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Advances in biodegradation of sulfonamides antibiotics in

aerobic activated sludge system
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Abstract:

Sulfonamides (SAs) are a kind of antibiotics widely used in medical treatment and livestock breeding. However,

they have poor degradability in human and animal intestines, and will enter the sewage treatment system through the discharge
of feces and urine. The aerobic activated sludge (AAS) in wastewater treatment plant was found to be able to effectively
transform SAs. This article summarizes the advances in biodegradation of SAs in aerobic activated sludge system, which
includes the biodegradation mechanisms, the main biodegradation pathways, and the environmental factors affecting the
degradation efficiency. Challenges encountered in the current research were discussed, with the aim to provide scientific basis
for optimizing the biodegradation of SAs in wastewater treatment process.
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Fig. 1 The chemical structure of sulfonamides!™.
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Table 1 Physicochemical properties of common sulfonamides

Molecular weight

Water solubility

Names Chemical structures (g/mol) pKa (mg/L)
Sulfacetamide (SA) HN - 214.2 5.22 100
7l
//S\N CH,
Sulfadimethoxine (SDM) O/CH 310.3 5.94 46.3
Rev
y f g™
Sulfadiazine (SDZ) ﬁ 250.3 1.6/6.5 77
HZN‘Q—i—NH
N
&
Sulfamonomethoxine Q N y 280.3 5.94 4030
(SMM) N\~ \r\J/ CH,
HJ\/©/
Sulfamerazine (SMR) 264.3 2.29 202
U
H,ND/
Sulfamethizole (SMT) 270.3 5.45 529
\\/N
oAl
H,N
Sulfamethoxazole (SMX) o H 253.3 1.6/6.4 610
\\S/N \
foakte
H,N
Sulfadimidine (SM2)/ o H 278.3 2.8/7.6 1500
N N, CH
Sulfamethazine (SMZ) N \f\ ’
o
0 N
HN
CH,
Sulfapyridine (SPY) o H 249.3 8.48 <1000
\ AN N
\\O IJ =
HN
. . "
Sulfaguinoxaline AN 300.3 2.3/6.0 47.9
(SQX) X \[
0 >
N
H,N
Sulfamethoxypyridazine o H 280.3 6.7 579.5
A\ X
(STP) X
HN
Sulfathiazole (STZ) H 255.3 7.2 500
(o N
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Br T IR SN, — 5 B SRR Y AT
PLSCEE SAs AL, AETs Kb B v, R
SEACHHE F I — 25 5 RAB IR AT Sk Y,
ZRMEY S5 R FE AT DUE o A
S SAs AW A, Zheng 4513 % BB %
A3 5 e TP O RS AL BLUIfL AT Nitrosomonas sp.

F2 WFRIEHTRPERENEROERE. PERIUEMEEENE
Table 2 Microbes or microbial consortia capable of degrading sulfonamides in aerobic activated sludge, as well

as the removal rate and degradation mechanisms

Strains or consortium contributing to

sulfanamides biodegradation Removal rate Mechanism References
Sulfamethoxazole
Acinetobacter sp. 100% / [44]
(Initial concentration: 5-240 mg/L
Exposure time: 7 h-10 d)
Achromobacter sp. JL9 0.575 mg/(L-h) Cometabolism [24]
Acidobacteria GP7 / / [35]
Arthrobacter SMK-1
Microbacterium sp. 1.25-1.70 mg/(L-d) / [23]
Rhodococcus equi 15%-29% Aromatic amine [21]
(Initial concentration: 6 mg/L N-acetyltransferase
Exposure time: 120 h)
Pseudomonas aeruginosa <5.6% Aromatic amine [21]
(Initial concentration: 6 mg/L N-acetyltransferase and
Exposure time: 120 h) DHPS
Paracoccus meganema / / [22]
Pseudomonas sp. 2.5 mg/(L-d) Carbon source [23]
Microbacterium sp. BR1 and Mineralization rate 50% Carbon source [28]
Rhodococcus sp. BR2 (Initial concentration: 0.33 MBg/mmol
Exposure time: 400 h)
Achromobacter denitrificans PR1 and / Flavin monooxygenase [27]
Leucobacter sp. GP
Conventional activated sludge (CAS) 24%-100% / [1,19,45-49]
(Initial concentration: 100-200 mg/L
Exposure time: 0-10 d)
CAS 100% Co-metabolism/ [50]
(Initial concentration: 10 mg/L Carbon source
Exposure time: 14 d)
Acetyl-sulfamethoxazole
CAS 34%->94% Peptidase [51]
(Initial concentration: 8 ug/L
Exposure time: 144 h)
(%
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(4:3% 2)
Strains or con_sortlu_m contrlbu_tlng to Removal rate Mechanism References
sulfonamides biodegradation
Sulfamethazine
Achromobacter denitrificans PR1 100% Carbon/Nitrogen [25]
(Initial concentration: 0.1 mmol/L source
Exposure time: 56 h)
Paenarthrobacter ureafaciens 80% / [52]
(Initial concentration: 100 mg/L
Exposure time: 60 d)
CAS 20%—>90% / [1,19,53-54]
(Initial concentration: 8 pg/L
Exposure time: 600 h)
Nitrifying activated sludge (NAS) 45% Co-metabolism [55]
(Initial concentration: 500 pg/L
Exposure time: 50 h)
Sulfadiazine
Arthrobacter sp. 100% Carbon/Nitrogen [26,30]
(Arthrobacter sp. D2) and (Initial concentration: 50-200 mg/L source
Pimelobacter sp. LG209 Exposure time: 25-140 h)
CAS 73% Co-metabolism [43]
(Initial concentration:
(95.63+5.82) ng/L)
NAS 35%-97.4% Co-metabolism [55-56]
(Initial concentration: 8-50 pg/L
Exposure time: 46-144 h)
Sulfapyridine
Achromobacter denitrificans PR1 100% Carbon/Nitrogen [25]
(Initial concentration: 0.1 mmol/L source
Exposure time: 56 h)
Sulfamethoxypyridazine
Achromobacter denitrificans PR1 98%+2% Carbon/Nitrogen [25]
(Initial concentration: 0.1 mmol/L source
Exposure time: 56 h)
Sulfathiazole
Achromobacter denitrificans PR1 47%+13% Carbon/Nitrogen [25]
(Initial concentration: 0.1 mmol/L source
Exposure time: 56 h)
CAS 30%-97% / [1,19,47]
(Initial concentration: 20 pg/L
Exposure time: 20 d)
NAS 85% Co-metabolism [55]
(Initial concentration: 500 pg/L
Exposure time: 50 h)
Sulfacetamide
Achromobacter denitrificans PR1 10%+1% Carbon/Nitrogen [25]

(Initial concentration: 0.1 mmol/L
Exposure time: 56 h)

source

% : 010-64807509
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