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Figure 1. Chemical structure of sulfamethoxazole.
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® 1. HEREREEXT SMX I
Table 1. SMX degradation by microbial floras and enzymes
/I\é[;c;;giﬂoras Degradation process Initial concentration I:feﬁnclﬁ;egy rate of e (?;igﬁg Il))reo%rlall((:i;tlon References
Sludge Sequencing Batch Reactor 383 mg/L 100% 3h  Aerobic - [16]
(SBR) activated sludge
Photo-Fenton pretreatment 200 mg/L nearly 100% 48 h 24 h Aerobic/ mineralized [17]
followed by a Sequencing 24 h Anoxic
Batch Biofilm Reactor
Biosolids 100 pg/L 100% 2d  Anoxic - [18]
Activated Sludge Process 100 pg/L 17.1% 48 h Aerobic - [19]
Internal loop 120 mg/L 100% 8h - - [20]
photobiodegradation
reactor (ILPBR)
Anaerobic packed and 400 ng/L (83%=12%)— 12h  Anaerobic - [21]
structured-bed reactors (85%=+10%)
Sulfatereducing bacteria 100 mg/L 13.240.1 mg/(L-d) Anoxic - [22]
(SRB) sludge
Activated sludge 10 mg/L 100% 14d Aerobic H,N [23]
Oy
N-O
Activated sludge cultures 10 mg/L 100% 8d  Aerobic - [24]
Sequencing Batch Reactor 10-40 mg/L 59%—-100% 841d Anaerobic — [25]
sludge
Sludge 272 pg/L 27 ng/(L-d) 190 h Aerobic - [26]
Bioelectrochemical 30 mg/L >95% 21h - - [27]
Sequencing Batch Reactor 100 ug/L 86% 6h  Aecrobic C..)+ [28]
— O
98% 24h (?_XNO’S
N HO
oH
A
P M@\
H
= O
Oy S(Q
Y
Granular and Suspended 2 pg/L 84% in granular, 12h Anoxic/anaer — [29]
Activated Sludge Processes 73% in suspended obic/oxic
biomass
Rotating biological contactor 5 to 120 mg/L 80.3%—-89.4% 60h Aerobic - [30]
(RBO)
Swine sludge 2 mg/L 100% 2d  Anaerobic - [31]
faster when added lactate, citrate,
especially sucrose
Laboratory scale membrane 750 pg/L 65% in average 2d  Aerobic - [32]
bioreactors 50d DO=0.5mgL
30d DO>2 mg/L
Microbial fuel cells(MFC) 0.04/0.08/0.20/0.39/ 0.67/1.37/3.43/7.3 Anaerobic Q NH, [33]
0.79 mmol/L 2/13.36 um/h o
A
H
: SNCOH
H,N~ N,
__ 0
H
(1548)
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gk
Microbial fuel cell (MFC) 20 ppm 100% 3d  Anaerobic HZN\I@/ [34]
reactors 200 ppm 100% 96 h o
/©/§‘OH
H,N
OH
NH,
Microbial fuel cell 20 ppm 85% 12h  Anaerobic  HN-¢> [10]
N
0]
&AOH
ool
Sediments ~ Mangrove sediments 10 mg/kg 100%, 30d  Anaerobic [14]
Water—sediment system of 20 mg/kg 90.1% in sediment — - oH [12]
a natural river 15 mg/L 86.8% in water ~ — w&%’
H
Soils Manure-amended soils 10 mg/kg >50%, in clay loam 20 d  Faster in - [13]
loamy sand soils anaerobic
>80%, in loam soil 20 d than aerobic
Soil 4 mg/kg (7.6%+0.3%)— 84d - mineralized [15]
(6.8%+0.8%)
Artificial composite soil 5 mg/L 70% 10d - - [35]
treatment system
Artificial composite soil 15-30 pg/L <80% lh - - [36]
treatment systems
Non-sterile soil 10 mg/kg 50% 2d  Aerobic - [37]
7d  Anoxic
Laboratory columns/soil ~ 0.25 mg/L 60% 14d Aerobic - [38]
column test system 0 Anoxic
Consortium Mixed consortium of 6 mg/L (47%%1.2%)— 300 h Aerobic - [39]
or biomass  bacteria (55%+0.2%)
Manganese-adapted 2 mg/L >98% 2d  Aerobic - [40]
aerobic biomass
Horizontal-flow anaerobic 40 pg/L 97% 24h Anaerobic — [41]
immobilized biomass reactor
Enzymes A heme peroxidase, 15 pmol/L 98.64% 20 min — Hq [42]
chloroperoxidase (CPO) d e Cl
oNO Khn
2
NH, O
\/U\COOH
Anaerobic sludge enzymes 0.1 ng/pL >20% 72h Anaerobic - [43]
Others A municipal sewage 20 mg/L 100% 50d Aerobic - [44]
treatment plant
Bioflocculant MFX 1 mg/L >60% 12h  Aerobic - [45]
Spent mushroom compost 200 mg/kg 50% 1.3d Aerobic - [46]
(SMC)

