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( 0 (B0) 39.75 thm® (B1) 198.75 t/hm’
(B2)) ( ) 3 ( (SD) (SM2)
(SMZ)) - 3
SD>SMZ>SM2 BO 3 SM2
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1
Mahtabet 1'% 1.1
Verheijen 1) HPLC-UV
(Agilent1200 Eclipse plus C18 (4.6 mm x 150
10 ~1 000 mm)) (
80% ~ 90% ) VISIPRER™DL (SUPELCO )
Anushkaet [ RE-5299 ( ) pH
( - )
(LongerPump ) (
) ( Millipore )
3 (Sulfadiazine
SD) (Sulfamethazine, SM2)
(Sulfamethoxazole, SMZ) ( =99.5%
(1] Sigma ) 1
NaOH
- MiliQ
500 C
3 pH 95 471.9 g/kg
( (SD) 11.6 g/kg 56.29 m’/g
(SM2) (SMZ)) - 6.21 nm
x1 ZHEREREROERMER
Table 1 Basic properties of three tested sulfonamides
/ (mg/L) logKow pKa
CyoHoN4O,S P 77 0.81 pKa1=2.0
250.28 NS 7 N\ NH, pKa= 6.48
N:< 0 —
W
C10H11N3038 / \ o 15.9 0.89 pKa,l =1.6
253.28 z-{ w3z PK.p=57
e AN/
o )=z
N\
C12H14N4028 1500 0.14 pKa,1:2.65
278.34 0 o0 N pKan=7.65
VL
S X
N
IS
HN
1.2 3 pH 8.6
39¢g/kg CEC 21.21 cmol/kg
0~ 15cm 36% 40% 24%
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100 m* 0 (B0) 39.75
t/hm* (B1)  198.75 t/hm* (B2)( 0 10 50 -
g/kg) 1.5
(2015 5—11 0.45 pm 5
) ml (SPE Agilent Bond
60 ( 0.25 pm) Elut Plexa) 6 ml
( 10 g/kg (C1) 3 ml/min 5ml 1 ml/min 6 ml
50 g/kg (C2) 0.25 pm) 3 ml/min -
122 C
0.115 MPa 2h
1.3 - - ( = 25/75 1
el 10g ml/L) 0.8 ml/min 30 'C UV
10 ml 1.0 270 nm 20 pl (
50 10 15 20 25mg/L (10 mmol/L )
CaCl, 0.1 g/L NaNj 3 ) 3 0.05 mg/L
() (W) 25 C 180 0.1 ~ 30 mg/L(R*=0.999) SD SM2
r/min 24 h( 16 h) SMZ 0.2 ~ 25 mg/L(R*=0.99)
4 000 r/min 10 min 72% ~83% T5% ~88%  74% ~ 86%
(") 1.6
Freundlich
(W =Wo)ml (0., mg/kg) (Co,
10 mmol/L CaCl, mg/L)
g 120, ~1K, +-IsC., ()
( 2 mm 15 Ky n
cm 20 cm) 0(BO)  39.75 t/hm? H  Freundlich
(B1) (1/nges) (1/1445)
15 cm Br-
_Wnges @)
(0.1 g/L NaNj) Unyg
3 cm 2
4~6 ( 48~72
L) (0.1 g/L NaNy) 736 2.1 -
ml/min ( 25 mm/h) 1 2 (BO
) (10 g/kg (C1)
( 50 50 g/kg (C2)) (39.75 t/hm* (B1)
mg/L Br 1.0 mg/L 0.1 g/L NaN; ) 198.75 t/hm” (B2)) 3
7.36 ml/min
3 ( 3.6 L) ( 3
0.1 g/L NaN;, 25 mm/h SD > SMZ > SM2
6 ( 7.2L) pH pH < pK,
5 min

50 ml
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pKar < pH < pKy, SMZ SD
pH > SMZ
PKa tn SM2
pH 72~175 pH SD SMZ Koy SD SMZ SM2
pH SD SMZ
SD
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- 50 - -
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Fig. 1 Adsorptions of sulfonamides with varying initial concentrations to purple soils under different biochar treatments
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Fig. 2 Desorption of sulfonamides with varying initial concentrations adsorbed on purple soils under different biochar treatments
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SD
2.2 - Freundlich SM2  SMZ K,
Freundlich n SD < SMZ < SM2
3 SD > SMZ > SM2!*!
BO Bl SM2 1/n=1 Cl
Freundlich C2 B2 1/n<1 SM2 B0
2 3 Bl
SM2
(R*>0.81 (
P<0.01) Liu % SD )
SM2  SMZ [24] n
3 - Freundlich SM2 (D
K; n SM2 B0 Bl
2 Cl1 C2 B2
K, (23] SD  SMZ
1/n>1

