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W E: EEKASASAEF, AT L4 (sulfamethoxazole, SMX)F A F X Ao K E KRG
BT ME A AR S, P ERMAESIRIMR. AR A F R KRR LIRS
FENEZREZ, [8 6] AILHEFRFLR KR T ik — et 3 Bt SMX BA 24/ 6e ) 69 @
PRLS-1, TR E F b LR 0% om, HRALH AR SMX 69 &g dedt, il FH LR 7
MR R, AN EMETEE>N. [FiE] @Bidst 5 B @ R#AT 16S IRNA A H 5
N F L ZRGE AR EATER, RALE X oo @RI R A RATRAL, FIRARE
Wk AKAMA KR M KRN TSR WA ER. [ER] 98 RFGEK
LS-1 5 = B AT & B (Alcaligenes) ¥ 49 /K A& = B & (Alcaligenes aquatilis) AS1 /5 5| A8 £ 99.79% .
PR LR AT IR R E A KRR SMX B 69 AR R . BARRE 20-35°C. #
JE 15%0-35%0 SMX JR/Z 10-100 mg/L. pH 7.0-9.0 49 &4 T oF &£ K BAF. o 5 & 547 & B, 2t
SMX & Z A4 B &%y B FARKR A : SMX RE>m4 pH>IABEEE . £ SMX JRE A 33 mg/L.
pH 7.4 #2 30 °C#Y 4 F, ZEMRAE 48 h AR SEME X 60.17%. S #4447 30 & AR LS-1
81T B A B EALF R AR TEME SMX, R EEH RIS RAE SMX Kffidfed A4k
BHEAR . (4581 ABER 0 B 60 SMX A7 5 45 9% AR AT W iE B RS A F, K SMX #9 /KR
FE, SRR R RA T FTEAOGEER T2 A *.
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Screening of sulfamethoxazole-degrading bacteria in mariculture
habitats and optimization of degradation conditions
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Abstract: In marine aquaculture, the accumulation of antibiotics such as sulfamethoxazole (SMX)
has contributed to the spread of antibiotic-resistant bacteria and genes, posing a serious threat to
ecological health. Biological treatment of antibiotic-contaminated wastewater is an essential
approach to mitigate these environmental risks. [Objective] To isolate a salt-tolerant strain LS-1
with high SMX degradation efficiency from the sediment of an inshore aquaculture pond, examine
the effects of environmental factors on the degradation capacity of this strain, optimize the SMX
degradation conditions, elucidate the degradation pathway through product analysis, and evaluate
the toxicity of the degradation products.[Methods] The isolated strain was identified by 16S rRNA
gene sequencing and phylogenetic analysis. Single factor experiments and response surface
methodology were employed to optimize the degradation conditions. GC-MS and the luminescent
bacteria test for acute toxicity were adopted to analyze the degradation products and their toxicity.
[Results] Strain LS-1 showed 99.79% sequence similarity with Alcaligenes aquatilis strain ASI.
Tryptone was determined to be the optimal exogenous carbon source for both growth and SMX
degradation. The strain exhibited robust growth across a temperature range of 20—35 °C, salinities
of 15%o0—35%0, SMX concentrations from 10 to 100 mg/L, and pH 7.0-9.0. Response surface
analysis revealed that SMX concentration, initial pH, and temperature significantly influenced the
SMX degradation rate, in descending order of importance. Under optimal conditions (SMX
concentration of 33 mg/L, pH 7.4, and 30 °C), the strain achieved a maximum degradation rate of
60.17% within 48 h. MS results indicated that LS-1 degraded SMX via acetylation and
hydroxylation pathways. The results of the luminescent bacteria test for acute toxicity demonstrated
a progressive reduction in biological toxicity during the SMX degradation process. [Conclusion]
The SMX-degrading strain LS-1 can effectively adapt to marine environmental conditions,
reducing SMX-induced toxicity in water. This study highlights the potential of LS-1 for controlling
antibiotic pollution in marine aquaculture wastewater.

