functional zones of Baiyangdian, following
the prohibition of aquaculture activities. The results revealed that the total antibiotic concentration in the overlying water of Baiyangdian ranged from
15.52 to 256.72 ng/L, while the antibiotic concentration in the sediment ranged from 0.63 to 58.56 ng/g. Macrolides and quinolones were identified as
the dominant types of antibiotic pollutants. Spatially, the total antibiotic concentration in overlying water was significantly higher in the Fuhe River

inflow region compared to other regions, the dominant antibiotics in the surface water were ciprofloxacin, enrofloxacin, roxithromycin, and
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sulfamethazine, while the dominant antibiotics in the sediment were ofloxacin. The antibiotic pollution assessment system was found to be accurate.
An in-depth study was conducted on the distribution of antibiotics across different functional zones. The results showed that antibiotic contamination
in Baiyangdian significantly improved after the cessation of aquaculture. The risk assessment indicated that ciprofloxacin, enrofloxacin, and ofloxacin
represent a relatively high ecological risk to the Baiyangdian ecosystem. This study provides scientific evidence for restoring and managing the
ecosystem functions in the Baiyangdian.
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Fig.1 Location of sampling sites in Baiyangdian lake
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FUBSIRIY 350°C, HEFLME 80 Lh, ZLIAFI0RE 400 L. SN A: 0.3%FERAT 0.1%FREA, Wiz B: &
JiE - HEE (L1, AFRED , JEMEEREERRT AR 1, AEADE 0.3 mL/min 15,
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Tab.1 Elution gradient of UPLC-MS/MS

HHE)/min 0 28 50 5.1 70

TR 80%A, 20%B 45%A, 55%B 45%A, 55%B 80%A, 20%B 80%A, 20%B
1. 4 FREdasl

PRSI 2 BT 30 min [EHVT, MR AR, LR 2 IR, WARER 2R . fteE
AT IE A A AR IR, R PRESTAE= TE R, Bk (B 5. 10, 50, 100 F
200 pg/L) HHTEESHT (R2>099) o HRIE S/N>3 AT S/N>10 4G HIR (LOD) Sl (LOQ) , /KA HFRAN
SE PRI 4 0.03~0.35 ng/L, 0.10~1.17 ng/L; AR H FRANE S PR3EH 53 31y 0.0056~0.0718 ng/g, 0.019~0.239
nglg. EFRTAE ST KA TR B IR RNy 77.02%~113.16%,  65.89%~126.43%-
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Tab.2 LOD. LOQ and recoveries of the investigated antibiotics in water and sediment

K Y|

bR
Recovery LOD LOQ Recovery LOD LOQ
0 (nglL) (ng/L) (%) (ng/g) (ng/g)
T 94 0.04 0.13 74 0.01 0.04
Tt FRmsE 81 0.04 0.13 87 0.03 0.09
T g 8 01 033 84 001 0.04
Tl — FRmng 77 0.03 010 86 001 002
FRE e 113 01 0.33 73 0.01 0.04
EGRES 107 0.16 053 73 0.02 0.05
WA 113 0.35 1.17 104 0.07 0.24
AR 108 0.06 0.20 126 0.02 0.07
Bk 89 0.17 057 70 0.02 0.06
AR E 115 0.03 0.10 89 001 0.04
A+ 96 0.07 0.23 113 001 0.04
(GEvee 102 0.05 0.17 69 0.05 0.18
LAV 91 0.06 0.20 90 0.02 0.05
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Tah.3 Summary of antibiotics detection frequencies and concentrations on Baiyangdian

F7EK (ng/L) VAW (ng/ g, dw)

=N f/ME ¥iE T A% S ON(: /M 85312 RS
Tl 129.52 ND 25. 66 36. 67 0.57 \D 0.14 96. 67
Tt s 7.64 0. 46 2.11 100. 00 2.18 ND 0. 34 80. 00
Tl FrEnA 17.65 \D 0.59 3.33 0.02 ND 0. 004 23.33
filfie— FRmsng 29. 11 \D 1.95 20. 00 1.77 ND 0. 26 80. 00
FR&(EnE 5.99 \D 2.22 53.33 3.87 ND 0. 04 73.33
i 26. 93 ND 2.67 10. 00 0.23 \D 0.01 33.33
TERVD R 55.78 ND 7.12 20. 00 4.49 \D 0.52 60. 00
MR E 37.69 ND 16.25 50. 00 1.21 D 0.26 93.33
B 38.25 ND 9.07 23.33 2.31 D 0.30 93.33
AR E 6.94 \D 2.08 90. 00 37.84 0.03 3.05 100. 00
aER 17.55 1.76 4.49 100. 00 0.97 \D 0.11 53.33
[OEaFFsS ND \D ND 0. 00 14.03 ND 1.43 70. 00
LZAR S 115. 43 8.70 22.20 100. 00 10. 34 0.09 1.68 100. 00
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PP NS T E P CARERANPIKE . B R RIS 81E 10ng/lg LA, kT2
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Fig.2 Relative proportions of the three types of antibiotics in water and sediment of fdifferent regions of Baiyangdian Lake
(W-HA represent overlying water in Human Activity Region, S-HA represent sediment in Human Activity Region, W-IR
represent overlying water in Fuhe River Inflow Region, S-IR represent sediment in Fuhe River Inflow Region, W-WP represent
overlying water in Water Plant Region, S-WP represent sediment in Water Plant Region, W-AR represent overlying water in
Historic Aquaculture Region, S-AR represent sediment in Historic Aquaculture Region)
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NBSCE AR R R T I IRR.
# 4 EIFRE 20100 2018, 2019, 2021 4F K 2023 4F7K KR i E IR AL
C4P oAk, “ND” FoRAtatt, “LOQ” FRERHD
Tab.3 Occurrence of antibiotics in water and sediment in Baiyangdian Lake in 2010, 2018, 2021 and 2023
(““/” represent not applicable, “ND” represent not detected, “L.OQ” represent Limit of quantitation)

