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Occurrence, Distribution and Ecological Risk of Aantibiotics in Surface Water

of the Gonghu Bay, Taihu Lake

WU Xu-yue'?, ZOU Hua'**, ZHU Rong', WANG Jing-guo'

(1. School of Environment and Civil Engineering, Jiangnan University, Wuxi 214122, China; 2. Jiangsu Collaborative Innovation
Center of Technology and Material of Water Treatment, Suzhou 215009, China)

Abstract ; In order to assess the contamination degree and ecological risk of antibiotics in Gonghu Bay, Taihu Lake, the contamination
characteristics of four kinds of antibiotics (tetracycline, quinolones, sulfonamides and macrolides) in surface water of the Gonghu Bay
were analyzed using high performance liquid chromatography and tandem mass spectrometry ( HPLC-MS/MS). The results showed that
13 of the 16 target antibiotics were detected in the Gonghu Bay. The mass concentrations of the 13 antibiotics ranged 0. 005-4. 720
pg-L~", and OTC was of the highest concentration. The detection level of antibiotics was also different between the northern and the
southern parts of Gonghu Bay, and the mass concentration of tetracycline in the northern part was higher than that in the southern part.
Moreover, the concentrations of quinolones and sulfonamides in the southern part were larger than those in the northern part. The
potential ecological risks of the detected antibiotics were assessed via using the risk quotients (RQ,_) approach. The preliminary results
showed that 5 kinds of antibiotics: OTC, NOR, OFL, CIP and ENR were at high risk, accounting for 38. 5% and 4 kinds of antibiotics
TC, CTC, ROX and SMX were at medium risk, accounting for 30. 8% in the antibiotics detected in Gonghu Bay, while the others
(SMR, SMP, SQX, TMP) were at low risk. Ecological risk assessment revealed that some risks were present in antibiotics in the
Gonghu Bay. The tetracyclines and quinolones were particularly prominent, which should be drawn enough attention, and
corresponding preventive measures should be taken as well.

Key words: Gonghu Bay; surface water; antibiotics; pollution characteristics; ecological risk assessment
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Table 1  Distribution list of sampling sites of the Gonghu Bay

J3IX J=¥iva ZPE/(°) 4R/ (°)
1 120. 247 31.372
2 120. 279 31.418

JLx 3 120. 355 31.459
4 120.376 31. 446
5 120. 405 31. 440
6 120. 390 31.379

% 7 120. 361 31.395
8 120. 324 31.338
9 120. 294 31.363

N T

A 8 78]

E1 SHMERERAGTE
Fig. 1 Distribution of sampling sites of the Gonghu Bay

BT BB 2 5. Milli-Q 256 FH 7K ( Millipore,
Bedford, MA, EH); #ilik; FikR. M. ¥
(HPLC 4%, J. T. Baker A ), K ) ; 4 &I LMR
4 (Na,EDTA, 4374l

Vi RE B . PUERE (tetracycline, TC) | 4
R crc ), + ® R
(oxytetracycline, OTC ) . ¥ N ¥ &2 ( ciprofloxacin,
CIP) W [ v [ 24 ity 28 W) ] it A 22 B ORI 2
(ofloxacin, OFL) . W9 ¥P 2 (norfloxacin, NOR)
Bt ¥ B (enrofloxacin, ENR) . ff % B Bt ( n-

( chlortetracycline,



4598 7 S - - 37 %
sulfanilylacetamide, SAAM ). fiff iz H & m% ng R, BN U 55 B IR (ESL) 7R 1E B X
( sulfamerazine, SMR ). fi#f fg W % W & THE, FEAAIIE TN 40 psi, BAWEHE R
( sulfamethoxypyridazine , SMP) OB e —OFomE g 4000 eV, THEZRIHHEFE N 8 Lomin ™.

