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Distribution Characteristics of Fluoroquinolones Antibiotics in Surface Water

and Groundwater from Typical Areas in A City
CUI Ya-feng, HE Jiang-tao*, SU Si-hui, YANG Lei, QIAO Xiao-cui

(Beijing Key Laboratory of Water Resources and Environmental Engineering, School of Water Resources and Environment, China
University of Geosciences, Beijing 100083, China)

Abstract ; In order to investigate the characteristics of 5 typical kinds of fluoroquinolones (FQs) pollution in waters from a city, surface
water and groundwater samples from main drainage rivers and typical areas were collected, respectively. The conventional test and FQs
concentrations analysis of the water samples were conducted. The results showed the concentration and composition of FQs in
groundwater differed substantially from those in surface water. The average concentration of FQs in surface water was 789. 1 ng-L ™'
with the main components of ofloxacin (OFL) and lomefloxacin (LOM). This value was higher than the average concentration of FQs
in groundwater: 342.7 ng-L~" with the main components of norfloxacin (NOR) and lomefloxacin (LOM). The enrofloxacin ( ENR)
exhibited relatively lower levels in both surface water and groundwater as compared to others. The highest FQs concentrations in surface
water were found in trenches, followed by tributaries and the main stream. For groundwater, FQs concentrations were relatively higher
in the sewage riverside. A decreasing trend of FQs concentration was monitored with the increasing distance of sampling points to the
drainage rivers and all components mentioned above showed similar changing trends. The results of this study preliminarily indicated
that FQs in groundwater along the riverside probably came from the surface water.
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Fig. 1 Distribution of sampling sites in the research area
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Table 1 ~ Condition of sample collection
LRIFFT X T X e m Hb R KA S (4D HhFKAR S (A
Al B [iE 0 1
Bl Bt (AT 3E ) A% I IH 2 1
Cl Bt (HEVS TR ) 5T W 1T 5 1
C2 Bt CHETS I ) 9T 18 18 5 1
C3 Bt CHETZ AT ) 9T 187 1E 2 1
DI Bt CHET5 T ) T B 1e 5 1
El B HET5 0 1
F1 Bt HET5 0 1
ZH By 5 0
DH HET5 8 0 1
NF FS G HEE 0 1
SQ Tl X HEV5 1 0 !
xR2 FEEEMEREER(FQs) MBS
Table 2 Physical and chemical parameters of fluoroquinolones
F4S WXL fhepgEf CAS BT o F= AHX o3 ik leK,, pKa
FIRU A Ofloxacin @ 82419-36-1 CisHy FN; 0, 361. 37 -0.39 6.0,8.3
TR A Norfloxacin ©) 70458-96-7 CiHgFN; 0, 319.33 -1.03 6.3,8.4
WD E Ciprofloxacin ©) 85721-33-1 Cy;HgFN; 0,4 331.34 0.28 6.0,8.8
KRV A Lomefloxacin @ 98079-51-7 C,H g F,N; 04 351.35 -0.30 5.8,9.3
Bt i Enrofloxacin ® 93106-60-6 C,yH,,FN, 0, 359. 40 0.70 6.3,8.3
' |0| coot F 2 COOH F i COOH F i COOH
@ "l“C'NCN:@( @ IINCNm ® HN:}Jm @ ||@m
CHy Cats A HiC FCoHe
00
@llo)m*’
N N
QRS

1.3.1 /KAEfAb 3

IKFEET 1.0 L A7 R VIR £ b # e 25 1)
FEEILEEH T, A 500 mg Na, EDTA |, F 4°C {4#£4F.
IKREL BRI LT 2 & K ( GF/F , Whatman ) 35 38 25 [ &
TERORE ) BOKEEPI A, Heh— 3 In AR ETR B
W 248 100 ng-Lf1 ,AE SR S8, KRR A I
HLB [# A # B4 (6 mL, 500 mg) %€ B R H
VisiprepTM-DL %! [if] #H % H 2% B ( Supelco, MSA ) ,
Oasis HLB SPE #£ (6 mL,500 mg) ( 3 [E Waters 24
A). AEfad AT, HLB A4 6 mL CH,OH F1 6
mL H,0 #F17 % fb. o A, s 7 1 ~ 3
mL-min "' 2245, FESESESE, 10 mL B 4K (U
2 Na, EDTA) #h i /ME, B2 T4 2 h, ] 10 mL
R 1L 2N (CH,CN: 0. 05 mol-L~" H,PO, ¥& =5:1,
TRBH LG ) PR, MR VR, TP AT 28 R AP e 4 &2
1 mL L‘/{F,ﬁé@ﬂ(fﬁg% 1 mL fRE00.
1.3.2  ZrHriiik

