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Adsorption and Desorption of Ciprofloxacin by Surface and Subsurface Soils of Ustic Cambosols in China

GUO Li, WANG Shu-ping", ZHOU Zhi-giang, DONG Jun—fu, ZHAO Guo-qiang

(College of Resources and Environment, University of Chinese Academy of Sciences, Beijing 100049, China )

Abstract: The behaviors of antibiotics in soils have received increasing attention. In this study, batch adsorption method was employed to
reveal adsorption and desorption of antibiotic ciprofloxacin by two different layer soils of ustic cambosols, 0~20 cm surface and 20~40 cm
subsoil, following OECD guideline 106. Results showed that the absorption and desorption processes of ciprofloxacin can be divided into two

1

stages: fast reaction and slow balance, and followed the pseudo—second-order kinetics, with adsorption rate of 0.571 kg +min™ -mg™". After
24 h the absorption and desorption reached balance. Freundlich model best described all experimental data of adsorption and desorption (P<
0.01). The adsorption capacity (K;) was 672.977 and 693.426 for surface and subsurface soils, respectively. The mechanism of ciprofloxacin
adsorption was primarily physical adsorption in soils. There was hysteresis in desorption. Hysteresis index (HI) of ciprofloxacin increased
with increasing initial concentration. The HI was greater in 0~20 cm than in 20~40 cm soil layer. In adsorption, lg K, values increased with
pH increasing from 4 to 5 and then reduced with further increase in pH, with absorption peak appeared at pH 5, The lg K, value at pH 5 was
3.36 for 0~20 cm soil layers and 3.90 for 20~40 cm soil layers. In conclusion, cationic adsorptions might be one of the main sorption mecha—

nisms for ciprofloxacin in two soil layers.
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Table 1 Physic—chemical properties of tested soil

AL Organic  FHE 735 & Cation exchange

WRLZH i Soil particles/%

j:% -1 . -1 N N . \
matter/g-kg capacity/cmol - kg Bk Clay<0.002 mm  #4 Silt 0.002~0.05 mm  #5% Sand>0.05 mm
0~20 cm 7.85 25.01 25.90 3.39 67.83 28.78
20~40 cm 8.03 19.34 25.20 443 67.24 28.33
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Figure 2 Kinetic curve for ciprofloxacin adsorption in soil(a) and fitting results of kinetic data to different kinetic models(b,c,d)
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Table 2 Kinetic parameters for ciprofloxacin adsorption and desorption
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Lol 1 fricl 2 ol [T B 2

Pseudo—first—order kinetics g./mg-kg™ - f/min R P Pseudo—second order kinetics g-/mg-kg kg min-mg R P
% ff} Adsorption 3.456 0.244  0.833 <0.01 % Bf} Adsorption 500 0.571 1 <0.01
fi# W% Desorption 2.255 0.078 0.540 <0.01 fi# 1 Desorption 500 0.571 1 <0.01
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Figure 3 Kinetic curve of ciprofloxacin desorption from ustic cambosols and fitting results of pseudo—second order kinetic model to data
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Table 3 Model parameters for ciprofloxacin adsorption and

desorption by two soil layers
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Desorption 20~40 1056.818  1.017 0939 <0.01
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Table 4 Adsorption constant(Kyy,) of organic matter and free
energy chang(AG ) for ciprofloxacin adsorption by two soil layers

+ 3857 Agrotype +JZ Soil layer/em K Koy AG/k] +mol™
b 0~20 672.977 26 908.32  -25.284
Ustic cambosols 20~40 693.426 50 328.48  —26.837

W BRI — A SR AR Bt RE R R AL
AT LA T L 30 A= 2R BRI . 24 A HREAE Ak
/NF 40 kI -mol™ B, Py BRI B, Zead i S AN TD
FLFE 0~20 cm FlI 20~40 cm )2 1 F AW A AESY
B A -25.284 kJ mol ™ F1-26.837 kJ -mol™, AG {E i1
B, BEHIRIE A RHITH . AGIEMLEXHER /N T
40 kJ - mol ™, M358 B A N 0 B 7 3] - rh g i T4y 3
W B
2.3 AV EEH T PHBRERRFE

NN VD BAE T A R AR LR 1 [RTRE SR
Freundlich J7 #£ fll Langmuir T5 R IR N VD B AE A
TR BRI TG, AR 3 SR AT IR F,
Freundlich 77 #1528 B4 (R?=0.925 % 0.939, P<
0.01), Langmuir J7 B LG RCR AR 2

W5 KRBT, RN TP B AE TS A T A A i
JE G — B BLT W Fe P , W BE S b e
A B AR RE T . TR R XE S , 23 HAERE
M40 A FE e A i e S8R A T R T DL RS
LA

Huang 2531 T i J5 £ 50 (Hysteresis index,
HI).

