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BRAHEY  BREAWIXMSY N T RERARY T B AERKELH N 23~1322ng/g (FHMEN
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The concentration and ecological risk partition of antibiotics in the water and
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Abstract: After coastal areas discharge antibiotic-containing wastewater into nearshore seawater, a dynamic
adsorption-desorption process takes place in both the water and sediment phases. To investigate the occurrence
characteristics and partition patterns of antibiotics in the effluent receiving areas (ERAs), we quantitatively
analyzed the concentrations of six classes of 77 antibiotics in nearshore ERAs (JX and SY) and in coastal areas

of Hangzhou Bay (Hangzhou Bay, HB), using ultra-high performance liquid chromatography and mass
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spectrometry. The results indicated that quinolones (QNs) were the predominant antibiotics detected in the

sediments, and the total concentration of antibiotics decreased significantly from the nearshore ERAs to the

coastal regions. In the nearshore areas of JX and SY, the total antibiotic concentration ranged from 2.3 to

132.2 ng/g (mean: 34.8 ng/g) and from 2.0 to 133.3 ng/g (mean: 74.7 ng/g), respectively. In contrast, the total

antibiotic concentration in the coastal HB regions ranged from 2.2 to 51.9 ng/g (mean: 15.6 ng/g). Nine

antibiotics were detected together with the detection frequency exceeding 50% in the water and sediments of the

two of nearshore effluent receiving areas. Enrofloxacin (ERFX), ofloxacin (OFX), marbofloxacin (MBFX), and

nadifloxacin (NDFX) were found to transfer from water to sediments greatly in SY. Their partition between the

two phases showed a positive correlation with the physicochemical properties of the sediments but a negative

correlation with water quality. Tosufloxacin tosylate (TSFX), roxithromycin (RTM), clarithromycin (CLM), 4-

epichlortetracycline (ETC) and methacycline (MTC) transferred from water to sediments greatly in JX, with

their partition between the two phases positively correlated with water quality but negatively correlated with the

physicochemical properties of the sediments. The partition of antibiotic concentrations results in a

corresponding partition of ecological risks. The ecological risk posed by antibiotics in water is significantly
greater than that in sediments. Among the antibiotics, the risks associated with ERFX, NDFX, MBFX, and OFX

in water are relatively high, primarily affecting fish, followed by green algae and water fleas. Additionally, the

ecological risk of antibiotics in the water of the JX area is considerably higher than that in the SY area. This

study is of great significance for assessing marine ecological health, controlling antibiotic pollution, developing

remediation technologies, and formulating management policies.
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receiving areas, ERAs) . AU DU B4 58 31E
W1, 9475 i K2 28] T E PR R, B
BRRS A Z i 907 P Mok b i &3
Gy K I T YRS, IR — e E
TUR WD, BF9E R I, ZKAH R 29 39% 1 s 14 T 2k
Hi P TTRWE 25 DK AR S A 3 TR A R,
YT XK SO TR ) R TP A 2175 4L 1

“CURT o ABIFSE LB VS A R N IXOR A TR
RS, BEEL T 6 28 77 Fhpi A R=AE N B iw
YY), BAE I HbRPUAE R AR R NS X —ik
T 1) 23 (RN A8 Ak B A, IR PAE R AR K AL
Y h G 3 B R PR Ko 2, i pT b Rk
JE 4 T R B AR A AU 23 B R AT, DA R T VL
A= F T e B B B D AR -

1 #RERFZE

L1 WRFEIX ML

JX A SY 4475 DX 5331 g 5 7K Ab BT (waste
water treatment plant, WWTP) 1 Fl 2 19 i 7K HE ¥
X, P15 KA B R U6 . T2 et akoK it
SES IO R FCEED ) [N, BB AN T A
DX B A AT S 3 VA SR A e 37 (Hangzhou
Bay, HB), £ RAE S 07 9 HI3EE B LR 1.
1.2 FEARAE R TAb B

BEASRAE AR AE 4 LKEE, FIFE BB
WAF, RERE N/KTLLT 1 mo SRAESIH K
BEpH A 3~4,0~4 CAMK, 24 h N AT T4b
., PUBWIRESL T VanVeen BLRAERS(HYDRO-
BIOS, f [ ) R4, RHEFRIZ (0~ 20 cm) JIH
27 0.5 kg, BT & 20 C fR1F.

