J. Lake Sci.(#ia#+5),2018,30(6): 1616-1624
DOI 10. 18307/2018. 0613
© 2018 by Journal of Lake Sciences

i B Mk R A E WS 7 S £ SRR

EmmAN RAAHR FEA AR B, EAET ogm
U R 17 R BET FSTT5F 55 T 4 5530 JET ] 361021)

(2 PALEBE 2, L5 100049)

(3 oI5 TSR SR BEOLI S8, 5 315800)

(4 ZEROTE A2 A A2 B2, 36381 241000)

WO BRI IIE P A R A5 Y A A0 RRAE AT AR A RS, LT T 0 SR B R X G, ) R A R e 0RO £
TE—ER I Tk (HPLC-MS/MS) X H 1 /K A4t A8 28 647 43 1, 9 R AR 28 KU I8 ME 9% (RQ) AR & Fi 2k 3R A9 KUK 5
(MRQ) PPN S RIF RS (M TS | B- eI 2 PRI 85 3R (LIN) 55 10 FhhiA: R AR S XIS, 45080 . &R
PUBRCAMS ) R AG; i B B iy , Wk B2 78 A0 FEIE ND ~ 382.0 ng/ L HUCH SLAEN (LEX) JAFRID AL (NOR) (il i [R] HY 4
WE(SMM) |LIN Bu[&7 85 3 (AZM) (B Jlicemse (STZ) i FF Sk (SMIX) (7 4R P 25 (TYL) FiIfst Jiie W e ( SDZ ) , ¥k J3E 3 Rl 43
#2 ND~283.0 ND~267.0 ND~219.0,31.50~209.0 ND~147.0.,7.34~109.0 ND~ 104.0 \ND ~ 80.50 £l 20.40~57.30 ng/L.
FK AR R 10 Fi H ARPUAE R A S LS T AR, U B-I B SR LIN ZESk T Tz A AR KR AT
i 25 R W], LIN [ TYL SMX NOR \AMS (4= 25 XU (RO EI AT 1, BA m iy AR A XURE s HoAxy 5 R A= AL Tk
AR 8 25 25 XU 7K. IR G A 3o T W9 0 A 28 A 25 IXUR: T BB AR TR AR 3 3R 3G T — 22 A RL A A Hl ALl

KB : TUHA W BUE R 5 Y A S U

Distribution characteristics and ecological risk assessment of selected antibiotics in Moon
Lake, Ningbo City

WANG Ruijie"”’, QIUQIAN Linglin"*®, LI Guoxiang'”’, ZONG Yanan*, TANG Jianfeng'’™ &

XU Yaoyang'”

(1: Key Laboratory of Urban Environment and Health, Institute of Urban Environment, Chinese Academy of Sciences, Xiamen
361021, P.R.China)

(2: University of Chinese Academy of Sciences, Beijing 100049, P.R.China)

(3. Ningbo Urban Environment Observation and Research Station, Chinese Academy of Sciences, Ningbo 315800, P.R.China)

(4. College of Life Science, Anhui Normal University, Wuhu 241000, P.R.China)

Abstract; The main objective of this study is focused on distribution characteristics, ecological risk assessment of selected antibiot-
ics in the typical urban Moon Lake, which is situated in the center of Ningbo City. Water samples were concentrated by solid-phase
extraction and determined by high-performance liquid chromatography-tandem mass spectrometry ( HPLC-MS/MS). The environ-
mental quotients posed by the selected antibiotics were assessed by using the methods of ecological risk quotients (R(Q) and mixture
risk quotients (MR(Q). Composition analysis indicated that human-derived drugs significantly contributed to the total contamination
of antibiotics in the lake. The ampicillin (AMS) was detected the highest concentration in the antibiotics and the range of concen-
tration was ND to 382.0 ng/L. The maximum concentrations of cephalexin (LEX) and norfloxacin (NOR) were 283.0 ng/L and
267.0 ng/L, respectively, which were relatively lower than AMS concentration levels. The detected concentration range of sulfam-
onomethoxine (SMM) , lincomycin ( LIN) , azithromycin ( AZM) , sulfathiazole (STZ) , sulfamethoxazole (SMX) , tylosintartrate
(TYL) and sulfadiazine (SDZ) were ND-219.0 ng/L, 31.50-209.0 ng/L, ND-147.0 ng/L, 7.34-109.0 ng/L, ND-104.0 ng/
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L, ND-80.50 ng/L and 20.40-57.30 ng/L, respectively. In comparison, the maximum concentration of most antibiotics in our in-
vestigated area were higher than natural lakes. The results of ecological risk assessment showed that the RQ values of LIN, TYL,
SMX, NOR and AMS were higher than 1. That means these antibiotics have high ecological risks and the remaining five antibiotics
are at low or intermediate ecological risk. However, the calculated MRQ value for each sampling site was obviously higher than
those from individual antibiotics, which suggested antibiotic mixtures could cause a higher detrimental effect to environment than
individual antibiotic. This study will provide a scientific basis and foundation for the further study on the ecological risk of antibiot-
ics in urban lakes.

