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Abstract: Antibiotic pollution has attracted growing concerns, due to their extensive presence in the environment.
Antibiotics are widely used in aquaculture to promote growth and prevent disease. The present study investigated

the concentrations, spatial distributions, and sources of 32 commonly-used antibiotics in surface water from eight
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drinking water sources and five typical aquaculture facilities in South China. The ecological risks of antibiotics in
the study areas were also evaluated. Twelve antibiotics were detected in water samples from the water sources, with
the concentrations ranging from 0.12 to 44.6 ng-L", and the highest concentrations were found for sulfamethox-
azole. The concentrations of 14 antibiotics detected in aquaculture water ranged from 0.95 to 716 ng-L", and the
highest concentrations were found for chlortetracycline. Overall, the concentrations of detected antibiotics at aqua-
culture sites were obviously higher than those in the water sources. Redundancy analysis between the antibiotic
concentrations and environmental factors indicated that aquaculture and municipal sewage were the main source of
antibiotics in the water. Risk assessment showed that for each single antibiotic detected in surface water, the risk
quotients of ciprofloxacin, ofloxacin, sulfadiazine, chlortetracycline, and erythromycin-H,O ranged from 0.01 to

0.1, suggesting a low risk of these antibiotics. The total risk quotients also showed a low risk for most of the water

sources (0.01-0.1). However, they were higher than 0.1 at two aquaculture sites indicating a medium risk.

Keywords: antibiotics; water sources; aquaculture; occurrence and distribution; ecological risk

F 1929 4E35 5 2 i Lok , bk RLEp A
YIRSy R HE T EEAEN, AR BRI
T PRI B S5 AR ARV B T E R BUR LA A
SEHEWTTE R EY R E A R R
5 R P A5 it A 2 T 24 1 34 5 Y ) B, X IR B A
B RGN ARG FREARA B R . B AR
Z BRI M IR & 35, & AR F AR el R
B, $EdiE, 36 Fhay FHPLAE R 2013 4E7EH [E 1Y 4F
i 2R 927 Jrnd, Hrp PR R B S
FAM RN 843% Y, IREKZH ML= &
RS K AL BRI , (AT 20% 201t T B ) S8 AL 3
UMM AL TR PR 5 294 58% MU R (il
DU EAZ WA

i Bk R FE o AR A A K
T NG IR G P 1T & ¥ EE AR (R
PUAE R M B B A5 5% B A (a R AU A2
ZAO PR, K R A X K H A 6 K R b B A=
RS episr B A E2E X, BHar, HNA Rt
TG YRR B A S KU TR A 5 S B A R RS
JKARFRT AT AN VS S AR K AR U1 k™
Fr B DR I b B A A b AR 2T Y RIS AR
B EARGE  (HAA A B (R K 72 IR X B
IKUEHHEAT 43T, %5F T 7K 77 FR 5 X K HEAH 7K I
DX 3k g [ s A 9000 9F 5 e 2 U201 2K R e K 7
FRIE X PN Z Rl A ik B 5 R ) & AT YRR A
S Mt /DA fGE " AR SE DL T
RUK =R X S =K A R Ao 0 42, i T 4
FEFE T EDS RS | DUBR 2K IR N R 5T
PG 32 By T AR 78 K TR b AT K 77 258 X K AR
o) B g KPR S (8] 23 A R AE, SR T 278 s o3 A 7

LR R T XS A 275 Qe 5 30T 1 AR G, 73
B THUE R AR, IR TR i (e W0 T P A
R WX A, & 76 0 3 E R = IR X P A &
7 FH A AR BE RS2 A

1 ##57 % (Materials and methods)
1.1 XA

IES TS 1260 F 1 = 80 AH 235 (Y AB
4000 Q trap — # POZLFT HB K BT (3 [ AB SCI-
EX A w]) ;12 57 B7 38 SCIE #H %< B 2 E (36 = Supelco
3] MGS-2200 AT 4R (H 7% EYELA A ),

