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NOR OFL
X131 A
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2013 5d FQNs 90 cm Chen
1628 t 52% u o]
30% ~ NOR OFL ENR 100%
90% 96.8 ng/L
[2-3]
[4-5] [4-5]
(FQNs)
(NOR) (CIP) (OFL) (ENR) (1-12]
168 yie [
FQNs 27.8 ~ 1.5 g/kg
15374 pgkg Li 1 ENR CIP NOR
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(18.25 MQ/cm) NOR OFL
1 500 mg/L
277K 90 d
1.1
(NOR) (OFL) ( (30° 01'37.87" N
>99.9%) 104° 44'17.53" E 426 m) 5~20cm
( ) Honeywell
1
UPH ( ) NOR OFL
F1 HiAEELIEEALER
Table 1 Physicochemical properties of tested purple soil
pH Fe (wiw)
(g/kg) (cmol/kg) (w/w)
5.72 2.73 23.7 4.4% 22% 51% 27%
1.2 ) NOR OFL Agilent
OECD-106-2001 Eclipse Plus  C18 (Spum 2.1 mm x 150 mm)
2g 150 ml 40 ml 0.05 mol/L (
pH 2.4) 1 9 1 ml/min
200 r/min 298 K 303 K 280 nm(NOR)
2 ml (5 000 r/min) 294 nm(OFL) 5.2 min(NOR)
0.22 pm 277 K 6.4 min(OFL)
2 1.4
1 NOR  OFL O.(mg/kg)
5 10 mg/L 298 K (1)
05 1 2 5 7 10 12 15 0, =(Cy—C)xV/Im (D)
20 mg/L 283 K 298K C, NOR OFL (mg/L) C.
pH NOR  OFL (mg/L)  V/m
10 mg/L 298 K (ml/g)
HCl NaOH pH 4 5 6 7 NOR  OFL KAL/kg)
8 9 10 pH 2)
CaCl, 0.005 0.01 0.02 0.05 mol/L K,=0,/C, @)
Q.(mg/kg)  C(mg/L)
2
NOR OFL
Li 3 2.1
NOR OFL
5 10 20 ghke 23%( 1A~ B 3
) 1 5h NOR
Hou 4 OFL 5% NOR
0.1 mol/L NaOH 0.1 mol/L Na,P,0,
1] 1 mg/L 10mg/L  NOR
1.3 NOR OFL OFL 19.8 mg/kg
Hitachi L-2000 ( uv 19.3 mg/kg 195.7 mg/kg  191.9mg/kg
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NOR 3 K, 1~4h
1 133 L/kg OFL(417 L/kg)
Leal U 4 FQNs 13
NOR
0~1h (17
200 |- @ 200 L ®
—— 10mg/L —o— 10mg/L
5 150 1 - Smgl g 1501 - Smg/L
) ~= 1 mg/L =) N
£ 100 €00
&Y i
50 50
0 ' ' : ' ' ' 0 : ' ' : : '
0 2 4 6 8 10 12 0 2 4 6 8 10 12
1(h) ()
1 fiif% & + )M NOR(A)FN OFL(B)RIZ) 1 4k
Fig. 1 Kinetic curves of NOR (A) and OFL(B) sorption in tested purple soil
3 NOR  OFL 1/Q, =1/(k,0,> ) +1/0,, 4)
Elovich
Elovich ! 3) % 6 0, =In(XY)/Y +Int/Y (5)
NOR OFL 2 0, t (mg/kg) ki
(mg/(kg'h)) &
log(Q, - 0,) =log Q. —k1/2.303 () (kg/(mgh))  On (mg/kg) X
(mg/kg) Y (mg/(kg-h))
F2 ik e LR NOR 1 OFL B h 5 #
Table 2 Kinetic parameters of NOR and OFL sorption in tested purple soil
FQNs Elovich
(ML) k(mg/(kgh) Odmgkg) R k(mg/kgh) On(mgkg) R Xmgkg) Ymg/(kgh) &
