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Abstract; In recent years, a variety of antibiotics have been widely detected in urban groundwater in China, which
can pose risks to ecological environment and human health. In this paper, five antibiotics including sulfamethox-
azole, sulfamethazine, levofloxacin, ciprofloxacin and roxithromycin were studied. The degradation kinetics of the
mixed pollution of the above five antibiotics in the Fe’*/persulfate advanced oxidation reaction system was deter-
mined by ultra high performance liquid chromatography-quadrupole-electrostatic field orbitrap high resolution mass
spectrometry (UPLC-Q-Orbitrap). The degradation products in the degradation process were identified, and the
possible degradation pathways were proposed. The ECOSAR model was used to evaluate the ecotoxicity of the

degradation products. The results showed that the Fe*" activated sodium persulfate system could achieve efficient
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removal of antibiotics within 3 360 min, and the degradation rate constant showed the trend of sulfamethazine>

levofloxacin> ciprofloxacin > sulfamethoxazole >roxithromycin. A total of 33 possible degradation products were

identified for the five antibiotics, some of which may have stronger ecotoxicity than their parent compounds, and

the peak area of degradation products generally increased first and then decreased with time. This study shows that

in the advanced oxidation reaction system, in addition to paying attention to the degradation of parent compounds,

it is also necessary to pay attention to the changes of toxic degradation products to reduce the ecological toxicity of

antibiotic in groundwater.

Keywords: antibiotics; persulfate; acute toxicity; degradation products

PUAE RTEARBR B ik B 8 F 5 MK
SR A 8z N, P EVEA R EhiE
FA R R 2013 AR B AE R A Rt ik
#1248 75 t, Ml 162 97 (Y, T ALK,
YIRIPUAE R — O Be Bk o8 A R R, R 2 —2f
MIPTAE B AN EAPE & R e, B B A R A i
ARREEEZ G 10 48k 3R EUR R SR A ot 2
PUERB KO RGEY . PRSP R
IR RA TS YRR R A SERER ) 7R3
FE Rk o S KR, BRI 7 3857 M
FOREMN<] ng- L' 2I80H pg- L AETY )
YA R Ao R bUE L A 3G s Ay
R OG0 A= SO0 AN A R U 2 &5 2 T2
K,

AR TAR G A P A R R | e AR A
AT VAR R AE R L R A AR
b B R R AT A 1) R T 8 T FIVRE X 358 B 1) I 4%
P, Al AE S K BT K IR B ik | O As 3] 172 1
Y SRR ER AT LA R V4R A RN ST
AIEAl, Ho Fe? IR 15 Y B B i I ik 2
— U BRERAR [ (SO, - ) M3 [ i 3 (HO - ) 2
FALREMR TS Y i R BE S R S H AT, SRS
DAL R BT AE R B ARSI I b, K 2218 ] % 7K
SOBREF X — e — YA RAE R S T
Jrtertol et o 45 S A FH IRV B 2 A s de 15
JepE I FE ) AT REAFTE R R I 22 . tkAh, LATE
M AR BT BARBT A | R £, 4T R ALk
fE = iR s e T e AR BB OCEARRE, AT
AR Z R R AR BN A7) ) SR LR
fif et B, ARWE IR Fe 16 Ak 2o i R 5k 1 7 Ik 1
KOV B3R T K R W LR LA &R L dE
it e 24 1) 1 g HY T 8 (sulfamethoxazole, SMX) | fitf %
- FmE BE (sulfamethazine, SMT) | M 5 il 25 1Y 2 420 3L
b B (levofloxacin,LVF) . ¥/ N V) & (ciprofloxacin, CIP)

AR PN B 2K i & 21 %5 2K (roxithromycin, ROX), B
T PR WIREAR 3 12, o3 A 1 Rk 7 ) A v
fif B8R PHAL T 5 FiA: 3R SRR AR I 2R
Kt RE G AR B TS Y e 45 i S48 5 it
2%

1 ##57 % (Materials and methods)
1.1 Szl ih SR

FEE (B al) 2 O 06 (t 3% 46) 1 Sigma-
Aldrich;FeSO, - 7TH,O (2l FE =99% ), H iR &% (46 ) =
98% ) B HIR (43 B 2 $41 0 I R e TR 85 R Ak 273 5
A PR E] ; SMX (41 =98%) . SMT (41 JF =98%).
CIP(Zli[% =98% ) LVF (4l & =98% ) ROX (4l J& =
98% ) .Na, S, O, (£l =98% )XWy F At 5t 1 R IEAHE
AIRAF,

