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Abstract; In this present study, 10 typical antibiotics in two rivers in a northern city were analyzed to obtain the
pollution characteristics and ecological risk assessment, including sulfonamides, quinolones and 8-lactam antibiotics.
The results revealed that 8 kinds of antibiotics and 7 kinds of antibiotics were detected in Fuyang River and Qin
River, respectively, with the concentration range of ND ~205 ng-L™" and ND ~ 152 ng-L™', respectively. The de-
tection rate and average content of sulfonamide antibiotics were the highest, followed by quinolones and B-lactams.

A total of 7 and 6 antibiotics were detected in sediments, with the detection concentration range of ND ~57.0 ng-
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g™ and ND ~36.6 ng-g™'. The quinolone ciprofloxacin and norfloxacin had the highest detection rate, the sulfona-

mides were in the middle, and lomefloxacin had the lowest detection rate. Fleroxacin was only detected in Fuyang

River. The three types of B-lactam antibiotics were not detected in the sediments. The temporal and spatial distribu-

tion of antibiotics was higher in winter than that in summer. Fuyang River was higher than Qin River, and the exit

section was higher than the entry section. The contents of sulfonamides and quinolone antibiotics in northern rivers

were higher than that in southern regions. The risk assessment results obtained by the species sensitivity distribution

method were lower than that obtained by the traditional single species risk assessment method. However, both as-

sessments indicated that lomefloxacin had a higher ecological risk. Most importantly, the issues of antibiotic pollu-

tion in urban rivers in northern regions should be given more attention.

Keywords: antibiotics; urban rivers in the north; pollution characteristics; risk assessment
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Wbtk e E s m e B gR R W], BTARE R R £
FUTH A3 30] 3 [ B BRIT A VLA 4 77 AR 3T
EE% N VRN ral

FURAT G E T KBRS b AR R AT rp 22
PP TEm X, JET5 XN B AR AR g 3R
TR 25 N RN, PR B 2 S R
25 e 25 M 58 ) 25 5 22 A R R A 24 4
AT BB A AR AL H X B T 2R PR
FIACE AN A K RS h e fE i A Rk ™ 1
AT RIS P BTSSR B =
WA 5 DAL 7 Bl DX R 2 4% 3ok T 3T 3 o B 5 %
G R S | 0 v R 28 0 BT TBE I 28 4 10 il g
TUBUAE 2R 15 Qe R AR 2E AT R I, I R FHXURS: 7
TERK A AR R T A S AU AL . LA T7
T IR BT A A5 R BG KA T R A
BHZ%,

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

Na, EDTA (437 40, K AR HL) ; B AR | FE s
CNEY R 4l W F S Merck ; fifh 1 % i (SDZ,
4 99.7% ) AR E(TMP, 4 & 99.8% ) Tk fiiz Y
g (SMX, 46 99.6%) . 3k 78 52 ¥ (CFC, 4f Ji&
94. 4%) k71 ¥5 Ji5 (CFM, 21 & 89.2%) . 3k ffi ik #k

(CZO, ZHJE 99%) i P B (NOR, 4E i 99.5%) ¥
PNV B (CIP, 46 84.2%) . ¥ 35 70 B2 (LOM, 4li J&
90.4% Y VP2 (FO, 4l & 99.2% )hn HEAE i #4114
H (D2 i A Pl b i 5
1.2 FERLCREE

Ay SIAE 2018 4F 8 H R 12 1, %t HEHE A 8 BH T
FN TR ) KA ST AT R4 o D BRTAT I ACHE
SRS R DX DRI TET (ke A7 ) 2 Bk XD T (7 ER MR IR R 9
ASRAE AT, FL ~F9, 030 A3 2] R WK I 6
AREE, 3 BR Q1 ~Q6, I TE F7 M AL AR
FHEYRT, SRAE s BARAL B AR 1 R,

FHRIKESRAE 2 L W 0 ~50 cm B3R 27K
FE R AR R, R 2R U8 28 R 4R
100 g R Z VLY, B 16 4000 2 1 % B 48 i &)
FFER T 4 C2 iz In S50 % JF T 24 h N 58 )l
YLSLIN
1.3 FEah AL

