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Abstract: The residues of quinolone antibiotics-ofloxacin ( OFX ), norfloxacin ( NOR), ciprofloxacin ( CIP) and enrofloxacin
(ENR) in Qingshitan Reservoir were detected by high performance liquid chromatography (HPLC). Correlation between the con-
centrations of antibiotics and physical-chemical properties of water was analyzed, and ecological risk was evaluated by risk quotient
method as well. The results showed that the ranges of OFX, NOR, CIP and ENR in Qingshitan Reservoir were 50.00-660.13, 3.70—
5.00, 3.49-6.22 and 4.59-6.06 ng/L, which were at the medium level or slightly lower level comparing with the concentrations of
antibiotics in domestic rivers. The NOR concentration was significantly correlated with pH and turbidity, and the CIP concentration
was significantly correlated with total phosphorus (TP) concentration. While there was no significant correlation between OFX and
ENR concentration and all other physicochemical indicators of water. The ecological risk assessment showed that OFX had posed a
high risk in the western and eastern areas of Qingshitan Reservoir, while NOR, CIP and ENR were found to pose a moderate risk.
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T E AR YL B A A = K A A A . 2013 48, B [H 36 Mt B B & AT T
92700 t, FL & BEREZSZY) (11 Fh) DUPRZZRZGH (5 Fh) METRTRZR 25 (8 Fl) KIFINERZR 25 (5 Fl) .B-N
TR (4 Fh) EEZE (2 F) SARATEZE (1 F) |, HP 2045 53800 t #EABIERES P | 4854 B R T B R
FEF7 0 Mo ST N B A PO PR I PR |5 A T 28 W S8 U 25 v A B VE
INGEAE AR NIRRT SREE A B BE 2 iz A, B T IR Y AR EOR . KRB AR &
SRR T A FH Bl 25 Tolk oK. WFFE 38, o 340 1 5 R 2 2B 9 4k 52 4 e, T s LA D 24 A it
PR (SEHEZS AR KRR ) 17 SRR AR IHEA K IREED . Pid: RO I AT HEA
FK, FECIE LB I 3t AR T A A 20 1 R AR T B T B RS SN FE IR B 45 R
RS SRk, BE S B s e W AR SIAE I PR PN T 4R, B 28T DL e AR K R AR 28 N 2 A R s ™
BRI AN, ik R AR Wi Sk W R RO ROK AR A W R BB AT N, B A RN, TR B AR A AT
AT AR B R H A R AR P e K AR T i S A PSR N T X AR A W B NI A T A Y B
VTR

AR, T FE IIA K 2 32 BN R AL BE BT e R is et ol an I A K R A R Rk Sk A
W MEER B R e B R R PUBR LS 8 Fibi R WEVEEE 1.1~68 ng/
LT W R UK ERARS Y 4 P B R IPUE R RE LRI 0.53~233.35 ng/LM™ KB MG H T 4 28
UL AR R A B A e R e T e e — e R R E ERD R KRV R BRI
Fryb R U E B EMEHER™ HINRZ KRG B i ERZER USR B RSP ARG
YT RIS BRYTT A A Hk O SRR A R R R EE B A R Y5 Y. T INRLK AR AT
AR FH K TR L, A7 75 DR K 28 O Y £ B R AR Tk Y AR i AR 1k R IR A MLEUR 261 I 4 Jm ik
B AT T, A OGP AR R B ORI T % R . AR ST LA DB K 2 SR A A X 8, T B o 2k dek o
FZeid: 2 (AT 2 (OFX) JHIP A (NOR) IRV & (CIP) KBV B (ENR) ) W & B A A B AIE , IR
FHAR MR T A PR BE AR 55 s W2 A 2R B AR D 5 i 208 e X RG: e Lk o 7 0 Y 28
RSP, #87R HoK PR P 2 5075 e BUIR ARG K-, DU R Stk A 27 Ye bt B Rl 24K 3.