S i FASCAS 6 45 055 20 A% (b [ 22 AR R A
PR H],BT100-1L), fi k(b EIIL LT AR A
FREAEAF]L,85-1)4F
1.2 BEfdSEse rik:

] 2 L RS AR A i F B 999 mL 43 3 &% 100
pg-L™" SMT SMX LVF CIP il ROX HJTRA W,
IFIIA 1 mL N 3 g- L™ Y FeSO, - 7H,0 /K%
o PR E THPEs bR s i 3, R R G 3h 300
WeRE R 1.724 gL' Bt R ERER/K IS W L 0.09667 mL
~min”" (9 ABSAR T 7E 3 360 min 9 5151 B
(B A, 4 et ) SR S W W 022 pum 76
JEEIE 8 B 0.5 mL sk S 1) 5 0 5 U 22 R AH /N Y
FESL B 048 mL FHEEEAR K, A 20 wL 1 mg- L™ fiff
JHe — AR BEE-D6 VR ARG G 4 CARFERAT,
1.3 Ay ik

SR FH R 1 S0 1 - D A - P 3 BT B
¥ 5% A (UPLC-Q-Orbitrap) (3% [E Thermo Fisher
Scientific 2y 7] , Exactive) 43 M7 I 52 411 4= & B H [ fi
PR, SRS ST, C18 @i iE(1.7 pm,
50 mmx2.1 mm), A FESAH A S A EREUMECH
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0.1% HFRFIIT it 73 KK 0.1% 1) H R B 5 WL, T 3
B R CHE-HEEQ 1, VIVIEH, MR 40 C ¥
B 025 mL-min™  PEREE N 5 pL s PEBUBRE .0 ~
10 min,95% A ~40% A ;10 ~ 15 min,40% A ;15 ~20
min,40% A ~10% A ;20 ~25 min,10% A ~95% A,
fdi F ESI 1E & Tt T 2, BAAEIRE 350 °C,
TSN, W 15.0 L-min™ , FHETEHE ;150 ~ 900
mlz, 5y HEF 70 000, B F R AR IE AT E
i B R I AR EA 721 5 RO #T
1.4 BUAERERSN 2 UE

HFRAE 5 Rt R ARE AR 5 2 ad 78 R AT
i :In(C/C)=-kt HATHIE . Ho, C, 71 G, 7358
PUAZR ¢ 20 R FE AR A6 B (ug - L") s k AT —
gy J17°F SV B H L (min ") 5 ¢ 9 VI A] (min)
15wk

K ZE E BSR4 R T & 1Y) ECOSAR(v2.2) il
AR K F (https://www.epa.gov/tsca-screening-tools/
ecological-structure-activity-relationships-ecosar-pre-
dictive-model), X SMT ,SMX , LVF ,CIP ,ROX %
WA = Wy A S MR P AT 00, 23 53 e L £ 2 96 h
PRHIEHR E(LC,,, mg- L") 7K 3 48 h PRt H
JEFNEREE 96 h 2 HOHN Kk B (ECyp, mg- L) T7K
A R S TRV I RAEFIITAA

2 ZR 5118 (Results and discussion)
2.1 5 FpiA R B gl oy

T R A M A SRR AR G BN R
B, A5 A8 FH 5 20 2 0 o R ) D TR A
Bepi, DMz A b i & AR R A A TR

@
.

100 Ld
*
80
X
2
<& eof
s
FU I 'Y -
= g 40 & fEafic s Sulfamethoxazole
A o i —HIMERE Sulfamethazine

A FHNTPE

Ciprofloxacin

® IR

Levofloxacin

* DRER Roxithromycin
0 -
0 500 1000 1500 2000 2500 3000 3500
I []/min
Time/min

BIKW-, Fe* WLl BRmREN A 5 Fhi sk Z 04
WK 1 (a) T 7m, 763 360 min IR, & T
ROX F#f#%} 91% , SMX . SMT . CIP L) }2 LVF ]
REfER IR B T 100% , 2% BHIZ AR 28 0] T e 265 s
VI R B . RIS Rt R )
N R H, X R T T LA WE 1 (b)) B, B
I FRAT B — Bl T2 5 AR, SN 3 R4
AR REMNE 1 IR, P R 1
SMT>LVFE>CIP>SMX>ROX /NI, X6 107 (1) 52 107 33
B K 0.01927 ,0.00302 ,0.00222 .0.00188 Fil
0.00056 min™", Wang %57 fiff 45 e A ek % i B —
F 2 1) Bt A 3R 0 45 s 0 7 %R 1k 0.00541
min™" , FAHF ST AR T, 3 DR A 1R R % i A 2 O
HCR A R,