5 Bl FQs brUERE 22K H % & Dr. Ehrenstorfer

ONaE] RER IR R B LC-20A 5 850 AH {63 ( SPD-
20A EEAMRG N B, H A B HZ A ), Inertsil ODS-
SPC18 FUAMHTHE (4. 6 mm x 250 mm,5 wm, H 74 53
vHE]), LC Solution 3 T /Eul; 45c1F. AR
40°C ; KEF 5 i8] A 30 min. WEITA A N 5%0
H,PO, W (pH =2.5) ; WiizhAl B A BRI Y
BAW(PE: 2 =60: 40 KT, VS M A
BUAH LB R 20% 5 Rz K Ry 280 nm; WA 1.0
mL-min~"; #FEEE N 10 pL.

a] 2 2 (BE2H 7 A ) 1 LK o imA
10 pL 100 ng- L~ FRifEIR G AW, 64T 7 4TI
ELVARDE | ERIDE AN E ISRV EAE
WP BRI RS 3.0, 6.1, 4.9, 8.5 F
6.4 ng-L™"; EEMREEN3.0~6.4 ng- L™, FHXT
FRUEM 2 (RSD) BI/NTF 10% (n=7). BRIDE | i
FUPE . ANVP AL I8 SEV BRIV B 24 [E
W43 9y 83.4% | 88.6% . 85.3% . 82.4% Fil
92. 3% , Y IERTE] 4> 3 13.265 . 14. 137 | 15. 864
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18.956 A1 19.986 min. ¥ il 5246 1 #2 v A k{5
e PRUE SRR FRAERG T 5 | SEPRAE S IR A
ZSARE B ATRE S AR R I P A R AT
FEAXTARE IR 251 <5% .

2 GRS

2.1 MK FQs dRAHES & K53 Hr
H A, et A0 B N 3 . FRAE IR K L il 24
MEEBETAK a2l E R ) 2k
ST KT T I 5 P A L A e XK R
T AE R S b ER 3, 45 R R i Tk Ak
1 FQs T3 & b TR K, 35 789. 1 ng-L7".
WIS KR T FQs MR Be i, K31 500. 0 ng- L7,
TR FQs He B Je Ik A9 2 1 [ SE gl Wk BE RO
19.9 ng-L7".
#3 tRARERMMXEENREKAEF FQs 1 H1ER
Table 3 Concentrations of FQs detected in water from

different countries and regions of the world

5 fl FQs Bk

SRAEHbS KRR /ngeL,-! Sk
2 E ZE G 2002 19.9 [17]
5[ Charmoise 1] 2000 124.0 [18]
72 ] 2002 ND ~120. 0 [19]
HE] 2009 940. 0 [20]
Y 2011 1500. 0 [21]
ST 2012 583.0 [22]
vk 4 22 R s 2006 270.0 [23]
T BRI B 3 I 2013 789. 1 LN

TEZTRER 11 AR K FErh, OFL F1 LOM
Bk 11 A K 3K 100% 5 NOR #4110 4,
K %3k 90. 9% ; ENR 5 CIP K%k 81. 8% .

X 1T A /KR i v i) R s B 28 B2k R Y
ST, I 2 s, S5 RERT, MRk

10 000
8000 L
L]
E
2 2000
]
%
-
0k == |
_2 L L i L L "
TOTAL OFL NOR  CIP  LOM ENR

W FQs R JE 7 K0 752. 3 ng- L', OFL il LOM
FEH K VR B, B (43 3113A3 453.5 ng- L™
F13815.6 ng-L~", V¥ K b ¥k B 4 5l oy 525.3
ng-L~'H1360.7 ng-L~". HiF/KPARIZRPTA RN
SRAUNES , —E B F S HIRET N S =
A, OFL, LOM 5 NOR Y EEI7 47 Mk JH & HE &
I ,NOR 5 CIP 78 & BOK =258 Mb) 2 >, Br
DL JLEHTAE R e R K IR a3 A 48, Il ENR
L 2, 2 R BR 78 A SR AT L& A
it SN, SR 9 R LA AR B CTP™ | X SR R 3R
A S A A ENR 3K 546 H R A