IR IR 282 i I AHAR L, PRI . AR5
— FRY AR, B E AR R 1 mL BRI iR
s EALRIN . DORRY hbi A R BRI R WA
o, B UKD R UG e T . TREAY
Wb P2 IR E K Fesr ™,
1.3 G AIARERE

HARi5 5 6 28 77 Fhpi &R, &
23 Fihisti % 25 (sulfonamides, SAs) . 9 ' K FF N g
Z& (macrolides, MLs) , 22 #4352 ( quinolones,
QNs) | 9 F P4 35 % 2 (tetracyclines, TCs) . 12 Ff

*1 ERMBERREGHRESMLER
Tab.l1 Information of sampling points in the effluent receiving
areas and coastal areas

Xk uife R& ) deEhe) ke DU
JXI 121038 30.567 J y
JX2 121.039  30.565 \/ \/
JX3 121096  30.559 y
JX4 121052 30.564 J J
JX JX5  121.051  30.567 v
JX6  121.052  30.569 y
JX7  121.056  30.573 \ v
JX8 121062 30.57 y
JX9 121065  30.568 V
SY1 120858  30.217 y
SY2 120852 30214 \ v
SY3 12085 30215 v
SY
SY4 120859 30215 J y
SY5  120.866  30.216 y
SY6  120.865  30.218 J y
HBl  121.042 30425 v
HB2 121364  30.624 v
HB3 121712 30.761 V
HB4  122.066  30.85 v
HB5 121483 30.4 y
HB
HB6  121.782  30.482 V
HB7  122.075  30.61 v
HB8 122749  30.747 V
HB9 121717  30.167 v
HBI0O  123.16  30.167 v

B Nk B 25 ( B-lactam, B-Ls) Fll 2 Fl bk 1] 25 % 28
(lincomycins, LMs), HTA4E Z AR HE S [ K HEFT /K
R ABRAR . BB S ARG R AN
PP H Sigma-Aldrich 23 7] ( St. Louis, MO, 3%
[, 43 991 Sk ik g B % 8 -d4 (sulfamethoxazole-d4,
SMX-d4) . PU¥f % -d6(tetracycline-d6, TC-6) . ¥
b B -d8(ciprofloxacin-d8, CFX-d8) . & 4155 % -
d7( roxithromycin-d7, RTM-d7) I 3k #f & ¥ -d5
(cephalexin-d5, CEPX-d4) . H:fth s 1 3 2 60 5
HIf ., Na,EDTA ., ZJif . YRARIR . BEIR A 4. —
IKEFGEIR . & e 1R — S 5%, YR L%
afioy g At

TSI AN AT . FEM LA R BOR A 3
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(ACQUITY H-Class, Waters, 32 [#] ) #8 Ik = 5 PUH%
FF T 2 4t (Xevo TQ-S Micro, Waters, 5 [H ), {4,
T AEAE ] Waters 24 w] (19 BEH C18(2.1x100 mm,
1.7 um) . [EAHZEHCEE B 52 F Supelco 4 7=,
A ZE B A S Waters 2 &) #) Oasis HLB( 6 mL,
500 mg) , I B 2 4k U5 B (0.7 pm) 1 A 9% [
Whatman 23 7] .
1.4 ASCER ARG A o £ 425

PU Az 22 A6 0 R A v RO 3 R I —
VU BT R G, LSS B IR (ESD) , 1F 251
KX H, 2 /3 £ 15 ( multiple reaction
monitoring, MRM) #& 5 . W& A & 48 ¥ i f4 5
40 C, #ERER N 5 uL, TBHAH A 05 0.1%(v/v) H
B2 7K WL, Wi s AR B 2y 100% Y, i 3 45
0.3 mL/min, GEM 5 =0 B2 BRI, 4t A4 DRI AR
FFBIE R RICT T Bl R G40 R
1.0 KV, L 7] <CRY T AN 4351 o 500 C Al
1000 L/h,