M1 AL, A T AR SMX Fl 7S JG 4%
IR SMT 1) S 0 S A7 AE I 3 25 5, 30O R R 7K oe
ZRIR L H TSI BAT SR (W - RE T, L SMT
WA ZF3ERIRF] SO, -~ Al HO - Byt ™ IR
I A ) 20 ik 2 R0 o T 28 7 A 3R e T 1 [ A i
£, LVF il CIP WREFE LAY N B b2 B AR IA] , LVF
RO B BN i T CIP A AR, DTl LVE B 5
PR X 5 Fang SRR B H AT, A
WFFE R B IR N R P2 2 ROX i fiff 1 %6 i 241X
T e SIS N R o B 2 AR R AT R R O ROX
S5 A ELMORI BE 88 e, 7R % R AR AR R b e
R Xie A1 Jin®™ SR K i R A2 i HO -
M E AR R TR Lin 552978 O,/H,0, ALk R 3y
R ROX [ fifk 380 2%t 25 1% T b e S5 L f 40 2B R
X IS AT 4 SR — 3

-In(C/C,)
W

0500 7000 1300 2000 2500 3000 3 300
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1 5 ERMMEMRE(a) MBI HFMEHE(D)

Fig. 1

The degradation rate (a) and kinetic fitting equations of five antibiotics (b)
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F1 5 MHLEE 3 360 min ERER RNEXRELMUSHTENRERY

Table 1

The removal rate within 3 360 min, reaction rate constant and determination coefficient

of fitting equation of five antibiotics

3 360 min EERH/%

Removal rate within

P R

Type of antibiotics

T2 3 A /min !

Reaction rate

BT R E R AL

Determination coefficient

3 360 min/% constant/min~! of fitting equation
il iz FF s (SMIX)
100 0.00188 0958
Sulfamethoxazole (SMX)
it e — W I (SMIT)
100 0.01927 0.965
Sulfamethazine (SMT)
VSR (CIP)
100 0.00222 0871
Ciprofloxacin (CIP)
R (LVF)
100 0.00302 0.898
Levofloxacin (LVF)
B 418 F(ROX)
91 0.00056 0974

Roxithromycin (ROX)

2.2 5 FhBUAEZR AR AR ™ ) I A e AR AU

K Fl UPLC-Q-Orbitrap Xf Fe™ I fk i i iz £ %
il 5 FhBUAER B WA TR I LA 1 33 FhAT B
FEAE B A 7=, FLBEE ok A0 S 3000 il 2 <6 %
107, BEA# =40 A~ FE I E]  SMILES 20455 B 3k
2 iR, S5A DAY SCHR B X SMT | LVF ,ROX
PR SRR AR AT THED, &l 2 ~ 4 B

SMT W] fig B R fif B A2 AT 2 iR, FEIR AR A
H1, SO, - I B TR SRR S R R A
TAMLIEHE I L SMT-1(m/z=280); £ & 1% B
o, R SMT ZR B 43 6 S 0 o7 5 3 2o F
THAEALG AR e 5L A 3 . A P R i i o
1) 5 Tt ELAT 0 AE FL T , & A2 B 43 [B] 1Y) S 4%
i , SMT 43F HmgEER 1 (1) N JF-F 0] LAE R 5%
WA TOZ0 &, e T8 T EHE, SO, #4)r
B , NI i SMT-2(m/z=215), iZ i B Fk N
Smiles FHE® | BJ5 , SO, -~ it 3% L I 17 T B IV il
FEFIRG B B Y SMT-3(m/z=229)F1 SMT-5(m/z=
309, ZJE A M ARG IF R HO - BRI E R ER ul
ZRIRPIE R FEAL R R SMT-4(m/z=246).,