.32 A A R BRI B RS
B PHEE A BRZA B I A TEAR U 5, 359 8 [ S 8 R
AR FRESE T H B BCHI AL 1 000 mg - LAY B4R
it W, T T-20 CREGIRAE, HinhiAEREME
Y2k Fh2s  CAS 5 A2 S8 M OC MR B9 T
F 1., WisY MBS % 5% E EPA1649 J7 ik
(USEPA, 2007), J1-45 & SCHRH I8 Fi i 7 W 3K 251
VEMCIR TN Vb B -d it e FP O e i -, T e Y T e -
d, WERBKME-d, I8 E-"C-d, MR-, HER
WHE-d, FE NP I, W O ¥ o 5 2l
W F 78 E Merk 20 7 2 ®l; & Z B DU 2R A
(Na,EDTA) , Z R FN H R ¥ R 43 B 46, 43 51l W A
oMk 22 50 ) L 32 [ Sigma-Aldrich 550 2 w] Al
Jbnt BB A R A Al [ AH A B S Waters
Oasis HLB /M (T R 500 mg, 6 mL), SZ5:
% KR AiK
1.2 FEFCREE

F2017 429 A XFHETT 8 A~ HLEI LR FH 7K Wt AN S
AR TR X WA A TR RS, o fliR
SERRE S BLAT XA B Pk A M e 25 A % TR R
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BRI AN K 5 58 XI55 A1 ) Bl b, A 5% 38 X
8 MNELLL BRI KIEHL(SYD 1 ~8)F1 5 4~ HLHl
IKTEFRIEIC(SCQ 1 ~ S)HEAT WM, W A7 e 4n ]
1 iR,

[F]—RAE S DA L BR AR 1 L AKAE KA
KA EUE] — 8K EE 0.5 em L N AT A 3
MPIRARE, REJG WKEESL RN A 400 WL B

@ mol - LYJEATHE S pH Ry 3, APl K AL rh A= 4
X HBRTAE R R, RN IA 50 mL (435 4
F LB i B AR PR R B v . KAEE T 4 €K
P ROCR I IAAE, I T 48 h WIFATRTAL B, RAE
A2 10 53 W D A5 A7 7K I pHL B AR LS R
e i S BA EJ A SRS, A R
2 PR,