B A A I 5 R v A o g A TR BCDL T R
Jit: (1) R NAREE &, B — KA R E—
FEM B R7 2 bR (2) TAL BRI A v, F At
501 ANZS FURE, B ORAE it FLA B R e I TS
Yus (3) FIrA FE i AT BRI G450 2 A ATAE A
o PRUEA TR St e T 25 R AR X R 25 <20%; (4) 1%
R I, AN i S AT RE A 2 U, IR
{H; (5) 5 20 FES O — 41, BRAURE S AT IS 52
Jox 5 i RE i (R B2 50 pg/L) ;5 (6) ASH I 5 vk
FPUERBINAR RN 70% ~ 120%.
1.5 AR AN T i

R T EAYUE R XK AE A R, — R
FHZ R sz U A, bR R R T I 0 2 A
OLFRAN) L KE (TEHEHESHY)) F 028 CEHEZ)
Y1) 45 3 MURTENE TR IARERAEY) o a5
H bR 75 94 ) 76 B0 55 b 19 A6 I ¥ B2 ( measured
environmental concentration, MEC) 5% 2 ik 4 fh
TR JEALN e FE (predicted no-effect concentration,
PNEC) /) FbAE 5 2] KRS 4, 1153 A X R RO=
MEC/PNEC. e R0 A 3 e B AR, A
9% BT S M w5 R KU, I PNEC=
ChVIAF, Ferft, ChV M8 VETE PR3N e JEE (ng/L) 5
AF P T, SR FPTERY)  PNEC b,

AF 53518 100 A1 107",
KERA 15 Y Wy AE DR v ) 3 PR B A H

e NSV, . 1000 % C
%C[%Z, JH:, E HUJEJ\TI./A\:E& CpW: K SX

Foew JEAL LD R 36 1OV FE (Co) s 7L
B TR (Cy ), Horh, foo UM A BB
() T 0 B Koo MPTAE 2R A ALK VA —fE K 43
i 22 %1, i F VEGA (version 1.1.5) #5574 F 0 4j
5, FEA B0 A0 K AR 75 BRECE A T DLW B9
AR,

A 35 KU K AR 5 RO AELI R /Ny R 44>
A5 2 . JC KU (RO<0.01) . Ik JKURS: (0.01<<RQ<
0.1) . TR (0.1<RO<1) Fl & WK (RO=1)"",

2 #BREHE

2.1 BUAERENTG X SRy A

B 1R T HuA: RAE 5 KR i DT
R R B A3 A A RP 2R R, VR B R, TX A
SY 475 KT A: 2 vk B B {R & F HB Xk, JX
FSY 4475 X UL AR h P A= 3 vk B 43 o
2.3~ 132.2 ng/g(*F ¥ 1 Ky 34.8 ng/g) Fl 2.0 ~
133.3 ng/g(CF-¥1H 2 74.7 ng/g), T HB X T
YA R E N 2.2~ 51.9 ng/g(FH¥I{EH N
15.6 ng/g) o P, TR 4T AR R IR I th 4l
15 X [ T SRR AT R 3

AT Z AR FA, 3 A X Z LA QNs
7, BFE 2 W] QNs M L BEAT A R i 7, Of:
H A5 H AR A A, QNs B A 38 KA Ky
(B, 255 W MHETTRY) L, X A2 #F T QNs 7¢
IKAEFR B B ALEE" L IX R SY 45 X
DURRA 1 QNs Pk ZUeEE |5 P AR R EE Y
LA 4351 4 73% Fi1 98%, HB UTARHIHY QNs He Ji
d HE(53%) MK T TX FI SY 4475 X 4 QNs (5 1.
2.2 PUAERTEBAGTG X AP 22 57

A HTF HB X35, JX 1 SY 4475 X AT
ZYUE R G YT O E, DU R b R
Sk HKPIUAERNIES . b T A AW
AN T XK AU 0 40 Bid S [, SSe BT 78 Y
A5 XK RTILRR Y rb e [ A H ELAS: Hh Ak 2
KT 50% P Hy 9 Rl A= 2, M HAE K LR
Py B 43 A (181 2) .

