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Abstract: We analyzed 46 target antibiotics in tailwater samples from 22 mariculture farms in Jiang-
men City, South China, by online solid—phase extraction coupled with online SPE-UHPLC-MS/
MS, and investigated their spatial distribution characteristics and the influences of different aquacul-
ture modes. A total of 31 antibiotics belonging to four classes were detected, with concentrations
ranging from 0. 809 to 4826 ng/L. Oxolinic acid, ofloxacin, flumequine and nalidixic acid exhibit-
ed high detection frequencies and residual levels. Ecological risk assessment showed that 32. 3% of
the detected antibiotics presented medium—to—high ecological risks. Enrofloxacin and sarafloxacin
were the major risk contributors, and quinolones accounted for more than 78% of the total ecological
risk. More types of antibiotics were detected in open—water aquaculture areas (enclosure), while
the overall ecological risk remained relatively low. Fewer antibiotic species were found in closed aqua-
culture systems, and risks varied with aquaculture modes: occasional high concentrations and high
risks frequently occurred in tank and pond shrimp culture, whereas shed shrimp culture exhibited
markedly lower risks. After eliminating outliers, the risk difference between the two types of water
bodies narrowed markedly. This phenomenon was mainly attributed to limited water exchange and pol-
lutant accumulation in closed systems, as well as distinct medication characteristics of different
aquaculture modes.

Key words: Mariculture Wastewater; Antibiotics; Ecological Risk; Aquaculture Mode; Risk

Quotient

PUERAE D —REA DI ATERHMERFSI Y, TERBOKIRE P 2R, HXRAES RS

IR EHE . XXXX - XX -XX; EEHH. XXXX-XX-XX

E4WA. LIHHSEESIEEH R H (2024800100080007709 . 2024800100090007754)
«EWESE . BERXK, Wi, SRR, PHEr . ASHEI S ZEETHY, E-mail: 378878518@qq. com
MEE &R B : XXXX-XX-XX



2 TR AR (http://www.fxesxb.com) XX %

Be N2l ) JC ) P AE UM C IR PR SR B SO PR o KRR R Be A AT AE ALY S B A TR
BZVAE, HIGRROL R R BV 4. TEARSHEE , BAOK ™ IR AL R R 2 A =i
T AE R B TP PR ST PRI, © RO RIS IR T TR SR A B EOGE. DRORY, SR
FE BB R LA 70%~80% ARAEB AW IRA KA, M LU 2 s A - i e B 57 K B
PEHEN SRR

PUERTER B 8075 RO E 5 R E W b B T2 5000 . B 2 8 TG kAR H) oK
Bl AR Z 90K, Wi R 1RSI IZE . WU ER SR IS SEHUE R IR K-F 52 A A B
UL BEEWECE PG e KPR IRERAR, B, ARLIINAE R ERIL K SRR X M T R Bl
2R E BT Y, ALK IR B A 32 Bk e 2 . BB AR LRI L SFRAH X
HIDFRY), AFEFREDT (A, SRS KER SRR AR 22 5 . Ak, Rl
B HTEORIBEL , DERERTRB R — 2R B 2Rt R——0, 23) 7 SHEIL#EKFREIX
BRI TR JE BRI L8R (YRS MDY R RS ), FF AR BUAE G I DX P IR
JE 2 T HAR GRS, WFIE N RAIE A DIRAF K P IR A A (o 280 A B XU DAY

PMBARTE, VI EN RN ACESZE A, B, ZEWRTRETWRHRKIHE ARG M X,
BRI R T K IR ARG, RS MR KSORAE (i . ) AVREFAE (Rl 9 FE)
SN EPUE RIS T AN AR AR o RITTIRIRIR IR R B . pHAEL . PR BLIT S 2T g
BERMGUE RO | FETESOCREAR, AT YRR E R s 5 0 HIR, BT I AR S XU P
N2 RTPREY R TELEE, 2 EXHEREY (RS IEEY) . IR SE) SIS,
R LUHER PP A TAE SO DR E R R G LS XU 1 eAh, 6T R T R ULE) 22 R SR GRS
ChnpFE o WESRA . ORI FRAFIAERIROL, AN SR Rl 5 4 7 S B BT E R 15 e
LS, MBRZ RGEPERRSHIITT 7 15 YR A R 0 A A XS PR R E R A, T AR A XU,
B A SR U SR B 5 e A al R 3R B i o