1 MRl AE®
1.1 FAEXE

TR K 2 (25.43° N~25.79° N,110.08° E~110.28° E) i FHMTTFEILL 30 k(0 H 32T L2 2
b b X TR Py LR R B K R 2 R — R R A TR AR R G20 | P IX S 2R Y oK A S BRS¢
i 1B BRI A A B b, ] Bt EL A A W TR L K T SR B U G | B 8t | T Uit D K RN & L 2 T
A7 HFIRELK E BOE AR 171.7 km® , FHR WK IR 2 30 km® Bl AR 141.7 k™™ . BEE TR E L 54
R BRI 22 /K N R AR KK IR, 35 IR K 1 2012 AR Va5 F A DXBUR 81 ik R K 32k
TGP X IR K R A A AR X R X, AR X L 22 & R RAETE 0 £, P X LA £ DL
JEX R £ 8UE RA R T,

12 HERRE

R T RS /K P28 B HE 2 B A S i W SRS S /K SCARRAIE , ARG S AT T 15 AN SRAE s, Hoh I IX 9 A4~
(S1~359) , RMIX 6 1~ (S10~S15) (Kl 1). FHAREEMR KIS RERZIKAE(0~0.5 m)2 L, RESFIIHIZEA 2 L
o 0 T B L (o €0 B B T T4 /KRR I U 3 W), I EL TR 3% [ S8 25 F 4°C VKA PR AT, 48 h I FE I
GIEGELN
1.3 HmATabE

B 1L KRR 0.45 um BEESLFAEIEE W 4E 500 ml €M LL 5 ml/min (958 BE @ 48 Oasis water HLB [Fl 4]
FEWRE (WS 6 ml B EE 6 ml #BAl/KIGAL) , ZEUUR F 6 ml B ALK S, X4 HLB A:7847 345 T4 30 min,
WA 6 ml FEEREE B E = FAHASRHET HPFEESAZE 1 ml, BT 1.5 ml FEEA AR,
FEm.

1.4 B AHE
R A HEEOK BT AT (HACH-HQ40D ) 53 4% (HACH-2100Q ) B3 & Hi T 238 Vil 40 ( DO) Mk B |
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Fig.1 Distribution of sampling sites in the Qingshitan Reservoir

pH K IR K it B S5 PR S AR ; IR0 5 S (TP) AL (TN) FILEA HLER (TOC) He g , Horb TP ¢ B SR i iR
B —AARR B 4366 (GB11893 — 1989 ) W 7 3 TN ¥k J85 SR FH Al {4 3k e 4470 41 ik 25 41 43016 0 B ¥k ( HI636 —
2012) M5E ; TOC #& R A B A AL~ (R ZLAMR I (HI501— 2009) T2 .

RS : FRBOBAH 15 Agilent-1260 (5,35 : C18,4.6X 150 mm, 5 pm) ; 5385 451 Wi s A : £ : 0.0067
mol/L BRI E = 15 :85, P8 : 1 ml/min, BEREHR .20 wl; #0045 7 . PO I % (& S 280 nm , 0k
£::450 nm).

1.5 RERIESHEH

SR FHAMR %R i A T 5 AT, M T AR VR BEYE L R 0.001~ 0.2 pg/ml, M E R AL RPHIK T 0.99.
DIIKRE R HE R HEAT ISR S 3 | BRI 2 0.05 F10.2 we/ml, £V B HEAT 3 YCIE , IR 43512 79% ~
90% 1 72% ~89% ,RSD ¥/NF 15% , i J A PE G f Bk Y 32005 i At BR A E PR 20510 0.11~0.34 5
0.36~1.13 ng/ml. =80 AH (O35S C o Tk BAT RS & Rty S MR A0 55 1 e A, O L s TR R 2 24
YA DNCHEREAE T A7 2 L W Sy T 28 24 9 (0 RS 2 s LS B sl At Ay e 4 3.