2 AT O, [A]—Fe AR AR DT b vk
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Fig. 1 Concentration distribution of antibiotics in sediments of different regions
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Fig. 2 The concentration distribution of antibiotics in water (a) and sediments (b) was common in the effluent receiving areas
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£ o3 A AR AR R AR K iR RS — 2, RITTAR
TR AR 2Rk R 5 4 i A AR KR vk BE Y
e B R ARR T 2 AR AR N AR AE o 33K U B K AT AR
W BT A RS RN BE AR AR, X K AT
i &5 4 H 5 B AR CRH TR Y/
KPR Y . b, fE/K b ERFX
1 NDFX, MBFX fl1 OFX, TSFX. RTM #il CLM
AR — 2, AR, BT DURR Y AR
AR — B, XV R K TR iy
W BE 53 A BAHSE A

Pt A= & 19 8 43 it & 2L ( pseudo-partitioning
coefficient, P-PC) , RIS bR ¥R 858 v il 75 59 LA 1)
SRR 2 T R e HAE Y, e T R
H AR R AE K FPURRY) Hh  SEPR AT B Ol . 1
KA BLH AL K T8 R A AL T, #he b3t
A KRR Ik 2 53 BC-F A B, AR L
HEREWE L. P-PC FI Ky 0 2 00 7E T 2 4E

BT 28 A AR PO A 3k B T 4 Pl . P-
PC ARSI B3R A, T Ky it Koo F1 £ 7T
FAF(FR2).

% 2 WoR, SY 4475 [X. ERFX, NDFX, MBFX
1 OFX 1y P-PC {H 8 1o 58 $2 3 AH W 1 4= R 1)
Ky {8, 2 SY 9075 XK IR EE b A= R il
YRR RS AR B AR, DRI R 4 Fho Az 2w b
il sl A, RRAT T e S TR 1) 7K rh
e, IX A0S IX Bk 4 e R P-PCHALT
SY 445 X, I HIg (R AN P AE R Ky fH. 5%
FJR A, —J7 T, IX 4475 Xk b ik 4 Fhbi b R
YR TE 22 i A MR A 99% Y, i T 14k
NG5 X IKR G, 1 A 4o ad— 2 sk I ) Y6 gt A A
WS 5 — T, B 2b Al L, X s XA
Y i 4 Fhb Az BRI T SY 5 IX,
X AT RE5 95 XK ST R I PE A o, S 3L
WP R AR IX 4075 X 18 TR I A A R A1

R2 IXMSY WERERBHTERT P-PCHE
Tab.2 P-PC value of antibiotics detected in JX and SY effluent receiving areas

Wik # Ak P-PC-JX/Lkg" P-PC-SY/L-kg ' Ky=fo. <Ko kg '™
Enrofloxacin(ERFX) 0.1~12.8(3.7) 72.8 ~ 242319 (883.9) 510.0
Nadifloxacin(NDFX) 0.13~18.6 (5.2) 68.7 ~2107.6 (774.5) 1084.4

Marbofloxacin(MBFX) 0~ 183.5(60.4) 318.8 ~9575.2 (4333.1) 499.2

Ofloxacin(OFX) 0.1 ~195.6 (64.7) 373.7 ~ 14521.7 (6503.9) 510.9

Tosufloxacin tosylate(TSFX) 117.0 ~ 578.8 (352.0) 44.7 ~170.5 (90.7) 413.1
Roxithromycin(RTM) 81.6 ~962.5 (410.1) 80.4 ~300.8 (159.3) 33174.6
Clarithromycin(CLM) 0 ~2492.4 (1082.6) 21.5~509.7 (191.9) 48062.4
4-Epichlortetracycline (ETC) 54.4 ~184.8 (121.6) 0~259(13.4) 1686.2
Methacycline(MTC) 58.4~296.9 (134.4) 02~31.8(11.2) 1590.8

TE: 155 WEUE R I £ TR AT LR G B 2 85 (%)