KRB 500 mL K FEIL 0.45 wm I FEJS A
0.5 g Na,EDTA, ] 4 mol-L™" (JEL R4 45 H pH=3
Zitio Lh5 ~10 mL - min™" B9 3 38 4 2K RE i 2 5
FH5 mL HIEE 5 mL 0.1% &9 H R K 15 AL 45 19 Oasis
HLB /pME (500 mgx6 mL, Waters A A, fF /K&
LG H 6 mL 5% I BEK bk e i B A | 28 1k
30 min, FEMEFIAESE 4 T4 K 6 mL HEESY 3 YK
TE B HE AT VR, VR A AR TR S A
mL HPLC ¥ 1B S A (V1% B R K): V(T EE): V
(ZHE)=8: 1: D EMIRY) , Tt 0.45 wm A HLHE!
Ao AR ARE S AEST HPLC 43072

DU  DUBRIREAE -20 °C IR FR TR 1,
IR ILAIRE i % AR VR TR AIL - 80 °C ¥ VR T )k
24 h, TFFERL S TR W A | o 100 H i 2%
Brzeit, WERFRE 2 ¢ DR T#F 25 mL &5.0%
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H A 10 mL HEEE W 5E 5 min, #7510 min,4 000
remin”' B0 5 min, WA FIEWR . WL E A2 R 3
YOFRA IS E 500 mL AZ GBI, A&
KESR , ERTERMFEBURZE 045 wm AL B
e L ERZ A 05 g Na,EDTA , #h R 45 pH=
3 Lihh, S KA e Az A I Ty v AT [ AH 2 B
A1 HPLC 434,
1.4 ALgRsr - A0F

275 SCHR [20 1% FH 8 2008 AR €835 {3 (5 HE LC-
2030) Xf FF b #E AT 20 A A I 5335 4% 4 2 : Shim-
pack GIST C18 {454 (250 mmx4.6 mm, 5 wm), A

IR 40 °C %k 0.8 mL-min™" | #EFEREE 30 L, Kk
270 nm, B VR BRI 1 PR,
1.5 sl

R MR X RE b 2R AT AT, FH AR I
10 FhbiAE 2 IR R & 1, BRI P AE R 0.1
mg-L™, BHIRARE TR R 1.0.0.8.0.6.0.5,
0.4.02.0.1 F10.05 wg-L™" ¥R IR bR {E FTR,
10 i BARbiA: 2= rIAn it ZaAH OC R £134>0.99 ; 75 2
ARER BRI 0.1 .05 11 wg-L7' 3 AN EEK
SR H bR AR R A R AT bR R, g a1
WCHRATE 78.6% ~ 101.5% ZJH]
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Fig. 1 Schematic diagram of sampling points
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Table 1 Gradient elution steps
i 5] /min TEIAH A% W BIAH B/% sl C/%
Time/min Mobile phase A/% Mobile phase B/% Mobile phase C/%
0 80 10 10
6 65 25 10
8 60 30 10
9 50 40 10
10 50 40 10
14 80 10 10
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1.6 KB IEMN Ik
1.6.1  LABYRRINGAA Femh i 37l Rk

R DR AR A 52 S (TGD) H 56 T BR B8 KUK
PR A5 1%, SR FHRURS: B (7 (RQ) AN B AE R AE K
PRH A AEZS KU Y A SUR

RQ=MEC/PNEC

PNEC=(EC;, 3 LC,,)/AF
K. MEC R B85 i SEBa ks ik B (ng - L), 22 F
T " L% MEC %8 #8 fix K 1155 ; PNEC
TN JC AN MR B, S EC (CEEUSUN W  ng - L")
w3 LC, CEEEILIE  ng- L) 5F M K T(AF)Y
OB, HRAE RQ 1B ATAHE A 25 XU Jal 43 o4 v KU (RQ
>1), AR 0.1 <RQ<1), XU (0.01 <RQ<0.1),
AR (RQ<0.01)2) A 5C 35 BEEUHE I C A B 58 h
A, K 2 Fis .,
1.6.2  WIRhEUREE 73 A ith 2k (SSD)