Keywords: marine aquaculture; sulfamethoxazole; Alcaligenes sp.; microbial degradation;
degradation products
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RO BRI, R T 2k ) RO
A%, XA I TR T P s, i
FH I (sulfamethoxazole, SMX) & /K FRFE )™
AN RZ —, C8h EBUF AT 7E
KPP FRBE P SR T SMX BAT SRR K
ML SIREAR R AT RS SRR A M SRR AR,
R B A1 (85-100 d) RS54 4= )
SRR, R ER, SMX KR T Y
B e A e EE AT ik mg/LU 2 SMIX FEFRES
TETERERS AL VEDUMERE N (suld] . sul2 . sul3 F sulA)
O

BEXT SMX 15 L il , 385 R FH A R Fff
DL R A2 AR ROR , A i . RKAE
SRR N L B el A S SR, Ry
PTG A O . PR ARG . A s &
BRI E 2 S, M2 R, Ak
i B A TR PR 58 A G 1A AT 45 e T 52 B iR
BRI . A WEFE ] I i 8 H — R
JIt & (Aeromonas caviae), BEFF SMX [ fi R 7 i
55 3G 3-5- M 3 5 Ml Kong 2K 77
8 5 o3 85— R B I P 3K & (Planococcus
kocurii) 0516, 1£ SMX ¥4 A 10 mg/L
S AF T MRl 1K 60% LA L. Liu AT
MR R GEH o3 B L — R i A SMIX AT P
PG V5 M 1 (Pseudomonas silesiensis) Féa, Jf:
WE9E T HAEA [R5 Je W ik BN (R B 5 01 2
HET, SMX R fif & 1 i 5% = 22 45 th 7R IR /K 36
9200 PR IR R, SMX FEAASCR A5
M PRl 2 S AR T s A SR AR A

N 7 TR 25 g — P 3 e A 7 5 A5 A S o
ZA W ERW R SR Z R R, JHl
WE AR G R R, BT
I T 20 e W i s A e oA, Dhggis 2
BRRICR N AR AR 22 R 9 AT VA 55 it
JECU R 2 1 — R T E ELX SMX B m R R i
RE IR AR . I B PR R SR o A 1 R R R
X FL R RE T s, DR 5T LR A 1
FEFEAT T el 7 T8 3 M BB, DA AR IZ R R X
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SMX I REAR 2, IF b7 LR AR A= ) 7
Yo BFTEEE A D K IRIE K TR B TG
BRI B SRy, BA T IZ BT ATS

1 AR5

1.1 SCIOH A R

K SRR e 5 K AR A 1 AR
55 T R S DX L R OMR A Bl B AT Y 96 K R B
M (120°69'E, 36°37'N), FEAa/KIE 0.2 m, HL
R eI A WA T A, 24 h Nz
[ISEHZE, 4 °CCAMIRE .

it JHig FH 2 8 (CH NS O5S) I B 1 ¥ 22 5 A
HEARHE R AR AR BIERONE . Bk
(98%) W L g BT T A= AL Bk B4 A PR 7 o
S0 A LA 24 38 R A B 4t
1.2 tEFE

WAER SR FE(g/L): NH4C1 1.0, K,HPO, 1.5,
KH,PO; 0.5, MgSO,-7H,0 0.05, CH;COONa
0.2, NaCl 30.0, f#fEJC% 0.1 mL/L. f{EItE
(g/L): MgSO,-7H,0 0.5, EDTA 1.0, ZnSO,
0.2, MnCL-4H,0 0.1, FeSO,7H,0O 0.5,
CuSO4+5H,0 0.5, CoClyr6H,0 0.2, M55
(g/L): K,HPO,4 1.5, KH,PO, 0.5, MgSO,+7H,0
0.05, NaCl 30.0, Tryptone 2.0, LB WA 357 5L
(g/L): BEEAM 10, BEHZH 5, NaCl30. LB
[ A 855 % FEAE b il Al A 12 g/L B
g A B 3RIEZ 121 °CKIE 20 min,

SMX B . LATE/AK BT, Bl SMX
FRE W 10 mg/mL, & FHOMP, F
20 °CHR-AF o N TIE/KHECH] . DAZEIR AT,
NaCl #2430 g/L.