FF 5 AP £ (TSFX, RTM., CLM, ETC
I MTC) 78 IX 4475 X 1) P-PC{H K T HAE SY
Y5 X, R BR 5 Bt Az 28 T 5 Z M 0 AE
IX 5 X PLRR Y o SR, PS94 75 X E ik
SFpHTAEFE W P-PCH I /N T MR Y Ky H,
VLA 5 X A DR o] R A B R B a4t
R E A,
2.3 B RAEGNTE X WIAH ST A 52 0 R 28 4T

I, PrA: R A KR TTA Y IR 23 Bic Bk
ZHAEE E SRR, B 52K SR

Tt 3 R T PN X SR [ 9 B
P F P-PC A 5 /K /0T AL ) B Ak 1 A 6
4

M & 3 AT UL, 4 Fh it A= R (ERFX, NDFX,
OFX #1 MBFX) ) P-PC {H 5 /K JEi#R br £ B 5 11
FHIEIEZR, T -5 DR AL I o 32 28 B TE A GG
Fo SEU XS R, X 4 PP ERE SY N
15 X TR RS AR B K, U AR TS IX Bk
B0 T AH 43 T = 22 IR OB 4 AL o 2 IR A G
KR, MEKFRAMEECR, FTH S Fhbis
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Z (TSFX, RTM. CLM, ETC £1 MTC) | 14 14 #H
B, A SRR EEREM LR, Lk
5 e Ak 2T R B I BAEFE JX 4435 X B AR
Wy L, BAAEZ A X B AR 2 A PR 4 0 S K 5
PR IEAIDEC R, T 5 A B AL I 52 61 A
X R, L TR, 78 IX I SY B4 T5 X,
TR TR R A B AL T 1 25 S, ¥ A T A
T 43 TIC 9 22 5

TETURU A% 2 B4 T v, A5 WSS E I, 30
U BORLAR A3 540 R WA AT A TR R G
20 4 R T AN X TR R R A
534
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100 p w p
A80
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F
< 40
S{\ﬁ‘
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Fig. 4 Particle size classification of sediments in SY and

JX effluent receiving areas

PN TS X DTRRPREAR I L 4 ~ 63 um 1

>63 um A E o IX 915 X UL KR4 Y R
(>63 um) 5 I (5.4% ~ 80.7%, V-1l N 27.3%)
INT SY YH751X.(27.8% ~ 66.8%, SFIIE K 53.2%).
1M IX 4475 X PR /N A2 UKL (<4 pm) (5 H
(3.4% ~ 26.2%, F-Y¥IE N 18.2%) KT SY i51X
(2.3% ~ 7.9%, FYME N 3.9%) . B L, IX 4075
X AU YR AR B AR /N T SY 95 IX . WFSREIIE
B, ¥5 7K HRLAE 0 ~ 10 nm A8 /)N UKL 99 AR 88 T H:
LA BRI O A DL & B m Y Gottselig
£ BT) S i N T IR YR 40 K UL P i A L ok
7 THESE, ZBUAHLYITE 2 ~ 20 nm FOk: 4 H i
A3 A B S T AR AR G . AT BF T R I
/IR R HLA R Y He R T AR, AT AR &
R A2 258, DR, B 5 5 W A ML, A
i P-PC{H, X 5% TSFX, RTM, CLM, ETC
1 MTC H 255 W B IX 4075 XTI .
2.4 BUrARIEGN G K PIAH o A 25 KU 25 57

PuA: RAE KRGO Y b AV B2 43 T B T
AR A A= 25 KBS 43 L o R T X EE AN 475 XK
AR v 118 A 25 XU 43 B 5 [R], 4 8R DAL [ Gz
WY 9 FhbrA: FOMBIFST G2, o0 B T e T A
B KA A PR B R XURS: (181 5) o

P &S AT L, gt XU AR AR 43 TS T 5, A5
X A0 A 2K ARG 08 B R KU B A K R, o
ERFX, NDFX, MBFX Fll OFX 5 P H =5 XU Al
XU o DR AR R IR WA KU B 2
PAR KBS o 5k RUBS: 09 H A5 %) F i , ERFX.
NDFX., MBFX Fl OFX 3= %41 %} £ 28 KU 55 K,
HW R AKE ., XFEESAERNMESE
K, ANEUAE R I HERBUEY A AR, iR
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