HEDZIER RN, Yang SFRBIEER L 0, HEEMACRZ 2000 8 K6 5 R R B 1 7™ B 5
Hh SMX RSSO EEH AR TR AR 1, mal P A0, FERCRRAE T SMIX 11 A St A
I B 10 mg/kg B, 20 RINREMERCE BN K@ HAGREHT, MAEN T T Bk
80%. 50%. 50%VA bo WiFH/K-UIAY 2B SMX 5 HREM R K KIS, Chuwen Yang 571 FH 4T
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PEARGTRR £ R B AR A I, 10 mg/kg A9 SMX 7E AR
b X - 49 LA A [ 14 2740 HL AR R A 8 R 2 S 2
K, TEETTE 10-25 d REMAESE 4, 7ER-kZE 30d
IR AR R R 40%-60% 0 TN — 2 i I HERE IS
AR ZE AR 8 R REFR IR 500148 5-15 d 01
20-30 d". Juying 25 FAAS I AR AL A AR L, 4358
TR HAT SMX B R B, AN Gt N T T
X 4 mg/kg () SMX 58 2T E 80 d LU I,
TMAENIA 5%—10% 0 A5 Py [ 4 F5 LR Al 80 1 i
FETHI,

BB, X AN SMX 1 2 BRACK 9
JERZ 5y = 3 L e e e 48, Hfae kS
FE AR BEARIE , WS RBEF X H A SMX [
fife DAL R S HEA T AR AL, LR RSO AN SR B
b2

2 EH R M EEFRXN SMX
W e AR

ARG KA EE R B, E S TR R A
AR AITE o B XS K A HLTS Y A R
R 25 AR L, AT LA TG PRI U8 A 15 /K b
BEARM R, B, 7€ SMX IRZE YRR 72
t, BREMRGRE, TE&EFSHNEYIR
N (AP U N A . AR N A . R
PIRRR A ), ERRIRIREE . pH. SMNERR T
M EFEFMT, IWIREA . BN LR
PRAASSEHIEOLT , #RSEBL T SMIX 1 ey R R fit
(F 1). SMX W EE M 400 ng/L #) 383 mg/L,
B HERRETE 2 d NSEBL 80%LA iy 2ehi. JLH:
J& Drillia S84z 18 (1) 7 =X A ) SO g R4 S SR
T, BETE 3 h NAFHREE R 5 383 mg/L Y SMX [
fifeoe 4t STEE T VR SMX AP | R e B

3 TAEEX SMX Hy [

3.1 RAHEX SMX IR

Wit 5 it i PR S A Rl 2 W R A H W oG, ot
T W BN e IR R 5 T DA el T
VIF R LR R A B SMX 170325 B, Bele
WR A AL BUE T A Y 25 2 R B /N 53 -4
J5i.Ana C. Reis % & Bl SMX [%fi# B Achromobacter
denitrificans PR1 T£ BB T [ A7 D) BE A BRI
FeoE HACRAR, 1 249% 85 Leucobacter sp. GP i
AREFRE, X SMX YRR RE AR e )t
Xin & B SMX BEREHI T Pycnoporus sanguineus
P AR B R TS M, AR R XS SMX AR AR
AR,
Alcaligenes faecalis WIRE R FRIT, SMX [ERRK
SRR KALTF, FAT 5L 56 %t R4 X B SMIX &
LW AT IR, N B R T A
SMX-R2A-1~6 . SMX-1~3 |, SMX-LB-1 .
3ASMI-R2A-1 45 20 ZHRHU NG, FFafE T
SMX-R2A-2 (Paenarthrobacter sp.). SMX-LB-1
(Arthrobacter sp.)FIHERT SMX HA R
32 BBHT SMIX KRR

iz 2 Pirow , URR A PIXE SMX Y e T 22
AU . ELR MRS, X SE AR Py Al A KA
Wl A A 7 2O SMX HE A i AL Bl AR
M REMN AR/ L SMX (R WHGE . WFFE
M FEIEANTRXT SMX B RFfE , 469 2 B
PEFIBHPE AN RS SMX HAT Ak /R 1Y e
MW BF, 4R 28 SMX B E T8 E
BRI TR TR 1], JRRBE TR [ AT 2 kA BLIR A
HAT SMX FEf#IRE™ . 7EJ8 K F, 30 HRATH]