( sulfadimidine, SMD ). fifi f& W X 7 mg » RS R bR RE & VR T = T,
( sulfamethoxazole, ~ SMX ) LB R ovE g ok FEORARSRUE T HEITIE (AR R AR MR IR Y B
( sulfaquinoxaline, SQX )., H % & & W I RN 1.0 ~500 pg- L~ u Y230 R AF A2tk

( trimethoprim, TMP ) . fiff ¢ A — H 5L m% ng KGR, MERH R HAMT 0.99(P <0.05). #EH
(sulfadimethoxine, SDM) | %/ £ % & ( roxithromycin, 500 mL K, 3% ST AN 25 ng IR A AR ifE

ROX) #nAEN H /% [E Dr Ehrenstorfer GmbH A H]. W
Frg am . AUES N ARTC,-MHE R (PC,-caffeine, T
S.) W A EE G A R L IR R
1C. -fiff iz FF 18 — 1 ( BC6-sulfamethizole, S. S. ), Iy
H Toronto Research Chemicals Inc. ( North York, ON,
IR . ERAREY Y R EAR Sl SERE > 95% .
1.3 FEACREE K iab s

FEMREE . RAEH BN 2013 45 8 H L AJ, B} [A]
H 4 09:00, % GPS & G AUE fr. K AEY R4
REKHEMRERE TRHEOABFE S, InA 3
mol - L™ (TR RIA R Y pH =3, BEGAR IR A A bR
BRI FEAE IR 4°C VKA LA R 0. i
A= R IR EE 0 AT G I Lo A

FESH TR AL 3, BUOKAE 500 mL, SR 5875 pH =
3.0, 31 0. 45 pum TR G £F 4k 22 N5 Gl AL 08 A 0
B K Hr B TR RIURL ), A [RTCHE 7R 751 C -t i FF g —
W 50. 0 pL( FRIERE T BT RE BN 1.0 mg- L") Fl4:
JE B THAEE ) Na,EDTA 0.4 g, {fiFE IR G5 F
W, A NG LIS 9 HLB /AN T e 4. 7R S
B LR ROAEH 4 mL B 4K 4 mL 10% 5
BT VR SRS E A SRS T T 30 ~ 45 min R
FFRB Ky, B 8 mL HEEXT HLB /MERRBE ¥
B AR BB T R R VR T 10 mL A8,
FFTE 40°CKIE A T AWk 4s 235 1 )5 H 10% H
BSOS RE S E AR 1.0 mL, LA N AR5 75 #11C, -
WINHERR ( CAF) B 22 28 J5 OV G 1 0. 22 pum 274
U U85 (5 HBORA €335 - R R B 5 12 ( HPLC-MS/
MS) A7
1.4 HPLC-MS/MS X253 b7 4 A%

3k 5 F . B fli 435 A ZARBAX Eclipse
plus C,4 (150 mm x2. 1 mm x3.5 pm). JshtH A 4
M, B N 0.1% B W R ¥ W, it 3 1 A2 A 300
pLemin =" JEREERN 10 pL, B H 30°C. SEEb Ak
LRI RE B AR SRR 2. TR EE R
AR SE S RIS AR RS I AR E 3 min.

% 2. SR 2 R W ( MRM) A5 517

fn, M SE 6 YK, FH 6 ANRE S I A b o i 2 0 A
PR AR SR . Ak R 0. 05 pg-L7'AF,
6 K S5 % 1Y RSD (AH X Fr #E e 22 ) S 2.70% ~
12.90% , 45 B e BIBCR R 71% ~ 105% , Ui
OT AR K BR 2 0,003 ~ 0.016
pe L7, H ik € B W E h 0.011 ~ 0.054
Mg'L_l [20]
R2 BELREFSESH

Table 2 Parameters of gradient elution on the separation

Bif [71]/min WA A/ % WA B/ %
0 10 90
8 10 ~40 90 ~60
16 40 ~90 60 ~10
24 90 ~ 100 10 ~0
27 100 0
32 10 90

1) RNEHRS %Sk [20 ], 734 0. 3 mL-min !