1.3 EHESESHK

B M IR K FE S 5 ¢ BT 250 mL JCH I
JKHr, 30°C. 150 r/min #%3% 3 h, R4
FEAr A ECE TC K P . B S mL IR A RE S R
B REA 95 mL B ARSI, E
SMX W Mh e ¥l 5 mg/L, 7EfH IR K 46
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30°C. 120 r/min #O0HEFR. 7d %S 10 mg/L
SMX Ayt s e G AR, RIRE R kLR,
TRREE A 5 mg/L 16 B MR B A R4 37 56 SMX
i, HEPAERWRERT 30 mg/L, K EER
FEFE 107, 107%, 107 IBR MR B, MRS
B T 4 AT 25 A 30 mg/L SMX Y LB &l {4 55
R BEEFE, FRMEEE, ML
PR, RO Rk alifh oy B AR sl bk, Hoh
—80 °CIRAT -
1.4 BEHRBSTEE

o 7 1 L P BT R SR FH P A R R B T
A SMX W E BRI -, 30 °CHEFE 48 h
JE B R TE SIS 22 R, TR RRAE
LB 153 5 30 °C . 120 t/min 535 30 h &
ODgoo M 0.5 2247, 20 °C. 5 000 r/min 2.0
5 min WAERAR, AR CEEREEHR, Loz
K, VR TH:, REBIEE, @ HHEER
(Thermo Fisher /A R AL HARIEA . WRER 200
BAE KB, B2 mL B TE.0E T, BT
W IR AE DR A FRA RIE T 16S rRNA 3
K81 0BT %8 o 153007 511 25 4258 2 NCBI
BE)%E, Wit BLAST #HA7 01 0) e . R
MEGA 11.0 4 H 1) 48 4% (neighbor-joining ) 72 #f
T2 FA X, WHRSEBRIFIrasi.

BEEE I B BUE KW ODeoy 4 0.5 ZEA R
PR, DL 2% BYEEREEHE R 2 100 mL [ A 55 97 5L
W, F30°C, 120 t/min JRI5HEFE, 23HIHE 4-72h
fif A0 EE T B TRIAR ODgooo LA TH] R
BEARFR, ODgoo MINALFRZ I FRAR A 2k -
1.5 EHXT SMX PEREMBEML 1L

MR R R 2, IR (R R .
FREN . FAHE . FEFE). SMX WIURVEEE(10. 20,
50, 100 mg/L), & (1%, 3%. 5%. 7%).
ERFE(20%0. 25%0. 30%0. 35%0). IRmFE (20, 25,
30, 35°C). pH (5.0, 7.0, 9.0), RFHzHlpn—
AR, BRI R X B AR 48 h FEffR 1Y
W, FARSZEGAE 120 r/min [HIRIEZH G 57,

B 12 h BORE, 3 A e OB 4 % (HPLC) 43 B b
FiWeh SMX 4.

i 1 Design-Expert 13 #%71 Plackett-Burman
(PB)SZHG, 1 5 % ) o7 {1 HL AT S 35 () R 2R
HF 5 2040 1, T 43 41 (Box-Behnken J77%). %
TR R R A, MR R s HAE,
TERE AR AR
1.6 PEBE P4 K iR 12 HEMT

FIFHZHER AR TS L (Agilent A F]), XFHE
A R S W EAT S AT . B SRR AT
70 °CF V-4 4 min, )5 LA 25 °C/min {4 Fil 3
FIMIAE 100 °C, FFFEMIEE F AR 1 min;
&, LL3°C/min TR R4 THE 2 260 °C,
FEFEIZIR B T 454 10 min, DAIR RSB 5
R o S (SR FH AL AR P B, R
WIRE AN 70 eV, HHRIEREER 4 min, MS J§
MEEBERE R 230 °C, ARl B o 280 °C.
PERR K, FHE Y 50-550 mz. KA
GyRTAS IR AR =, DU B A B A
1.7 PBEEEYINS IR