NOR 1 0.455 2.01 0.725 0.056 3 23.6 0.859 947 0.389 0 0.596
5 0.746 9.63 0.671 0.049 5 103 0.958 62 020 0.1330 0.793
10 0.712 359 0.769 0.027 8 200 0.991 271 000 0.071 9 0.800
OFL 1 0.634 2.77 0.721 0.0290 26.2 0.845 313 0.3320 0.604
5 0.772 32.6 0.760 0.030 0 102 0.982 11 800 0.090 9 0.866
10 0.605 44.8 0.604 0.0100 208 0.991 6610 0.038 9 0.841
3 [18]
NOR  OFL 2.2
FQNs 283 K 298 K NOR OFL
2 NOR OFL 0.5~
20 mg/L 2 NOR OFL
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500 - D-R
400 InQ, =InQ,, - &’ (8)
Onm (mg/kg) K; Langmuir
£ 300 - L/ K
E, —e— 298K-NOR . (L/mg) —n " f
< 200 —+- 283K-NOR Freundlich ((mg/kg)(L/mg)™) f
= 298K-OFL (mol’/kJ*) &  Polanyi (kJ*/mol®)
100 —o— 283K-OFL
0 | | | ) e=RTIn(1+1/C,) )
0.0 0.2 0.4 0.6 0.8 1.0 .
C.(mglL) R 8.314 J/(mol'’K) T (K)
2 g% & L IRH NOR #1 OFL B9 R M &84 3 3
Fig. 2 Isotherms of NOR and OFL sorption in tested purple soil
Freundlich Langmuir  D-R NOR
NOR OFL OFL Freundlich
3 NOR OFL NOR OFL
3 283 K
Langmuir Freundlich Dubinin-Radu- 298 K NOR OFL 1/n <1
shkevich (D-R it 1/n
Langmuir ] 7>
1/0, =1/0,, +1/(K; 0,,C,) (6) OFL NOR [20-21]
Freundich
logQ, =log Ky +logC, /n @) [22]
% 3 NOR # OFL ZE#HR 55 & + PRI IR M ERER S5
Table 3 Parameters of isotherm models of NOR and OFL sorption in tested purple soil
FQNs (K) Freundich Langmuir D-R
Ke(mg/kg)(L/mg)""  1/n R? On(mg/kg) Ki(L/mg) R? P(molP/kI*)  Qn(mg/kg) R?
NOR 283 706 0.799  0.998 286 7.00 0.990 0.0239 219 0.914
298 711 0.736  0.990 192 17.3 0.953 0.017 5 358 0.852
OFL 283 400 0.845 0.993 135 8.22 0.977 0.029 8 219 0.905
298 457 0.864  0.991 270 3.36 0.981 0.028 3 252 0.912
2.3 (=20 ~ 0 kJ/mol) NOR OFL
NOR OFL 283K 298K
(AG) NOR OFL FE 4.10 ~
(E) AG E 5.35 kJ/mol 8 kJ/mol
AG E [23] [20,24-25]
AG 20 kJ/mol CIP OFL NOR 3
22 g D-R
£ 8kJ/mol 8 %4 K5 ETIRM NOR F1 OFL B AGH E{8
kJ/mol<<E 16 kJ/mol [17.21] AG Table4 AG and E values of NOR and OFL sorption in tested purple soil
E (10) (11) FQNs (K)  K4L/kg)  AGKI/mol)  E(kJ/mol)
AG=-RThhK, (10) NOR 283 914 -15.87 4.57
Ezl/ﬁ (11) 298 1016 -16.12 5.35
OFL _
4 AG 283 516 14.54 4.10
2 ~14. 42
AG  —16.12~—14.54 kJ/mol % 7 o 0
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[15]

