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Abstract; This paper chooses Yuanhe River in the Poyang Lake basin as study area. 27 types of commonly-used
antibiotics, including sulfonamides, tetracyclines, quinolones, nitroimidazoles and macrolides, were selected as re-

search objects. The presences of the antibiotics were detected by employing an optimized solid-phase extraction
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pretreating-liquid mass spectrometry method, and the distribution, origin and ecologic risk of the typical antibiotics

were investigated. Results showed that antibiotics widely occurred in Yuanhe River with 20 kinds of antibiotics be-

ing detected at various levels. Among them, sulfonamides and nitroimidazoles had a detection rate reaching 100% .

Breeding wastewater and domestic sewage were determined to be the main sources of antibiotics in the Yuanhe

River basin. The distribution characteristics of antibiotics were related to the prosperity of breeding industries and

social activities in this region. Results of ecological risk assessment of 12 types of antibiotics in the Yuanhe River

water body showed that clarithromycin would pose a high risk; erythromycin, oxytetracycline, enrofloxacin and sul-

fathiazole would pose a medium risk; the rest antibiotics would pose low risk or no risk.

Keywords: antibiotics; Yuanhe River; ecological risk assessment; distribution characteristics; source
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TLPEABEA ) KLk, T E X K IR 5E ik &
(5 YRI5 17 DK 22 4 vh AE R VI /K % i 32 22
R R E R =t 1 R I N i I S 2
JEP LRIy TP B TP A AT A fE X
RIS AR ST AR AN AL, ] ST
R — S0, Tk AL R 6 262 km®™, 32l X
N VW% 28000 Sh AR JR) BBl 3 A 4 760 PR I8 1X o 22
(78 BV SR M | 558 DX 7= A 0 R A 2l R 4
b B EEEHERL, KU B2 R R K A BT P
(ER A O3 ] i DX (A B2 2R 8 7K B KU R B 1
AR, BATEE WA T =Sk A5 h il &R
ST

ARG R A T 32 100 I 3 A4 3 e KB i, IR G
IKBE A R B, PR FE S T K AR e A R ik
JEAK- 5 00 A RRAE X BB R G b ik B bk
PEAT A KBS T, ASBIFFE IR T X 2 K AR rht
He R AT T A%, 932 B i) K RIS A 40 2 it



4 4

AR AR A5« ST I8 U S K AR R A 3R 3 A AR 2 A 25 KU A

565

PSS R TP 3 I e A 2 R G A R R R K
LERME%

1 ##57 % (Materials and methods)
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Fig. 1 Sampling point map
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Table 1  Sampling location information
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Sample number

BB A

Geographic locations

CR-10

CR-11

CR-12

CR-13

CR-14

CR-15

CR-16

PO BRI BT 2 KR
Xin Yuanhe Bridge in Hebei Village, Xicun Town
A5 AR BTR 7 100 m
100 m downstream of Yichun Municipal Wastewater Treatment Plant
AT LKA
Yuanhe Bridge in Binjiang Town
0T AR S R A AL
The intersection of Wuji Expressway and Yuanhe River in Hexia Town
% i 294 ELIE -5 R A4
The intersection of County Highway 294 and Yuanhe River in Luofang Town
HATBHE I
Xinxi Bridge in Xinyu City
A T3k 5 LA AR B 7 1] 700 m
700 m southeast of Zhangjiashan School in Zhangshu City
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RAE 1 L KARRE AR (O BB, 3 2 A 50
mL SR i ACRE v 20 B A A K ek 92 A A X
Pk R AR, g m b R DR AR AR
100 WL ¥BRAR , W35 pH (A2 3 2ty RIS T I
Iz S50, T 24 h NATRE S UEAT AL 3T
1.2 AR 55

TEREAS T I Y (1290-6460 , L HER B Hi A
BRZS ], 3 ) s W BEAX(UVS-3, b fe sk A B A
PR H], o) ; HL TR OF-(AR224CN , B S2 (U (R
MDA BR 2 A, b D R R S O R A (KQ-
250DE, B T A A A BRI, o ) s i i
#7(SCAA-SF1000, i 1% SL i B A PR A |,
) ; T EE 4 (202-008, F1 R BHEE A FRA ], )
A 2 K HL (Direct-Q® 5UV , i[5 2K o7 2% F /N A |
),