AWFGEEET ) ARATLT T K ISG K SR BOR , JRim PP i . A%, FRIERKIR
HENB TR, B e SR SIS S 71, R KSR R K T AR R 285
Yoy MK B 25 S AIFAE s fEEFERE b, R R (E % LU S e A, VRl R
WK RGN ; BE—dr@d ARSI (s TR . AR MIFRA . WEREIE 575D
AU R R KF 5 XL EL AT, PRI SRR AR 375 QR E S AR SR i R
VU Ak SR SRR M A BT R P A B DR AP SR AR A

1 SCIGERSY

1.1 HFmRESLE

RMWFFE BB T RSO ) DT N ) B K SR TSN R, 80 A TS . )
PSR P I IT I X . = DO GRS A . S LUREIRSE (W2R, 2% hE, 26
UWEFRTE IR . AV R R RS S A AR TR, PRI T SR IR
HREFEE, IAMERTE. KIERES% (LT TEERROs il (2023-20304F) ) ™,

SRAFITE) A 2025 4E 5 HAN9 H AR HIIXORSS = SR i Fh il i — ARG . 55— 3—4 HilHT |
7THEEAWGR, G KAFOURE . FRETOR . 5 HA9 H 40 BPTE SR G, e R
FHAEIRING BT, I BORAE S 2 TR R B 245 2 S 0 R RHEBOK Y, RS E AR Bk
SR SEBRET S o TR RATAL T T4 2= 1 AR A H AR R AR 1 5

V46 Fhin Z By, BRSSP RIHAEEZR (macrolides, MLs) . 19 FMEiEZE (sulfonamides,
SAs) MEIEREF] . 20 Fhids g2 (quinolones . QNS) L 2 PP EEREZE (lincosamides, LMs), 20254
5 HHA9H, TE22 4385 AR REFE b, miALEEILIE 1R 1. KRR RERGRAAPUT GO
15 G ARRAE) 1, KT BLZ L RN IIBR RIS (4. Omol/L) Y15y pH oA 3. 0 Zi4s, I
N 50ml 8, 3% 2t B LI B AR 0k HARE S BEAR , 72 0 ~ 4°CREGORAE , IFT 7d N 58 JORE it i
bR




55 XX ] ZEARSE . VLT T /R SR R /R LA 375 YRR B A 25 XURS: A 3
N N
A A,
0 20 - km
— kM
L HZHI
e H3
s e
. HtﬁS
12 Wk 1 - i e SRS
= i
Bl
( 607 4 )" 0 13 )" & 13 B 07K
Z12
o
ilo ,Z]] 1 A i 1 !l'-.' .'IZ-1 1 i )" # 112 ."'h o
o, -
8 A ~
. of Ma G2
B - ki Gl
&3 IiEE
G4
o FEFHML o HREHmL
o] il ]
[t it
1 WX R AR
Fig. 1 The Study Area and Sampling Points
1 REESAERILE
Table 1  Summary Table of Sampling Site Information
Sampli Cult A Mari
algli’temg Species 11\1/101(111: Coordinates (I;ia Density RZZ:E
Pomfret. Yell 112. 53066
71 o TN Enclosure  °, 540.403 200 - 300 ind. *mu""
Catfish N
21.77683
112. 521
Pomfret, Yellow 05 06 .
72 L Enclosure s 445. 821 200 - 300 ind. mu™'
Catfish .
21.77945
112. 45295
73 White Shrimp Shed °, 460. 73 10° - 1.5x10° PL* (mu+m) !
21.82329°
112. 42616
74 Oyster Enclosure °, 400 100 - 150 strings *mu™'
21.83607°
112. 39545
. . Zhenhai
75 Oyster Enclosure s 110 100 - 150 strings*mu™' B
21.92195° “
112. 49552
76 ~ White Shrimp. Crab  Pond °, 140 (3-5) x10* shrimp*mu~'+800-1200 crab*mu"!
21.95506°
112. 49055
77 White Shrimp, Crab  Pond °, 110 (3-5) x10* shrimp*mu~'+800-1200 crab*mu"
21.95888°
112. 23820
78 Oyster Enclosure °, 285 100~150 strings*mu™'
21.95559°
112. 37366
Mud Crab., White o . _ -
79 Enclosure s 100 (2 -3) x10* shrimp* mu~'+600-1000 crab*mu™!

