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Degradation and risk assessment of sulfadimethoxine during
sodium hypochlorite disinfection process

DING Pengfei, LU Jinxin, TANG Huili, ZHENG Lu, DU Erdeng, PENG Mingguo
(School of Environmental &. Safety Engineering, Changzhou University, Changzhou 213164, Jiangsu, P. R. China)

Abstract: The presence of emerging contaminants in the raw water puts forward new challenges to drinking
water treatment process. The chlorination of typical sulfonamides antibiotic sulfadimethoxine (SDM) in the
sodium hypochlorite disinfection process was studied. The chlorination effects, including the initial
concentration of residual chlorine, the pH value of the solution, ammonia concentration, and the inorganic
anions, were also investigated. The mechanism of SDM chlorination was explored and the ecological risk was
further assessed. The results showed that, under the conditions of the initial SDM concentration 15 pmol/L,
the initial concentration of residual chlorine 60 umol/L, the SDM removal reached high up to 95.9% in 120 s.

The degradation process conformed to the pseudo-second reaction kinetics. The constants of degradation rate
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decreased with the increasing ammonia concentration, and increased with the initial concentration of residual
chlorine. Background anions CI7, NO*", SO,*” had marginal effects on the reaction while HCO;~ and CO4~
had inhibition effects on the reaction. SDM chlorination can be improved under neutral conditions. Nine
degradation intermediates are identified by using high-resolution mass spectrometry HRMS Orbitrap. The
degradation process covers chlorination, demethylation and hydroxyl addition reactions. The complete removal
of SDM does not imply an effective reduction of ecological risk during disinfection process which poses a
potential risk to the safety of drinking water quality.

Keywords: sulfadimethoxine (SDM); chlorine disinfection; reaction kinetics; degradation mechanism; risk

assessment
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Fig. 1 Kinetics of SDM chlorination
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Fig. 2 Effect of residual chlorine on SDM chlorination
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Table 1 Parameters of pseudo-second-order kinetics at

various initial residual chlorine dosages

RAWE /(pmol/L)  &},/(umol/(L+s)) R? W 0/
30 0.0057 0.9959 34.4
45 0.006 1 0.999 4 13.8
60 0.008 3 0.998 7 7.4
75 0.0117 0.992 3 4.3
90 0.0131 0.998 3 3.4

K2 M 1M, MR S0 46 e B M\ 30 pmol /L
B4 90 pmol/L, B I 38 2 4 i 0. 005 7 pmol/
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Table 2 Parameters of pseudo-second-order Kinetics at

different pH values
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Fig. 4 Effect of ammonia concentration on SDM chlorination
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Table 3 Parameters of pseudo-second-order kinetics at

different ammonia nitrogen concentrations

AWK E /(pmol /L) &,/ (pmol/(L+s)) R* W 10/
0 0.007 8 0.996 9 7.9
10 0.007 5 0.998 2 12.2
20 0.007 0 0.952 8 29.5
30 0.002 4 0.770 1 179.5

40 0.001 4 0.4189 347.1
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Fig.5 Effect of inorganic anions on SDM chlorination
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Table 4 Parameters of pseudo-second-order Kinetics at

different ammonia nitrogen concentrations
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Fig. 6 SDM chlorination in actual water body
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Table 5 Parameters of quasi secondary reaction dynamics

model under different water background

AR AL,/ (pmol/(L+s) R* LW /s
4l 7k 0.008 3 0.999 0 7.4
K 0.0055 0.867 2 22.1

M IE 6 F12 5 0] LA H, 7 /K h SDM & A 4k
20 3 F o $ R 0,005 5 pmol/(L-s), B B AR T 4li 7k
eh 4 B R R 8(0. 008 3 wmol /(L -s)) , 2 i i &
HRRAR T 33. 7% , 2 W] K v 1 9 A MR A ML)
SDM S 8k i 7% 6 2 30 i 15 FH o 0K b A AR R
J B R 25 AT WL, 24 SDM G Ak S R Y
W MR E S, & & KEERRA, I-OH.
-COOH .-CO ,-NH. 4 , 0] 7F hy i LA A 5 5 76
Yy 5 & A R, 5 SDM B Bl s 4P SR, DT i 2
SDM 4 & Ak I ip o U, FE oK S AT,
TOC {8 F# i 51 M 8. 31 mg/L, B J5 N 8. 17 mg/
L, TOCE 4 A FEAL , S S AL A2 X5 K A ALY Y
R i A FH A PR 3l 3 S50 SRAR BN, A WL B e 1 )
S fige v B 7 A WA A
2.7 SEUHREFYSHEBEIE

X % il Y AT T RE 2K B, 0 o B R i
HRMS Orbitrap fi# A7 i 9 B ep ] 7= 4, FE A5 B 0L
# 6. B SDM K AR SDM (CI-SDM) 1Y 8, 3%
KR g i WL 7, NIEL7(a) (D) AT LR
B SDM H Bt 8] 24 5. 43 min, 43 F & F 5 faf Lb
m/z 2 311. 080 8, 2 itk A7 34> E B Fr 851,
A3 512h 311. 080 6.156. 076 8 F1108. 044 7.,

SDM 2544 b & A 2 3k, DY e S S Al i B AR 25
by 5 R K A AR RO O A 3 B HL AR R —
ZA AL SDM(CI-SDM, Pr344) , W% 6 . & 7(c) . (d) .
CI-SDM 7£ o i v (19 42 B i 6] 24 6. 02 min, 4> F &
T b m/z S 345. 041 5, 4FTE A F BB



% 6 4 T, & R AR AN AT B e = F Bk 00 5 RS e R 211
%= 6 SDM K HiE=#Ri%S 5
Table 6 Mass spectrum parameters of SDM and its intermediates
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Fig.7 Chromatograms and MS’ spectra of SDM and chlorinated SDM
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Fig. 8 Reaction pathways of SDM by the chlorination
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Fig. 9 Inhibition rate of SDM degradation by chlorination

on luminescent bacteria
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Table 7 Predicted acute toxicity of SDM and its
intermediates by ECOSAR software

1% 96h-LCyy/ 7K 2 48h-LCyy/ 443 96h-ECy,/

W
(mg/L) (mg/L) (mg/L)
SDM 116 5. 24 15.8
Pr344 129 5.82 17.5
Pr378 467 514. 00 41.9
Pr412 509 561. 00 45.7
Pr330 357 8.48 28.8
Pr360-a 407 9.41 32.2
Pr360-b 277 8.09 26.5
Pr364 563 122.00 46.8
Pr394-a 638 137.00 53.0
Pr394-b 426 102. 00 35.7
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