FRZE 27 P AR AR HESY . KIAPIEE DS (mac-
rolides, MLs): % £1. & % (roxithromycin-H,O, RTM),
Fi] 47 5% 2 (azithromycin, AZM), 7% %5 % (clarthromy-
cin, CTM), £I. % & (erythromycin-H, O, ERY), 4¥f
K K (tetracyclines, TCs); 4 55 2 #h 2 £ (chlortetracy-
cline hydrochloride, CTC), + % % ;R 1k (oxytetracy-
cline hydrochloride, OTC), 5% JJ 5% &K £k 2 £k (doxycyc-
line hydrochloride, DOC), U ¥4 % £ i £k (tetracycline
hydrochloride, TC), M il 2 (quinolones, FQs): ]
M ¥ B (sparfloxacin, SPA), Jill #F V) & (gatifloxacin,
GAT), 8% b /2 (fleroxacin, FLE), % % 7> & (ofloxa-
cin, OFL), & i# 7> & (enrofloxacin, ENR), ¥ & V) &2
(lomefloxacin, LOM), ¥/ N 70 & £5 iR £ (ciprofloxacin
hydrochloride, CIP), {K# 7> & (enoxacin, ENO), 145 3
70 B (norfloxacin, NOR), fiff Z& K 4 2% (nitroimid-
azoles, NDs): H! fi§ ¢ (metronidazole, MDZ), — H fi bk
M (dimetridazole, DMZ), fiff Jlié 2& (sulfonamides,
SAs) . il i 14 HE I (sulfaquinoxaline, SQX), fiff il X FH
S M E (sulfameter, SFM), fif iz FH 4 GA & (sulfame-
thoxypyridazine, STP), fiff JiF — H J& W% ¢ (sulfametha-
zine, SMZ), fiffi i 9 W& (sulfathiazole, STZ), itk Jtiz FH N
I (sulfamethoxazole, SMX), fiffi it % WE (sulfadiazine,
SDZ), fiff M W (sulfapyridine, SPD), LA |- 2571 14
M @ % [F Dr. Ehrenstorfer 23],

4 PP bR . i e F L B BE-D4 (sulfamerazine-
D4, SMR-D4), ¥ [N 7> 2 -D8 (ciprofloxacin-D8, CIP-
D8), 2 H 3 4 % &K (demeclocycline, DTC) il £ %
#-"C,D3 (erythromycin-"C,D3, ERY-"C,D3) i [

H 7% % Dr. Ehrenstorfer 2y &),

Waters Oasis HLB(6 mL, 500 mg) [& #H % B /)N
W O CROTE AW b CRE IR |
Na,EDTA B A —fh Frme 2 K FER IR ¥ B
s S R B A PR A F],0.7 pm(70 mm)GF/F
JEMENA H < [E Whatman 23 F]

1.3 sk
1.3.1 FESETALER

i 0.7 wm GF/F UEEXT 1 L /KAE AT HhUE,
A 0.5 g Na,EDTA it P55, A —HERE 5 i% i 2
ANEE PR 2 AN, BN KR i ACHH 26 A [l R
Fe R F vk BE R 100 ng - L', 2% AR vhofim [l fig 5%

BT, AR AR ERE S RN DRSS 7R 7%, ] HLB
[P AH A BUINEE AT A B, TR A K FE AT AL 1 7 - 5™
)3 LR /A AR RS 2 RO 5% H i
(% 50 mL 8 2l /K o ZEBUME T 2 h, B S
mL I 4 mL 4R 406 .3 mL 50 FF e v 1 26 B
ANEE BT AR A BOR T AR R
T A 1 mL H RS KBS R # T 0.22 wm A HLIE
JEE B 100 pL IRV ZIE T, FH 100 WL 9145
TLAIAE IR W, A AEBOR E T 2 mL A% /N K
MESHT
1.3.2 Ak