L5 AT

AR R A £ AR 48 5 3 (TGD) Hh & T 3085
SRS PEAT  7512% , 2 7R PR T v 9 AR 25 XU 7T AAR
B KU R (RQ, ) K/ANEITAL . RQ, AYTTHFETT LA
Wk Vs g W B B M W EE ( predicted
environmental concentration, PEC) B 5 [x Wa I ¢
J ( measured environmental concentration, MEC) 57
TG 58 W e BE ( predicted no-effect  cocentration ,
PNEC) i LU 22,

RQ, = MEC/PNEC j RQ, = PEC/PENC (1)

PNEC = LC,, 8 PNEC = ECy,/AF  (2)

AP PEC: B AL, ng-L™"; MEC: FREESL
MHESE  ng-L™"; PNEC . FIICRN HJE , ng- L,
LCy,: *ﬁ%ﬁkg,ng ‘L7 ECsp: #Eiﬁxﬁ(f(iﬁ
JE g+ L7 LCy 5 EC Y SCRRTIS; AF. PFHY
T RQ,: ZeGREPEI{E.

PRI A 25 AU 14 3 IR 4 Hernando %52 #E HH
1) RQ, 43285 ¥ K PPl A WU 45 9% . RQ, <0. 1
FERARKUS ; 0. 1<RQ, <1 APZERE; RQ.=1 K
e AU
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Fig. 2 Distribution of mass concentrations and percent contents of four kinds of antibiotics at each sampling site in the Gonghu Bay
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FENE (TMP) 7ERAE A 4 R R 40 0.269 DS, JEIX 1 ~5 S AKX 6 ~8 = i PUFRE K

e L7A10.208 pge L' PUBRE (TC) WV E  PUAEZ S AT 2R Y 509 LI L. 1
(NOR) FI® 185 2 (ROX) AR AL S Kt i ey, IWEMZR EZMAAEILIX 2 ~4 SRIFEIX 6,7, 9 5%
SPH0 185, 0.271 F10.023 pg-L™' BV A RESL HAH 9 SORFE AR 50% LA 1. B
(ENR) ., Bfiic L ERE (SMR) fERFER 6 Rilifibde  MORAERIIX 6 ~ 8 b I ey, L rh B i 4k 1
WO 0.229 puge L7 0,017 gL ™' BRH  (SMP) S RER 5, BB — e i i {1162 6 7 1
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(OTC) > UIFZE (TC) > & HE (CTC) > fift Jit 4
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0.478 pg-L™") > MHIZE (0. 014 ~0. 474 pg L")
> KIFNEE (0. 014 ~0.023 pg-L™'). ZHRE 3 Al
A5 3R b K BRI v 32 B A R R
HH LU BT K S A 3R BT W B A T — KO
HUER R AL TR R K MRS 2 | RS . K
I IEEAE oAb T RE AR
2.2 TUIEPUAE R TS YL RRIE

HRAE T80 J&) 20 PR 45 AT B DX R, BT o A e
JEBX (1R 1), Brg Wi s oA 2505 n
4 Jl.

TERG ) 13 Fhbo A= = b, M3 B 25 (NOR |
OFL, CIP, ENR) F i Jie 2 v iy WY 40 % 22w g

®3 BERAREKGRRERRERELE"

Table 3 Comparison of the mass concentrations of antibiotics in different water bodies in China

e K%

PUE R UK E /ng- L

ROX NOR OFL T™MP SMX cIp 0TC TC
Kt fEIRtREy n.d~630 n.d~6800 n.d~5100 n.d ~120 n.d~140 n.d~390 n.d~270 n.d~30
i) KL n.d~198 n.d~1380 n.d~280 n.a~127 n.d~91 n.d~65 n.d~137 n.d~15
IR SN n.d~227  n.d~346 n.d~454 n.d~13600 0.36~527 n.d~340 — —
- [16] [Epeard n.d~155  n.d~156 0.38~32.6 — n.d~940  n.d~60.3 — —
s WYL 0.13~1.86 n.d n.d 2.23~11.73 4.86 ~14.32 n.d 12.99 ~84.54 15.07 ~113.89
KNI TS 14 ~23 59 ~271 14 ~474 64 ~208 n.d~7 18 ~269  n.d~4720 0 ~ 1850