x1 BiHAEENERERRBN LM RE (PNEC) &
Table 1 Basic information and predicted no effect concentrations of target antibiotics
HhCZ PR BELAR BEXE B Je Fh CAS 5 I3 F PNEC value
Chinese name English name Abbreviation Category CAS Number  Molecular structure  /(ug-L ™)1
REZ Carbadox CAR FRME I ZE Fluoroquinolone 6804-7-5 C, H;(N,O, -
IR Ciprofloxacin CFX MRS Fluoroquinolone 85721-33-1 C,;H i FN; 0,4 0.203
—E AR Difloxacin DIF FRME T 2E Fluoroquinolone 98106-17-3 Cy HgFoN; 05 -
Risvh2 Enrofloxacin EFX FEMEEEIZE Fluoroquinolone 93106-60-6 CoH,, FN; 05 93
WE VR Fleroxacin FLX FRME I ZE Fluoroquinolone 79660-72-3 C,;H s F3N; 04 3007
KRV A Lomefloxacin LFX ST ERZS Fluoroquinolone 98079-51-7 Cy;HF,N; 04 0.106
Oy AL Marbofloxacin MAR FRMET S Fluoroquinolone 115550-35-1 C;H,FN,O, -
R E Norfloxacin NFX FRME T 2E Fluoroquinolone 70458-96-7 CsH s FN; 0,4 20
AR A Ofloxacin OFX T ZS Fluoroquinolone 82419-36-1 C,sHyFN; O, 0.532
YRV R Sarafloxacin SAR FMEEEIZS Fluoroquinolone 98105-99-8 CyH,,F,N;0;4 -
ik e G Ik 1R Sulfachloropyridazine SCP fifki 2% Sulfonamides 80-32-0 C,,H,CIN,0,S .
i i g e Sulfadiazine SDZ fiffi 2 Sulfonamides 68-35-9 CoH;(N,0,S 0.125
i Jlig — VP AR I Sulfadimethoxine SDM fifhi 2% Sulfonamides 122-11-2 C,H,N,0,8 -
ik Jhie FP B g Sulfamerazine SMR fifi %2 Sulfonamides 127-79-7 C;;H,N,0,8 -
it Jrie el P A g Sulfameter SM 12 Sulfonamides 651-06-9 C, H;;N,0;S -
il e — FH W Sulfamethazine SMz T Me Sulfonamides 57-68-1 C,H,,N,0,S 10
i i FF I Sulfamethoxazole SMX fifi %2 Sulfonamides 723-46-6 CoH; N;058 10
fisf iz [8] FH 4% B¢ Sulfamonomethoxine SMM fififz2% Sulfonamides 1220-83-3 C; H 3N, 058 1 720018
ek JHe Ttk B Sulfapyridine SPD fifi 22 Sulfonamides 144-83-2 C,H;;N;0,8 10
i e s S b Sulfaquinoxaline SQX T2 Sulfonamides 59-40-5 C,H,N, 0,8 -
HAIUFE Chlotetracycline CTC PUFRZE I Tetracyclines 57-62-5 C,,Hy; CIN, O 5
IR Doxycycline DC PUFRZE S Tetracyclines 564-25-0 C,, Hy N, Oy 0316
AR Oxytetracycline OTC PUIRE 2 Tetracyclines 79-57-2 CypHyy N, Oy 50
PR Tetracycline TC PUIRE 2 Tetracyclines 60-54-8 C,, HyyN, Oy 44
WhEE Clarithromycin CTM KEFAES Macrolides 81103-11-9 CyHgyNO 4 -
¥ AR+ Erythromycin-H,0 ~ ETM-H,0 KIFPERZ Macrolides 23893-13-2 C;;HNO,, 0.103
JLHRFmER Leucomycin LCM KIAHEEZE Macrolides 1392-21-8 CyyHgsNO,, -
bR & Oleandomycin ODM K HAEZE Macrolides 3922-90-5 C;sHg NO|, 2
AR5 Roxithromycin RTM KA NERZE Macrolides 80214-83-1 Cy Hy N, O 0.1
FIRHE Tylosin TYL KIFAEZE Macrolides 1401-69-0 CyH,,NOy, -
NI+ Lincomycin LIN HAf Others 154-21-2 CisH3yN,0,S 1 0000
H 4R IE Trimethoprim TMP HAh Others 738-70-5 C4H;sN, 05 160

{E : PNEC 371 WU JC RO, S R 52 5 -3 B A S SR Ed

Note: PENC means predicted no effect concentration; - means no related literature.
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Fig. 1 Sampling sites map

F2 BENSEHERKRSH
Table 2 Surface water quality parameters of sampling sites

PR IR/ C . WE/mg-L") HFER/(pus-em™) fbEHAEE/(mg L") M (mg L") EA/(mg-L") A /(mg-L")
. . p
Sampling point  T/°C DO/(mg-L™") Cl(ps-cm™) COD/(mg-L") TP/(mg-L')  TN/mg-L') AN/(mg-L")

JKIEHL Water source

SYD-1 303 7.18 8.16 180.7 11 0.06 092 0.06
SYD-2 30.7 7.57 7.64 196.7 12 0.04 1.63 0.04
SYD-3 29.7 836 7.76 34 14 0.02 0.68 0.10
SYD-4 305 7.71 7.71 166.7 11 0.04 126 0.06
SYD-5 263 7.75 6.72 319 13 0.06 031 0.08
SYD-6 30.6 8.77 8.66 303 17 0.05 024 0.08
SYD-7 275 6.78 823 323 21 021 2 0.60
SYD-8 303 6.19 6.66 1323 12 0.09 1.53 0.15
JK =S54 X, Aquaculture area
SCQ-1 29.7 7.84 10.61 954 16 0.16 15 039
SCQ-2 29.6 7.19 2.73 231 11 0.04 4.06 0.80
SCQ-3 31.1 79 823 1894 12 0.05 047 0.05
SCQ-4 312 732 4.5 288 16 0.06 4.62 2.17
SCQ-5 339 7.7 11.56 191.8 13 0.09 0.53 0.12

Note: T, Temperature; DO, Dissolved oxygen; C, Conductivity; COD, Chemical oxygen demand; TP, Total phosphorus; TD, Total nitrogen; AN, Ammo-

nia nitrogen.
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1.3 FEA AT BSR4 BT