SSD J7 R AL Gu 4 A5 KU P 1 A0, IOE T
1985 AEA0 A7 A B AR R ey, 76 1998 4 36 [H I 45
TRAFRI(US EPA) AR AT A9 A= 25 XU DA 45 7 ) i
o —AN KU PEAG SE 51N AT T SSD 7 AR 28 XURS: A7
R Y SSD i R FH SR (LCy, 31 ECs, )R

18 1 (LOEC = NOEC)# £ 17 ih U, il i
PRI 1V m] e B 1 L (HC ., 38 % BUE HC,
Rz 2 T 52 B2 ma By A O o SR RO 5%
IF YV B #EA T KU PEAf . BB BRANT

(1) BRI r R A

SSD ZER B HTA R A 4 FiLL EARRIZERAEY)
MREMERE S B W Y S22 R
FRIFEP, AW SE A 5 SDZ, SMX , TMP, CIP |
NOR ,LOM FO Fl CZO (¥ & P& H R U5 2 K 3=
(Y 3CHk A EPA ECOTOX & P4 % 4 (Https://cfpub.
epa.gov/ecotox/) , HAREHE I3k 3 Fios

(2)SSD £kl

WFFE L T S PERE R (LC,, 2 EC,,)#E4T SSD
MRS SRR AN B AR AT HEF
/ALK N, N5 W R BRI
L/(N+1), PhLCy, B EC,, X I R B X B M i Al
b, LAEA 2 B S AR BR i AT 2k 55 . HETE
b b5 FH RS SSD #l & #% A1 45 Sigmoid , Gaussian
Gompertz , Logistic . Logarithm , Exponential growth 7l
Lorentzian 257 B A A3 BUA i B A5 A0 335 1 7
TS

R2 MERESHSEHNE
Table 2  Antibiotic ecotoxicological data

iR SEIRAEY) » 1 ik
L . . EC5o(LCsp)/(mg-L™") AF PNEC/(ng-L™") .
Antibiotics Microorganism Literature
FfA
SDZ ) 22 1 000 2 200 23]
S. capricornutum
R
SMX o 027 1 000 270 [24]
S. leopoliesis
LT
TMP 16 1 000 16 000 [25]
R. salina
LRMAT T
CIP . 0017 1 000 17 [26]
M. aeruginosa
RICHLR
NOR 0.022 100 220 [27]
V. fischeri
SN
LOM . 0.106 1 000 106 [26]
Lemna minor
FO 1 128.329 1 000 1128 329 [17]
Algae
KA 5
Cz0 0.0041 10 410 28]
A. flosaquae

ECsy FR BN MR  LCsy R L BEBBCIR I s AF Fm P4 PR T PNEC 27 TN JC 3400 R

Note: ECj, is the median effect concentration; LCy, is the median lethal concentration; AF is the evaluation factor; PNEC is the predicted no-effect con-

centration.
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Table 3  Acute toxicity data of antibiotics