Do d R METRH R, TR “—" 2o fdisek

(TMP) DA S KIF BRI A 2185 2 (ROX) f K
A 100% ; HK HIUFFR RN L8 (OTC) K i
Rk 89% 5 PUBRZ (TC) FA i F 48 Wk 1B (SMP)
Kt 30 78% ; &8 (CTC) K 25 68% ; HiAx
3 Ak A 2 50% .

FRAE X 38143, STBAVE LI (1 ~5 SRR 1Y
5 ANSRAE S A WY 16 Rk P It 11
B, O DUPRZE S 3 Bl MEVITEA 2 4 FP BRI 3
Flr, RIFERZE | By MIZERGIX (6 ~9 SRR Y
4AREE SR 12 FhBiAE R, P U R R 3
Pl ST S 4 Fb B 4 B, RIF RIS 1 Fh.
BRULLAS, R A0 DX H 25 Rt AR 2 Y oF- 3
fH AL A A

CEA A 4 MR 4 1T LUE Ok 76 WD i) S 7 -
PiAE R (AR m A0 AN 5195 B AT BG4 A H

[, LA UBR R SR i B B G = R B, 4
SRR (OTC) JLRZR M i 2 s i i 2%
Pl A (R AR L b SRR X — 2 X
W RS R VE X 2R A R Y B i — 2, RIR N
BRZEHUAE 2 A F- YETE P A N & A 2.

T ST AP AR 3R S R UE T R K e #7
A B E SRS AR o T i B A S s v
WU R A BRI AL B, XY
BRG0P 2 g A A TS ) D L) B R AR ).
SRR LR 2011 AFAYIESE TR E T B BT I RS
23 km N HY 148 km® X i, KA ILA 13.71
N EARR S RSB 7.21 TN, di 2
(1) 54. 6% , Fh WL AT £ BN H 3 51 36% F
67% ; MR MEENK 6.5 T A £ A0 & F|
97% SN UK 3% . BRIt A, 72 ST ST X
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T2 M DX AN 58 PN S R AL AR B DU A R 2R bt
GG AR A B AT 2R 2h , 2R AR B s 1Y)
I EIE L T £ k), I o] 683 Al U 3R 2R 28 7E L
TRV LA TS — e, ML 2T, B BB S b X
5 AT A 97% MRS AT R ERZ,
BT I P A 86 320 km? , AT T HE BB O
358 DA )3 20 BERT AR L, B B30 A 7 I R | i
T K TS s T 0 WG 0, A FH L 3 TR B b sk 3 4 9
WRIRTT 23 PT A 200 A X A . M T AR
RHANFBILHYARAERE ) Z N, B2
HAEMPIE Y, EREEEHKREHTE &R
B0V RSP E TR SRR A
SEFRE 2 N TN B AR T SR A Y
FREET . BRI M X TR S ML S &
FRAEEEZ | R BT K ) 4 K = SR B T P

PRI B SR DX, 33K AT BE 2 18 X PR R A
TS AV A v B D A

(I
40F 73
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Fig. 4 Mass concentrations of antibiotics in the Gonghu Bay