RTAL B, SR H B 55 2T 4 )€ B (Whatman GF/F,
045 pm, UK)&L BB KA, DL BRIK R o (9 J0RE 4
] 1 L KEEFARIKINA 0.5 g Na, EDTA(LA$2 5 DU
TP B D FR) F 100 ng BYTR A N AR (100
pL, 1 mg L), AR S, KA BT AR 22K A
AHAE B AT HE B 28K FERT, AR T 10 mL £8
TEH B 10 mL =47k 2 mL F3h R 22 v il (pH =
3)%f HLB FEFEAT AL B, L2 B 4% 3 0 1 Ak /MR

SRJGE LA 10 mL - min™ (3 BE M ERKFE . R T By 1k
SPGB 1 RO /IVEE T R - HLB /) 3E
B, KIS , FH 10 mL &5 4l 7K i e/
FE, PABR 2 Na,EDTA Fl 5 SRR BLAS & 1 24 .
RGBS A T4 1.5 h DIBR B EUR P ER B K
gro AMEEUR BT AR R 12 mL FEE AT VR
RS TR T AR 48 2 1 mL, {XER AT,
B AT E ol VIvV=37 BB B (5 2% H
2 A1 2 mmol - L 2R &) o

*3 BENM4EETEERSH
Table 3 Related quantitative and qualitative parameters of target antibiotics

LioAaa] 100 ng-L!
hSCA R BELAATR E BN FEPERG R /ng-L™") i [l /%
Chinese name English name Quantitative ion pair Qualitative ion pair Detection limit 100 ng-L"!
Ang-L") Recovery rate/%
ENSEZ Carbadox 266.5 1302 2665 2305 10 71
EANTARAR Ciprofloxacin 3322 3142 3322 288 4 16 90
TR A Difloxacin 4002 3562 4002 2993 21 62
B 2 Enrofloxacin 360.1 3162 360.1 2452 25 922
B R Fleroxacin 3702 269.1 3702 3262 18 69
KRR Lomefloxacin 3523 265.1 3523 334.1 24 157
SR Marbofloxacin 363 4 72.1 363 4 70 17 100
IR R Norfloxacin 3202 276 4 3202 2332 13 87
AT R Ofloxacin 362.1 3183 362.1 261.1 20 89
fUEiA U= Sarafloxacin 3862 3863 3862 300.1 23 66
Tk e S miA % Sulfachloropyridazine 2812 92.1 2812 109.1 12 164
i i s Sulfadiazine 251.1 1562 251.1 92.1 09 81
ek Jhie — PP Ak 1 Sulfadimethoxine 3102 1562 3102 1075 13 108
i i FEY B s e Sulfamerazine 2658 1562 2658 1102 04 91
il e X 4 M Sulfametoxydiazine 2815 922 2815 2253 18 78
itk Jie — I g Sulfadimidine 2792 1862 2792 156 07 82
i i HE s Sulfamethoxazole 2542 1558 2542 1075 03 166
ik i [F1) P e s g Sulfamonomethoxine 2813 92.1 2813 1082 08 168
itk e i e Sulfapyridine 2502 155.8 2502 1843 0.8 76
ik e v W B Sulfaquinoxaline 3015 92.1 3015 1083 10 93
ENLETSN Chlortetracycline 4792 462.1 4792 4442 30 97
R Doxycycline 461.1 426.1 461.1 201.1 22 86
ENLETS Oxytetracycline 461.1 4263 461.1 4433 24 114
[WE7S Tetracycline 4453 4102 4453 4272 13 169
TR R R Clarithromycin 7386 1585 7386 5912 14 76
WK Dehydroerythromycin 7165 1582 716 5 5582 1.1 103
JtHEER Leucomycin 773 1752 773 83.1 15 89
k= Oleandomycin 688 4 158.1 6884 544 4 07 119
BAFR Roxithromycin 8376 6792 8376 158 18 65
BARWR Tylosin 9182 172.6 9182 1015 15 82
VINEIE+ Lincomycin 4086 1262 408.6 3604 06 130
H AR Trimethoprim 2912 2302 2912 123.1 06 84