LVF Al g 0 B i # A2 & 3 frs, LVF F %
A 4 FREffaR e AR I BRIk R R 31 4% AL Al
WEEEAEL AL . LVF-1(m/z=392)/2 LVF ¥Rk
Yy % FigfE B, T RESE B T SO, -~ F HO - H(if; LVF
T8 o B ¥R A i LVF-2(m/z=346)F1 LVF-3(m/z=318).,
TEREfRIE AR C v, LVF 38 i 25 UR W 1k 43 A Al
LVF-4(m/z=336),LVF-4 ¥t —L 53 &y LVF-5(m/z=

322) 1 LVF-7(m/z=264); B i 45 D v, s iy i Ik
HIFEAL I B R LVF 0% — A R 85848, Ik
SO, - “#t— A E A R

ROX 7] REAY R& fift I AR W& 4 TR, 78 B
2 A ROX R SCHEWEA /7 5 15 3 ROX-1(m/z=
680),ROX-1 UK 5325 I K46 5 15 5 ROX-2(m/z
=666), 25 H A B Je DU 1R, Ui PR OBURE F1 52 %
B S0 B S R . fEiR TR B
H1, ROX-3(m/z=750) 1] LA 2 i i (C = N) il %
) C—O BERRIL Y, ROX-3 2K L HEMEHR 4
J5153] ROX-5(m/z=592), ROX-3 1 ROX-5 [ifiJ5 it
F: 52 1 (NH, OH)E 1, ROX-4(m/z=717)F1 ROX-6(m/
z=559), K5 ,ROX-6 it 2 H,0 J& i ROX-7(m/z=
541)27

o O e — e O
SMT SMT-2 SMT-3
C
9 " N= l HN}_

B2 SMT R iR
Fig. 2 Degradation pathway of SMT proposed
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2 WKWNBIMEMBYEER ECOSAR MMM ESHE
Table 2 The information of degradation products detected and the ecological toxicity predicted by ECOSAR

A (mg- L)

; ) PR R] Acute toxicity/(mg-L™") i

I ) v

Product /min SMILES s e
roducts Retention @ LS Rk Toxicity
name time/min Fish Water flea  Green algae change

LCy, 96 h) LCy 48 h) ECy, (96 h)

SMX 448 0=8(Cl =CC=C(N)C=CI)(NC2 =NOC(C)=C2)=0 266.8 64 218
SMX-1 0.96 0=S(C1 =CC=C(N)C=C1)(NC2=NOC(C)0)C20)=0 8 450 684 1210 |
SMX-2 448 CI(S(=0)(=0)NC2 =NC(C)=C02)CCC(N)CCI 267 643 218 1
SMX-3 1026 0=8(=0)(NCI =NC(0)=C(01)C)C2CCC(N)CC2 189 583 189 1
SMX-4 334 0=S(=0)(NC=1C=C(ON=1)C)C2CCC(N)CC2(0) 119 486 149 !

0=S(=0)(NC=1C=C(ON=1)C)C4CCC (N =
SMX-5 1997 329 232 422 1
NC2CCC(CC2)S(=0)(=0)NC3INOC(C3)C)CC4

0=8(C1 =CC=C(N)C=C1)(NC2 =NC(C)=CC(C) =

SMT 3.64 195 6.02 195
N2)=0

SMT-1 554 0=S(=0)(NCINC(CC(N1)C)C)C2CCC(0)CC2 1220 641 351 i

SMT-2 0.54 N=CIN=C(C=C(N1C2CCC(N)CC2)C)C 121 129 1

SMT-3 9.74 0=NC1CCC(CC1)N2C(=N)N=C(C=C2C)C 1

SMT-4 8.17 0=NC1CCC(CC1(0))N2C(=N)N=C(C=C2C)C 183 128 228 1
0=N(=0)C1CCC(CC1)S(=0)(=0)NC2NC(CC(N2

SMT-5 745 =0) (CCHS(=0)(=0) (CCa2) 725 393 241 !
c)C
0=C(Cl =CN(C2CC2)C3 =C(C=C(F)C(N4CCNCC4)

CIP 4.16 13 100 1 240 1 620

=C3)C1=0)0

0=C(C1 =CN(C2CC2)C3=C(C=C(F)C(N(C=0)CC-
CIP-1 467 401 000 183 000 55 000 J
NC=0)=C3)C1=0)0

0=C(Cl =CN(C2CC2)C3 =C(C=C(F)C(N(C =0)
CIP-2 553 141 000 11 100 20 800 J
CCN)=C3)C1=0)0

0=C(C1 =CN(C2CC2)C3 =C(C=C(F)C(NCCN)=C3)