RN R R e EEE SR A B S ROEHTF
& (Photobacterium phosphoreum) T3 [k, F]H
LumiFOX2000 %Y A= 9 35 1% 43 B A (BRI 93 A 2
FREI AR X & AR, LRIE K BRI
H Y 2% NaCl B 8 B R T8y, B IR
2 min Ji5 0B 7E BRI & B RSO, 7RI
Hic 45 R4S TP oA 2% NaCl #l 10 pL & 95 &
TCA B BRI, TR S R TG figt = 4 o B 441
R CFERE , PR U 27 Bk 7= 4 () b B
RIS . AN RICR AR AR DR
FEXT B CR S, ULBHERERRAL AEXT R OER
AT, MK

w10, RN R IESEEE(mV)
wﬁkﬁ%“”cx%ﬁ%%ﬁmw
1.8 SthaEE

fdi 1] HPLC # SMX 2, W42 i

WA I 5 FRMRAE 4 °C . 4 000xg BS.0> 5 min, UK

x100 (1)
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R, RN 0.22 pm AY%T kit kg
IR, TEAREORANIN, 4 CRRRT. &
RO (454 (1260 11, Agilent A #]), Fil#s C18
S e {4 3% (4.6 mm>250 mm, 5 pm, Agilent 2y
F)), WA TS LB 0.05 mol/L iR (14
L 30:70), BE UV &894 R 256 nm,
FEHR 30 °C, FEEER 10 uL, Wit 1.0 mL/min,

AR EE 3 W, BRGSO EE
PRfE2E RN, CK Fnzs FAXTIR . R A SPSS
16.0 #4752 )7 224341 ) Tukey’s HSD 5 ,
B P EBIE B E /NT 0.05, LI dlmgeit
2 RS {58 Origin 2021 #4-E174L
PErTIAk

2 ZR5H®

2.1 BEBEMNIBERERE

TR B R AE DU RE b, Zad R
EHEYME, B 5 BREAX SMX TR 24P 1 T
Pk, S 0ldr 4 A LS-1, LS-2, LS-3, LS-4 fil
LS-5. 48 h [N, 4% B R X} SMX 19 B fift 543 5l
H: LS-1 4 48%, LS-2 K 14%, LS-3 A 12%,
LS-4 4 22%, 1fij LS-5 FEATCRFMREE ST o MRHE
PRt i HH SR P AR i 3, 16 4% LS-1 /0S8 5%
RS T IS 22T

LS-1 7EFHx [ 48 30 °CHE IR 15 3% 48 h )i,

K IR AT USSR R 7%, Gl 1A s LS-1
HVE S AHGRKEN, BN, B AN,
GyPRE . 82 QY5 7E AR T OWES,
hygefa BLar (o, MF LAV . PR
BEXTRIE ST MEL (A 1B), KL LS-1 75
BTN AMEEMW, SR, REHLES, IR
AR MR R 3, K (2.040.1) pm,  FEBE
}(1.0+0.1) pm.,

B FRAY 16S IRNA JE[H 751 I 1% % NCBI
B e AT IR IR b, S5 SREHH, LS-1 /) 16S
rRNA Jt K 75 91 5 7K A= 7 B8 & (dicaligenes
aquatilis) AS1 A 99.79% ) — & . fif H
MEGA 11.0 #ff, il 4Pk RZm L aw,
Wk 2 frs, JE—E S 1R R A P iR B
CAMREY, ZWEAERBARY, A
A DL B0 M A AR S R E 2, o LS-1 19 16S
rRNA JE K 751 #2438 & GenBank $U4 5, 15
JFHI% k5 PQ740307,
2.2 EMEKHIZ

PARR LS-1 B9 K 12 (ODgoo) VA S S5 R 5
SMX (&M 3 frn . A Kol £k mr s,
HIF 20 h AR BR B AR AR, AR T 2238 W
HHERBHIEE, ODgoo [EARFFTE ALK,
2574 0.05, M 20 h FFf, ODgoo fHIGE TV,
PRk AP A K, 7E 28 h 247, ODgoo fH 15 Z]
290.5, MORFRERRAE TXTEUE R, MEEgke:

Bl EHRLS-1ESHHE
Figure 1
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Morphological characteristics of strain LS-1. A: Plate scribing; B: SEM image.
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100 | @ LS-1

—
0.02

Alcaligenes aquatilis strain AS1T (CP094619)
Alcaligenes endophyticus strain P2L548" (0Q786958)
99 L Alcaligenes endophyticus strain AER10T (NR_156855)

991 Alcaligenes ammonioxydans strain HO-1" (NR_180910)

Alcaligenes ammonioxydans strain AAST (0Q891104)

Alcaligenes faecalis strain TAM 123697 (NR_043445)

Alcaligenes phenolicus strain J* (NR_042830)

Alcaligenes pakistanensis strain NCCP-650T (NR_145932)
100 - Ajcaligenes pakistanensis strain Ap AB003™ (MZ048017)

Pusillimonas minor strain YC-7-48" (NR_180400)

Alcaligenes monasteriensis strain Ac2-VH" (DQ469586)

Usitatibacter palustris strain Swamp67" (NR_181165)

B2 ET16S rRNAEREFHIHMZRERLS- 15725 % B H
Figure 2 Phylogenetic tree of strain LS-1 based on 16S rRNA gene sequence. Red font: Labeled the strain

screened; GenBank accession numbers are given in parentheses; Bootstrap values were expressed as a percentage

of 1 000 replications; Bar 0.02 substitutions per nucleotide position.

1.6 - 1100 ~
—= 0D, 90 N
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2 1.2 | mm SMX 180 S
Q 170 &
S 1.0+ ] o
S 60 2
% 0.8 | 150 .E,
£ 06 140 2
2 130 ©
< 0.4+ - . 120 %
021 ¥ 110 £
0.0 bptt e i 10

0 10 20 30 40 50 60 70 &0

t/h

E3 LS-14 K2 %20 mg/L SMXFERERIT{Y,

Figure 3  LS-1 growth curve and changes in

degradation efficiency of 20 mg/L SMX.

Tho £ 40 h 47, ODgoo fHILHIZY 1.0, HEHKL
%, AT RE SR i T SMX A 4 2 1 e T
HP ODgoo EYREE FT, Wimiss ) 1.4, B
JEWEA TR

M SMX HIFEfEINE KR, fE0h B2y 10h
Z I, SMX F&f#F e S R %, nfEEhT
B3 pH 28 Ak S 30 SMX WG % A= i Az1201
M 20 h FrR, SMX FEfifml A, FFE

TFIA R SMX, 7E 40 h 247, SMX &% ik
N2 50%, ZJEWEA N, XAt TRk
THFEE TR ot 5 B o 2208018 A S B A SR T
PNIOEE0E 2 N

2.3 INIEEFXTBE AR PR PE AR BE DAY

A
2.3.1 RIEXTEAR LS-1 P& AR AE AR B Y
S

B AR LS-1 78 L SMX Ay ME— B Y5 1) 15 37 3k
ey AR K, HEIIHEXT SMIX A R At g LA
o P, BEE SIS LS-1 75 A RIBRIR (B
FVR . BERREN . FIE B . TEHD AT SMX
R R M A KA, DUB A8 B AR A K R 1Y)
BAERR IR . W 4A BT, K TR B R B AR
LS-1 F#fif SMX RUSZMn K . LABRER R a5
BF, 48 h N SMX [ FEff R i im, A5 55.4%;
LA B ) R A AR O BB TR AN (51.4%) . Hi %
BE(50.5%) FIREAH (47.6%) 0 T4 P0G FAR o 72
WM 2R AR S, 75 AN BB R AR A it
REW BT, HELERRIE AT BE S H bR TG P R IEHE
RS 4, DT AT O AR 2™ 3 ) O )
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Figure 4 Degradation of SMX by strain LS-1 under different influencing factors. A: Different carbon sources.
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B: Different salinities. C: Different pollutant concentrations. D: Ambient temperature. E: Different inoculum

