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Fig. 1 Chemical structure (A), percent ionization at different pH (B) and ionization equilibria (C) of sulfadiazine
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(ALOwSI02H,0 11 ) . £1 AR R
K‘IO(A1209513 2 Table 1 Properties of tested materials
1 ) pH (m?/g) (nm)
1 53 9.53 26.68
6.7 49.27 12.39
2 0 ~ 20 cm 45 7.47 27.37
F2 i HEERUMER
Table 2  Properties of tested soil
(g/kg) pH CEC
(emol/ke) (g/kg) (g/em’)
364 553.6 82.4 427 14.35 9.46 1.40
1.2 ) Ca®'
OECD guideline 106 [26] 3
lg
30 mg/L 50 mg/L 0.01 mol/L 1.3
CaCl, 20 ml 48 h 50 mg/L
pH!7 pH 6 25+ 20mlpH 6 0.01 mol/L
0.5 250 r/min CaCl, 25 +0.5
15 30 min 1 2 5 12 24 48h 250 r/min 15 30min 1 2 5
4 000 r/min 5 min 12 24 48h 4 000 r/min 5 min
(UV9100C PC ) 1 ml
(28] ICP(optima 8000 1 ml 0.01 mol/L  CaCl,
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50 mg/L SDZ
Elovich SDZ
SDZ SDZ
Qtzgff_Qee_klt SDZ SDZ
t 1 t SDZ
0 k0 0
[29]
V= kZQez
Elovich O~a+tblnt SDZ
0, t (mg/kg) Q. 50 mg/L  SDZ 30 mg/L
(mg/kg) ¢ (h) SDZ
K ™" k
(kg/(mgh)) a b Elovich Ca** pH
1.5 (FTIR) 30 mg/L 50 mg/L SDZ Ca*
50 mg/L pH 30 mg/L
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Fig. 2 Kinetic adsorption curves of sulfadiazine adsorption at doses of 30 mg/L(A) and 50 mg/L(B)
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Fig. 4 Kinetic adsorption curves of sulfadiazine fitted with pseudo-second-order
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Table 3 Parameters for kinetic models
30 mg/L 50 mg/L
0. 135.15 137.23 89.11 248.12 173.54 230.93 130.83 382.69
0. 130.23 128.42 87.11 215.39 174.77 220.55 128.57 324.39
k 41.86 488.87 479.99 452.93 786.99 753.10 1231.15  1567.42
R 0.99 0.97 0.86 0.86 0.89 0.98 0.90 0.80
0. 134.95 137.36 88.03 248.14 174.22 230.95 129.70 386.10
k 0.13 0.06 0.05 0.01 0.10 0.04 0.04 0.001 72
v 2331.00  1066.44 423.73 694.44  3039.51  2016.13 709.20  0.005 04
R 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99
Elovich a 128.47 127.28 88.59 213.05 176.29 219.47 137.76 319.40
b 1.62 1.38 -1.80 4.40 -1.88 1.33 —4.11 9.39
R? 0.99 0.97 0.87 0.88 0.89 0.98 0.94 0.84
SDZ SDZ
k, % >
> > (3
[31]
SDZ [40-42]
SDZ R’ 0.84 4
Ca® 2.4
SDZ
SDZ
FTIR 5
5A
B¥ 30 mg/L  SDZ SDZ
50 mg/L SDZ 832 566 479 cm’' Si-O
SDZ H
[43-44] SDZ
Elovich 20 30
Elovich (39 SDZ ( 5B) 3622 3427cm’
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Fig. 5 FTIR spectra of kaolinite (A), montmorillonite (B), humic acid (C) before and after adsorption and sulfadiazine(D)
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Fig. 6  Kinetic desorption curves of sulfadiazine onto soil and soil
components
3
2) SDZ
Elovich
3) SDZ
SDZ
SDZ
T
4)SDZ /
3
[1] Wehrhan A, Kasteel R, Simunek J, et al. Transport of

(2]

(3]

(4]

(3]

(6]