Shrimp

21.98035°
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Sanslzl;ng Species Cll\l/[l:’l:;e Coordinates é;ia) Density h:;z:]i
Mud Crab, White : 12'035434 . ~ ~
710 . Enclosure S 85 (2-3) x10* shrimp * mu™'+600-1000 crab - mu™'
Shrimp .
21.98221
. 112.36723 . .
Oyster, Shrimp. o 80 - 120 strings*mu~'+ (1 -2) Xx10* shrimp*mu~'+400 - 800
z1 Crab. Fish Enclosure Do 75 crab*mu™'+100 - 200 ind. mu™
21.99695
o 112. 38752 , . o .
712 Shrimp, Crab, Enclosure . 200 80 — 120 strings mu~'+ (1 -2) x10* shrimp*mu~'+400 - 800
Oyster N crab*mu™!
22.03275
112. 83845
Gl White Shrimp Shed °, 160 10°-1.5x10° PL* (mu*m) !
21.95342°
112. 82478
G2 White Shrimp Pond °, 6.5 (4-6) x10*PL-mu’
21.97887° Guanghai
112. 70674 Bay
G3 White Shrimp Tank °, 68 (6-10) x10*PL-mu’’
21.88241°
112. 69763
G4 White Shrimp Tank °, 57 (6-10) X10* PL*mu™!
21.86913°
113.01238
H1 Fish, Shrimp Pond °, 80 200 - 300 strings *mu™'+ (2-3) x10* shrimp *mu™
2.12282°
113.01108 . .
. . . 150 - 250 strings*mu~'+ (2 - 3) X10* shrimp*mu~'+600-1000
H2 Fish, Shrimp. Crab  Pond s 80 o
22.12446° crabemu
112. 98763
H3 Mud Crab Enclosure °, 264. 06
22.06449° Huangmao
112. 98401 Sea
H4 Mud Crab Enclosure °, 98.13
22.06226°
1000 - 2000 crab*mu™
113.01369
H5 Mud Crab Enclosure °, 100
22.02492°
113. 01627
H6 Mud Crab Enclosure °, 100
22.02393°
1.2 NS
#2 RKA5kE
Table 2 Reagents and Experimental Instruments
Category Name Model / Grade Manufacturer
UHPLC-MS/MS YSEXACT9050MD Yingsheng (Shandong)
Instruments Online SPE System PALRSI Zhida (Guangzhou)
Mili-Q Water Purifier / MilliporeSigma (Germany)
Methanol Pesticide Macklin (Shanghai)
Acetonitrile Pesticide Macklin (Shanghai)
Reagents Isopropanol Pesticide Merck (Germany)
Formic Acid Chromatographic Guangdong Guanghua Sci-Tech

46 Antibiotic Standards and Internal Standards

Standard

ANPEL  (Shanghai)

1.3 HmardE S5 R0
AN A AR R AH A HL

Ko 8 e OB (0 - = U ARAT B SO KR BEA T i, Rk T7iE 2

DISZRER U S THUAE R A TAKA ", AT I SPE RS SRR T, AR R T et By
AL (SEJE220. 45pum A1 0. 22um B SR /KZREEO (PES) JENE) HNET AL, 7626 A A BUSLI 54 dn
T #EFEE . SmL; SPEFE: Waters Oasis HLB (20%2. Imm, 20pum); SV : SPFE: HEL: 2.
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K=10: 10: 10: 3 (viv), 4iK; &0 HEE, 2iK; Woei: A: 0. 1%HEK, B: HEE; Atk
DSHFH) : 2. 5min; BEEE: 0.0~26. 6minl00%A, 26.6~27.5min100%A (FEFE), 27.5~37. Omin5%A,
37. 0~40. 1min100%A .