R4 THEKEELERREEZRERERGHE
Table 4 Mass concentrations and detection rates of antibiotics in the southern and northern regions of Gonghu Bay
R BT IX
N JEix HilX e
PR N, Sl M Sl fliti o
/pg-L! /pg-L™! /pg-L™! /pg-L™!
JUIRZE TC n.d 1.85 n.d 1.740 78
[UpZS e +#&H % or1C 0.332 4.720 n.d 0.472 89
&85 % CTC 0.132 0.807 0.866 1.030 67
EE I E NOR 0.059 0.271 0.085 0.246 100
s ER U R OFL 0.014 0.474 0.085 0.331 100
LESPHITES N
KN E CIp 0.028 0.269 0.018 0.249 100
BT L ENR 0.050 0.195 0.019 0.229 100
Tt I B R SAAM n.d n.d n.d n.d 0
filf i P s e SMR n.d n. d n.d 0.017 11
it e R 4 A 1 SMP n.d 0.286 0.360 0.478 78
Bk ﬁ%ﬂij:ﬁﬂ ﬂzuﬁ_ SMD n.d n.d n.d n.d 0
il il FH 25 S SMX n.d 0.007 n.d n.d 11
it Je s R SQX n.d n.d n.d 0.005 11
il iz (] — FP L SDM n.d n. d n.d n. d 0
FH 4R W e TMP 0.064 0.208 0.114 0.204 100
KIFPIBRZE B LR R ROX 0.014 0.023 0.015 0.022 100

2.3 TP RS KIS

ARWFFEH, PNEC B2 38 48 Be] 32 SClR S b A=
EDUI =Y/ R KR o T N
[ 1202830 I T I R % B, PNEC 53 0 1 ff
FH B U AR A | (R BR S v S BT AE 28 0 ik
Bl KA. RIS,

HRAE RQ, KUK AEL () 3138 i, 1T AR ot
VARSI 1 13 FriA= R RQ, fEMNFK 6. MW E
WAL T E KPR S A, SRR 38.5% ,
390k DU BR 2 28 OTC LA K W i B 2 NOR | OFL,
CIP Fl ENR, Ui W] ST Hh PUSR 3R 25 rf OTC LA S g

VRS 4 P AR 20 BT AR R UK AR AR AR A
Mo SR XU AR XA 4, AR
A1 30. 8% , 4391 TC. CTC. ROX Fil SMX; H:
A 4 FPHTAE R AL FARMKUES, A R 21 30. 8% ,
53902 SMR |, SMP, SQX il TMP , H:A: 25 XUBS: IF A
B,

VAN S5 R R, AT s KU ) 9 Atz &= v
AULAE W DU PR S 4 Bl s R 2R 43 4 AN
KIFN BRI 4T 1 Bl LA KBRS 1 Fh, R TP A
(CIP) JU R 5. VU PR 2 2 s i i 288 K A P9 i
KPR FEMN T EASCR TR 2y, BA
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Table 5 Aquatic toxicity data of antibiotics to the most sensitive aquatic species
EiNAES S ZRYFh FHEHIE/mg-1.7! FE PP R PNEC/ng-L "
OTC P. subcapitata ECy, =1.04 =Xia 1 000 1.04 x10°
CTC C. pyrenoidosa ECs, =9. 31 2tk 1000 9.31 x10°
TC P. subcapitata ECs, =3.31 2 1 000 3.31x10°
NOR V. fischeri NOEC =0. 010 38 84 100 103.8
OFL P. subcapitata NOEC =0.001 13 8t 100 11.3
CIP M. aeruginosa ECs, =0. 002 a2t 1 000 2
ENR V. fischeri NOEC =0. 00288 1 100 28.8
ROX P. subcapitata NOEC =0. 01 &k 1 000 100
TMP R. salina ECy, =16 Atk 1000 1.6 x10*
SDM Algae ECs, =401.92 stk 1000 4.02 x10°
SAAM Algae ECs, =4.73 x 103 ik 1000 4.73 x 106
SMD S. vacuolatus ECsy =19.52 Ak 1 000 1.95 x 10*
SMP Algae ECsy =1721.09 2k 1000 1.72 x10°
SMX S. leopoliensis ECs, =0. 027 2 1 000 27
SMR Algae ECsy =1598.38 f=Yis 1 000 1.6 x10°
SQX Daphnia curvirostris ECy, =84.46 2 1000 8.45 x10*
F6 TWMEKERERRNKEEE
Table 6 RQ, of the antibiotics in the Gonghu Bay
R RQ, TR 45 2% Hir: % RQ. U 22