(7]

sulfadiazine in soil columns: Experiments and modelling
approaches[J]. Journal of Contaminant Hydrology, 2007,
89(1/2): 107

[J1. , 2017, 49(3): 428-436
Doretto K M, Rath S. Sorption of sulfadiazine on Brazilian
soils[J]. Chemosphere, 2013, 90(6): 2027-2034
Lertpaitoonpan W, Ong S K, Moorman T B. Effect of
organic carbon and pH on soil sorption of
sulfamethazine[J]. Chemosphere, 2009, 76(4): 558-564
Unold M, Kasteel R, Groeneweg J, et al. Transport and
transformation of sulfadiazine in soil columns packed with
a silty loam and a loamy sand[J]. Journal of Contaminant
Hydrology, 2009, 103(1/2): 38—47

M]. : , 2000

1. , 2013, 33(11): 3083—
3091

(8]

(9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[. , 2014(09):
76-78

Giger W, Alder A C, Golet E M, et al. Occurrence and fate
of antibiotics as trace contaminants in wastewaters, sewage
sludges, and surface waters[J]. Chimia International
Journal for Chemistry, 2003, 57(9): 485-491

Golet E M, Alder A C, Giger W. Environmental exposure
and risk assessment of fluoroquinolone antibacterial agents
in wastewater and river water of the Glatt Valley Watershed,
Switzerland[J]. Environmental Science & Technology, 2002,
36(17): 3645-3651

Ternes T A, Meisenheimer M, Mcdowell D, et al. Removal
of pharmaceuticals during drinking water treatment[J].
Environmental Science & Technology, 2002, 36(17): 3855

El s s

).
, 2011, 32(4): 1188-1193
. , 2008, 28(4):
309-312

Doretto K M, Peruchi L M, Rath S. Sorption and
sulfaquinoxaline and
sulfamethazine antimicrobials in Brazilian soils[J]. The
Science of the Total Environment, 2014, (476/477):
406-414

Xu J, He Y, Zhang Y, et al. Adsorption of sulfadiazine by
montmorillonite KSF: Kinetics, equilibrium and thermo-

desorption of sulfadimethoxine,

dynamic studies[J]. Fresenius Environmental Bulletin,
2011, 20(11): 3035-3043
Gao J, Pedersen J A. Adsorption of sulfonamide antimi-
crobial agents to clay minerals[J]. Environmental Science
& Technology, 2005, 39(24): 9509-9516
Chu B, Goyne K W, Anderson S H, et al. Sulfamethazine
sorption to soil: Vegetative management, pH, and dissolved
organic matter effects[J]. Journal of Environmental Quality,
2013, 42(3): 794-805
Guo X, Yin Y, Yang C, et al. Remove mechanisms of
sulfamethazine by goethite: The contributions of pH and
ionic strength[J]. Research on Chemical Intermediates,
2016, 42(7): 6423-6435
[J1. , 2012, 23(8):
2300-2308
Ling Z, Yong W, Jin S W, et al. Adsorption isotherm,
kinetic and mechanism of expanded graphite for
sulfadiazine antibiotics removal from aqueous solutions[J].
Environmental Technology, 2017, 38(20):1-10
[J1. , 2011, 30(2):
301-306
s , , . pH