sizes. F: Different pH. The bar chart shows the degradation efficiency within 48 h.
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B, TRRRAE S [A) 36 BE 25 8 T 0 1 it 119 35 1
AE 1 (&l 4B), BARMEREHR AT SMX REfiE
T 1 B 32 (3.5 9%0) UL XOT i fige 7 2B PRIV o TR AE
25%o0 R JE T MR Rl FEffRIEE] 62.0%;
AFFET, SMX BIREfREFMKIR N 25%0>30%0>
15%0>35%o0. A WITE A 10 A ER B A BE h 2 ol
H B R R, 38 B AR A S R R Y
BN Xiong ZEBAHE 5% T Mt 51 ¥ (Scenedesmus
obliquus) Xt /e F U IR, RINAE—E PR
W, BEESREMTHE, PR EBRFEATMN 4.5%
FE] 93.4%,
233 SMX iKE X E K LS-1 fE#ERE 1Y
=AU

ks SMX ¥ B X B Ak LS-1 MR fE A
WEFW . WE 4C i, 2 SMX KIE N
20 mg/L B}, BEffFEm, 8% 50.12%, i —
AT R A R Rl ] B AR AL R B, 2 SMX MR
f 20 mg/L 1 50 mg/L s, F& S R B ] T 1
o X FLEX LR BE T, PrAE R AR YR
ERNIPHIVE LSS, R RE S A R SMX,
A BRI =4, s D> SMX X
AR EFE R TR . SR, 24 SMX RN
100 mg/L B, mik EEpTA: 2 W g T ik
fRAETT . (EAHTE AR, SMX I i R IfE Rl
IR RN, XA REE R T —E W
FIPLAE R T DR i AR K, (Al — e
[ (L D00 2 1 o A P R A, it LA [ AR
PioA: F X YA R B A AN )B4
234 MIEIREXE LS-1 MR RE
A 4 22 M)

TR R E O A K AR R R
T AT R M 200 6 PR GV 5 L 00 L 1) 3 B LA
T 5 Yy P S5 R 8 Y ol AR B B A K R DS
WK 4D Jf7s, Bk LS-1 78 25-30 °C 22 [6] ik
FEJE [ X SMX 1B R RO e fE:, BEfR R R
49%—-52%. = T AR T I T VU L A i SR 34 A
JRF M. MERENT R, BRI EE
REAR

2.3.5 EMEXE R LS-1 [F AR T
A

PNSIVIE SN0 & = Nk i1 S Ea
PR LS-1 X} SMX (R fif a5 IA —S(El 4E). Fifi
BRI, PR, 1%-7% £
Fofr 5 Xk 7 A R i 38 53 il R 45.22%. 50.30%.
52.23% 1 55.21%. BRI HrRY], 1%, 3%
7% FEF T R R Z AR B35 25 5(P<0.05)
Ul B () G X PR AR I P2 TH A I
3 VA o T O e B AR BT R, 4
PR Z 3G PR S, TRl 4R e i CUn SR AR . K
B I 3 0A . SR, CHEEFP R ST, RIR
O35 R TR PEAR ) (B 2. BR) AT BE ST B B i
AP,
2.3.6 #%a pH X E#K LS-1 P& AR R iz B
M ) 2 M)

M8 pH XY A KA S B
RV R A Zr K A 2w, W
K 4F s, M908 pH b 7.0 B, BEAEXT SMX
() SRR e, FLBEE I R B HERS , B
B R (P<0.05) . FERRIEFIIRIEASE ', SMX
()R iR A R AR AR R, RIS pH (BN B
BRI K= A T ANFIRZ I, IR FEE T SMX 1Y
RS sk e, 7 [a]—F(R) 2. (48 hy R g HL g, LS-1
PARRXT SMX 1 B i 26 IR PE A BE 1Y 14.16% I
TH3 R PR 52.18%, SR 75 B i Pk A 45
R R 26.64%. FiitsrArERW], pH Xf LS-1
PRI RR [ A SMIX [R5 i {3 (P<0.05),  HLi% I &
T EAE TP PR RIMR AR pH BRI AE K, X —45
5 KB B AE AR B A BE v AR K 1 3 ik
UEE—SC AN, WK IR K BYPEK pH
WAL 6.5-9.0 Z AP LS-1 B MIIEM S5 140 T itk
pH XN
24 M ERERTHT
2.4.1 Plackett-Burman (PB)if 3 & i+ 5
S