M 24 48 Pycnoporus sanguineus
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R 2. AEEXT SMX HYFERE
Table 2. SMX degradation by isolated strains
Classificution Strains Initial . Degradation rate, time Degradation products References
concentration and oxygen demand
Actinobacteria Rhodococcus rhodochrous 30 mg/L 20%, 35 days, aerobic oH [55]
ATCC13808 N
HO
Rhodococcus equi (ATCC 13557) 6 mg/L 29%, 120 h, aerobic E [56]
0 ;\{X—CH3
H, AN 1 O
H Q
HOC N
H, H
Microbacterium sp. IN196543 0.5 mmol/L  52%, 12 h, aerobic CO, [57]
Rhodococcus sp. IN196542
Tsukumurella sp. IN851820 - [58]
Microbacterium sp. HF571532 10 mg/L 1.0-1.7 mg/L/d, 10 days, [59]
Microbacterium sp. HF571537 aerobic More faster in R2A-
UV and MSM-CN media
Microbacterium sp. strain BR1 0.5 mmol/L  100%, 1 h, aerobic N KZO [60]
AN
RSt
OH
HZNO
Proteobacteria Gordonia sp. SMX-W2-SCD14 5 mg/L 45.2%/62.2%/51.4%, 288H,N__~ OH [61]
h, aerobic \Ig—g/ HZN/(:r
2 on
HO
Pseudomonas psychrophila 100 mg/L 34.30%, 192 h, aerobic NH, [62]
H
HA-4 NN /@
hkr@/Hs
O&;NH2
Lo
H,N
Achromobacter denitrificans PR1 600 pmoL  73.6£9.6 umol SMX/gcell ~ H,N__~ [63]
dry weight 100%, 40 h, acrobic ~ N—()
Alcaligenes faecalis CGMCC 50 mg/L >80%, 16 h, aerobic, QH [64]
1.767 100 mg/L of exogenous 9W/©/SO Y-CH;,
VC, VB6 and GSSG H,CN Ho -
enhanced SMX bioremoval 0§ N
f
HQNO/ ONG
H
Enterobacter cloacae T2 100 mg/kg  84.14%, 30days, aerobic 0 g HO NH, [49]
XN
roNg”
Ny 0
2 01\\1(8’ oo
H H > H
M
H,N N0 HOOC/© ,
69 g
(j/NH
HO JHO™Z,
OIS
HOOCH,CY H.C7>~COOH
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BR2
Shewanella oneidensis MR-1 10 mg/L 59.88%=+1.23% and S’OH [60]
Shewanella sp. strain MR-4 63.89%+3.09%, 5 days,  H,N ( ]’
aerobic \(?)/ H,N
NH,
sl
Ochrobactrum sp. 5 mg/L 45.2%/62.2%, 288  h,g N [65]
SMX-PM1-SAL, aerobic 5 n N,Cf
Labrys sp. SMX-W1-SC11
HO,CV
Alcaligenes faecalis CGMCC 50 mg/L 90%, 24 h, aerobic oH [66]
1.767 m&mws
O NG
H,C H ,
H O
J\m»
HO. 0
H
Acinetobacter sp. W1 5-240 mg/L 100%, 50 h, aerobic H 9 oH [57]
- :
H,N NO .y ,
H
HO /\gN ONH,0
o 1 OH )
HO
HO NH20 HO
3 NJ\/U\OH
Achromobacter sp. IN196540 0.5 mM 52%, 12 h, aerobic CO, [58]
Achromobacter sp. IN196541
Ralstonia sp. IN196539
Ralstonia sp IN196538
Fungus Brevundimonas sp. HF571531 10 mg/L 1.0-1.7 mg/(L-d), 10 days,— [67]
Pseudomonas sp. HF572913 aerobic
Pseudomonas sp. HE985241 More faster in R2A-UV
Pseudomonas sp. HF571533 and MSM-CN media
Pseudomonas sp.HF571535
Pseudomonas sp. HF571536
Variovorax sp. HF571534
Trametes versicolor ATCC 25 mg/l 90-94%, 30 days,— [50]
42530 and Bjerkandera adusta anaerobic
ATCC 28314
white-rot fungus 10 mg/L 74%, 10 days, aerobic - [68]
Phanerochaete chrysosporium
Pleurotus ostreatus 50 mg/l 74%, 15days - [48]
Pycnoporus sanguineus and 50 mg/L >93%, 24 h, aerobic [64]
Alcaligenes faecalis S\NWCH
CJLNQ
HO, Q/S ONg
Alga Fungal endophyte Z3 100 mg/kg  57.64%, 30days, aerobic  — [69]

IR A 15 Mg, HPRIiers s AR IE  (Achromobacter sp.)4s 3 ¥k, 7P AT & (Alcaligenes
(Pseudomonas sp.)’h 6 ¥k, AT EMicrobacterium sp.) . F /R W & (Ralstonia sp.) Fl 4y FL K &
sp. ) h 4 Bk, ZLBREEJE(Rhodococcus sp.) . TotoFTF i (Shewanella sp.)% 2 ¥k, 6 FRELEFR T —RRARFN432
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Abstract: Antibiotics are regarded as a new group of environmental pollutants in recent years because of they are
difficult to degrade and highly ecotoxic even in low concentrations. More and more attentions have been paid to
their residues and removals in environmental. With the wide use, sulfamethoxazole residual and the detection
frequency in wastewater is increasing. As one of the few microbial degradable antibiotics, sulfamethoxazole
degraded by microbes is one of the most promising methods. This article summarizes the degradation efficiency
and degradation conditions of sulfamethoxazole by different soil, sediment, activated sludge, mixed flora, enzymes
and isolated strains. Meanwhile, degradation pathways reported in the literature are summarized. Two specific
factors affecting the degradation of sulfamethoxazole are also discussed. Finally, we look forward to the perspective
of molecular biology and bioinformatics in new researches, as well as the construction of degrading bacterial

consortium from different pollutants in future applications.
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