TE B R IR KR 4 45,

Note: The quantitative limit is 4 times of the detection limit.
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HPLC-MS/MS 43 # : Wi AH 4,335 41 25 CORTEC-
STM-CI8(2.7 wm,4.6 mmx100 mm), i 31 7% K
0.5 mL-min" , FEAERFR 10 WL, RN 45 C, ¥
SIAH N G2 hEE (2% F R A1 2 mmol - L™ 2 R #% /K IR
AV ZNE(B), B B LEMLAR ) 4 .0 min 10% B,6
min 68% B,7.5 min 95% B,7.6 min 10% B, J5i&
FEBFIR] A 2.9 min, P E T YR RE A AR 40,
fliF LC-MS/MS #4750 #7, R F 22 ) g 8 1 1
(MRM)ES | HL I 55 89 U6 1E 5 A X (BSTH) A T
WE, WEFE N S 500 V, A HLE EP S 10 V),
M O CXP o 11V, BLk itk &1k &9
BEES R B 7 WE 2L R Rl AR SR SR
1.4 Fratgsil S o fur

SR FH IR ik e, 000 AR T A T AR
VERRERNZR 32 FhiA R0 TAE I ZRAHC R 5D K
F0.99, HAALEE R IR TS (LSRR
B HAE HIbFATHE(n=3), Hrp s [k H
PR A e B AN R 23 7 1A Hh BR s 28 T RE b H ARk
SN T T 62% ~ 169% , A5 X b i 22
RSD /NT26% . HAnbiAE 2 i i s X5 K
H RS IAR R W3 3
1.5 ZAEmiatT

TUATSIHT(RDA) FI T % 52 13 A W I o5 457 7K A
HEREE I S5 H0E MR I ARG R, DA R 2K
bt Z A REk IR, #E1T RDA 2308 Z 01T, B
SEEAT A NS I 3 B (DCA) % % 57— Sib HE 7 16 2 1)
KM, K EE(E<3 B, BIFT R RDA #4740 87, Jr
H DCA 1 RDA 4347, S5 i 247 log(x+1)%%
e, PR B TR B & B 2251, 7F RDA 4347
B}, SR FH AT E 1 $ 7 31) (Forward selection procedures)
FISFFR % B K5 56 (Monte Carlo simulation, 499 YK
B, L 3 b A R R R R (P<
0.05)*", DCA #l RDA 43 b7 3438 i 545 53 A1 1
Canoco 4.5 #4740 H
1.6 KM

>R FH AU 7 (RQ) 5 VA il Mol s i e A= 2 i)
AR PEM R R AT

(1) HE S 00 T30 o 22 ¥k B (PNEC) A, B AR 7S
XU (B, PNEC {8 R £ A B2 N FIKE R,
BRI A AN 20 KA A 3 A TR 5 ) ) e R
IR BEAE AR A8 KA JXURS: 74/ 48 7 (European Com-
mission)#fE ¢ (1 P-4/ A 7% (assessment factor, AF),
PNEC ] A4 LA A T4

PNEC=EC,,/AF ¥, PNEC=LC,,/AF
HHp BCy, MBI MR EE , LC,, N EEOE I
AF {H N PEAN I F, ECy, F1 LCy, M B H 2250085 1
FSCER RS AF BUESE{H 1 000, ASBF5E h H AR
PiAE R M) PNEC (B AR AH ¢ SCHR R 1 4R 15, 45
WA 1 iR,

Q)W A AR FR A A RQ (E AR LAWY
SR e I o vk B (MIEC) AR 25 IXURS: B 08 R 47 3
B LIS PAR 2205 Y W i AR S KU KPR
=R/ W/

RQ=MEC/PNEC

RQ,uu = ZRQ;

Hr RQ, A B ARAL A P 78 JE W K A4 A fin i A=
SN FECCRN),RQ, ALEY) i 1) RQ HCEH:
YT MRS RQ AN, AT LURE A 25 AU $] 43 % 4
NG T B A IR AR (RQ<0.01), IR XU (0.01
<RQ<0.1), H1% XK (0.1 < RQ<1) FIE X
(RQ=1)",