AXES I BT S B B R 3 — = FE VU ARAT T SR FH B 55 38 YR I IE 25 1 (ESI+) SREEM
., 8 H ThermoC18 ik (100x2. Imm, 1.8wm); IR 40°C, FEO. 4mL/min, FFHEE 2uL; FHL
HHE AR 1% HERAK, BRHLHE; BEEBEN FZH4: 0.0~5. 0min5%B; 5.0~7.0min10%B; 7.0~
11. Omin15%B; 11.0~14. 0min30%B; 14.0~16. 0min50%B; 16.0~18. 0Omin60%B; 18.0~22. 0min95%B;
B A RIS TR, TR 350°C, MEA SRR 8L/min, SRAZNIASZ ML (Dynamic
MRM) . FEASGESE L STHR
1.4 REES

KW ARIENS TR R K R R B ik e 8. 28O0k 1 ik, BRI E IR E S8 10,
20, 50, 100, 200, 50011000 ng- L™ BIFRIEFSIE , 181k 75 22 DT AH 2 B N T AR th 20 Ak 5 gk
TTRMEVENE (10.99) EHEESHFI A —DMEFZE A . — MR — AN SEbR RS bR, 253
FESH H PR B N AR TR R, ARSI e 2R 8 AH AL BOUS BR H A SR B V5 Y G 00 5 P4 TR b 0 A ) s 25
<30%; SEBREESHIIFR (100 ng-L™") [IUSCERTE 40% ~ 140% 2 [6); 46 Fhhi AR R 40,5~ 7 ng- L7,
ME FRRA2 ~28 ng- L'

1.5 EEREITEMAE
HUAE F MRS PR R XS R (RQ) 5™, AT
MEC
RQ = PNEC (1)

Hp: MEC HSZIMIKREE (ng-L7); PNEC HHUMAHIVIREE (ng- L), AHFITHHIAZE N PNEC I
H NORMAN # B4 7

BEERY T, SRhUE R TR pol GEF2 AR B & B EROY, , HAE 28R Fs byl |
FHMECHEHT 0 AR TE 2 Fh P A F LG A RSB, ASHE ST SR FH XU T8 5 2 D As 7R
(RQ,,.) " AT, 23T

RQSUM = ERQ| (i =1to n) (2)
Hp: RQABAHRKEIUEZRMRQIE.
KBS EEPER . RQ<0. 01 (TR ; 0. 01<RQ<0. 1 (fIEXES); 0. 1<RQ<1 (HXUES) 5 RO>1
GRS )

2 HRSHE

2.1 \BAKFERKPIEZNITLIFE

ST AR R SR - B . AR, &Ry . FREMA TORESRER, it
ARG VAR L 25 A PRI ANV B SR . AR oT FR I R K Hr DT A F A0 RS IR SR R I 3
B2, 46 HbRbUAER, A H 31AD, BTk EEEEY 0. 809~4826 ng- L', ~PXT K E 4 20. 5
nge L', SERIT LK FRIE XK RS B EE (2. 07~32. 64 ng- L") ML, ZARBFITHEE KP4
AH DA 00 de iR A T AR R i 2 B SRR X (R ) AR 15163 ng» L AR{E/KF 5 ST
FRIHIXARE A (6. 75~592 ng-L") AHM, AW EESAMKET 7, S2RM, RAhie
P R A v T R B =, 5] Patagonia RS I3 L IX Y S04 JE FUE(EIRE (23, 1 ng-L") H
M2 HrAE R SR A E PR E 2R HE e TR Y LR R R, FREEK Th A R AR
FESZHIRRAE . FRPE S SRR F AL g . BbAh, FE31RME AP S (BPUE R ARG S
UL 3), LIN, CLI, OXA. FLU. OFLHINAL MK H R EE IR T 40%, H OXA B H 5k 100%;
PEF. SAR. SMD I TMP &g H Bk BEA iy, PR RIREE 24 29. 7, 229, 53. 781195 ng-L", R
A AR E DRI 2 i A2, BRmEE 17 R, MG IR R T B A kR, A YUER
WS it KA, AHAAAEAS R S BRI AE ZK B R S TS, 1 SAR4826 ng- L', SMD1079
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ng- L FITMP3888 ng- L', il Rt B i34 T H1. G2HI G4, YA /KGRI R S
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Table 3 Concentrations of the Target Antibiotics

Antibiotic Information

Concentration (ng-L™")