PUAE ZR A P A 26 25 0 1 A €2 R T
i (ultra-high-performance liquid chromatography-tan-
dem mass spectrometry, HPLC-MS/MS)(Agilent 1290-
6460)) 73BTt . 38 3o B e 0 K A ST B A
RRI v, B S BNk S 805 &
BT AR AR A5 B Fe o B RO M R U
R 7

A5 B (0,38 25 F : ZORBAX Eclipse Plus C18
FE@2.1 mmx100 mm, 1.8 wm); FishA A 02% H
iz F12 mmol - L™ Z R ¥ M 4l /K IS W, T 8h A B
LC-MS 2 Z i, i# 02 mL-min™" ; JFAERE 4 pL ;4
AR 25 °C, PUAb)E M BTIE 45 F . 255 MRM A%
3, ESTIR, IR B A TR AURE 325 C 5 TR
P 6 Le-min™'; BAIE HE 3 500 V; HL-2H T 4
RA ; SR E 325 °C ; Wifb#s % 71 275.8 kPa, £l
T5 B SHOLSCAER[30], A 10 MRESLE 1 A
HEEFE 1A AR, OGRS FITE 79% ~112%
1.4 EEXETEN

SR FRUBS: R (BT A T 2R S B PR, AR 9% 3k
TR IR A T A 2R B, AT IR B XU
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P AR A EORTE OO PR TR R IR PRI AR LA I R

Bt 7k A A AU AT LR FH XURS: 7S (B35 (risk. quo-
tient, RQ)REIFAL A A KU S5 KU B {E(RQ)R H]
AT
RQ=MEC/PNEC

A MEC 3£ 7R 3L BRI 2 ¥ FE (measured environ-
mental concentration, MEC), PNEC &7~ Jo & v/ He J&
(predicted no effect concentration, PNEC), #R i H:
RQ fECAT 4 KU R JEE 73 0 4 262 RQ {H<0.01 A
B, AT 0.01 F10.1 [ A AR, AT 0.1 Tl 2
ENOPS LR 8 NOR (=R b WS F =iy

2 ZR 5178 (Results and discussion)
2.1 WK R U KT

RTEOK AR R A R AR, TR KR
W BT ER L BR 7 LA R AN, HiAl 20 FhpiA:
RO RIFR RS MR 1 R R A 2 R

Horbr RIS IA F i, B v B2 R ke
28, HA =P AR R AR AL E T 100% , 4018l 3
JiR . PUAERIRIE AR 2 iR, =K EfHT
A OV IR B R i M DU RS i b A R b

100 f—

80H

(o)
(=
T

K 2%
Detection rate/%
~
(=)

20

11

FAREH KRR, B T H MR, )
2 I T I IR 20 B R B A AR e s Y
FE L KA A EE R B3R 3 T 8.70 ng- L7 5 Hik
RIR M e 2s 4.32 ng - L7, A LKk mE 24 2.45 ng -
L', KIFEEZE 137 ng-L7" ETREIZE AR AR, 9 025
ng-L™' . BN S RS HYVR B B R 2 OTC, Wk A
FT 156.64 ng-L™", i TR A& CR-12 4b,OTC 1E
R PUPRZE S —Ffr, AR 1 B A (o HL e hy 5 8 77 4
Ml ) BT AE R Y A SR R BT
(B4 TR A AR HESR Il OTC(27.05 ng -
L™').SMX(19.64 ng-L™") DOC(5.68 ng-L™").DMZ
(489 ng-L™') SMZ(4.74 ng-L™"), i Hi 4 Z(10F
Uk B AK T 2.69 ng- L',

IKBEH RS B R W HLBN 29.62% |, K H
HH100% , Horft SMX EHJHREHy 19.64 ng- L7 ik
o T AR A ke K, WS TRTR S BT
il A 33.33% , Ho i ENO RO # R & /=, A
85.71% ,F-HJ ¥R & 0.49 ng-L™', SPA,GAT .LOM
CIP 1 NOR ¥ARAG 11, 3% J2 H T 0 43 0 s v Bl 2%
Pz 2 HAT ARR YU BB 7, 5 BB W BREAE Tl 3 A4 DT