1. ,

2016, 36(7): 24762482

http://soils.issas.ac.cn



956 50
[23] . [35] [M]. : ,
[D]. : ,2012 2010
[24] Wehrhan A, Streck T, Groeneweg J, et al. Long-term [36] s s , .
sorption and desorption of sulfadiazine in soil: Experiments [J1]. , 2009, 36(4): 892-898
and modeling[J]. Journal of Environmental Quality, 2010, [37] Ho Y S, Mckay G. Pseudo-second order model for sorption
39(2): 654-666 processes[J]. Process Biochemistry, 1999, 34(5): 451465
[25] Sukul P, Lamshoft M, Ziihlke S, et al. Sorption and desorption [38] s s s
of sulfadiazine in soil and soil-manure systems[J]. [7]. , 2015, 52(5):
Chemosphere, 2008, 73(8): 13441350 1106-1115
[26] OECD. OECD guidelines for the testing of chemicals[J]. [39] Low M J D. Kinetics of chemisorption of gases on solids[J].
Methods in Molecular Biology, 1993, 947: 37-56 Chemical Reviews, 1960, 60(3): 267-312
[27] 2014 [DB/OL]. 2015, http://www. [40] s , , .
qingdao.gov.cn/n172/n24624151/n124628355/n24628369/n [J1. ,2011, 34(5): 43—
24628411/150604161414580246.html. 46
[28] , , s [41] , , ,
. , 2007, 23(5): 616— Pb** [J1. , 2009, 30(6): 1749—
618 1755
[29] Ho Y S. Review of second-order models for adsorption [42] s s s ZSM-5
systems[J]. Cheminform, 2006, 136(3): 681-689 [J1. s
[30] [D]. 2015, 9(10): 4857-4863
,2014 [43] - - [D].
[31] Sverjensky D A, Sahai N. Theoretical prediction of single- , 2009
site surface-protonation equilibrium constants for oxides [44] , s
and silicates in water[J]. Geochimica Et Cosmochimica FTIR [C]. , 2006
Acta, 1996, 60(20): 3773-3797 [45] Liu H, Yuan P, Qin Z, et al. Thermal degradation of
[32] Elfarissi F, Pefferkorn E. Kaolinite/humic acid interaction organic matter in the interlayer clay—organic complex: A
in the presence of aluminium ion[J]. Colloids & Surfaces A TG-FTIR study on a montmorillonite/12-aminolauric acid
Physicochemical & Engineering Aspects, 2000, 168(1): system[J]. Applied Clay Science, 2013, 80/81: 398-406
1-12 [46] Guo X, Bei T, Ge J, et al. Sorption of tylosin and
[33] . [J1. R sulfamethazine on solid humic acid[J]. Journal of Environ-
1992(1): 48-53 mental Sciences, 2016, 43(5): 208
[34] , , , . [47] . /
1. , 2012, 33(2): [D]. : ,2014
249-256 [48] M]. : , 2001

http://soils.issas.ac.cn



5 / 957

Sorption and Desorption of Sulfadiazine by Soil and Its Components

ZHANG Budi, LIN Qin, CAO Dongping, XU Shaohui’
(College of Environment Science & Engineering, Qingdao University, Qingdao, Shandong 266071, China)

Abstract: The adsorption, desorption and migration of antibiotics in soil are seriously affected by soil physical and
chemical properties. Soil humic acid and mineral components, such as kaolinite and montmorillonite, are important controlling
factors. This paper mainly studied on adsorption and desorption kinetics of sulfadiazine (SDZ) onto soil, kaolinite,
montmorillonite and humic acid. Fourier Transform Infrared Spectroscopy (FTIR) was utilized to investigate the changes of
kaolinite, montmorillonite and humic acid before and after adsorption, and adsorption mechanism was explained. The results
showed that adsorption (desorption) kinetics of SDZ could be divided into three stages: fast adsorption (desorption) stage,
dynamic equilibrium of sorption and desorption stage and adsorption (desorption) equilibrium stage. The extent of adsorption
(desorption) was determined at the end of 24 hours of adsorption (desorption) period in soil and its three components. SDZ
concentration affected adsorption difference of soil and its components. Functional group content, electric property and hydrogen
bond are the main causes of differences in adsorption. The pseudo-first-order kinetics model, pseudo-second-order kinetics model
and Elovich model were used to fit the adsorption process. It was found that pseudo-second-order mechanism is predominant and
the overall rate of SDZ adsorption process appears to be controlled by physical and chemical adsorption. FTIR hinted that SDZ
was adsorbed by kaolinite mainly consists of physical adsorption with somewhat H-bonding. Montmorillonite adsorbed SDZ
mainly by hydrogen bonding. Surface complexation and n—nt EDA might be important factors in the sorption of SDZ with humic
acid.

Key words: Sulfadiazine; Sorption and desorption; Kinetics; Soil components
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