Keywords: Moon Lake; Ningbo City; antibiotics; pollution distribution; ecological risk
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) ;Bridge™ C18 (a3%4E (2.1 mm x 50 mm,5 pm,3E[E, Waters) ; N-EVAPTM 111 F M Hk45{% (£, Berlin) ;
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Tab.1 The selected target antibiotics and their physico-chemical properties,

method detection limit and method quantity limit in this study

i, iR

S - =d = =}
Bk Y55 S TFR/D CAS & pK, Ig K., (ng/L) (ng/1)
it JHig P ST s SMX 253.27 723-46-6 1.70, 5.60 0.484 0.01 0.05
it Pz 1 A STZ 255.32 72-14-0 7.10 0.050 0.03 0.09
itz ) P 4 SMM 280.30 1220-83-3 6.50 — 0.01 0.03
Ttk iz s e SDZ 250.28 68-35-9 6.50 -0.338 0.03 0.11
F 2 25 2 AZM 748.99 83905-01-5 8.74 — 0.05 0.17
RERE TYL 916.10 1401-69-0 7.10 3.500 0.08 0.28
VINIE: LIN 406.54 154-21-2 7.77 0.288 0.01 0.02
R R NOR 319.33 70458-96-7 6.30 -1.030 0.04 0.12
L TN AMS 403.00 69-53-4 2.50 — 0.67 2.25
S A LEX 347.39 15686-71-2 5.20, 7.30 - 8.57 28.57
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AR AR SR 4 ASKFER A G REE. T KFESE 24 h (N5 2050 =, G 78 S50 2= 1 4°C I
GECRNSESY Sy 1S2 R
1.3 HAKLE

Pk Z R AR B2 IR Zhang S50 7575 T LOKFEZ: 0.45 wm B S LFAENE N IE , 1 10% 19 2 R 14
pH % 3.0, A 0.2 ¢ B Z iV 2R — 41 (Na, EDTA) , 75 40R 57 5 il Oasis HLB /NFEBEAT FEIAHZE B S 4. 25
HUAT , Oasis HLB A4 6 ml PNER .6 ml HIEE 6 ml Z.524% .6 ml B4l 7K 5 /K IR i 78 D047 75 46 -4 ; T 1k
FEF 22 )5 FH 10 ml 4K EE HLB A1, S8 J5 78 5% T 4T 20 min; /KAELL 5 mb/min ()37 3 1 Oasis HLB 4
PATFEMCE 4 s W AR 6 ml B R I, DR IS 4E F 10 ml HLEE g0 48 . PR =R T AR ZE ik
FLLL10% M B WOE AR 1 ml, 28 0.22 pum £ 3k 2 825 53 8 T 3R E HE AR iR b, B R I T AR AE T
—-20°C w46
1.4 (L8R4 1 5 B = E

FIFH HPLC-MS/MS( ABI 3200 Q TRAP) #7404 2 Wy 2 M 2 00T , 3% 5544« 5% JH Inertsil ODS-SP ¥
AHEATERE (4.60 mmx150 mm,5 pwm) ;#EER 40°C ; i shil A S 0.2% FRR/KIER B N PEE: L =4 :6( (K
) . SRR B AT 00 B RPN [ 150 (A) ] 11y =88% 155 =88% ,150 =70% 1 =50% ,t),5=5% 1,5, =
88% ,t,; = 88% ; LA N 1 ml/min, HEFHARN 10 pl. BTk 404 R A LC-MS/MS ) £ [ Jif W5 I ( MRM) 5.
ESI BB, B 7 1(GSL) 1 1L ( GS2) S F &4 50 F1 60 ml/min, B B HLJE 5500 V., % Bh i #4 /<
& 550C.