G FR A R iR 45 R T PB iRE:,
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DL A-¥R B (mg/L). B-4%F (%), C-3RJE (%o).
D-pH. E-JEE(°C) M K%, il i Design-
Expert 13 40 7 BALE 12 25000 B0 i I Ac 5
e, WER 1. FRMRIZ 7 Z R R LS-1 75 48 h
PIXT SMX AR A 1O

3 [ A A3 AT A5 3] 2 50—k 1A 7 R (D 4
IEFR), WARQ)FIR.

Yasnpein=38.77+5.754+1.42B-1.38C+

3.81D+2.26E 2)

AT RS ST 45 5 R W], Fisher K590 (F
{E)h 21.65, X IO (4 4% 2646 56 (P ) A 0.000 9,
WNTRGETHEZSZAE 0.001, FUIBIARIRLK
G E e E . Wit R? (e R B0 PEA A
FIRLE R, R?=0.947 5 #5301, FEHARII X5
w97 A Y B B . Adj R2 M 0.903 7, BT
1, BRI A PE . R*=0.947 5 Al Adj R*=
0.903 7 Z [H] A ZEE A 0.043 8<0.1, FHIFIAY
fiE B RE I Ge T b HAA WaEEN, it PB Rk
B, e H e N (AR AR KR R . o,
E A (SMX ) P {E 4 0.000 2 (P<0.001), FF{

Z1 Plackett-BurmansLi 5 ES54&ER

Table 1 Plackett-Burman experimental protocol and

results
Test A- B C- D- E- 48 h
number concentration salinity pH 7/°C removal
(mg/L) (%o) efficiency
(%)

1 50 7 20 9.0 35 5448

2 10 7 35 5.0 35 31.56

3 50 3 35 9.0 25 4331

4 10 7 20 9.0 35 4131

5 10 3 35 50 35 3093

6 10 3 20 9.0 25 3511

7 50 3 20 50 35  39.05

8 50 7 20 50 25 44.09

9 50 7 35 50 25 3732
10 10 7 35 9.0 25 32.38

11 50 3 35 9.0 35 4887
12 10 320 50 25 26385

Mtk D (pH)MI E (GRLEE) P {43514 0.001 9
F10.020 3, FI N (P<0.05); C ().
D (pH) P {>0.05, 25 AWE . B, X hy
e FHEZ T 3 R A>D>E,
2.4.2 Mo ERAIRLEE
e A-He B . D-pH. E-TRJE/E N 48 h
R i R 2 1 v B S B ) PR 2R L 43 IR 3
KM E D, F10). 1K1 3 DK, &It
Box-Behnken M W i 5, W38 2. 3 K&K 3K
V1Y) TE 52 1 A T AR SRR e A5 R 3k 2
Fis o
48 h [ fif RN 5 405 B IR 2 00
AR, AR G)FTR.
Yash pefipze =39.49+4.434+2.15B+1.65C+5.564B —
3.244C+0.51BC-14.274*-8.15B*~7.75C*>  (3)
HREHE) A, B C 43 AR (mg/L) |
pH FIEE (CO) M i B . [B1H J7 #2 b R B 1

<2 48 hEMERAN M E MR 54 R
Table 2 Response surface optimization design and

results of 48 h removal efficiency

Test A- B- C- 48 h removal
number concentration  pH T/°C efficiency
(mg/L) (%)

1 10 5.0 30 34.68

2 50 5.0 30 32.82

3 10 9.0 30 30.19

4 50 9.0 30 50.59

5 10 7.0 25 28.36

6 50 7.0 25 43.27

7 10 7.0 35 38.15

8 50 7.0 35 40.12

9 30 5.0 25 41.47

10 30 9.0 25 4241

11 30 5.0 35 43.74

12 30 9.0 35 46.73

13 30 7.0 30 60.72

14 30 7.0 30 58.92

15 30 7.0 30 60.78

16 30 7.0 30 57.05

17 30 7.0 30 59.98
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TS R AR i PRI RS, FdS BT . i 2
AAL, 5515 ZRECIAEMRIE N 30 mg/L. pH 7.0,
TR 30 °CHF, FEAR LS-1 % SMX 14 R4 28 d
I8 E] 60.78%. A E R R 10 mg/L
pH 7.0, JHJE N 25 °CH}, B RRMK, U
28.36%.