1.6 X FEH

IR B AR R R TR LG LTS e, HAE I8 b B MR BE R LS IR, — B H ng/L~ ng/L 4.
I, 8 /K 3RS T A 2 0% B A A AR S B BR v LARLIE A2y s 07 KBS R {5 ( RQ)) 2 B _E A P Y —
B AL A WA RS 71| 7 7K, 2016 #25; Hokstad,, 1985 #26; Jones, 2002 #2717 5@ i KU
RO (RQ) VEAN K MR i A 2 A 25 KU B /I, AR R B AR S R LR AR5 RQ

RQ=MEC/PNEC (1)
PNEC=LC(ECy,)/AF 8, PNEC=NOEC/AF (2)
K, MEC 2y SRR B | B2 4 05 v ) S BT LMk B ng/ L PNEC R 00N JE 35087k B, ng/L; LCs, 5
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EC 53 9 021 B80T Vi BE RN~ e KRN0 BT 8 ¥k BE , ng/Ls NOEC W B K ITCE N W BE , ng/L; AF ST A
T MR ARSI LCs,(EC,,) B AF HU 10005 2% 2 M 221 NOEC Bdiiit , AF X 100.
1.7 HiE R

Bt F SPSS 19.0 A AT G430, AHICHE 5387 R H] Spearman G315 1.

2HARER

21 MARIREKE

FIIEL A KR 4 FhsiEEIZER4: 28 OFX NOR, CIP #l ENR B 55 4 5 3 Bl 23 51 50.00 ~ 660.13
3.70~5.00,3.49~6.22 f1 4.59~6.06 ng/L(F 1) , FIUR i & 2850518 OFX>ENR>CIP>NOR (£ 1). 74
WX AP B EE R TAMIX , JFH OFX \NOR 5 ENR “FY¥R BEH S T AR WX, i CTP FH Mk 5
AWK (3 1) . 15 [ Py At Fe R AR AR 2 3 3 X B 75 0 VB /I A s 3 T IS 2 3 R A T v S AT
K. o OFX MR B fie i, o T A TPRVE EMNE  BETRYL SR, IR T/NE T it e 4k Z2 R 745 ; NOR J CIP
W PEIRAR , 155 T BTV ENR W BEAIG, T AL VAT M S , o5 T PRV (3 2) . BVAINT =, OFX Wk
IR FHAR YA FEIA R 105.96 ng/L, HARHUAERWREMT 6 ng/L, YLHIZ X IR OFX 1544/ &.

F 1 IR KA prs TR 2R A R
Tab.1 Concentrations of quinolone antibiotics in water of Qingshitan Reservoir
RIX PG X JERN
OFX NOR CIP ENR OFX NOR CIP ENR OFX NOR CIP ENR

UL R UL

SE{E/ (ng/L) 7791  4.03 4.66 4.85 123.62 4.47 4.49 5.11 10596 4.29 4.56 5.00
KM/ (ng/L) 14297  4.67 5.84 5.51 660.13 5.00 6.22 6.06 660.13 5.00 6.22 6.06
fx/MH/ (ng/L) 53.81  3.70 4.03 4.59 50.00 4.15 3.49 4.81 50.00 3.70 3.49 4.59

R 2 AR XK PR T s TR A2 e e R

Tab.2 Concentrations of quinolone antibiotics in waters of different areas

7K OFX/(ng/L) NOR/ (ng/L) CIP/(ng/L) ENR/ (ng/L) = BTN
ALY nd ~280 nd~ 1380 nd~65 nd~17 [35]
i 3~5100 32~6800 4.9~390 — [36]
TR 180 — 130 — [37]
P E 0.38~32.6 nd~ 156 nd~60.3 nd~4.42 [38]
M nd~45.5 nd~572 nd~346 nd~24.6 [39]
UNGRD) 9.5~1605 nd nd~56.6 nd [8]
L nd~6.5 nd~2.6 nd~2.7 nd [17]
Kt 14~474 59~271 18~269 19~229 [18]
TRiT 7.1 67.5 — nd [19]
Y Z s 660~ 6840 14~2290 — — [20]
H IR 50.0~660.13 3.70~5.00 3.49~6.22 4.59~6.06 ENOIEN

