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Adsorption characteristics of ciprofloxacin on saline—alkali soil

BIAN Wei-tao"?, MA Xiu-lan"*", WAN Fu-min"?, ZHANG Li-yuan"? REN Li—jie"?, WANG Yu-jun*?, GAO Di"?

(1.School of Resource and Environment Science, Jilin Agricultural University, Changchun 130118, China; 2.Changchun Monitoring Station of
National Water Quality Monitoring Network,Changchun 130041, China; 3.Key Laboratory of Soil Resource Sustainable Utilization for Jilin
Province Commodity Grain Bases, Changchun 130118, China)

Abstract ; Adsorption isotherms, adsorption kinetics and adsorption thermodynamics of ciprofloxacin on a saline—alkali soil were investigated
by batch equilibrium studies according to DECD Guideline 106. The effects of pH and Ca®* concentration on adsorption process were also
examined. Results indicated that the adsorption isotherm of ciprofloxacin was well fitted to the Freundlich equation, with correlation constant
R? of 0.981. The kinetics of ciprofloxacin adsorption by saline—alkali soil at different initial concentrations was in accordance with the pseu—

do-second order kinetic equation, with adsorption constant of 1.17x107~5.67x10 kg *min~'

-mL™". The whole process of ciprofloxacin ad—
sorption by soil can be divided into two stages : the fast adsorption and the slow equilibrium. The adsorption equilibrium time of ciprofloxacin
at initial concentrations of 80 mg-L~", 100 mg-L™ and 120 mg-L™" was 24 h. The equilibrium adsorption ratios were 89.9%, 92.2% and
92.7%, respectively. The AH values of —3.585 kJ+mol™ and negative AG values revealed that the adsorption of ciprofloxacin on the saline—
alkali soil was a spontaneous exothermic process. The capacity of ciprofloxacin adsorption decreased constantly with increasing pH, and re—
duced drastically when pH was above 9. At different concentrations of CaCl, as background solution, the isothermal adsorption curves of
ciprofloxacin by saline —alkali soil were well described by the Freundlich equation. The 1gK; values decreased with the increase of CaCl,

concentration. The impact of ionic strength on ciprofloxacin adsorption was less when its initial concentrations were lower.
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Table 1 Physicochemical properties of tested soil

Pt 1 H EERiING FH 88 38 it TR AY, Particle composition/%
Tested soil P Organic matter/g-kg”  CEC/mol-kg™ Bki Clay FVEL Silt T Sand
L Saline sol 97 68 13.60 29.7 3.1 382
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Figure 1 Adsorption isotherms of ciprofloxacin on saline—alkali soil
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Table 2 Isotherm parameters of ciprofloxacin adsorption

on saline—alkali soil

Freundlich 57

Freundlich equation

Langmuir /52
Langmuir equation

Ky/mg-L' Q./mg-kg’ R? lgK; 1/n R?
B+ Saline soil 1.189x10° 2.709x10” 0.794 1.716 1.697 0.981

ey

Soil type
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Figure 2 Kinetics of ciprofloxacin adsorption on saline—alkali soil
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Table 3 Kinetic parameters of ciprofloxacin adsorption on saline—alkali soil

RIS VD B A W JF Elovich 777 XU O W12
Initial concentration of Elovich equation Tow—constant equation Pseudo second order kinetics equation
ciprofloxacin/mg- L a b R2 a b R2 a b R?
80 3 495.054 18.338 0.620 8.159 0.005 0.615 3 593.961 0.006 0.962
100 4 416.180 35.252 0.616 8.394 0.008 0.608 4 607.128 0.003 0.983
120 5010.020 86.472 0.698 8.522 0.016 0.681 5 473.098 0.001 0.941
* 4 AEIRERRMEUTRESHIMRNFZSE
Table 4 Isothermal and thermodynamic parameters of ciprofloxacin adsorption at different temperatures
e E Freundlich J5# Freundlich equation Langmuir /¢ Langmuir equation AG AH AS
Temperature/C 1gK, I/n R Ky/mg-L"'  Q./mg-kg” R /kJ-mol™!
15 1.719 1.698 0.979 2.031x10°  1.304x10’ 0.811 -9.482
25 1.716 1.697 0.981 1.189x10°  2.709x10’ 0.794 -9.793 -3.585 0.021
35 1.678 1.706 0.977 3.327x10°  4.162x107 0.783 -9.899
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Figure 3 Equilibrium adsorption capacity of ciprofloxacin at

different pH
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Figure 4 Distribution coefficients of ciprofloxacin at different pH
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Table 5 Isothermal parameters of ciprofloxacin at different pH

HHVEWR pH Freundlich J5 Freundlich equation

Langmuir /2 Langmuir equation

Background pH value 1gK; l/n R? K/mg-L™" Q./mg-kg™ R?
3 2.995 1.004 0.942 6x107 1.785x10° 0.942
5 2.613 1.152 0.992 4.097x10? 1.185x107 0.974
7 2.008 1.499 0.996 1.443x10° 2.50x10® 0.881
9 1.815 1.646 0.998 1.2369x10? 2.778x10* 0.839
11 1.445 1.433 0.995 2.209x10° 5.537x107 0.944
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different CaCl, concentrations
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Table 6 Isothermal parameters of ciprofloxacin at different CaCl, concentrations

CaCl, ¥ J&F CaCl,

Freundlich J5# Freundlich equation

Langmuir 57 Langmuir equation

concentration/mol - g K Un R? K/mg-17! Q./mg kg R2
0.01 1.716 1.697 0.981 1.189x107 2.709%x107 0.968
0.05 1.198 1.624 0.998 4.765x10° 2.692x107 0.848
0.10 1.055 1.481 0.994 4.134x10°° 1.699x107 0.890
0.15 0.772 1.696 0.998 3.255x10°° 1.903x107 0.856
0.20 0.110 1.823 0.989 2.079x10° 1.797x107 0.804
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