2 ZR 51718 (Results and discussion)
2.1 PUERMEEAKE

32 Ff HARPiAE R A KR (n=8) FIIK 7= FRFH X
(n=5)FLA 14 Ff, 6045 6 Pl Rl i B DS (4 Fhish i
25 1 FPIUERZE S 1 PR IR N RIS 2 P LAl 2 (R
A5 (LIN) &S IE(TMP)) . 3 156 B 7K U6 b K
FERIE X P AE R FEUE R RN AT,
14 FhPiAE R R R W BEYE L P A e
gERE 4 Fron, Hop KR MR 1 12 R
2 WREEEIE S 0.12 ~44.6 ng- L # il Wk B B
A0 A 2R M il e Y R (SMIX) . 7K 77 37 B X AG: HY
14 P AR W H b 0.95 ~716 ng- L ki ih
WP e BT AR oM E U IR 2 (CTC),, MK Hy Ff
ok FE B BIE Y B (EFX) FIAE PO 3 £ (CTC) R 7E
TR SR DX AT Kt Ah KR b K R B R
() HAth BT A R 2 ARR], I EL RS V) B (FLX) A4
SRVD B (OFX) 15 7K U8 Hi 17K 7= F2 51 X A0 6 2 6
=35 100% o J2 IR FRAH A3 AT 2 B, 7K U b A 7K
FEIERE X T i v B (MAR) I iz 7] Y 4R s I
(SMM) & B 19 B2 IR #RAH G R4 r 2090 R 0.616(P<
0.05)F10.742(P<0.05), LA 4558 %K
Hi RN 7K 7= 77 58 X B0 AR 2R 04 Tl 2 B ok B oy A S B —
E B MR S K VR B AR 2R R TR 5 K 7 R
S XU AE R A C

A L T PR JHC A i, DX P AF 0 285 2R, 3% T K U L
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fiek i W g (SDZ) | it e — HH W g (SMIZ) | ik e FHY T
(SMX )1 FF 42 1 gt (TMP) 1) R AR TV R Il AR AR
Hiu DXER A 7K U8 v ) v BT (E R i e RO
(SMX) ¥ B v T A s i v /K Bl i v 2™ 3%
T 7K U5 o 5 7D 22 (NFX) | EUR TP 2 (OFX) | i i
WEIE (SDZ ), fith fiie — HY W g (SMZ) it Jiie HY 1L nae
(SMX) 4 ¥ B v T i ot SHL 78 B X P /K R e 7 e
FEPY AT K IR M P e FR I E (SMLZ) | it e HR
WEE I (SMIX) FIE 7K 21 %5 2 (ETM-H, O) [ ¥k £ 5 31l
T TR 7K P P R R 2 30T, T A T K U5 b bR g 3R
(LIN) Ao BEAR T IR DI VG e K 22" DA b &5 SR 2
PiAE ZAEE A [FIZKAR A i & A B — 7 i
B 225 X AT RES M DR 20 R JRIKE LA
TG Hb ) SR PR AT OGNS IR SR X K AR Hh s i
BB TD B (BFX) 35 9 70 B (NFX) 55 it i 2
(T i M WE (SDZ) i i FF 420 W IWE (SMIR) | Jisf frig FH I e

\
iy

(SMX)35) i e K 5 AR 7K 7™ R 3k i )iz il
FAA K ARE P AE R AE AR K ™= 7258 X 1) 43 A
A — 8 B X e 3 5% X 70 A 2R G 4l A ST 15 A
WEAT A LT, BN, ik = 775 X iR A T
B (OFX) fiff iz W% 15 (SDZ) A it il — F W% 1 (SMZ) 1)
VR ) R TR YL 1T SR K 7= SR XA R T A SR
b B (NFX) 1 B I b A1 T 2RV AR K ™= 53 5 X
M BEN T K = R A X A B e g e (SDZ) il g
T F R E (SMZ) i e FE ke (SMIX) A H AR
(TMP) )48 J3E BG4 7K 72 2 58 DX B T 7K A4 P Y
WRIERS TN R VDK R X KR K 2T R R
(ETM-H, O) ik 7 it 5535 60.8 ng - L™, i fff Jiie 1%
WE(SDZ) Ffik iz — H g IE (SMZ) X AT /b ik i, Hedse
VRN 062 ng- L', GRS K P SR8 X I
JR AR H Y A ROV AR B (OFX) Ml sl b
F(NFX), Hf 4 15.0 ng-L'"

x4 EmkiEMAKFFERKEREHTERNGITES

Table 4 Distribution of detected antibiotics in the surface water from source water and aquaculture areas of a city