Detection %

PNEC (Seawa-

Chinese Name Abbr. CAS No. 2C P50 P90 Max Min Mean ter, ng-L™")
KIFHAEZE (MAs) 170.8 ND  4.06 101.3 ND 2.59 54.5 (10%) /
R CLR 81103-11-9 30.0 ND ND 5.00 ND 1.37 36.4 (8) 13
AR ERY 114-07-8 120.8  ND ND  101.3 ND 5.49 22.7 (5) 50
PUER ROX 80214-83-1 20.0 ND ND 4.50 ND 0.91 22.7 (5) 100
Fi] 575 2% AZM 83905-01-5 ND ND ND ND ND ND 0 1.9
BIRWE TYL 1401-69-0 ND ND ND ND ND ND 0 400
MATEERSE (LMs) 238.4 5.33 10.5 18.6 ND 5.42 86.4 (19) /
VINIIE+ LIN 154-21-2 151.3 6.43 ND 18.6 ND 6. 88 86.4 (19) 200
KT CLI 18323-44-9 87.1 2.14 ND 18.0 ND 3.96 50 (11) 4.4
MRS (QNs) 7797 ND  21.7 4826 ND 23.6 100 (22) /
SRR OXA 14698-29-4  304.1 9.85 23.3 80.0 2.8  13.82 100 (22) 15000
Jillk= 30 GAT 112811-59-3 16.2 ND ND 9.63 ND 0.737 9.1 (2) 13
R AL NOR 70458-96-7 85.1 ND ND 85. 1 ND 3.87 4.5 (1) 50
oL g FLU 42835-25-6 280.0 10.6 21.3 64.2 ND 13. 14 77.3 (17) 25
BaFv 2 ENR 93106-60-6 ~ 477.0 ND  61.9 243.7 ND 21.68 27.3 (6) 6
R PEF 70458-92-3 653.6 ND  95.3 190.4 ND 29.71 27.3 (6) 800
P R CIN 28657-80-9 295.3 ND 38.6 132.6 ND 13. 42 27.3 (6) 368. 841
LR AUY ORB 113617-63-3 15.3 ND  2.54 4.93 ND 0. 697 22.7 (5) 2.415
MYV R FLE 79660-72-3 39.0 ND  8.77 13.9 ND 1.77 18.2 (4) 111.228
E=N RU OFL 82419-36-1 300.7 ND 344 139.1 ND 13. 67 40.9 (9) 50
[ RU Y SAR 98105-99-8 5033 ND 50.8 4826 ND 228.8 18.2 (4) 186. 827
KRR LOM 98079-51-7 36. 4 ND 7.58 8.26 ND 1.65 22.7 (5) 82.618
KR GEM 175463-14-6  36.4 ND ND 36. 4 ND 1.65 4.5 (1) 6
mA A SPX 110871-86-8  4.18 ND ND 4.18 ND 0. 190 4.5 (1) 6
ZRUETR NAL 389-08-2 212.4 ND 25.0 69.8 ND 9. 66 45.5 (10) 1600
SRV MOX 151213-15-9 ND ND ND ND ND ND 0 7.622
TR DIF 98106-17-3 ND ND ND ND ND ND 0 155
imrh B ENO 74011-58-8 ND ND ND ND ND ND 0 251.42
ANV CIP 85721-33-1 ND ND ND ND ND ND 0 6.4
b MAR 115550-35-1 ND ND ND ND ND ND 0 778
Tl s (SAs) 5785 ND  2.05 3888 ND 23.9 63.6 (14) /
it g F e e SMR 127-79-7 21.7 ND  3.66 10.3 ND 0.988 22.7 (5) 68
it e it P SCT 144-80-9 4.87 ND ND 4.87 ND 0.221 4.5 (1) 1430. 78
itk g v Wbl SQX 59-40-5 7.13 ND ND 7.13 ND 0.324 4.5 (1) 603. 387
itk Jii — s g SM2 57-68-1 31.7 ND ND 31.7 ND 1.44 4.5 (1) 3000
s ea SDM 122-11-2 27.7 ND  5.63  6.96 ND 1.26 22.7 (5) 120. 684
i g A M e SPP 526-08-9 9.02 ND ND 9.02 ND 0.410 4.5 (1) 11. 531
i iz P W SMZ 723-46-6 16.3 ND ND 16.3 ND 0.739 4.5 (1) 60
it g X 4 SMD 651-06-9 1181 ND 27.0 1079 ND 53.7 22.7 (5) 103. 091
fitfi e 2= SDX 2447-57-6 8. 11 ND ND 8. 11 ND 0.368 4.5 (1) 146. 978
it iz /P Sk g SMP 80-35-3 176.9  ND ND 133.9 ND 8. 04 9.1 (2) 138. 287
PR AR e TMP 738-70-5 4300 ND 15.9 3888 ND  195.47 13.6 (3) 10000
itk e i SBZ 144-80-9 ND ND ND ND ND ND 0 1430. 78
I [R] AR S E SMM 1220-83-3 ND ND ND ND ND ND 0 187. 287
il e /Y e SMZ 144-82-1 ND ND ND ND ND ND 0 149. 522
it frig i SDZ 68-35-9 ND ND ND ND ND ND 0 4600
itk i Sk g Scp 80-32-0 ND ND ND ND ND ND 0 72.907
Tl e — P e SIZ 127-69-5 ND ND ND ND ND ND 0 463.393
il i Tk SPD 144-83-2 ND ND ND ND ND ND 0 46
il i G STZ 72-14-0 ND ND ND ND ND ND 0 192.235