SR FA MR KRR i %) 0T S5 Mk B HEAT 8 B 40 AT , R PR VS R R 30,770,100, 150,200,300 ng/L 3k 6 /M
BN, Pk R ARHENZE R*>0.99, 8 it Shnueth L Xt b, 184 bl R, L 3 (55 b o b R it
B AR R, 10 R E IR L e e R, & AP R AR BR AT = BRANZE 1 iR, b T AR S 1Z 7 6 I HE
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Fig.1 Distribution of sampling sites of antibiotics in Moon Lake, Ningbo City
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Tab.2 Toxicity data values for 10 antibiotics

AR ZA W AF PNEC/(ng/L) E= BTN
AZM 7K & Daphnia sp. 1000 12000 [23]
LIN H ¥ Pseudokirchneriella sucapitata 1000 50 [24]
TYL HFIHRERE Microcystis aeruginosa 1000 24 [24]
SMX TR Synechococcus leopoliensis 1000 27 [25]
STZ JNEREE Chlorella vulgaris 1000 16340 [26]
SMM - - 1720000 [24]
SDZ A H ZEB Selenastrum capricornutum 1000 22000 [27]
NOR ZRECHINE Vibrio fischeri 100 1038 [28]
AMS - 100 75 [29]
LEX F 3 Lemna gibba 1000 1000 [24]

2 BZREWE

2.1 B#kEREZENIREKE

TET I A W) 6 ARE S T FEAG ek (SMM  STZ SMX  SDZ , ¥ B 3 Bl 435l 42 31.50~219.0 ND ~ 109.0 .
ND ~104.0.,20.40~57.30 ng/L) . K IR NESS (AZM F1 TYL, ¢ 390 Bl 43 5% ND~147.0 Fi1 ND~80.50 ng/L) .
METEERZE (NOR, ¥ 238 [ 2 ND ~267.0 ng/L) \B-PIBEHE2E (AMS F1 LEX, ¥ B2 Y5 [ 43 1] & ND ~328.0 F
ND~283.0 ng/L) \LIN (¥ B H J& 31.50~209.0 ng/L) 10 it HARGLA R (& 2) . A6 Hh i 8 e iy 19 S SR A SR
S1 Y AMS, Jge KVR BE A7 328.0 ng/L, HASRAE i S2 (1 LEX, 5 ¥R BE O 283.0 ng/L, B-PIBEAEZE I A 13k
AT AR Y 2 R BRSO 2 e 32 B2 SMM I STZ, F e i B 43 A 7R R A i S3(219.0 ng/L)
1 S5(109.0 ng/L) 5 i B2 I K I P JiR 2 B2 AR X BAIK , S5 1 R B 43 AV 1SR A 450 S2(NOR,,267.0 ng/L)
H1 S3(AZM,147.0 ng/L) ; LIN [ 55 i v FBE 57 TR 4% $5(209.0 ng/L) .
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Fig.2 Total concentration of antibiotics residues in Moon Lake, Ningbo City
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TR SMX (114.7 ng/L) F STZ(134.5 ng/L) (1 KU BE , 43 51 i T %5 FH 5 70 %% PO AR ( 14.50 F0
16.70 ng/L,7.00 #18.000 ng/L) ;SDZ NOR [#)f5c iR B4R =5 T 0 B0 AW L e EEBUT I v L 42380 5 H g
(¥) SDZ ,SMX | STZ fie K& B ¥R T3 PUAR M. S5k miv e we SE A He, 1 /K i SDZ A SMIX f5: 5 vk 5 24
BT, 10 A 17K AR i SDZ A LIN B F 30300 B0 35 (L A ). 7 A 2839130 rp AR /DK i 3] LIN
AMS Fl LEX [95% B2 , T 1 B 3 i 30 01 Tl 4 2 /K2 ) Rl s LIN (e W JEE 23900y 54.71 Fi1 3.200
ng/L)  IRIN T A7 A B s 15k Y eh A LEX ARG Hh , T 0T A6 85 028 e B2 43314 68.00 il 1174 ng/L.
AR T A AR AR R A R B R e T A A B AR R R Rk

3 WATHIAS A AR IIA Y AR KRR

Tab.3 Concentration comparison of the main antibiotics in urban lakes and nature lakes

W e/ (ng/L)
gl SDZ SMX STZ NOR LIN
WA H W (AR0H5%) 20.40~57.30 ND~104.0 7.340~109.0 ND~267.0 31.50~209.0
ki o ND~322.5 ND~254.9
g ND~15.70 ND~25.80
A ND~16.00 ND~54.70
SERIL: iR ND ~8.800
gt 19.20~49.70
R ND~10.30
SR S| EqERy ND~56.20 ND~ 14.50 ND~16.70
i3 ND~114.7 ND~134.5 ND~6.500
SR ND~97.00
fobi 0 g gy (11 ND~37.30
ERIE ND ~45.60
PR 133 2.800~8.500  4.100~77.00  2.600~8.000