PR ZiR A LCs, 5 ECs, REME R I
Antibiotics Microorganism /(mg-L™") Toxicity data source
B AW S, capricornutum 2.19 23]
7K+& Daphnia 103 EPA ECOTOX
Sz Zg 3 Green algae 404 EPA ECOTOX
ff1 Fish 907 EPA ECOTOX
V¥ Lemna minor 0.62 EPA ECOTOX
W@/ NREE Chlorella vulgaris 098 [38]
FAA H ¥ S. capricornutum 153 EPA ECOTOX
JNERAC T Sphaerocarpus 3.56 [37]
R 248 1 Brachionus plicatillis 9.63 EPA ECOTOX
SMX A%/ NERSE Chlorella pyrenoidosa 188 [39]
PR ICIRN Vibrio fischeri 85.7 [39]
K#I% Daphnia 188 [39]
$i1Z Sea cucumber 297 [40]
Hif Oryzias latipes 563 EPA ECOTOX
BE b ikl Zebrafish embryo 1300 @411
JK#%& Daphnia 638 EPA ECOTOX
£E7% Green algae 20.7 EPA ECOTOX
TMP BREIF Mysid 111 EPA ECOTOX
i1 Fish 212 EPA ECOTOX
HERiMEEWE Microcystis aeruginosa 0.00922 EPA ECOTOX
K#YE Daphnia 159 EPA ECOTOX
EfMH W S, capricornutum 9.50 EPA ECOTOX
JNER#E Chlorella vulgaris 20.6 [42]
CIP WY ¥ Platymonas subcordiformis 287 [43]
FHHFHE S, capricornutum 297 [44]
AR EW AL Gambusia holbrooki 60.0 [44]
I BT Desmodesmus subspicatus 100 [44]
fL4E . Poecilia reticulata 350 [45]
AN G Dunaliella salina 105 [46]
B ZEIEH N. closterium 254 [46]
B HN%/INKIEE Chlorella pyrenoidosa 314 [47]
}i]Z: Sea cucumber 377 [40]
NOR &G Luminescent bacteria 482 [48]
FHAEMEEE Scenedesmus obliquus 502 [47]
KIEIF Daphnia 195 471
fLAE 0 Poecilia reticulata 237 [45]
L i Barchydanio rerio Var 646 [49]
¥ifli Ctenopharyngodon idellus 1 000 EPA ECOTOX
Hil S Microcystis aeruginosa 0.186 EPA ECOTOX
B AU Skeletonema 284 EPA ECOTOX
LoM FMA AW S. capricornutum 22.7 [50]
KIEIF Daphnia 130 [50]
KB Daphnia 420 [50]

1f1 Fish 8 670 EPA ECOTOX
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PR ZAEY LCsy B ECsy REME R I
Antibiotics Microorganism /(mg-L™") Toxicity data source
K Algae 1128 [17]
/K% Daphnia 1290 EPA ECOTOX
Fo Z§ 3 Green algae 1670 EPA ECOTOX
1f1 Fish 13 600 EPA ECOTOX
KAEfJREE A. flosaquace 0.004 28]
5 LA T 2. Geminocystis herdmanii 0.005 28]
CZO [FI#: % Anabaena cylindrica 0.018 28]
LMW Cyanobium gracile 0.051 28]
i, Fish 2 370 000 EPA ECOTOX

(3) BB AN 25 KB R AF
HAE SSD 2k i B3+ sRECH 5% BFXF iz 4k i
XPRUE T HC, 38 5 AU R B 5 (RQ)#E T 3RAE,
HHEAL N,
RQ=MEC/PNEC
PNEC=HC,/AF
A . MEC \PNEC 17543 51| #1558 v 19 S ot v i
(ng-L™)YFITCRUW K E (ng - L") ; AF ZR 1T A 7,
BUBEEE R 1~ 5, BRSPS EUE R 5, KB ALY
K155 1% 40 1) g Aol 3P A Y7 1 — 3. RQ>1
s KU, 0.1 < RQ<1 48 KUK, 0.01 < RQ<0.1
AR XU , RQ<0.01 TE UK BT
1.7 Hdssrih
K Excel X[ EE #4148 #8r , H Excel , Ori-
gin Al ArcGIS 10.6 &,

2 ZR 5138 (Results and discussion )
2.1 YA R IR B KE

WK 2525 B ARPTAE R v B Sk R a3k
4 fir7R, B4 ATHE BRI K b A 8 R AR
Z MG ND ~205 ng-L™', CFC .CFM K4
o RS 3 FibiA: E(SDZ . SMX Hl TMP) LA K
WETT S CIP NOR K %k 100% , At AE R
Ko HRAE 5.56% ~33.3% 200, MWHRE &, il
A W e, SDZ . SMX Fil TMP 114734 1% &
¥>90 ng-L™", H:¥k & NOR(74.4 ng-L™") CIP(66.3
ng-L™"),LOM FO 1 CZO ¥ & 7E 25 ng- L™
DA ik g th 7 oAz 22, Wk EEVE 2 ND
~152 ng-L™" ,FO ,CFC Il CEM HJRH6 1, # &
100% (¥~ SDZ F1 SMX , 45 5 Fhi sl R A6 40
[l h 833% ~833% ., P& EALE60 ng-L™' L 1
b4 & A SDZ.,SMX,TMP F1 CIP, NOR ,LOM #i

