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Preliminary Study on the Adsorption of Quinolones to Kaolin
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(1. Department of Environment Engineering Jinan University Guangzhou 510632 China; 2. Key Laboratory of Water/Soil Toxic
Pollutants Control and Bioremediation Department of Education of Guangdong Province Guangzhou 510632 China)

Abstract: A static adsorption experiment was conducted to investigate influence of equilibrium time initial concentration pH value and
cation species on adsorption of two kinds of quinolone antibiotics (norfloxacin and ciprofloxacin) to kaolin. Results showed that the
adsorption process of norfloxacin and ciprofloxacin followed pseudosecond-order kinetic equation with adsorption rate of 0. 021
kg/(mgeh)and 0. 156 kg/(mg*h) respectively. Norfloxacin and ciprofloxacin can be divided into the initial fast adsorption stage and
the slow adsorption stage; Adsorption isotherms of norfloxacin and ciprofloxacin to kaolin were well described by both Freundlich
equation and Langmuir equation with the adsorption capacity (lgK;) of 2. 026 and 2. 273 respectively and the maximum adsorption
(Q,) of 135. 14 and 142. 86 mg/kg respectively; The maximum adsorption of norfloxacin and ciprofloxacin to kaolin can be obtained
when the pH value was 5 followed by pH value from 6 to 8; The influence of different cations on norfloxacin and ciprofloxacin
adsorption to kaolin varied greatly the higher valence the more influence; Adsorption of norfloxacin and ciprofloxacin to kaolin
decreased with the increase of Ca’" concentration decreasing from 92.07 mg/kg to 58.12 mg/kg for norfloxacin and from 96. 71
mg/kg to 58. 85 mgekg ™' for ciprofloxacin when Ca®* concentration decreased from 0. 01 mg/L to 0. Img/L. The results provided with
a treatment approach for antibiotics containing wastewater.

Key words: quinolone antibiotics; water pollution; kaolin; sorption; removal
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1.1

(84.9%)

(99.6%)

Si0, 45.38% Al,0, 38.46% Fe,0,0.29%

24.18 m’ /g 3.24 mmol/g
<1 pum 25.4% 1 ~2 pm
20.4% 2 ~5 pm 19.1% 5 ~ 10 pm
18.8% 10 ~ 20 pm 9.2% 20 ~50 pm
4.3% > 50 pm 2.8% ;
Sigma ; ;
LC20AT ( )
Shimadzu SIL-20A Shimadzu
LC Solution ;
PHS-3C pH ; HC-3018R ;
SHZ-82 ;
1.2
1.2.1
OECD guideline 106
. 1.0000 g(0.9995 ~1.0005
g) 50 mL 20 mL
5 mg/L  0.01 mol/L
CaCl, ( = 20:1). 25C
(250 r/min) 2.4.6.8.10. 12, 16. 20.
24.28 32h (4 000 r/min) 10 min
0.45 pm HPLC
(
). 3 «c )
pH 6.5

Q = (cyg —c,) xV/M

Q
(mg/kg) ¢, (mg/L) e,
(mg/L); V (L;m (2).
1.2.2
1.2.3.4 5 mg/L 24 h

1.2.3 pH
5
mg/L 5% 0.5 mol/L
pH 4.5.6.7.8.9
pH
1.2. 4
5
mg/L 0.01 mol/L (K™,
Na®.Ca’* .Mg’* .Fe'") (
) pH 6.5
(Fe’" pH 2.5 pH =3 )
pH 2.5.

0.01. 0.03. 0.05. 0.08 0.10 mol/L.  Ca®*

(pH 6.5 )

1.3
(Waters 250 mm x 4.6 mm
I.D. 5 pm); 280 nm 450 nm;
25°C; 120 uL; 0. 067
mol /L (15/85 ); : 1.0
mL/min 20 min.
7.8 min
10. 2min.
0.01.
0.02.0.05.0.1., 0.2, 0.5 mg/L
2 95% ~
105% .
2
2.1
1.
( 4h)
.4 h 24 h
22
( ) 1:1

23

24 25
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32
s _ 1 (q.)
q kyq. 4. 89 mg/kg 87.45 mg/kg.89. 47
k, kg/(mgeh) ; q, mg/kg) 0.021 kg/(mg*h)
(mg/kg); ¢ ¢ (h) 0. 156 kg/(mg=h)
(mg/kg).
2.2
(r’ >0.999). 5 mg/L
6 Freundlich Langmuir .
sk = Igg)]{ Freundlich HlgQ = 1gK, + 1/nlge, (1)
AL Langmuir e, /Q, = ¢ /0, + 1/(K.0Q,)(2)
L 1
2ol M 0
2 (mg/kg) e
B2r
(mg/L) K, ; 1/n
1 b
o L1 I I I I I
0 4 8 12 20 28 2) Q. K,
i ll/h .
; 0, (mg/kg).
1 Freundlich Langmuir
Fig. 1  Sorption kinetic curves of norfloxacin and 2
ciprofloxacin to kaolin 1
2.5 0.010
(a) Freundlich# (b) Langmuirfi I
2.0 0.008 A
15 ¢ 0.006
g 3
1.0 + 0.004
A
0.5 A NOR 0.002 | -/I/./-/.
u CIp
o L L L 0 1 1 1
-2.0 -1.5 -1.0 -0.5 0 0 02 0.4 0.6 0.8
lgce Ce
2
Fig.2  Adsorption isotherms of norfloxacin and ciprofloxacin to kaolin
1
Table 1 ~ Parameters of the Freundlich and Langmuir equations for ciprofloxacin and norfloxacin to kaolin
Freundlich Langmuir
1gK, 1/n K, Q, /mgrkg ™! P
2.026 0. 630 0.998 2.173 135. 14 0.975
2.273 0. 620 0.997 5. 000 142. 86 0.958
2 Freundlich 2.3 pH
Langmuir pH 4 ~9
Freundlich 1 (K, =0Q/c)
leK, 2.026 3. pH 5
2.273 K, 2.173  5.000 Q. 135. 14 ( 98.90 mg/kg
mg/kg 142.86 mg/kg 95. 64 mg/kg IgK, 2.64  3.25 pH

6~8
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Fig.4 Effect of various cations on sorption of

norfloxacin and ciprofloxacin to kaolin
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Fig.3 Sorption amounts and distribution coefficients of norfloxacin and ciprofloxacin to kaolin at different initial pH
2.4 20% 0.
Ca®*
(CaCl) * *
« 4. ( 5. Ca*" 0.01 mg/L
Na®.K"” 92.07 mg/kg
: Ca’* \Mg** 96.71 mg/kg Ca’" 0.1 mg/L
: 58.12 mg/kg
Fe'" 58. 85 mg/kg.
100
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& — — § 60
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Fig.5 Effect of Ca®* concentrations on sorption

of norfloxacin and ciprofloxacin to kaolin
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M

0.021 kg/(mg+h) 0.156 kg/(mge*h).

Freundlich

Langmuir (1gk,) 2.026
2.273 0.) 135. 14 mg/kg
142. 86 mg/kg.

(2)pH 5

6~8
3)
. Ca®*

Ca’* 0.01 mol/L 92.07 mg/kg 96.71
mg/kg Ca** 0.1 mol/L 58. 12

mg/kg 58.85 mg/kg.
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