TC 5.59 x10 7! rFRU: ENR 7.95 T AU

oT1C 4,54 1o AU SMR 1.06 x10 3 TR RURS:

CTC 111 x10"! rhOXUK: SMP 2.78 x10~* AR XU

NOR 2.61 1R AU SMX 2.59 x10 ! e XU

OFL 4.19 x10 1o AU SQX 5.92x10°° TR RURS:

CIp 1.35 x10? 1o AU T™MP 1.30 x10 2 R RURS:

ROX 2.30x10 ! rh XU

XL R  RQ, MBS, HLiX JLZE A B AE STl i 5t
SR EE AR g, X BT I ST AR R 25 W 1 T i A
Bl B PP AR SO, R . 5 R OK R T
AR AT RE S XK A LR 7 e —E 1 PR el e M T
RO, R T AE 2R ST 5% B O T R 2 O st T
PR 2 X 2 X A AR E R AR S R G R
SR AR FREE LA R KR T e 5
g E MR 0, KINE HEA T2 A
PR X S R T R LA VA b . [T, B2
(VU PR IR RN ER N IR B 21 %8 3 LA ST R e v
W 2 PR T B (0 ™ A L 24 7, HE AR AR
BOE R HTAE RS TE RN B 4R, B A (A4
g EAh, A 3% B0 ol B A 5 51 k1w
ENITE 2PN NS

L BRI ST K ST AR R KU TN 7
A, RS | R R AR I, b e B S, A
T 2R AR 7 A4 285 KU

3 it

(1) STV K AR WS Y 16 FhamA: 38, B B i

P (SAAM ) fisfi e — F S W ( SMID ) gk fidg ] — FP
WA (SDM ) A1, FEAG 13 Rk 2 i Y
0.005 ~4.720 wg-L~". 13 ik £, oTC( +%
) K MR e, 4. 720 gLty SQX (it i s
Ok ) A6 e B B A, AU 0,005 pg-L~', HAVKE 7 5
REEm AR, WU B A ER K. MR R
(n.d ~4.72 pg-L™") > B MEJE (n. d ~0.478
pg-L7') > MEEEIZE (0.014 ~0.474 pug-L™') > K
FRPIHE(0. 014 ~0.023 wg-L~"). X b P9 HiAd K
IRIREE , DTS K AT AR R vk B R AT —
AT B R FB SR AR A (0 2 5 050 A b &
(UNEFE 2 | WspaR 2 ) A6 iR B A, % 5 i e
LIiNTE =

(2) ST RS Y 13 FhiiA: Zrb, MR
Z5(NOR, OFL, CIP, ENR) Flfif iz 25 v i) H AR &
WEIE (TMP) DA S R RN R 2R 1Y 2 41 %85 % (ROX) 1Y
i o0 100% , ARG H A2 A X B i 11, 3 1
BIZE DTS A Bl AR R E K. R, ke ik
RAE R AL 1A R K BT AR, FLrP g RR R
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A K ACTE B T R I R R 2R R
FPUE R M AR AR R AL X R T
LI SRl AN [ A 2 A T35 PR 5T T i ).

(3) 3 2o XUBS: R L P A 119 13 Bl AR &K

SRR ST KPS I ST AE R Ak T A
B (BRI RQ, > 1) HTA=ZA 5 F1(OTC, NOR, OFL,

CIP,

ENR), 54 b2 38.5% , HHh SR 70 &

(CIP) L5ty MUK (0.1 < RQ < 1) A 4 b

(TC,

CTC ., ROX ., SMX) , 5H #2530 8% ; HAY

4 Ff (SMR, SMP, SQX. TMP) J{% X[ ( RQ. <

0.1)

- BEMORE | SUBIR T R A —E RS

B8, JC R PO 2R 2RI Vi T 2H XU T B v, M5 |
A AR R TR, SR BRI 75 4
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