
Removal trends of sulfonamides and their ARGs during soil 

aquifer treatment and subsequent chlorination: Effect of aerobic 

and anaerobic biodegradation

Kena Qin 1, Yan Chen 1, Jianju Li 1, Chonghua Xue 2, Liangliang Wei 1,*, Xugang Song 1, Jing 

Ding 1, Qingliang Zhao 1

1. State Key Laboratory of Urban Water Resources and Environment (SKLUWRE); School of 

Environment, Harbin Institute of Technology, Harbin 150090, China. 

2. Beijing Advanced Innovation Center for Future Urban Design, Beijing University of Civil 

Engineering and Architecture, Beijing 100044, China

∗ Corresponding author: weill333@163.com (L.L. Wei) 

Table S1 Spectrophotometric analysis of four typical SAs: calibration curve data, maximum absorbance of 
characteristic peaks and degradation percentage, wavelength of maximum absorption of the chlorination by-products

Curve 

y=ax+b

max

(nm)
Degradation efficiency

SAs

a b R2 1) 2) 5 min 10 min 30 min

SDZ 0.0613 0.0002 0.9998 264 ND 59.6 61.4% 61.6%

SMX 0.0572 -0.0005 0.9999 263 240 50.6 59.9% 62.2%

SPD 0.0602 0.0003 0.9995 261 244 39.4 40.4% 40.4%

SMT 0.0586 0.0006 0.9996 262 240 55.8 56.8% 57.0%
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Fig. S1 The loss of parent sulphonamides (SDZ (a); SMX (b); SPD (c) and SMT (d)) and formation of major by-
product following chlorination treatment over 120 min. Symbols represent values from three compounds: (△) parent 
compound, (○) first major by-product, and (◇) second major by-product



 

0

50

100

40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220

%

S

O

N

O

CH2

H2N

S

O

N

O

CH2
Cl

H2N

S+

O

O

H2N

S+

O

O

H3C

S+

O

O

H3C

S+

O

O

H2N

 

0

50

100

40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220

% S

O

NH2

O

H2N

S

O

NH

O

NH2

H2N

S

O

NH2

O

H3C

S+

O

O

H3C

 

0

50

100

40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240

%

S

H2N

OO

NH

NH2

S

H2N

OO

N CH2

S+

H2N

OO

CH2

S

OO

NH2

CH2

S+
OO

 

0

50

100

40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340

%

S

H2N

OO

NH

N

Cl

Cl
Cl

S

H2N

OO

NH

N

Cl

Cl

CH3

S

H2N

OO

N
CH2

S

H2N

OO

NH NH

 

0

50

100

40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340

%

S

H2N

OO

NH

Cl

Cl N

Cl

CH2

S

H2N

OO

NH

Cl

Cl

N CH3

S+

H2N

OO

S

H2N

OO

NH NH

S

HH

NH N

Cl

CH2H

 

0

50

100

40 60 80 100 120 140 160 180 200 220 240 260

%
S

H2N

OO

NH NH2

NH

S

H2N

OO

NH

NH

S

OO

NH
CH3

CH3

S

H2N

OO
CH2

N

S+

H2N

OO

S

OO

NH2

H

 

0

50

100

40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400

%
S

H2N

OO

NH N

N CH2

Cl

Cl
CH3

S

H2N

OO

NH N+ CH2

S

OO

NH N+ CH2

S

OO

NH N+

S

H2N

OO

NH
CH3

 

0

50

100

40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400

%

S

O

N

O

CH2

H2N

S

O

N

O

CH2
Cl

H2N

S+

O

O

H3C

 

0

50

100

40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400

%

S

O

N

O

CH2

Cl

H2N

Cl

Cl

S

O

N+

O

CH2

Cl

H2N

Cl

H2C

S

O

N

O

CH2
H2N

S+

O

O

Fig. S2.  Mass spectra of major chlorination by-products of the major fragments obtained by LC-MS/MS at 25 eV fragmentation voltage: (a) 
SDZ, (b) SMX, (c) SPD, and (d) SMT