2.4 pH
FQNs pH FQNs
[5,26] pH NOR
OFL K, 0. 3
NOR OFL pH 5
98% 96%
NOR OFL pH 10
NOR OFL
175.5 mg/kg  172.2 mg/kg NOR
Ky pH
K, 1126 L/kg 115 L/kg
OFL
FQNs FQNs
(PKa1  pKa2) pH
pH<pK,
pH>pK.
pKai<pH<pK.,, FQNs
[15,26-27]
FQNs
200 42000
3 150 - 41500 .
;Ef 100 41000 3;
i A
50 -500
0 0

W fipH

3 pH Xf NOR #0 OFL 7£fitix 5 & 1 o IR Ff3 A &2 il
Fig. 3 Effects of pH on NOR and OFL sorption in tested purple soil

2.5

NOR OFL

4 4 CaCl, 0.01 mol/L

NOR OFL
CaCl, NOR OFL
CaCl, 0.05 mol/L

NOR OFL CaCl, 0.01 mol/L

10.2% 11.7%
Ca?t

50
Caz+
FQNs 281 Mutavdzi¢ ")
CaClZ
mmm NOR
200 == OFL
- - _
T
150

0. (mg/ke)
3

S0

I | I
0.005 0.01 0.02 0.05
CaCl, (mol/L)

4 ETFIREX NOR #1 OFL FE iR &£ & - IR A9 S0
Fig. 4 Effects of ion strength on NOR and OFL sorption in tested purple soil

2.6

FQNs
FQNs [26,29]
NOR OFL 5
NOR OFL
NOR OFL
194.6 mg/kg  190.2 mg/kg
19.4 g/kg
199.2 mg/kg
724 L/kg
2 646 L/kg K,

NOR OFL
198.5 mg/kg NOR
OFL K, 387 L/kg

4980 L/kg

NOR OFL

Yan ¥
ENR
Figueroa-Diva
NOR CIP

[30]

ENR
Zhang DV

NOR

Teixido
FQNs
FQNs

[32]

FQNs
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%5 BHURST NOR 1 OFL ZE IR K & + IR M8 F 00
Table 5 Effects of organic matter on NOR and OFL sorption in

tested purple soil

NOR OFL
@ke)  o(mgkg) Kdlkg) Oumgkg)  Kdllkg)
19.4 199.2 4980 198.5 2 646
10.1 198.7 3056 198.2 2203
5.6 198.1 2 085 193.4 586
2.73 195.7 910 191.8 465
0 194.6 724 190.2 387
3
1) FQNs
5h NOR OFL K,
1133 L/kg 417 L/kg
Freundlich
FQNs AG E
FQNs pH
FQNs
pH FQNs
FQNs
2)
FQNs pH
FQNs
FQNs
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Sorption of Fluoroquinolone Antibiotics in Agricultural Purple Soils

WANG Chang, LI Yujie, ZHANG Zhi", YAO Juanjuan, LU Peng, YANG Lu, WENG Zhangfan

(Key Laboratory of the Three Gorges Reservoir Region's Eco-environment, Ministry of Education
(Chongqing University), Chongqing 400044, China)

Abstract: Antibiotics have been widely used as antimicrobial agents and additives in livestock products, causing a large
amount of antibiotics entering into soil environment through the application of manures contaminated with these chemicals. As an
important process of controlling the migration and transformation of antibiotics in soils, sorption behavior has great significance
on the risk assessment and pollution controlling of antibiotics. The sorption of norfloxacin (NOR) and ofloxacin (OFL), two
widely used fluoroquinolone antibiotics (FQNs) in agricultural purple soil in Chongqing were investigated with batch sorption
experiments. The results showed that sorption processes of NOR and OFL in purple soil were very fast, and sorption equilibrium
were achieved in 5 h with sorption coefficient K, of 3 082 L/kg. Freundlich model was fitted well with sorption isotherms of NOR
and OFL in purple soil. Gibbs free energy and sorption energy demonstrated that physical sorption was dominant in NOR and
OFL sorption in purple soils. Solution pH greater than 6 may decreased NOR and OFL sorption in purple soil. When solution ion
strength was up to 0.05 mol/L, sorption capacities of NOR and OFL were decreased by10.2% and 11.7%, respectively. Organic
matter in soil had little effect on the sorption of NOR and OFL in purple soil.

Key words: Norfloxacin; Ofloxacin; Purple soil; Sorption
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