CZO P& TE 45 ng- L' LIF

AR L F 2 AT A A AR R
P22 5 8 15 hy M e 5 > s i ) 28 > B- PN Tk e 2%
2oy BrfE R R S b A R 0 ok Hh 2 th L5 i F
K X A R Mgt e 2 B A BT 1 ) 24 R B 3
FIRRE ), B-PIBERE 2B AR 2k Hh AR U2 R oy -
DB ERAE K TR R B & AR KA e 1 T
B-M Bk Pi A R R

2 RO A Rk E SR Rk S
Fi7R & BT R B-IN e 2R i 3 Rt AR R
(CZO ,CFC il CFM)AK 4N, Hdx 7 Pt R IH

G, HoH NOR A CIP (9 60 100% , FIAR 1Y 5
Flr A 2546 R AE 60% ~ 90% Z [8] . I YA
Hidtii it 6 i B ARBUA: R, B-MBEIEE Y 3 Rt s
FM FO SRA T, #3519 SDZ(100% )l
CIP(100% ), SMX . TMP F1 NOR A5 &l 60% ~
80% ., LOM gkt {HAS H R Ah 30% ; 7% &
AR Z W L N ND ~57.0 ng-g™,
¥ e = O NOR(30.7 ng-g™"), Hik ly CIP
(4.0 ng-g™"), HRPIAERYAE 20 ng-g' IR, W
WL AL CIP W34 /i T 20 ng-g ™', HiAgy
YA ZEHET 15 ng-g™',

XF b & BT T AR R AR 2RI AR 50K
FE—3 (B W5 & PRV TR 2 b AR 2 A 3%
I B 2R 85, B 5 W B AR LR v &5 T A v
W2 PAE ZON TR ) PR F T SR R K
R B R
2.2 T PiAE R A S A REAE

Fi: 2 A AR 2 s, W& B2
bR EGE LA, KEMTTEWIA s R Bk
B R TR ZE, XS Li S MR 45 AL IR T fig
JE AR T A RS YT R K S 38U
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Table 4 Concentration and detection rate of various antibiotics in river water

A ERT) L)
Fuyang River Qin River
iR TR 2 WG -y
o Kt 3/% Kt 2/%
Antibiotics /(ng-L™") Ang-L™") ) fng-L7") fng-L™") .
. Detection . Detection
Concentration Average Concentration Average
rate/% rate/%
range/(ng-L™')  content/(ng-L™") range/(ng-L™")  content/(ng-L")
SDZ 425 ~205 985 100 384 ~138 762 100
fifki e s SMX 426 ~169 939 100 58.6 ~133 78.1 100
Sulfonamides TMP 322 ~196 944 100 ND ~ 152 704 833
SF-H4{H Mean 322 ~205 956 100 ND ~ 138 749 944
CIP 335~132 663 100 ND ~ 112 649 833
. . NOR 30.0 ~ 168 744 100 ND ~ 126 430 66.7
T T 2
) LOM ND ~68.8 13.8 333 ND ~57.8 134 333
Quinolones

FO ND ~452 202 278 ND ND 0
SFEIE Mean ND ~ 168 437 653 ND ~ 126 303 458
CzZ0 ND ~332 3.69 5.56 ND ~302 504 833

B-M LGS CFC ND ND 0 ND ND 0

B-actams CFM ND ND 0 ND ND 0
F-45{H Mean ND ~332 123 1.85 ND ~302 1.68 2.78

T SIS0 BRSO DAy 2% A0 A 3 A A AR, ok 2 RT3 5 i 5 4 R A R

Note: The corresponding data of “Mean” is the overall detection concentration, average content and average detection rate of various antibiotics.

x5 MBYHZERMEZTRESHEE
Table 5 Concentration and detection rate of various antibiotics in sediments