# nd TR AMN B —FIR AT

2.2 FLERTE D 4T

4 FhT A e TG IR K TG R A ARG HE R348 100% (18] 2) , LB MBS P A= RT3z 0 A T DT
KPR X B 5 A RS 3 B b FRAR WA 1. OFX 5 ENR #6 H VB 58 i & S4 45, NOR J% CIP £
H B A T OS2 S3 A, s B A AN S0 3 | i BB G O 5 DK AT i SR BB K R A A vk B BT AR O E
HRZA P B HE R R R X . S11 5 kb P 11, OFX M IR T S4 o, o T IL AR BE 45, Ol 142,97
ng/L;S13 AT RIS 54208 10 OFX ¥REE 4 96.79 ng/L; HiAyRAE 25 OFX & 4k F 50~ 70 ng/L Z Jl.
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SRAE AL S1 1 NOR Ve BERRAIR T S3 a5, FEARAE S NOR MR BEAR T 4.5 ng/L. SRAMEAS S3 T S4 AE Ry Sy s A
5811 SAENARK A KT, CIP MR RR A 85T 5.4 ng/L, HAARAE S AETF S ng/L. 4 KHE A9 ENR %
JEATF 4.59 ~6.06 ng/L Z[A].
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Fig.2 Quinolone antibiotics concentrations of sampling sites in Qingshitan Reservoir

2.3 MAEZESENISIRMELES

T OE K R K R BN 26 3 iR, Herf TP W BETE T4 0.005 ~0.041 mg/L; TOC Hie KAE 1 BLEE S1
F(11.62 mg/L) , Fe/ME T ITE S11 45(1.88 mg/L) ;TN ¥ BF (AR AL YE FEI7E 0.036~0.689 mg/L 2 [H] ; P4 i) IX
) pH KL S E FARBIX, S3 fN15 pH S K ME, HACRAEE &S pH (LG 6.62~8.29 Z ], PH il IX.
FIMIZR X 1) H, S A8 Ak Y B 43 91 53.43 ~55.97 Fll 43.33~48.10 S/ em ; IS Mt S8R I KR 2 i 32 4 A28 Ak 3l
FEl 2351 5.45~8.35 mg/1..20.3~24.5C }2 5.03~10.79 NTU( % 3).

MEE RS A 20U S5 /K AR B A AR S e B 45 SR B 7R - NOR YRJE 5 pH #H G MR B 35 ( P<0.01)
5k B DG 35 (P<0.05) , SR FRIC B AHOCOC R CIP Wk 5 TP R B AH G PE .35 (P<0.05) , 53
fhFEFRIC R E AR, KA R E W pH S nTRE R NOR 43/ A TR ZL R 2R, TP e B2 W5 1R CIP ¥
JE R EZE R Z. OFX ENR WRE 5 FTA R E R E XK R (F ).

2.4 EEXE TN

JRURE R ( RQ) B2 FH SR VEAR /K BRBE i AE s e A 25 KU 9 /N o PNEC i 7 368 5 4 17 5C
KB 2 I i 2 MBS M R AR SR ST AG P AR R AL R W PNEC {HINE 5 FiR. R
P Hernando 25" (URF 585 WS FI(E 0 3 554 8 RQ<0.1, 2R 15 YWyt KA v (0 22 W0 A7 e AR, 5
0.1<RQ<1,3R/R 15 YWl KA i 1) A WA AE A8 KU 2 RQ = 1, FR WIS Y X 7K A o 1y 2 7 A v XL
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Tab.3 Water quality parameters of all sampling sites in Qingshitan Reservoir
pay TP/ TOC/ TN/ . LI VAN v K/ i/
oL (mg/L) (mg/L) (mg/L) P (wS/cm) (mg/L) < NTU
S1 0.021 11.62 0.689 7.65 54.10 6.36 23.6 6.38
S2 0.019 4.85 0.383 7.83 53.73 7.03 23.4 6.78
S3 0.005 7.33 0.183 8.35 53.43 6.88 23.5 6.54
S4 0.016 6.61 0.631 7.85 53.47 5.45 23.3 6.07
S5 0.031 6.18 0.436 8.29 54.40 7.46 23.8 8.23
S6 0.041 3.87 0.186 7.78 54.17 7.35 23.2 5.03
S7 0.024 2.24 0.136 7.83 54.30 7.73 23.2 5.32
S8 0.026 8.40 0.053 7.88 55.07 7.80 22.6 10.79
S9 0.031 3.00 0.058 7.86 55.97 8.35 20.3 6.34
S10 0.015 4.01 0.219 6.80 46.13 6.83 24.5 4.74
S11 0.013 1.88 0.514 6.68 45.57 6.52 23.3 7.61
S12 0.020 2.62 0.086 6.62 45.57 6.87 23.6 5.95
S13 0.021 3.24 0.128 6.70 46.40 7.39 22.8 6.18
S14 0.012 3.82 0.275 6.73 43.33 5.63 23.3 6.77
S15 0.020 4.94 0.036 6.79 48.10 5.45 23.8 8.36