JK I HL Water source (n=8)

JKF=FEFE X Aquaculture area (n=5)

o BlenE | HfH i Blen | HfE T
Compounds i H % /(ng-L") /ng-L) /ng-L) 2 /% /ng-L) Ang-L) /(ng-L")
Detection rate/% Range Mean Median Detection rate/% Range Mean Median
/ng-L") /ng-L) /ng-L") /ng-L) /ng-L™) /(ng-L")
FUEHENZE Fluoroquinolones
CFX 25 327,516 422 422 40 528 ~20.5 129 129
EFX 0 ND ND ND 20 373 374 374
FLX 100 8.01~102 9.07 9.13 100 8.17~156 10.3 8.90
MAR 100 3.05~278 102 8.04 80 2.80 ~402 283 35.0
NFX 38 720~109 8.62 7.66 60 751~199 14.0 147
OFX 100 562~271 152 1435 100 762 ~286 193 24.6
/2 Sulfonamides
SDZ 13 097 098 098 20 6.53 6.53 653
SMZ 13 432 433 433 40 479,168 10.8 10.8
SMX 50 032 ~44.6 11.6 0.71 20 1.85 1.84 1.86
SMM 62 0.89 ~4.83 2.04 1.70 80 501 ~200 11.0 940
PUIRE 2 Tetracyclines
CTC 0 ND ND ND 20 716 717 717
KEFPIREZE Macrolides
ETM-H, 0 13 993 994 9.94 20 536 536 536
HAh Others
LIN 0 ND ND ND 60 095 ~236 1.70 1.80
T™MP 50 201 ~6.14 423 440 60 252~129 723 627

13 :ND JyoRhiih
Note: ND is not detected.
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2.2 PRSI RIE e EE A B SRV B (BEFX) A A e B 4Kk, 4

6 FhIRs RSN 4 Fhfifh e 2S5 A= K 02 1a) 43
AR 2 iR, 6 Pl it B 2 b 2E 2 A KR
HIFHEE N 16.7 ~62.2 ng- L™, H B vk 1 i ik
Z R4 e 55.8% ~ 100% 56 Fft 9500 145 i
R FAEK = IR X IR R 18.6 ~153 ng- L™,
HFRWRE PR BN E R 17.3% ~
85.1% ., FHIEI 2 AT 1, S0 i B S Hi Ak R e K = 77
B DX B v T K R b, K SR X SCQ-1 H R
WET P AR R B Bk B R 153 ng- L (B2l F
W S5 AV A S DU BR 2R (CTC) K HE vk B 5 15 716 ng
L SO IR R AR R SRR SR E N E
I EER173%), A HALK = FRFEIX , SCQ-3
EP‘ﬁﬂ%i%@ﬁJﬁéﬁi%i%E\mEﬁﬁ,11?%/ 18.6 ng-

o TRME VAT ST AR FAS ] K YR Hb 22 T] A9 U 4y

ﬁﬁﬁﬂ%%?ﬁi?hﬁ?ﬁﬂmmr@% 0~456 ng-L",

Hpr vk B Pt A R B E W E R 0%
~409% ;4 ﬁlﬂﬁ;ﬁﬂﬁﬂni%hﬁﬂ%iﬁtﬁmﬁﬁ
0~453 ng-L" ,/H\Jﬁ%‘mﬁ? BPUAE R B E
FEoR 0% ~69.9% . AVA b B S YT AE RAE K 55
B DX 32 Ve T AU i, (L2 il e P Ak (SMIX) 7E
KL SYD-7 UMK 447 ng- L7, B i Tk 2
FRIEIX (K] 2), IKTF=FRFHIX SCQ-5 Hfili e ik &
(1R VA oy, = B Ay it g Y 4 W (SMIME) T i
“HBEIE(SMZ),, /K77 FE X SCQ-2 il SCQ-3 H?
UK 1 F it e S bt A= 3R« i e P40 E (SMIM),,
AR UG A H P B e b AE 2Rk B A, B
Shy i e P48 18 I (SMIM), i Jiie — Y % I (SMIZ) {7
JKUE M SYD-8 A it DAL 25 R U | Jnes 145 1l 2