K A

20104F1 20184 20194  20214F 20234 20104F1 20184 20214F 2023 4F

AT H®  48HW 11888 10HW 11 H H & 48 ¥ 10 AW 1A
Titffmsne 118 / 2 19124 2566 041 / 0.032 0.14
Tl FRmsg ND / <LOQ / 211 0.05 / / 0.34
T FRIEd 240 / 306 / 059 0.28 / / 0.004
Tl — FRmssng 5.25 / 117 / 1.95 147 / / 0.26
FRRE / / 38 / 222 / / / 0.04
R / 168 / / 267 / 81.9 / 0.01
R R 28.6 179 254 18.258 712 267 128 14,554 0.52
WV E 9.45 124 8.72 13.398 16.25 249 2.84 8.146 0.26
BiarbE 1.28 493 173 / 9.07 0.46 4,06 / 0.30
ARV E 9.23 113 188 10.962 208 21 222 19.916 305
AR+ 195 / / 25.584 449 0.59 / 14.962 on
(G5 / / 0.62 i ND / / / 143
PUER 272 / / 30.868 22.20 64.9 / 5.73 1.68

2.3 EiEE FEAFETRI I REA E X AR TR R E R

B FEKR AR S EAF R e g 2R (B 3 o Bk L, FERAGEX (R) FEK
PHAEZR S R m T HANX I, 8T GL VNS AFIHREX IR, THRAF & ThEE LEKIUAE RIS N
GRS, TREUK, RRXEGUER S E. ANRTHEEX FEK BbsbiAd: 2k L e TN TR BN R E ) MK
Rz FRAAJEX. (IR) >Jis/KP=58X. (AR >/KAMEYIX (WP) > NKiEglEERX (HA) , 5B 3 Birgiii—
i 4 X3, IR I FEKIUAE RS RO E, AR X, HA IG5 E BB, AED)
REDX YA ERRpU A RS TN TR BN R B MKVCR: IR>HAS>WP>AR, 1245 5 2 WonaREBoN—5L,
IR X3 UAI iA: 25 YU E, HA XIS, B E 4 AN IREX TR i S5 B 2 N

5 EFEEAFEDIREX SRS YAEE S5 ra PN T
Tah.5 The weights of different regions of Baiyangdian Lakeand the comprehensive evaluation index of antibiotic pollution

IR AT RS

NI Xk G — — , ; -
e R FIAPIEE BirpiAR
HA 0.26 3.86 8.74 4.26 16.87
IR 0.15 6.46 10.16 15.04 3167
K
WP 027 9.77 884 492 2353
AR 0.32 14.92 956 403 2850
HA 0.13 0.15 0.87 052 153
i IR 0.18 013 112 148 273
TR
WP 0.40 0.20 0.30 083 133
AR 0.29 0.34 0.65 0.19 118
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Fig. 3 Concentration accumulation of 13 antibiotics in water and sedimentin of different regions of Baiyangdian Lake
HA, IR, WP, and AR represent four typical functional areas, different letters (a,b) represent significant differences in antibiotics
levels among different subareas

HEHEREZETSIIREOVINILE GRB) , GG PUEREMIE (B14-7) , K IR XEGUERT SR A
IFEZIX IS RIR RS IA AT E R B imlts O, TTREMRR G AT, &5k, AR, R, A
IR AHRGTERM IR 2, AENEARCSEAREYRED, Kkt bR snmd R g i
NGRS, HARS KA K R R s el 500, Fok,  H AT 5K T2 R M e
VR E R RS EIR, SRR/ oK eI s 474980, sy S LRI X 57K
AEBRT R B S S AEAKICNRR],  WTBERFE IR DXAbiAE 3 SRR s - 22 5 R,

FEXT HAL WP F1 AR X 3 MXIBF T 25 4K SR AT T AR, 3 AMXISIT5 Jdiqe Bk
DRWIH R B2 R . FEDK P RBTERTSYEA ZIUN AR > WP > HA, X—BLRATRERR AFEER KUK
JIFEAREm. FAEERS . b PEEISATRNATEN, AR E 2k H/KOEIE, T30 AR XA KRB .
T E R BARERR K, KIS h GRS BRI E AR RS E R KRG
RS, SiE AR XIEIR, S8AR XISV ER & BES. [FRHK, B4, WP XiR BE Kb
B IR IR BB SR T ERUS BT R E R A AR TR Wi 25 4iads o HA > WP >
AR, JUEAFEIZESS, SRR Z RN TR E RS AR T B i A S RO AT
AR EEIF. HA DI TAEZSE. NDEE, BRI NEERITE R 2, X E R AR
BRIEUKTE, S TR R O,  ATITE HA AR T B B RS, ok, FRAEEI5-6, AR X1
B KT TS (AN BRIV RIS A ANR . SRS, AN
BESHUE AT P RNEEGE, 4 AR DS U 205 4 e A CUKE A Ik, X —IgS
IANBREPUERIGIARE RGO G, Bk, B 7iKas B RmTsaesh, AR XSy
JOATE SR T REAFEFAREEMAR 2R . 53] AR DX 8 L T ZUR K FRiEisal, Al
ZHIT A FRGEMS T, AL, K7 FRRE Al SR T 2R B P R AR R E R T G HL ) 7
AR,



& -

v ‘\"i‘ ;
At o b V) Legend
> sediment——SAs
eal) | -t e
0 - wie

.

K4 Evese LEK O Fgtiw ChD Al E R asim i
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