F IR K ZEAS TR DX 388 e A 38 A A 2 XU 37 ¢ 4
6 R, RMIX S5FEMIX OFX B RQ HII KT 1,
FR OFX FEZR VU] DX 35 b 1o AU 5540 5 2R 18 DX F
PEHIX. NOR . CIP Al ENR 9 RQ {HI/NF 1 H KT
0.1, NOR .CIP 5 ENR 7E Z8 I X 0 74 1 X 44 kb
F RS 2%, R4 NOR .CIP & ENR WM g BET OFX NOR cIp ENR
Sb TARACE  BAEA S RPN P AR R KU,

4 FHIREDK VTR PR R S
IR A A AR A S M
Tab.4 Correlations between quinolone antibiotics
concentrations and water quality parameters

from Qingshitan Reservoir

-0.071  0.053 -0345*  0.111
P I ST A R ARG A L P &tk i) roc ~0.097  0.033 0.028 0.146
e G E BT RS TN 0.146  0.195  -0.052 0.290
. pH -0.200  0.401* -0.030 0.187
31t g -0.120  0352* -0216 0253
FRA A BRI 2B B BEK ﬁfﬁ e oom el 0l

s v STV e [5,19,42-43] e NN it -0. -0. X -0.
B I 7K LA R A 5 75 7K . MR 2B AR RO i S 0060 0181 0933 0.087

R BUR 258, 1E o N A R AR TR
B EZ R, ARG T H SR IR
WE VR AZE BT 3R 32 ORI TP X 3 8 R A= 06 15
IR FRFE 5 3 Ol P9 X PY -5 23 £ A4, I ELIIOR TR AR 80 DX, Jil 1Rl ) 7K 7 37 5 3
BRIAHWZL TR, AR W) DX R G A BEIR W1 T2 /)N, ¥ YLl ) 3o nl g St i 1 180 X e A 2% Bk
o TR XA B PR 4 b A 38 rb B 5T e VR BE A B0 OFX, U T35 MR /K T2 3 8 A 0 A5 i e 0 A 3K 0
OFX X 52557 561 Jiang 457 IJBERSE ™) Liang 551" (BT 45 RARRL Horh OFX e 2 5 i 1R B U2
S4,84 S AT S NPV K 3R R B RIS MR T8 2, 3 G2 5 OFX i ) J5L A AT fE
JEIK P IRIE AT B OB K B AT 15K S A R L B OF X, AR Ak B e 5 BN S 38 i B HE I = %8 .
OFX 2 NI MBS 254, 100 8 S8 454 M A7 ML ARHT TR AR AR, 5 WK 3 45 T it 2
O SR AR 2 WK R I A DX P 0T A OFX VR B 785 5 283k W TR S 9 A8l I /K IR 35 A v e
14 OF X, JHC AT 3 o A28 U A 18 75 e AP DXy, B AR I B2 /K At T BB 3 G IR R B LR 22— B2 7K 8]

% F/RTE P<0.05 K (R ) | 5 38 A1 56 5 e RIRTE
P<0.01 7K (3Um) I 8 AH .
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A R R 3 = T 0 X R RO I K B WIS 22 KR T R TSRS, T S R B R R R Y
e

5 PUAEFOUH N AR B 1 7 B

Tab.5 Aquatic toxicity data of quinolone antibiotics to sensitive aquatic species

PUER gk A AF PNEC/(ng/L) %30k
OFX Pseudokirchneriella subcapitata 1k 100 11.3 [4]
NOR Microcystis aeruginosa 2 100 16.0 [41]
CIp Microcystis aeruginosa 2 1000 5.0 [4]
ENR Vibrio fischeri A 1000 28.8 [4]
% 6 FITE K v T R 2 TR K JE B A ISR R s A0, HA SR A S TP VTN 5
A R A KR IEA DO Ve B ¥y ik i K Tt B ARl 11 B FRKFGOKT. 5k