[ 2

e 5o

MK 27 M RR H &

7F:RTM R B L5 E , AZM FoRMH R, CTM F/R i fiF %K ERY F/RLFH K, CTC F/REFH K ,0TC /R 15K, DOC #RikhEE,
TC F/RVUAFE , SPA FIR AV R, GAT Rn i v B FLE 3R BP P A  OFL FR AP & ENR F/R B B, LOM FRiEED A,
CIP /RN R ENO F/R K7 & NOR F/R BRI £, MDZ /5 Al DMZ 3275 Z AN Bk SQX 7 filf e SEmk | SEM 28 /15 fitf e xof
PP AR IE | STP Rl i P AUk 158 | SMZ /R M e — Y BE BB WE | STZ R it g , SMX. R st e FH Mk | SDZ 3R itk e W e | SPD 3R it I ML RE

Fig. 2 Detection rate of antibiotics in water of Yuanhe River

Note: RTM means roxithromycin, AZM means azithromycin, CTM means clarthromycin, ERY means erythromycin, CTC means chlortetracycline,

OTC means oxytetracycline, DOC means doxycycline, TC means tetracycline, SPA means sparfloxacin, GAT means gatifloxacin, FLE means fleroxacin,

OFL means ofloxacin, ENR means enrofloxacin, LOM means lomefloxacin, CIP means ciprofloxacin, ENO means enoxacin, NOR means norfloxacin,

MDZ means metronidazole, DMZ means dimetridazole, SQX means sulfaquinoxaline, SFM means sulfameter, STP means sulfamethoxypyridazine,

SMZ means sulfamethazine, STZ means sulfathiazole, SMX means sulfamethoxazole, SDZ means sulfadiazine, and SPD means sulfapyridine.
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TSR b A H R AR . ENR HAAAG
AL T ENO  (HHSF VR B 1.54 ng- L7 HIiE &
T ENO, B HH 2 R 40 A= 22 76 A 31 AL A 78 35 v vk
B, DU LT & L 14.81% , OTC HA5 # 5%
(AW B 1 L) 5 B B 7 45 6% DRI 4G HE SRR 3
e BEHF AR , CTC . DOC F1 TC 24k B #BAH
PR, RIFNBRZEFT S HiE R LHIN 18.52% K4
HR R 100% A FE BRI S b7 148 R il i AIK, A
7.41% , Ho v DMZ (446 HY SR R0 S 2 vk B 30 = T
MDZ,

Xof b3 ) 5 [ 9 HAB T 3, = A 20 Rhbrd:
ZHA W BTSN ND ~156.64 ng-L™" 27 Ffd
B R 3.04 ng-L7™' . A 10 i £ 18
FALIATE B 2 2 AR Pl R+ e B L Y L R
ND ~1 380 ng-L™", H:rp NOR HK: H AN 4k J37
YieE, A0l 92% #1214 ng-L™' ., IR R
SR AR T AW A Y 35.4 ng - LB AT H N EC
W1 130.0 ng- L7 AREIN R, HET= WP
R IE T &K,

2.2 PUERZNMASM

TN PUA: R B AR B, B AR G R T i -
FEAR-TE i, R MIC AT =i Pt E R A
EEW, WA 4 Fros . RFEE IF(E R 22 H R A
I — KA R, RN 7K B S5 P A 28 Wk 3 AR X AR
W I, 7 A SR I e AR Rk EE I &l 5 ~
K9 FrR .

100

o Hh2%/%
Detection rate/%
wn ~J
[ i

[S93
i
T

MLs TCs FQs NDs SAs

B3 RUAXERERKWHE
TE:MLs #/R8 KIRNBESE, TCs R DUFR S, FQs £m
MEPR S, NDs FR i HEBKIEE | SAs FRORTLIE
Fig. 3 The detection rate of five categories
of antibiotics in Yuanhe River
Note: MLs means macrolides, TCs means tetracyclines, FQs means

quinolones, NDs means nitroimidazoles, and SAs means sulfonamides.