CIP-3 368 47 300 4020 6 470 !
C1=0)0
0=CNCICC2C(CCI(F))C(=0)C(=CN2C3CC3)C(=

CIP-4 551 10 400 55 300 3 140 !
0)0
0=C(O)N(CICC(C(F)CCI(C(=0)CC(=0)0

CIP-5 0.53 (O)N( (CECHE(=0)CC(=0)0) 692 000 48 600 114 000 !
N2CCNCC2)C3CC3
0=C(0)Cl = CN (C2CC (C(0)CC2 (Cl (=0

CIP-6 9.15 (0) ( (€(0) (CL(=0) 36 500 3 190 4 880 !
N3CCNCC3)C4CC4
0=C(0)C1 = CN(C2CC(NCCN)C(0)CC2(C1(=0

CIP-7 10.02 © ( ( )CO)CC2(CL(=0)) 131 000 10 300 19 400 !

C3CC3

0=C(C(C1 =0)=CN2C(C)COC3 =C(N4CCN(C)CC4)
LVF 407 19 400 1790 2 440
C(F)=CC1=C23)0

0=C(0)C2=CNIC3C(OCCI(C(=0)0))C(C(F)CC3
LVF-1 534 3 200 000 201 000 589 000 !
(C2(=0)))N4CCN(C)CC4

0=CC2 = CN1C3C(0CCIC)C(C(F)CC3 (C2(=0)))
LVE-2 828 207 26 22 1
N4CCN(C)CC4

O=C2C=CNIC3C(OCCIC)C(C(F)CC23)N4CCN(C)
LVF-3 10.08 cca 458 558 440 1
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g2
‘ ZM#M/(mg- L)
FEb R (3 Wl'ﬂ Acute toxicity/(mg-L™") j‘iﬁ
Products Jmin SMILES @ K% . e
Retention - / KRR Toxicity
name time/min Fish Water flea  Green algae change
LC, 96 h) LCy, @8 h) EC, (96 h)
0=C(0)C2 =CNI1C3C(OCCIC)C(NCCNC)C(F)CcC3
LVF-4 3.87 47 700 4 090 6 490 !
(C2(=0)
0=C(0)C2=CN1C3C(OCCIC)C(NCCN)C(F)CC3(C2
LVF-5 378 (=0)) 92 500 7 500 13 300 !
LVE-6 547 g;C(O)CZ:CN1C3C(OCC1C)C(N)C(F)CC3 (C2(= 1 770 579 185 1
LVE-7 595 0=C(0)C2=CNI1C3C(OCCIC)CC(F)CC3(C2(=0)) 3 720 2 060 1 390 i
LVE8 053 0=CN1C2C(0CCIC)C(C(F)CC2(C(=0)C(=0)C(= . 26 206 :
0)0))N3CCN(C)CC3
VE 054 0=CN1C2C(0CCLC)C(C(F)CC2(C(=0)0))N3ICCN 8 54 160 )
(©)ces
0O =C(OC(CC)C(C)O)C(O)C/1C)C(C)C(0C2CC(0C)
ROX 10.12 (C)C(0)C(C)02)C(C)C(OCIC(0)C(N(C)C)CC(C)03) 516 6.72 466
C(C)(0)CC(C)C1 =N\OCOCCOC
OC(C(C)C(OC(CC)C(C)(0)C(0)C/1C)=0)C(C)C
ROX-1 743 (OC2C(0)C(N(C)C)CC(C)02)C(C)(0)CC(C)C1 =N\ 7 000 614 928 }
0CoCccoC
0C20C(CC)C(0)(C)C(O)C(C(=NOCOCCO)C(C)CC
ROX-2 6.90 (0)(C)C(OCIOC(C)CC(N(C)C)C1(0))C(C(=0)C20) 19 700 1 600 2 840 }
C)C
0=C30C(CC)C(0)(C)C(0)C(C(=NO)C(C)CC(0)(C)
ROX-3 10.12 C(OC10C(C)CC(N(C)C)CI (0))C(C)C(0C20C(C)C 963 118 9.19 J
(0O)C(OC)(C)C2)C30)C
O=C(OC(CO)C(C)(0)C(0)/C(C)=C\I)C(O)c(oc2ce
ROX-4 622 (OC)(C)C(O)C(C)O2)C(C)C(OC3C(O)C(N(O)O)CC(C) 96.9 118 93 !
03)C(C)O)CC1=C
ROX-S 6.94 0O=C20C(CC)C(O)(C)C(O)C(C(=NO)C(C)CC(O)(C) 106 127 103 |
C(OC10C(C)CCN(C)C)CL(0)C(C)C(0)C2C)C
i 1281 C=C2C=C(C)C(0)C(O)(C)C(OC(=0)C(C)C(O)C(C) 70 213 534 |
C(OC10C(C)CCN(C)C)C1(0)C(O)(C)C2)CC
ROX.7 12.09 C=C2C=C(C(0)=C(C)C(OC(=0)C(C)C(O)Cc(C)C o s i 1