FE B g
Fuyang River Qin River
Hik % T e, I
Al (ng - g~ AR/ (ng - g~
Andbiotics 2 T L st TP S T 7
Concentration Concentration
Average Detection rate/% Average Detection rate/%
range/(ng-g~") range/(ng-g~")
content/(ng-g™") content/(ng-g™")
SDZ ND ~27.1 15.6 80.0 668 ~273 119 100
fifk e s SMX ND ~253 133 90.0 ND ~123 726 80.0
Sulfonamides TMP ND ~202 102 80.0 ND ~239 103 60.0
F-¥{H Mean ND ~27.1 12.99 833 ND ~273 9.84 80.0
CIP 589 ~554 240 100 625 ~36.6 20.6 100
T NOR 102 ~489 30.7 100 ND ~28.8 145 80.0
M A
LOM ND ~57.0 143 60.0 ND ~14.6 3.13 300
Quinolones

FO ND ~16.5 7.76 60.0 ND ND 0
F-¥{H Mean ND ~57.0 192 80.0 ND ~36.6 9.56 525

CZO ND ND 0 ND ND 0

B- WL CFC ND ND 0 ND ND 0

B-actams CFM ND ND 0 ND ND 0

SF-#4{H Mean ND ND 0 ND ND 0

T - SIS0 RS by 2% 2R A0 A 3R A T R L L 145 B BRIP4 o

Note: The corresponding data of “Mean” are the overall detection concentration range, average content and average detection rate of various antibiotics.
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Fig. 2 The temporal and spatial distribution of antibiotics in water samples (a) and sediments (b)

Note: S stands for summer; W stands for winter.

MIET 2(a) % e 2 25T B4 395 Gtk Bl &
S REALSREIRT e S B NI 48 W NI (T . SN
PRS2 NJEE Sl i R BT LATE 5% B8 A 0 A 3R vl
FRNE A BT, AR B3 AMR AP R
WZAT T BTV, 456 SR A R 0 A A F3 SRR
S HIS LU DX H 2 el B0, A MR T 23k X, K 3%
Tt TH N8 JBE R DAL b A S RN 675 3l 14
B UL 2B 35 15 K A& BRI S BoK A R ik
JERYTE R, W BRI U F7 AR BRI T SR oK A ik

YERL PUERI S BA WA TR, X TR

T DX A8 BRI R 306, i BT 8T F9 A Bt A= 2= A A
K E a5 AT FL AR L S e, 3 T
S T AT O X5F T 9 T I ) K R b A R TS e
[ 2] T E YR

Guo ZFP3a 1 X ik i 13 AR ke A &
PEATREIN 3BT 5 & B0, 78 /K AR AT AR 0w oA D 381 47t
A= R R B AR AE T K A BT HE ) T Ui A BT R
i, ABARBEIE EoR , 4 B ZE B B A: Rk B I
PAET F6 F1 Q4 31X 2 s Ak IHH 25 5 /K Ab BT #hoK
USRI FS R Q3 A5, R4t iy LA i
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— X RAE AT T R M (] 3), X RAE
I LI, A& E B KEEH FS M Q3 A 5H
TiFR) F4 1 Q2 s —28, N—E BB AR 757K
ARER) H K S BEIT A_ER A 2R I 0 I AR
tk. 7 F5 F1 Q3 FiF) F6 Fl Q4 kb X &84
TR BT, X L AT R s K AR B K
15 YLy HOE AU o ZEBFSE TS KA BT H AR R
KA 3 i) i 7 3 T R Y B 5 Tl R

F1 & 2(b) AT, BRI DA b 25 R AR R
VB H BRAE T /K I U S 28 12 1 F6 i, I VAT T AR
Yrp oA R R s S BRAE Q3 BT, 454 M

100

TGRS KW B 80 1 28V e il AR vh i A R %
AT RESZ KR A5 A A S AR, 7K B /N F6
Q3 XK Iy 45= B2 iof B B, LA X 4 AR 2R 1
W B B A, SR R A O X AR AR T 5 e
FEWFFE A5 T AR R 25 3R
2.3 SIRER K E SN AT AT