SD

R2 BERERERERERFEREREE LRI -FRRTIZA Freundlich 2 &S

Table 2  Fitting parameters of Freundlich model for sorption and desorption of sulfonamides in purple soils under different biochar treatments

SD SM2 SMZ
K; n R’ K; n R’ K; n R’
BO 2.05 0.28 0.99 0.34 0.93 0.88 0.71 0.48 0.93
Bl 0.48 0.24 0.94 0.54 1.10 0.86 0.47 0.48 0.95
B2 0.89 0.29 0.97 3.58 1.38 0.99 1.23 0.62 0.84
Cl 8.30 0.35 0.99 1.81 1.31 0.94 1.27 0.47 0.93
C2 40.83 0.70 0.86 5.72 1.53 0.98 3.92 0.66 0.81
BO 88.51 0.65 0.97 4.25 0.79 0.78 53.33 0.53 0.83
Bl 76.03 0.45 0.99 2.59 0.83 0.97 37.93 0.46 0.98
B2 60.26 0.62 0.99 9.95 1.13 0.97 24.60 0.60 0.90
Cl1 101.86 0.63 0.99 8.02 1.26 0.98 46.99 0.64 0.97
C2 127.35 0.91 0.96 10.94 1.36 0.98 31.41 0.73 0.90
Freundlich Ky
2
3 2.3
(R*>0.78) SD SMZ K, 60.26 H
~127.35 24.60 ~53.33 H<1
K; SD SMZ H>1
SM2 K, 2.59 ~ 10.94 (26]
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*3 =ZHMERRERETRRRIRPHRTRE HE 3
Table 3 Hysteresis coefficient H values for three sulfonamides in
purple soils under different biochar treatments
B0 BI B2 cl1 2 SM2 SMZ  H
SD 0.429 0.526 0.465 0.561 0.774
SM2 1.180 1.321 1.220 1.034 1.127 SD
SMZ 0.912 1.037 1.038 0.728 0.911 SM2 SMZ
SD H
3 SM2 H 1 SD
SM2 SD )
SMZ SM2 SD SMZ 3
SM2 ( 2.4
H 33
Br~ 1 mg/L 0.1 g/L NaN;
(0.1 g/L NaN;
<o
&)
; I R R I AN
FLER AR
1.2 [ SMZ
1.0}
0.8}
J S 06f
041
02}
0.0F
0 1 2 3 4 5 6 71 0 1 2 3 4 5 6 71
FLEAAR FLBAR
3 Brfl 3 #ERRAERM LD FIEHLZ
Fig. 3 Breakthrough curves of Br™ and three sulfonamide antibiotics in two soil columns
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BO 0.1~03 SM2
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Effects of Biochar Application on Sorption-Desorption Process and
Leaching Behaviour of Sulfonamide Antibiotics

ZHOU Zhigiang'?, LIU Chen*, YANG Hongwei'", XIAN Qinsong’, TANG Xiangyu®

(1 College of Geosciences and Environmental Engineering, Southwest Jiaotong University, Chengdu 611756, China; 2 Institute
of Mountain Hazards and Environment, CAS, Chengdu 610041, China)

Abstract: Sorption and desorption are an important process that will influence the behavior of transport, transform and
bioavailability of antibiotics in soils. In this study, batch and column experiments were carried out to study the effects of biochar
application on the sorption-desorption process and leaching behaviour of three typical sulfonamide antibiotics (Sulfadiazine, SD;
Sulfamethazine, SM2; and Sulfamethoxazole, SMZ) in a sloping cropland purple soil which is distributed widely and abundantly
in Sichuan hilly area. Biochar was applied to the tested soil with the amounts of 0 (B0), 39.75 t/hm? (B1) and 198.75 t/hm?” (B2)
respectively and went through a half-year dry-wet alternate aging process (from May to November). The results showed that the
adsorption capacity of three sulfonamides followed the order of SD>SMZ>SM2; Compared with B0, addition of fresh biochar
enhanced the adsorption of SD, SM2 and SMZ, among which the improvement for SM2 was significant (P<0.05), but such effect
became less obvious after the ageing process. As for the desorption process, the value of Freundlich coefficient Ky of three
sulfonamides followed the order of SD>SMZ>SM2, indicating that SD had the highest adsorption capacity and lowest desorption
capacity with SM2 inversely. The hysteresis coefficient (H) of three sulfonamides followed the order of SD<SMZ<SM2, which
was consistent with the trend of the Freundlich coefficient n. It suggested that SM2 desorbed the fastest from purple soil due to
the lowest appetency, while SM2 behaved oppositely. Three sulfonamide antibiotics transported more slowly in B1 compared with
BO.

Key words: Purple soil; Biochar; Sulfonamides; Sorption and desorption; Alternation of drying and wetting
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