XF HiZ L XN R 5 FQs & 7K F,
K2 . aTRVEH, CIHEG K R FQs & K
SR X IR A TS B ) A AR AR —
FEZER. CUIKRE T FEHTG KR, BA
TR T T 15 YRl . B AR T I i 75 YL IR B )
JEBAE TN 157K Ab 8RR T H #5385 &, KA THKR
s B TG R HE R A A A, C K &
AR IHE 25, KRR 3 2 S0 AR I T Y
BG5BT Rb B 2 I B HEK  TK R T NI T
SRR I 75 G 5 B HE T A R 28 A B 7 K.
CHKFRT FQs &KV R I E > 3 > T
T, VU SQ Bt . DH BN NF By A T Tl bl X
JiE R IX T DX TR A DX sl R0 4% A 5 5 37 B 30, 4 0 9%
PR AS R R A 28 A B4 75 7K, 0TS Y 1k
e, HA AR AR AE 22 5. 1B CI i — 2%
T, D1 BOAKH FQs 4 AFIES C I 2L, (H A
K i S T C O, S Bk B R ik 1879.5
ng+ L' BT D i min XCHETS Il K 4Tl 7K
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Fig. 2 Concentrations and constitution characteristics of five kinds of FQs in surface water of typical areas



4064 wooo

Bl 36 &

n2
°F

BEA R B EW KB B R FQs & ik 54
BRI A B K 22 55, WR VU [ 646.8 ~ 752.3
ng-L~', FELL OFL 5 NOR M E. HHLZ T, % |
H A5 B FQs & KRR, FEE P IX
T K PRI R AR IR B AT

2.2 WK FQs 4LRUAFAE S & K44

LR 24 SR K FE T, NOR £ i 24
A KR E IR 100% 5 OFL i 23 A4S, K6t %Rk
95.8%.

EIINA e Bl BUR- @ L b7 b WA IR i ) SR Ra b=
MERS ATy, T E L HE WL | 3 Mo 5 2ok Al
W2 54 5 RGNEIR 3 FRie™ . HEE
R, —COOHE fE AT 7E 0 145 T 25 Hi A 2% 14 1 JhY
AR TRATTEIER" ; FQs iR P&
A2 TR 5 AT, AN G5 TE R M sl P 3 45 v e
FRVE AR FL S A S B FQs MM /KR A8 4 Y
HEAHT 7K 09 2o 7 b B U AT, X 24 AR
IKFER Y 5 B FQs 1Y & K #EAT ST o0,
B3 fin. S5REH, 1T K FQs BB 2K F
B AR T 3 K, FQs ¥ v 47 0 309. 5
ng-L.~". NOR Fl LOM 1M /K Hhifk BE 4 iy, e
I3k 657.7 ng- L~ F1307.3 ng-L~", SFHH5 H ik

1 000

goo b "

bl"
—— .IilT

e * '3 ==

TOTAL OFL NOR CIp LOM ENR

He g L™

FES3 19 169. 4 ng-L~' F168. 7 ng-L™".

XiF EiZ AN [ M BE b R K o FQs Y & =
RS AL RERAE, anlE 3 s, 250, 1R KA
FQs [ F /K -5 4 AR AIE 34 5 b Rk Ar e e K 22
5. C K R ) T JE b R K rf FQs fr i K OF
W T BB ZH Bt AlfES C kTS /K R i
FEAKANA T AKAT 5. D1 BT i H R 7K T FQs
R o B ey, OV € T BEM R /K, ZH B BI
B 1T K rf FQs 6 H VR AR, 5 K
FQs & 8 KV 1 40 A FRAESE L. R /K rp FQs LA
NOR 1 LOM A . ZH Bidth T /K RAE S AL T — KAl
FREEGIE , TR K FQs 5 /K48 NF Bt
2RISR K FQs & /K FAR 22 G | HL
A Z 5 Y B T 7K FQs 3 KR IG, HEDI %
Bt N 7K 32 IR0 5 P HETSOR K SEma 357N, e 1) T
C1, C2 F1 C3 B R 7Kk v & ok P 5 21 BURRAE
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