SR BURRIE (3C) MR —PUA RACFTA R R A R R ANEL, M TR S W a0 B R K, Hid: 2 n] B

Bt i B i 0 T AT A S WD TE 25 R0 AG R RO ANFE ;. PSO.L PO 2R

.l

VAN

50, 90 E 4B, AR ND {05

S5HET, Max FoRB RS, Min FRB/MNEER; BHR (%) WK HIZPUE R RRE S 5 BCRAES S (n=22) EATLE,
K th 38 0 R Z B AE RAETA SR, WREEHE A ND; 7 AT Rk th AR 0 RAE s 80 s ND R VR BE AR T4 1 R B
Feka s PNECHIER 1 NORMAN B HE2 500 1 1%,
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Figure 2 Antibiotic Concentration Distribution in Mariculture Effluent

M2 (QNs) w3t 158k, # 24 100%, PR EWE R 23.6 ng- L', Hd, SARXS
QNs BT IREE DT K, LA 64. 5%, HKHE PEF HIENR, ZRWF5T QNs P34 BT Sk B 5L 5
AR IR SRTHYIE (24. 8 ng- L") P BRI LB ARUKF=FRIEX. (22,2 ng- L) 77 KFAHY ; {HSAR B
SHRHE (> 60%) ST UK P2 FREIRE v DURE VD 2o - S I B A AGRHAE > X Fh 22 5]
RESFRTH P 25 IFAH G, SAR GPER R I A MR 2, 1 ENR 583 H 160 B biie s

WENEZE (SAs) PUAERRALEAF=FHP N Tz a2 EREETR) ', o I3 22k
Horz—. AUFRILRH SAs 11 HP, R E4.5~22.7%, BERARTRILH RHIERER (SAsH 3R
67.65~100%) ', {HIRAFRHIE S g R L F IR BT AN E] ), 8 R SMZ . SDZ, TMP ¥ £ 54t
AFR, HARBG HA TMP R SRR E R & [AAERNR, TE ARG TMP ZEAS 50 Hh 5
TR EIL 3888 ng- L CEIBTRIKE 195 ng- L), B2 & T N 2 B0 A 35 K 37 55 /K AR () 41
K, HERIT MK FETE X KA TMPAY A 0. 54 ng- L7 ', i 5 ESMEF, A BRI o TMP (19734 it
BN 554 ng- L, S B I IAEIEINE HRT (5092 ng- L) P, ASWFSY TMP S W O 42 1%
BRI KT, B R R DR S A AR R e 2 18 35850 0 T XU

KIFRMAEZ (MLs) K&k 54. 5%, MK ETEND~10 ng: L' 28], HA—AFEG P BRI EX
101 ng- Lo 3FPRzH A MAs 1, CLRAZH ER & (36.4%), ERY SR EKRE e (4121 ng-L),
ROX BRI /K Fimcfiko ARG MLs BER R B /K P 5l F A1, 3X — &5 R T RE 512825932 B A 45 % V)
. B, ERY 5 CLR SNSRI S AE B S M ERiE ;. 7EFRE, CLRJ® T &K
SerE TR sy, ERY WK P2 FRga v A IR A AL 52 . (EARERE RS, A5 ERY
BORS HE (EL4E R E 5 — KRR ) FERTA MLs B A s FiemKoF, X —B0% 5t S p
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FEIHIA T ] BEAALEAILTE A F B0 MLs 5L