# ND IR AA I F).

2.2 Ak ERmERRIBES

FRBE A B A R A fa S LA P P R X R IR A Y SR R
AR UL AT P A3 AR , — R NRIHRIE e ATk b, R A A ST RRIA e A TG K . i) 2
7 EAR IR AR RO AR U , A2 395 15 /K B HE AR e B 25 BT A 3% A0 B B R 24 D S5 A T BB T /K (A i 4t
P F AR S 22 [l DAY A I PR FH 5 20 1 — BRI 25 L A K A Sk 0 ik
( EZUR LEX) SR 1052 ng/L, 5 B-NBEIESEHTA R EIREERY 72% . Haftil LEX 7E4- 0 XS24
BRI L B FE e 2 B A SR AU 0, h TR IO, 5B S AR 1
K A A PR A AT SR FE 1925 s, DT 55 0 B 58 PP R L V5 S W TR VR FEE ), SR A ST RS U 64 3, T
PAH W95 72 (91 % n] BB BORAE &1 ST B- I BEME S W I i T HAdR A £

SMM STZ 1 SMX 1 fif e S50 A5 22 v (R 38 de ey , S SR i 26 25 ) A LIN FR e Mg, SRk Pk i AR
Gy 3 HEUHE AN R 7K bl 45757 X A KRS, R, b T BUAT 30T 5 K AR BT B9 b BT 1 AN REXS 5K R i A
FHATIRIERBR B3 K P B B Tk K b e B A Rl TR PR A S5 AR, N LU %
8, AT A BUE R B AIE 15K HEA T W) S B ST A AN LIN 7632 50 B ARG Hh v B

RIAABRAEPUE R EE T AT, KIFNBEISYTAE R EAT R B K LA 5y e B DO i e, 5
BOZIH U RALKIREE IR AR ™ SR A S2 (v T R XC, B2 M 1 A6 v B B T K3 P i 2t
AR FAE T XA i

WEVT IS PUE R E T I VORI 2y, BA R AR (B, (IR T B . AL T T B T R
O, A R XA, AR TG 15 K HEA 2 , 2 15 15 7K WO AN 5 4 TR /K XS A2 375 DA 396 3 38 ot T 42 = £ 1T D5
kil AT RE P EOZ KA PP R U TR RS ) vk . A PR, T /K M rh s T A 2 470 2
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FR BRI TS K HECR A 6 SRR AR, S2 3 T ARIE X, P i K i i HE T L35 7K A5 TR K A3 998 T T
RE R 1 I 5 P B P ORI I i #0 HE A SRR A = ) R LA SR A S4B NOR ¥R JE (R R B 45 S2,
BT LAJEL A J BT 2 s b AR R B R TR.

2.3 A E R ESRKE TN

LIN TYL SMX .NOR AMS (¥ RQ {HIRF 1, METRTRNZAS  RI N RS | B- N Ik IS 32 0 Hh A8 oy 1) IR 1.
LEX ) RQ {HATF 0.10~ 1, J& T XU ; AZM [ RQ fH AT 0.01~0.10, J& FARRK: ; STZ .SMM (SDZ (¥ RQ {E.
/NF0.01, RIJE FIE XU (B 3).

SERAE L, 2R A IR A A E KRS AT SERA TR MRQ yic ) pyee FT MRQ g AT 451> R A
SRS RS, AR A 2K (3) A (4) T A HRAE A ST ~S6 i MRQ 4374 6.78 ,6.85,2.40,3.36.,8.21
5.84. G5 EL R R AR RIBCA N A 38 1 19 RUBSE 7K A7, Shy 1 R 12 SR BBURE it 2 1 0 A 0 A A, AR
Yo ZAHES RS, TR R AER: A WK A 78 R A RasE. AT RN Bl K5z Nk
TEBIE M. A WAL s, )OR AR A 00 X, 8 i 0 3 B 2 A T A 38 22, X T e S 30 K
BT AE Z R BB LA A =, AT R B0 K AR A XU . B2, Kb A= B e H WK A v Ak F i
TR AR SRS KT, R A R TR H K R B i 15 R A 2 A0

T ) Y 4

(SR EN
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T

Tt g
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Fig.3 Calculated risk quotients( RQ) for the detected antibiotics
in different sampling sites in Moon Lake, Ningbo City
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