L1 10 PP ARIGTA: R P A 2 A0 AR R
8 i, Hp &G H R >30% U 6 F#(SDZ . TMP . SMX |
NOR CIP 1 LOM), #{( & % 53X 6 Fpid: R et
T M DX 2 25T -5 3R [ R O DA A X 3k T
T P VR EE 25 5 gk 6 IR,

200
””””””””””””””””””””””””””””””” 180 -
80 160
l 140
8 6or L 120
=z %5 100f
5 4ot T8 st
60
201 40
20
07k Q5 F2 F4 F5Q3 Q6 F8 Q1 Q2 F3 F9 F7 F6 Q4 F1 Q5 F2 F8 F5 Q6 F4 Q3 Q2 F3 F7 Q4 Q1 F6 F9
FESIG KRR
Summer water Winter water
B3 RERBEEE

Fig. 3 Cluster map of sampling points in winter and summer
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Table 6 Antibiotic pollution levels in rivers of some cities at home and abroad

PUAERWE (ng-L7")

T3 o , ik
. Antibiotic concentration/(ng-L™") .
Urban rivers Literature
SDZ TMP SMX NOR CIP LOM
T o Max 205 196 169 167 132 68.8 "
Y BT, o R 34
Mean 985 944 939 744 663 138
Fuyang River, Handan, China This study
Freq/% 100 100 100 100 100 333
ST e R Max 138 152 132 126 132 578 "
IO, B4 3
o . Mean 762 703 78.1 430 649 134 )
Qin River, Handan, China This study
Freq/% 100 833 100 66.7 833 333
T Max 137 274 210 18.9 305 ND
WRIT, M
Mean 6.71 6.65 249 573 535 ND [61]
Pearl River, Guangzhou, China
Freq/% 100 100 100 93 62 0
Max — — 238 133 355 —
WA, v S
Mean — — 116 30 7.65 — [12]
Nanming River, Guiyang, China
Freq/% — — 100 100 100 —

A - [14]
Huangpu River, Shanghai, China Freq/% _ _ o 0 79 _
fEEﬂ‘%%DJJﬁEHﬁJ,EPEIé& Max _ _ 152 34 68 _

Yuen Long, Kam Tin and Shing Mun [62]
River, Hong Kong, China Freq/% - - 100 10 70 -
T Max — — — 251 130 5528 900 10 320
2P B
Musi Ri Iy:i' Mean — — — 69 774 789 142 5608 [63]
usi River, India
Freq/% — — — 100 100 100
. Max — — 572 — — —
JRGHELT, LY
Mean — — 458 — — — [64]
Guaiba River, Brazil
Freq/% — — 100 — — —
LT ZETE/R 36 [
Red Seidel. USA Max — — — <45 <19 <41 [65]
ed Seidel,
F 2= g SE

Rio Grande. USA Max — — — <45 <19 <41 [65]

io Grande,

IFCHT R, L

Max — — — <45 <19 <41 [65]
Petoskey River, USA
R, [
Max — — — <45 <19 <41 [65]

Detroit River, USA

T — 7R TR  ND 3R A s Max F/R i R A ; Mean F7R-P-HIMH ; Freq Rt ih &%,

Note: — means no data; ND means not detected; Max means maximum; Freq means detection frequency.
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Fig. 5 The species sensitivity distribution (SSD) curves of 8 kinds of antibiotics acute toxicity to aquatic organisms
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Table 7 Antibiotic ecological risk ranking