PROTBEREZE (LMs) K38 86. 4%, PR EIKEES. 42 ng- L, 2R LMs ¥ H . ZAABF5C LMs &
AR PSR B AR T8 B Pk 2 FR A% O X (R 2R 100% ., 3 /NFY =K 7. 4 ng-
L) ™ AHET TR KRR CGREEH) e XA a) 22 55 5 3 B AR R PR3 ] 38 0% 0BG,
FHRBRFE R, AKP= 3200 i B K e AR 8 R P B B AR S, B AJLTASIEAHT, hRHEG
T i Bl R B 0 a] LUMBE AR T B 3 B, AR AR Ak b = 7
2.2 HETEREEMSSH

AT FE bR G 31 Fppo A AT XU B AR, HARI PNECHE (§K) W3, BFHY
RQEMZS B AL 4 FIE 3, MR IAENFFET Y, 4T 5. AT SR LG4 100%, FH
e XU LB R 9. 1%, 25 SR, BFEHEBH RO, EREAK, AT 0.42 (H4 56D F41.96 (H2 &
B0) ZIa), B5EER I AR, MR TT DX oA 28 A 2 XU A 7 o B 1) 23 ) S o o s XU A
PrEEH HAFMERA L, H2 sl (RQ,,=41.96) F1G2 fifi (RQ,,=38.74) By KFiEESG, WWRE
TR IX, Hk, H3 (RQ,=21.1), Z11 (RQ,,=13.97), Z10 (RQ,=12.98). G4 (RQ,=11.98) %5
SO JE T RS A e i X k. X U A KU e, H2 (ENR BTHR 3 96. 8%) HIH3 (ENR BTk
90.4%) FEHHR—PUAERRE T, HRNEZRIUEREATRME R . ML T, H4, GL,
72, 73, 76, 77 % SO RS EA S BAR (RQ,,<1.5), FWHHZHUA RI5 Y2t 5, X Fp
FEIH I R /K AR A XU 1) 23 ) 22 S A% Ry T RE 5 A SR Ta A M SR Pl L B L G AE oG

Fa AIRSAOLFRIEI PR AR SRS FAE

Table 4 Spatial Distribution of Antibiotic Ecological Risks in Aquaculture

. SRQ Dominant Antibiotics & Contribution

SamPllng Total Cozc. Risk Level L Contribution L. Contribution  Others
Site (ng-L7')  MAs LMs QNs SAs  Total Antibiotic 1 (%) Antibiotic 2 (%) (%)
Z1 247.69 ND 0.04 7.64 ND 7.68 High ENR 52.7 OFL 36.2 11.1
72 92. 62 ND 1.00 0.46 ND 1. 46 High CLI 66. 8 FLU 25.5 7.7
73 77.46 ND ND 0.90 0.34 1.24 High FLU 69. 6 SMX 21.9 8.5
74 148. 87 0.34 1.11 0.75 0.13 2.33 High CLI 45.6 FLU 16.0 38.4
75 388.36 0.32 1.19 2.83 0.72 5.06 High FLU 50.8 CLI 22.5 26.7
76 97. 86 0.38 0.03 0.58 0.27 1.26 High FLU 44.7 CLR 30. 4 24.9
77 72.21 ND 0.03 1.33 ND 1.37 High SPX 50.9 FLU 45.4 3.7
78 184.30  0.30 1.11 1.54 0.06 3.00 High CLI 36.4 ORB 35.3 28.3
79 159. 06 0.28 1.98 1.40 0.06 3.72 High CLI 52.5 ORB 26.6 21.0
710 248.59 0.31 3.83 8.73 0.12 12.98 High GEM 46.7 CLI 29.4 23.9
711 414.66  0.29 4.14 9.43 0.10 13.97  High ENR 29.9 CLI 29.3 40.8
712 85.53 0.31 1.42 1.61 0.21 3.54 High CLI 39.1 ORB 35.3 25.6
Gl 31.19 ND ND 0.67 ND 0.67 Medium FLU 99.9 / / 0.1
G2 4961. 25 ND ND 37.96 0.78 38.74 High SAR 66.7 ENR 28.4 5.0
G3 72.89 0.04 1.76 1.07 0.00 2.87 High CLI 59.1 OFL 25.5 15.4
G4 1286.31 ND 0.04 0.50 11.44 11.98  High SMT 87.4 / / 12.6
H1 4129.56 2.03 0.09 0.72 0.58 3.42 High ERY 59.2 FLU 15.0 25.8
H2 848. 12 0.19 0.05 41.68 0.04 41.96 High ENR 96. 8 / / 3.2
H3 235.26 ND 0.04 21.07 ND 2I.11 High ENR 90. 4 / / 9.6
H4 23.52 ND 0.03 0.39 ND 0.42 Medium FLU 93.4 / / 6.6
H5 43.90 0.15 1.55 0.42 ND 2.12 High CLI 70.9 FLU 19.8 9.3
H6 142. 40 ND 1.13  0.93 ND 2.06 High CLI 53.0 SAR 30.0 17.0