Tab.6 RQ of quinolone antibiotics in ARV IS A T L, T VR K R B K R I A T R
different areas of Qingshitan Reservoir XS HUMPRIEE T AR i sR A H 258 P 6. drad itk

X3, OFX NOR CIP ENR AIKAB G 2 A W B 5 8 A 5 19 A i e A AR T /KA pHL,
TP TN 45 1) BEAk 1 J5 A il Xt 3 b 5o i 7 A o 2 1 S8 I
Golam %" 71 I S 46 5 1 F W I3 hi sk Xt LI 40
KR BOKBSEI M. 258 — B [ I W g5, K A4 1 K
i . pH 5 DO YR B SFIAEE K 5 i a3, O ELASE R 2 PRt 34 | st — A0 40 A 2 Mk B S5 /K IR 3R B8 R 7 B
A—EMEER. AW CIP W5 TP e 5 3 6AH 5 NOR YR 55 pH S 4% 1 25 (W IE ARG, 3F H 500
JE A ARG, X 5 FAE SR RS G R IR]  ZEEBE ST T CIP Wk 5 TP ViR B 5 3 IEAH G ; NOR ¥k
JE5 TP e B WFEAHSC, 5 pH At I 0 WA KOG R, IX 5 W] MU 2 2 K REEAHSC. G SE R
B pH R IR TR B FAEAE TS E R R R R MUK S FRCRHE R — N E S i N,
P B SRR B S SR FEE RS I BERX A N P 2RI TR 15K R SRa ok 2 B A A 16 15 7K
SIRBIERXT NOR 5 CIP HBTHR A4 .

FEAEZS KU BRAN H |, T X K A A7 7 v XU B9 J2: OFX, NOR T Ak F Hh 25 i 25 4% , CIP 5 ENR WU 4b F
25 R 5 2 A% 0 X K VA7 R KUY P 2 OFX, NOR A T Fh 250 185 45 4, CIP 5 ENR JUJ 4k T i 26 XU 25
9. VLI INRLK PR IS HUAE RIS RS A 1997 AR, T R K 122 g IX 4 77 BT MK
PR AW AN 5 0 2 2 X 2l 4R , e 2 BORE e, AR 16 5 K | A B 30 B B HE A K P BUK 2K
PRY5 YA R 7K P28 DG 90 30 S TR XA 58 30 R A 8 5 7K i I, ot P X ] s 3 5
JT V5 Y, FEUK PR T R ARk, 7K 2R 7K 5 M 507 A R LRI A B K P SRR S G e 2E
BRBITH R R E R, A B EFRER . 2013 4531 ELBUF T 4536 75 DR PEK R, §R % B X 4
FRPAE I RAB AR SRt (B2 SR ST % BE/ INRD A8 28 A ) 0112 S5 JE =2 A | DT 8 B 58 14 S A
K—FEEF M. AT, £ 2014 AELOKEC HEE S HIL 500 £ b, %R U T % £
FROHRE T AR R AR, i AR 2 W A AR A B RDEL b i LR X A7 e B AR RS e Y T g
PR,

4 #ig

1) T WK R AR PR W T R S 0 A 3R A % 100% , L P o i o (2 OFX, HUAy 3 Rt AR R A8 ]
AT, P DR MR BBT AR R B TR WX, ARG 5K R T & POl R e AR e A R R

2) CIP 2 5 TP YR EEAR DG 35 ; NOR ¥R B2 5 pH AR DCHEAR W35, 5l BEAHOCME L 35 AR TR 157K 5 9%
BHIR KX NOR 15 CIP B STERR B . PUAE WL S /K R AR M o HAT — R B 2R, (ELAE 3 7 T f9 F 5 i
B

PEHIX 1094 0.89  0.16  0.32
AHX 6.8 0.8 0.16 0.30
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3) T P2 7K A v R 2K 47 A 2R A A 28 XS A 7 vl 28 D s e DXL, S5 28, DRI 75 DR K 22 b s s
RITERTTRARZ.
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