T2 RAKEKHRESRIRE
Table 2 Concentrations of antibiotics in water

in the Yuanhe River

R/ME RRME PR
b /ng-L7") /ng-L7") /ng-L™")
Antibiotics Minimum value Maximum value = Mean value
/(ng-L") /(ng-L™") /(ng-L™")
RTM 0.04 043 0.19
AZM ND ND ND
CT™M ND 12.66 259
ERY ND 1122 2.68
CTC ND ND ND
OTC ND 156.64 27.05
DOC ND 38.63 5.68
TC ND 795 207
SPA ND ND ND
GAT ND ND ND
FLE ND 023 0.06
OFL ND 0.87 0.13
ENR ND 10.76 154
LOM ND ND ND
CIP ND ND ND
ENO ND 2.09 049
NOR ND ND ND
MDZ ND 0.12 0.02
DMZ ND 19.50 489
SQX ND 0.82 022
SFM 0.07 5.12 235
STP 0.10 530 230
SMZ 0.11 1524 474
STZ ND 278 128
SMX ND 4126 19.64
SDZ 0.05 2776 149
SPD ND 1642 256
MLs ND 12.66 137
TCs ND 156.64 8.70
FQs ND 10.76 025
NDs ND 19.50 245
SAs ND 4126 432

TE - ND 7R AR A 2 AR T4 R

Note: ND represents not detected or below detection limit.

BAARE T DRI 5 A RAE R B
P Z R T AU R A SRR
P 0 335 5 (S S5 A TR) R /K 7 3R 0 RN 78 8 9 0
M B S B T RS T 75 TR 2> E A A
FHR R 2R BT SR ARE RIZE R BREE Th At
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~ jn 150+ SAs 5
R £ 9 100f
E 3%
Egg 100 £ 8
X g o
g ¥ 3 50
S 50} | E
0 *‘:_ﬁ/ﬁﬁi:::;Qu=;::“~<¥"(w” of

CR-10 CR-11 CR-12 CR-13 CR-14 CR-15 CR-16

B4 BRAREBARERNERRE
TE: CR-10 ~ CR-16 KK 5 fil
Fig. 4 Concentrations of five categories of antibiotics
along the Yuanhe River
Note: CR-10 ~ CR-16 is flow direction.
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12+ CTM
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B
=F
S 4f
2-
or p— —— P ———

CR-10 CR-11 CR-12 CR-13 CR-14 CR-15 CR-16
E5 BRUREKIANEELRE

Fig. 5 Concentrations of macrolides along the Yuanhe River

FEAR IR T S AR AR B R I TR Y S % At 2 it e S it
AR R 2R R IE(E R 2, Z BT
KIS TGRS FARRE MR RR NI et
AR BE ] AR RS . CR-10 1 CR-13 SRkE S # A T
JoE B BT, A 3 T K HE A R T A i TS G
CR-11 RAE A F I V5 K Ab B R 3%, V57K 20
AP —RINUTTE b )a K A T ecE , b
ZURBEERAR, REEA CR-12 i THE 5 # W Si0
b, e BT A 2R R AR T H A S b, PUER R
FI NI W FE AT 200 ng- L', VOB R AL
G Hb A1 ) 4 A P B, I LT ER A A R
TR RGP0 A B IR ROR  JB T A& 4t
FHZEPUER . CR-12 SHM A IS, A0 e b

CR-10 CR-11 CR-12 CR-13 CR-14 CR-15 CR-16
B6 BRAUREEARELERE

Fig. 6 Concentrations of tetracyclines along the Yuanhe River
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Fig. 7 Concentrations of quinolones along the Yuanhe River
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VUBR i AR ZEHR R v T LA R A o5 il 2 R
A B N X, ARSI AT, KRS
LRI K (W 22 5 B8 7 T 4 RE ) I S R 5 3 O A R
FHEAER, B 2 M B 7E R A 58 CR-12 %] CR-14
BTN, FEAE U IR A BT X IEREEZ RN
JRRX, NAZ R8s i ZHENNZ 4
HEE, K& A R m A, b Z e
CR-15 %] CR-16 [i] X 5L EUBE ST = ke
2.3 PUAFERIEMAT
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Fig. 8 Concentrations of nitridazoles along the Yuanhe River
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Fig. 9 Concentrations of sulfonamides along the Yuanhe River
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Table 3 Toxicological data of the most sensitive species corresponding to antibiotics