BRI RQHEF SSD % (RQ)HEF
Single species test (RQ) ranking SSD method (RQ) ranking
FESE) FESIND) & 15 W ZEN) FESTE) FENTI 7o) &
Fuyang River Qin River Fuyang River Qin River Fuyang River Qin River Fuyang River Qin River
in summer in summer in winter in winter in summer in summer in winter in winter
CIP(5.138) CIP(5 .849) CIP(7.779) CIP(6.604) LOM(0.0090) LOM(0.0070) CZ0(0.1203) CZ0(0.1095)
NOR(0419) NOR(0.313) NOR(0.762) NOR(0.574) SMX(0.0065) SMX(0.0049) LOM(0.015) LOM(0.0126)
LOM(0.389) LOM(0.304) LOM(0.649) LOM(0.545) SDZ(0.0040) SDZ(0.0041) SMX(0.0106) SMX(0.0083)
SMX(0.383) SMX(0.287) SMX(0.626) SMX(0491) CIP(0.0022) CIP(0.0025) SDZ(0.0072) SDZ(0.0049)
SDZ(0.051) SDZ(0.053) SDZ(0.093) CZ0(0.074) TMP(0.0002) TMP(0.0001) CIP(0.0034) CIP(0.0029)
TMP(0.006) TMP(0.003) CZ0(0.081) SDZ(0.063) NOR(0) NOR(0) TMP(0.004) TMP(0.0003)
FO(-) FO(-) TMP(0.012) TMP(0.010) FO(-) FO(-) NOR(0.0001) NOR(0.0001)
CZO(-) CZO(-) FO(0) FO(-) CZO(-) CZO(-) FO(0) FO(-)

e —FORPUE B AR UL ; ()P 25 S0 A 20X 17 1 U R (. (RQ)

Note: — means no data, and risk quotient is not calculated; () is the risk quotient (RQ) value of various antibiotics.

H A A RS P 1 7 AR B 45— 1
Z 5B AE EE 15 R E S
T R XU A AT T e B AR A . SSD ML ARER FAE 4
() RS ALY, AT e 0 R H L 1) 278 R 2 W) Fl
BB BV e ois T Ira AR5 B T g
BT A XA S RS E SR LG
— WINPT 1 B 2 S T TR A 8 SR A
BB AE W), e 5 0 A 26 K R85 1 K A FE
T R ARSI B — R X, 2 AR
Pt 5 b s KGR 3 Bt A 25 Ak TR XU 1T JRUIS: 7K
V- ABAEARE RS IRV BE T AR R AT S XK rh ik
A3 BRI ) AR T R T R 2R
XA SIS P2 AV AR B )M . P LOM #E 2 2%
AT S T Vol 3 A A B A 7S AU X 3 A, A el
75 i DX A T AT T LOM. i 2R 2535 Y h) A5y 15 2]
M,

AR S X Al T b DX T T 3 ) 10 S A
Az 3 R B KT B 25 0 A R AE DA B 7™ A 1 A 25 KL
W A5 AT TR, B LU T 258

(1) 3BT 50Tk 23 K 8 FhoFn 7 R4t
A F WIS FEL4r )08 ND ~205 ng-L™' I ND ~ 152
ng- L™, 2 FI I i B B R A R 5
i, HKO TR 2 B- TN Tk e 258 5 TR W vh 4
SR 7 A 6 R A R K Uk R 43 5 R
ND ~57.0 ng-g ' FIND ~36.6 ng-g™' . ¥l REH
() R s B2 Y CIP F NOR(80% ~100% ), i i 2t
JEH (60% ~ 100%), LOM £ % 5% ik (30% ~

60% ), FO X 7E 7 BHIT H A H (60% ), B- PN Bk e 2% 3
P ZARAE TR P A

(2) KB E R AT KA BRI L R N2
ST XA TR, DU b Pk B A KR
PR/ D BRI, SR F R R TE
T T = NG NIRRT = R WS L N g ]
G AL

(3) 53 E 5 5 s X LA K [ A0k it ] 9 4 L
BT R A A D 3 T YR 37 14 e A s 5 A A )
P R A TR BTE YK

(4) By R it o J5E ik 19 A 28 XURS: PE AR B OR
SMX .CIP .NOR F1 LOM 4 T d s KUK 7K °F- , Hir
CIP fz 0/ 5 ,RQ HI7E 5.0 LA L, SSD 70 7R
Ko Pi A B AL T I A A5 KU K, {H 2 Fh XU BT
W R0 LOM 78 2 4518 7 3k ol ol 3 vh A7 AR 48
fe AR SRS, A7 S b M XA 38 T 9T 3 R LOML it
A= F Y [ Ry A5 2 A

HEEIRIEE R T2 R(1985—), 5, 1+, 3048, 2 RAFR
T G ARBLA Y
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