?ﬁttiﬁd‘ﬁu S vh BR(MAR) IR B (OFX)RA: MR LA AL /K IR K ™ F7 5 X AT —
180 T 120 I OrX
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Fig. 2 Spatial distribution of two classes of antibiotics in the surface water from source water and aquaculture areas of a city

Note: FQs stands for fluoroquinolones; SAs stands for sulfonamides.
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W28 [B) 43 A1 26 5, K7 FR5H X 32 NI Bl , Bt
ARG T e B A 5 A LA AG: T B A R AR,
FEETE B P R R AR R R, X 5
FME TSP A R A ) B R P
2.3 PUERSE SR T A

IR AR 7= FRE DX K A4 e A Rk B R R Xk
N 53 AT (DCA) S — Sl HE P 46 B2 1 BE SR 1.909<3, B
PIRZR ] RDA 43872k % 58K IR hHi A R IE S
WG K (RLEE \pH I 405, 38 S)BYAROCH:, MR8
RDA R 7 355 15 19 21 558 R 7 8 08 AR 47 Hb i
BEAKAR rp A R B A8 Sk, Bk SR (R SRR 1A
FXPK AR e A R Ak B o A B 8 sk (P
<0.05), RDA 43 7, 42% 1978 55 i k2 19 2R
B2 N F B R BB R, A R 40 ) i B 26%
1 16% (2 5),

&3 W T RDA 4081 s i HEF I, Hrf A
J W ) SRR L R 1) PR AR o A AR (B R — R
BESA BT AE R WR ) 2 R AH DG s B s e iy 2 Bk
T LR I BR B AR 1 5 W Fh (A B9 SR A A

x5 BEERFEMAKERRERSTHERENEZEE
Table 5 Summary of the forward selection procedure
in the redundancy analysis (RDA) performed
for the data from the surface water samples

FRHE

Environmental variable A% P £
BE(TN) 26 0.008 396
SBE(TP) 16 0.046 283

TR (T) 9 0.144 177

pH 7 0206 177
#4E(DO) 7 0.162 151
FL$%(0) 6 0278 132
k2% 75 4 5 (COD) 6 0348 123
HA(AN) 2 0772 044

TE:® A, FT 2 35 19 R BT A 1 AR 5 BE A AL & W vk AR S B A 4
Hs° PSRN PR B B FL P AR A S . P {E
I F (R PSR 0 B AR B6:(500 R EL L),

Note: * A, The percentage of compound concentration that can be ex-
plained by the selected environmental factor. ® P, Significance of variation
is explained by environmental factors. ¢ F, Probability distribution of F-
test: P-value and F-value are tested by Monte Carlo permutation (500 re-

placements).
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TE : BRI IAT 5 3 SAAER TR IR AN SRR DOR IR A BT A VR E Sk =2 Wl e F SRR AR G | K B FROR AR PRI

Fig. 3 Redundancy analysis (RDA) ordination plots based on the

samples (namely the antibiotics concentrations in each sampling

sites) and environmental variables selected for surface water (A), and the species (namely each antibiotic based on their concentrations)

and environmental variables selected for surface water

Note: The circular and square symbol represent antibiotics concentrations

(B), at source water and aquaculture areas of a city

in surface water from source water and aquaculture areas, respectively.

The lengths of the arrows reveal the strength of the relationship and the intersection angle between the arrows can express the correlation.
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=3 [ 10 FppiA: ) Z B SC . KA R
WePE S ABEH T 78 RDA 43 H7 5F — il (%) AH 5P A
SEMEAY I 0.921 F140.4% . HRAEDLA: Z AT >
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IV e NA 7= 16 B VIAR G |
2.4 BRI
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RQ {E>0.01, R I A AL ; Hp KE4PiERD
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Fig. 4 Profiles of ecological risk quotients of antibiotics
in source water and aquaculture areas of a city

Note: Vales lower than the dotted lines means minimal risk.
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