(OCLOC(C)CC(N(C)C)C1(0))C(0)(C)C2)CC)C

T AR P RGRT AL 22 W G 3 A S U (H/T 154—2004) A2 25 2 2 A T PR 0, B BUIRAR £ RO AUR R il 5 1 A UR Bk, TR U
AP AR SRR T ARSI W 0 AR S A L TR A T LA, | AR SRR W 1 AR AR RE A L T REARCR TR R
LCsy FPEHEBIEHRE ,ECyy N RN W E

Note: According to the classification of ecotoxicological hazards in The Guidelines for the Hazard Evaluation of New Chemical Substance in China (HJ/

T 154—2004); the toxicity data of standard: red represents extremely high toxicity; orange represents higher toxicity; yellow represents moderate toxicity;

green represents low toxicity; “ T ”indicates that the ecotoxicity of the degradation product is higher than that of the parent; “ | ”indicate that the ecotox-

icity of the degradation product is lower than that of the parent; LCy is concentration for 50% of lethal effect; ECs, is concentration for 50% of maximal

effect.



40 £ x F

ooz 4R 18 &

0,0
F OH
(N Ny, —
LVF-8

LVF-9 LVF-7

3 LVF RBfREEE
Fig. 3 Degradation pathway of LVF proposed
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Fig. 4 Degradation pathway of ROX proposed

2.3 5 PP 2 B R ) A A E v T 2
AR

AT R0, B A =4 ] 68 tL AR L & 9
A a1 DR AT 00 B A A 7 ) ) 2 P
FIAG R & E IRBE -4 R JF & 1) ECOSAR Hi 7!
WAL X AR A, B R A R A 5 A s

PEAH S AR iR Y ] L T 22 Fh Ak 2 i B L
AL AR ST, P ECOSAR #2115
T 5 AR R B AR P R A28 K S R Y
SUEREE, SRR 2 PR, AR B A T
16 E AL S (HI/T 154—2004) , k27 5 59 A4 2575 7
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Table 3  Studies on the toxicity changes before and after antibiotic degradation

LRI . ; Weefigp S 2 PR Ak .
A = R L e S50
o Types of . . Toxicity changes
Oxidative system . Indicator organisms ) References
antibiotics after degradation
FHMRATTE AL K, S, Oy M NN i ! 33
K, S, 0Oy activated by ultraviolet radiation Sulfonamides Human embryonic kidney cells B3]
H,0, A Mk 1,0, - BT ! »
Wet catalytic oxidation of H, O, Zebrafish B4]
SRR R 2% RN
R R sMT O ! 3]
Electrolytic Fenton system Vibrio fischeri
TRBRAR  H e g A AR 2R LVE 2 R T/ ! 36]
Advanced oxidation system of sulfate radical Gram positive/negative bacteria
T I A AR R R RICH
¢ ' feit R ' SMX ' i) . ) B2]
Persulfate activated by microwave Luminescent bacteria
T U 4 A T A o S AR AR SMX T LTS U P A 4 ! B1]
Peroxonosulfate activated by transition metal Microorganisms in activated sludge
LHMESTR AL H,0 IR
,0, ROX KICHTA 1 [16]

Hydrogen peroxide activated by ultraviolet radiation

Luminescent bacteria

Ve T AR W AR S TRV L TR BT LT« L ARBGZ R 0 A S AR L T R B TR

Note: “ T 7 indicates that the ecotoxicity of the degradation product increases compared with that of the parent, and “ | ” indicates that the ecotoxicity

of the degradation product decreases compared with that of the parent.
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Fig. 5 The change of peak area of SMT degradation products with time
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