AR BUEY A W53 WA T BB/ (mg - L)
pE o . LA ' ¢ PNEC Bk
o The most sensitive Classification o Evaluation Toxicity data/(mg-L™")
Antibiotic . . Toxicity type /ng-L™")  Reference
species tested of organisms factor ECy, NOEC
TSR B AR R &k
RTM 100 001 100 [44]
P. subcapitata Selenastrum Chronic
TSR IEIE AA %R 2
CT™M 1 000 0.002 2 [45]
P. subcapitata Selenastrum Acute
ISR B AAER 2tk
ERY 1 000 0.02 20 [46]
P. subcapitata Selenastrum Acute
ISR IE B AAER F=8
OTC ) 1 000 1.04 1 040 [47]
P. subcapitata Selenastrum Acute
T SR PRI HA R 2k
TC ) 1 000 331 3310 [48]
P. subcapitata Selenastrum Acute
T AR P IEIE ER (263
OFL 100 0.00113 113 [49]
P. subcapitata Selenastrum Chronic
i 2R A g€ 2.9 F=R
ENR . ) ) 1 000 0.049 49 [49]
M. aeruginosa Microcystis Acute
T TR 2k
SMZ ) 1 000 1277 1277 [50]
Lemna minor Lemna Acute
Rk RERHE A
STZ 1 000 0.027 27 [51]
S. leopoliesis Synechococcus Acute
E$ae 328 97 2tk
SMX o 1 000 046 460 [44]
S. leopoliesis Synechococcus Acute
FAaH T HAA R 2tk
SDZ ) 1 000 22 2200 [52]
S. capricornutum Selenastrum Acute
T TR a2
SPD 1 000 046 460 [50]
Lemna minor Lemna Acute

T ECsy #/RFINAINIHE B, NOEC F/n e RIGHE IR EE , PNEC F/R IO IE

Note: ECs, represents the concentration for 50% of maximal effect, NOEC represents maximum no-effect concentration, and PNEC represents predicted

no effect concentration.

R4 RAKERREZRHREE(RQ)E
Table 4 Risk quotient (RQ) of antibiotics
in Yuanhe River

WAER bR

Antibiotic RQ Antibiotic RQ
RTM 4278x1073 ENR 2.196x107!
CT™M 6328 SMZ 1.193x1072
ERY 5611107 STZ 1.031x107"
oTC 1506x107" SMX 8.969x1072
TC 2401x107° SDZ 1254x107
OFL 7.707%x107 SPD 3.570x1072

25 LR ARG 4 SRR

(DK R T2 TR, A A b
Rl i HT A2 R 7 Rt AR R AN, Hofth 20 R
EEESES: i o2l R NN BN B A T S

PrAE R K HRIBE] T 100% , B S A7 HY ik i
R 8RR T 156.64 ng-L7'

Q)T ), PAE R SRR I T 5 -
IK-Th R o B, ST K I A RE i 3 7 ] 7K
R A R AR EE AT, DU R RIS R
TETZ X A AT 32, W ek P 37 58 DX A 10 4 A
AU R EAKCE

)it B AR 2R AR 38 K i BE TR TR fig BT U
BB R R, 3R W] FRE X 5 K R0 R XY
AT TG 7K R KR A 20 E 2R A

@) AR PPN 25 F F I 52 1) it 3l v i
R TFEIAR T8 R R R B U R e e
MR Kb rp A IXURSS , SRRV L i e — PR SR i
P A iR frle A TR RS, B 2135 22 DU K
T i e e 1 B S 1 2 S KU
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