HI=(q7-q2)lq:
22 g F g2 3 AR AR B A P e — S TR AN
WRET 15 YA - 33 v A R o o B4,

ARSCHFEE T I hR e B2 Sy 1.5.10,20 mg - L
FFRN TP R FE 0~20 em 1 20~40 em + 2 f# W 19 5
FH N 5 ATLUE PR - A A e i 5 B4
AR I R B A ) I VA B8 18 1 I 4 K, 156 B
) 2 R PN VD R A AR S S BN 42 o IX T I TR
8977 A T B A T S A R BT B A A BT A

PSR B A: SRR , oA ZR R A SRR ) 4 2 18] 25
P e A AR e J2 ) 2854 o A A R AR MRS
B, B PUAE R SRR R T 255 i
TR T R AR S . 0~20 em 12 BRI S 2R
KT 20~40 em + )2, X FEIEH T2 LA L
TR S o A HLBT S Sy | O S P04 bk ]
WP PRARSFECIT ST IR N B AERGT S b g R
FRECGARWIFEAH IR, FEE i Tkl R i 22
SRR o BT A S I T U R AR
BRI RGN R 2 Y - 3 rh e B 5 2R B Sk, Tl
AE 53X JURD L3k o S i S vb R A X JLA - s rh i)
W RS [A) A G, HIHAR ST b im b e L iy
W B S 2R B8 AN S — B IR AR A e 1 T R
SEG A R R R b ] S A Y i
Pk, S 3RS AL Ak IR SR IR
Xf - EER AR UG L U A A RN BR A 22 42,
2.4 A6 pH XHINE 7 B2 72 % 1 IR B B9 520

1E pH B8 4~9 Z#4FT , B A i pH (B XS
- SR PR N VD RS, AR R L 5. AT L
& thh pH 7E 4~9 Y NS0T, BRI VD B W B 24
lg K, {E A pH 38 ISk in 5 B4R . 0~20 em + )27,
FE pH=5 B L 3JEXT PR V0 B A W S e o, I fT £y
494.66 mg-kg™,1g K, {H N 3.36;7F 20~40 cm + )2,
[FIFE S pH=5 Fsf - 398X PP 10 At 0 R o g i, O e &
7 498.42 mg-ke™,1g K, {H } 3.90,

WU B+ & A -NH, H1-COOH, 1] L4 Jjl
5w h i) HOf OH- 254, IR 7E -3 b A
LB etk s F el s PR S, N EA
JERRRTEN L 1g Koy fE2R 0.4, 45 5 Rh R B A7 724K
&, HREA XM pKa R 6.18 UK HE IR LA
K pKo H 8.76, 8 6 BRI A pH 254 T 26
VDB =R S AEAE 1 LS 2, fE pH=4~9 JE[H]
W, ek EE LA AT 3o 78 pH /N T pKa
(6.18)If , FRN VD 2 19-NH, 15 H'455 1MLt CIPH: JE
O S T AN ER G {1 e 1 i e 53 <)
YEFPLELEF S 7. B2 pH<S B, i 209 H A K
FA A7 BH 2 S5 IRV B 5w 4 W B U7, FEAR 1

RS FADEERE I HBREERH (ng L)

Table 5 Hysteresis index for ciprofloxacin desorption in two soil layers(mg-L™)

fi# ¢ iF Desorption concentration

+JZ Soil layers SEI(E
1 mg-L™ 5 mg-L™! 10 mg- L™ 20 mg- L™

0~20 ¢cm 0.010 5 0.012 9 0.013 1 0.020 4 0.014 23

20~40 cm 0.006 1 0.009 2 0.009 7 0.014 4 0.009 85




2366

YIS Sty 53355 121

3.67
0~20 cm 12
34f
|- - s .
32} "
W t
301 .
2.8f
.
2.6;
4 6 8 10
pH
441
20~40 cm 13
40+
=
| - g T
b [ [ |
32+ L)
i, i
1 T
2.8} b4
4 6 8 10
pH
5 0~20 cm F1 20~40 cm + BEAB#E pH £HT
R Bt o B R &%

Figure 5 Distribution coefficients of ciprofloxacin in two layers of

ustic cambosols at different initial pH
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Figure 6 Speciation of ciprofloxacin at different pH
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