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Abstract: [Purposes] A profound understanding of adsorption and desorption characteristics of
antibiotics in soil environment is essential for elucidating their environmental behavior, migration pat-
terns, fate, and risk assessment. [Methods] In this study, a batch adsorption experimental method
was employed to systematically investigate the adsorption and desorption characteristics of three fluo-
roquinolone antibiotics (FQCAs: ciprofloxacin (CIP), ofloxacin (OFL), and levofloxacin (LEV) on

red clay soil from the Loess Plateau. The adsorption mechanisms of FQCAs on red clay soil were
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deeply explored tby isotherm models, kinetic models, thermodynamic analysis, and Fourier transform
infrared spectroscopy analysis. [Results] The results indicate that the adsorption of red clay soil to
FQCASs is significantly pH-dependent, closely related to the surface charge characteristics of red clay
soil and the existing forms of FQCAs. The theoretical maximum adsorption capacities of red clay soil
for CIP, OFL, and LEV at 298 K are 35.99, 35.34, and 36.15 mg/g, respectively. The Sips model
better fits the isothermal data, revealing that the adsorption process is a complex mixed mode influ-
enced by temperature, rather than a simple monolayer physical adsorption. The adsorption kinetics
analysis of FQCASs on red clay soil shows that adsorption equilibrium can be achieved within 2 h, and
the adsorption process is divided into two stages: the initial stage is mainly controlled by external mass
transfer, followed by the stage dominated by internal diffusion of particles. Desorption experimental re-
sults further confirm that even after desorption, more than 80% of FQCAs remain in soil, reflecting
the strong adsorption affinity of red clay soil for FQCAs. The findings of this study offer innovative
strategies and ideas for soil remediation in the area of the Loess Plateau and the development of red
clay soil-based adsorbents.

Keywords: [.oess Plateau environment; soil pollution control; soil remediation; soil adsorption;
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Fig. 1 (a) N,adsorption and desorption isotherms of red clay soil;

(b) Pore size distribution of red clay soil
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Fig. 3 Effects of red clay dosage on FQCA adsorption removal in
water solutions by red clay soil (o, = 10 mg/L,pH=7,
T=298 K, and /=120 min)
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Table 1 Isotherm parameters for FQCAs adsorption by red clay soil in water solutions
W EE /K
FQCAs W 5 AR B4 —
298 308 318
¢, (mg-g » 31.35 30.71 31. 04
K, (L-mg D 0.55 0.39 0.27
Langmuir , _
R 0.9816 0.988 4 0.9951
R, 0.02~0. 27 0.03~0. 34 0.04~0. 43
K. ((mg-g~ D(L/mg)"™ 10. 35 9.01 7.71
CIP Freundlich n 3.11 2.95 2.69
R’ 0.9476 0.9416 0.929 2
q, (mg-g » 35.99 32.85 33.01
. K, ((L-mg D™ 0.43 0.36 0.26
DIPS
' n, 0.73 0.85 0.88
R* 0.990 8 0.9928 0.9936
q, (mg-g™H 31.51 31.73 32.43
1 ) K, (L-mg D 0.56 0.38 0.27
.angmuir Y
g R* 0.986 3 0.9921 0.990 9
R, 0.02~0. 26 0.03~0. 34 0. 04~0. 42
Ky ((mg-g D(L/mg)"™ 10. 25 9.13 8.14
OFL Freundlich n 3.06 2.88 2.69
R’ 0.940 5 0.9259 0.903 4
q, (mgg ™ H 35. 34 33.03 31.09
N K, ((L/mg)™) 0.44 0.36 0.28
1ps
. n, 0.77 0.91 1.12
R* 0.9929 0.994 7 0.992 3
q, (mg-g™H 32.55 32.10 32.24
) K, (L-mg™ D 0.62 0.41 0.28
Langmuir ) R
R 0.9875 0.988 3 0.9958
R, 0.02~0. 24 0.02~0. 33 0.03~0. 42
Ky ((mg+g D(L/mg)'™ 11.58 9.47 8.37
LEV Freundlich n 3.29 2.90 2.77
R* 0.9413 0.930 3 0.9258
q, (mg-g™H 36.15 34.13 30. 74
5 K, ((L/mg)™) 0.53 0.38 0.27
1ps
n, 0.75 0.87 1.15
R’ 0.996 3 0.987 8 0.997 5
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Sips 1 AU FE A [A] i B2 T R*ME B & (R Do A,
Sips # 8 H1 1) g, Bl 5 Il B2 T e 1 R AR, X sk B R
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Table 2 Thermodynamic parameters for FQCAs adsorption by red
clay soil in water solutions

FQCAs BE/K  Ke <kf§:{*‘> (kﬁﬂ*‘) (J-moAﬁo‘/-K”)

298 549710 —32.75

CIP 308 385810 —32.94  —28.42 14.57
318 267090 —33.04
298 555100 —32.77

OFL 308 381510 —32.91  —27.72 16.92
318 274730 —33.11
298 616810 —33.03

LEV 308 412900 —33.11  —31.38 5.56
318 278010 —33.14
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Table 3 FQCASs adsorption kinetic parameters by red clay soil
in water solutions

By 1 F A ZH cIp OFL  LEV
q. (mg-g™ D 4.767  4.867 4.693

£ — B A 7 ky (1/min) 4.159  2.570 6.580
R? 0.9893 0.9989 0.9916

q. (mg-gH 4.876  4.902 4.770

Bl A R k, (g/(mg/min) 2.018  2.183 4.413
R* 0.9994 0.9997 0.997 3

Phase 1

kpy (mg/g/min'’?) 1.648  0.173 0.651

o, (mg-g™H 2.821  4.331 3.864
R’ 0.9732 0.9588 0.9250

Weber-Morris  Break point (min”®) 1,158  2.785 1. 141
B Phase I1

kpy, (mg/g/min'*)  0.023  0.006 0.032

0, (mg-g™H 4.702  4.851 4.569
R* 0.7640 0.8424 0.8724
Overall R* 0.9877 0.9806 0.9708
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