H—PERMEHAESAEE (RQFIME) WE, &. HXEHAERMZN ik 32.3%, Hi,
ENRFISAR ¥ T 1, BRE KK, IWHUAERIGIRE, QNs kit il i AR AN i 16 2280, K
RQ. 4142.6 (¥ M 6.48), HRTAZRHIRQ, MAIN 78%LL F; H, ENR (RQ, =79.49). SAR
(RQ,,=26.94) K FLU (RQ,,=11.56) & S XS p 00 e d8hr . fEH2, H3, G2&mAtS
MBS FE5E 7, QNs I BTRRFR ) it 90%, FMHIZZEPUAE R0 K Sl FH 5 5% 0 2 72 78 R /K A 25 XUBS: 4
B EEREN R 2. LMs 5 SAs B RQ,, 28 HILL 20. 56 Fll 14, 85 M 445 = =Avi, 44 i B B2 1 R 2 XUB:
Ji; Ho, CLI (EZUWTFZ8~Z12 554%) FISMD (FEH AT G4 pifn) 43 Al X Wiz i E 2K
B DTmR AR . MAs BEER XS ECAR (RQ,,=4.93), {HHIFIHE ERY (RQ,,=2.03), 35T HAl



55 XX RS LT TGRSR KU BTSSR B A R 9
FEIHY), WTHES 2GR R

N L CLR
‘ s Ey
b & Ll oy
-k

2 M }’ r 2
T g RQ H
z12 %ﬁ g " '
?oz}. ' @ &
0 G % §
= e ‘
2 » | % >
fa %,
&
Gey 3
W wvs °
e W‘ 212 2 SRy i o : &
& an | L & i
¢ > # '
x| /
§ 2 2 o o
2] P . ) e
= ] & = g =
g " Re f & ¢ RO z
R e | A
| | g 8 a =
4 Y. .
| , * 4 *
% & @ %
% % ’ < % -«
e ey o
Gy Y Gy 4
Loy " 140 Low g 0
ND (O <0.01 (Negligible) 0.01-0.1 (Low)  0.1—1 (Medium 1-10 (High) =10 (Extreme)

#3  FRiE T hhUAEFRAESKEE (RQ) MZS/r AHIE
Fig. 3 Spatial Distribution of Aquaculture Antibiotic RQ Values

PUAE M RQ(E H HAHEOK E 5 PNEC I L8, SN RQ B “RFkE /K" 5 “EEm
fB” (IKPNECH) JEFEFERMZER . B, QNs RUEAERL S A7k B P IR S, {HI PNEC {5 1R
& (245 6~50 ng- L' B8 %%), WMENR (PNEC=6ng-L"), SEHHRS=AERQOM. MK, HLSAs
(1 TMP, PNEC=10000 ng-L") # QNs /) OXA (PNEC=15000 ng-L"), & H Bt &k)E SH 5 (3888
ng- L) BURERTH (100%45H ), {HEE PNEC A, H RQEAIRHMRALE)LF- T Z8 A it Bt
VLR A A S B s, W S e AR S (PNECEAR) MPtAERIs gy, R HHE ok B
AR, WOTREHT A ] 2 A 2SR

& 4 R AL EDSPTAE Z )BT (RQ) BNEEAREHZAEE (P MIGETH O FHE# T RIE, H,
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