2 L E R R 5 ik 25 A B A 4
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HREM AR, BRr: R C (R BC (R
FEF pH M B R B0, HALREW P AL
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SR DL LR 2R G R ARG ROR
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R ff R AT AR S BAE S . Hodh, = 4 ST IR
SIS 5k, Ll mE e 3 A
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AT a4 S 3k 48 h iRk ARk, A
RAE T 2R RAE 60.78%, FEfRAs a3 hy
JeFtEa AR . AR, YRR A 7 (BT
Wik it SR Bt T e v B I AR AL B R . = e
T, TEPPE pH 500 T, SO T5 Y i) BR vk
JEASEEE MR R N B E . HERmLE
UMK 5 5 2= R BRI RDE . 28 pH
H- S5 Z M A 28 BAR A . teAh, SR HZR
Z IR 22 4K (40%—-60%), 1WA AE I IR K 3L ]
VEF T ma NAE AR A Va BBl R . IS SMX 4]
v B 22 0] A AH B FHRRAE WLIEL 5B =4S {4
FIRBHTY , 4 EL B MY, KWW
HZAFAERENSLEAER . SR EEEEY
30 °CHY, SMX H1J Uy e J3 X B8 fifk 556 (1) 52 i 3% 1
7. M 10 mg/L BAHNE] 50 me/L B, FEAERAE I
FHE TR, X450 5 P R i sk g5 R

—5, BES pHEMZZBEAEHWE 5C iR,
W25 I o 7 {8 P = 4 S AR TR0 (0,73 A A
T R 2 FHAS AR AN, 2 458 2R 1R 1Y [
AR T, WE I A B EAER.
Chen 2533 35 1) 137 17 5 A1 Box-Behnken 8 5 i%
Th, X ZE TR TR T AR DLY-11 [ fife filf Jriz v I ok
(sulfaquinoxalin, SQ)AYRCFAE T 4T T Ak, WF
A, pH {H5E E 2 18] ) 38 B AE X % f
BORMRZ WA B, FEEERERT, SQ
(1) [ fife TR B pH A1 T v 2 B0 S 38 n s B IS
(e e e pH (AT, BENT &
W 8 AR R T SQ YRR i R P, Tian S
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5 1) R B BE G v A5 ik SMIX, el a1 T 3%
HeAL TIZ bR X SMX BT . S5 5R K1,
Z AT SMX IR A o B 5 e — R 8y ) A
EUA R — B e Ak R i 40 TR A 3R T T
1) 71 B St LT A K 4 2 S B oy FH EL AT DG
B, X AT B TR A SR A [F] B AR
TEZ AR R S F T B3 R PR AR, IR e A%
PR i R Bl 2 Fp 2R VAL sh A a3, Ty
MR ST AR AL T Ry 4 A S A H ).
243 RULERIUE

T IAE LA IR SMX [ 2t AR Y
A5 BE e R CTIN () i R A R AR A (MR
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TS, 5 S g 45 R 2 RLHA R A — 30k .
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SMX 43 FL5FH,  FL IO 5 i L A A
BN Ak T T A X R 0 o T
TINO) - AHIFFE X LS-1 B R AR AN [ B At e ) 4k 2
() SMX A i AT T Bk o b, 45 SR ani&l 6 fr
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Figure 5 The response surface and contour plots of the 48 hour degradation efficiency under different
influencing conditions. A: pH and concentration; B: Temperature and concentration; C: Temperature and pH.
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Figure 6 SMX degradation products and proposed degradation pathway.
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Figure 7 Water quality acute toxicity test. *: P<0.05 vs. 0 h untreated group. +: P<0.05 vs. 24 h treatment group.
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