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i, TCS7E 8 h WA AAT] 81%, H—2 I hi 124 ¥ B0 55 SR B Z [ BA ARG . aErh/INr TR DLIR AR S0
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Chemical Oxidation of Triclosan in Soil by Manganese Oxides

GE Chang*?, TIAN Xiaoging?, YU Furong®”, LIU Songtao?, WANG Xinghao?", GAO Juan®

(1 College of Geosciences and Engineering, North China University of Water Resources and Electric Power, Zhengzhou 450046,
China; 2 Key Laboratory of Soil and Sustainable Agriculture, Chinese Academy of Sciences, Nanjing 210008, China)

Abstract: In this paper, red soil samples from Yingtan, Jiangxi and Jindun, Yunnan and alluvial soil samples from Fengqiu,
Henan were collected to investigate the degradation of triclosan (TCS) in agricultural soils in the presence or absence of
manganese oxides. The effects of manganese oxide concentration and organic acid types and concentration on TCS degradation
were also investigated. The degradation products of TCS were analyzed by HPLC-TOF-MS to explore the oxidative degradation
of TCS by reactive manganese oxides in soil. The results showed that MnO:2 could oxidize TCS in varying degrees in three
different soil types at a water-soil ratio of 4:1, and the strongest oxidation capacity of TCS was observed in acidic soil (red soil
from Yingtan, Jiangxi), followed by red soil from Jindun, Yunnan. It indicated that the oxidation capacity of MnO2 was negatively
correlated with soil pH. In addition, the degradation rate of TCS increased with the increasing concentration of manganese oxides
in soil, and the degradation rate of TCS reached 81% within 8 h at 50 g/L MnO.. There was a linear correlation between the
kinetic constants of the first-order reaction and the concentrations of manganese oxides. The presence of small organic acids, such
as oxalic and citric acids, significantly inhibited the degradation of TCS, but tartaric acid promoted it. In addition, the oxidative
polymerizations pathway of TCS were proposed based on the detected dimers products. This study provided a new vision for
understanding the attenuation and remediation of TCS in contaminated soil.

Key words: Triclosan; Soil environment; Manganese oxides; Transformation mechanism; Degradation products
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=& (Triclosan, TCS)J&# WLE) 1SR,
PRV PSR, 5y SF il A, X BB . TR R
B EAT BRI RAE A, BT J LA R 285 1 v
HERS TP S AN A= e, W SUE R T
T LA AR 2, X sy Yy 2 5 AR5 Stk A
FFE KR, AR A RGN, BT H
TG KA T2 vk st 4 Bk TCS, MiskEA 1) TCS
SAE S ORWT BB, WA RS R G0 AL
2017 4F3E E & i L E B R R RS TCS i)z
A, R, TCS 7E LR min £ 30 Yl
Pyl bR K L 2 AR AR B AT AT R A, A
KRB BRE AN, EA R ED, TCS fE4K
FH = 398 v %) 5 58 25 XA W BE VR RN R A 7 AR
P, I HL i £ 5 SRR I fh 22 688 ) A AR 1) 9
U RGN DNA 1 et 01, xf LI R R
GRS fE R A g o PR, AR g
TCS #b 5 Y HIR B E 2= H T,

YA AR ) ZAFAE T RIS b S g
Wy 02 R AL A R A E AR L2, Hor
G EACVE M EEAE Y B R AR (50 ~
300 m¥g) . FALIE AR (1.23 V), FHEE RS
Rk, B HEE L A T GRS, R TR
LT HEM X, H e R AR RS,
PAFE ARG 2 B, 4 S8 AL 5 SRS v () 2 R A LTS Y
Yy, WA SRS DR A E R A P R A
RGBS LBRER . HRT, Bris gy
Xof A S AR B () M 27 B T R OGRS B
HHLE B SR AR R IR, I iR
AR S5 LTS YL 2 ) ) TR R HLER ST, )
FH M 2 AR 78 B KSR B A& 5 15 Y+ 1 4
A R PSR EEMISEE XL, WA
S 5 A R A A e R V5 e - A R . 3T
U, ASSCHRGE T ORIR R HER AT pH. ALY
WP RN FAT HLER XA 3 vf TCS Bt A5
P T TCS R4 A ALYIE R T i R FRHIL I DL 2 e Ak

FEAR, DM TCS {53 LRy 2 2 SR AL 40 A
PR

1 #H5E7EZE

1.1 RKF S5

SEEG AL RE: =4E(TCS, 97%) NrHral, W H
VBT T 5 P A AT 24 A A €0 3l 5 SR R
FERTRER . MG . R . AR . rER . HIRE
Yok o prat; S /K Milli-Q 2tk .

SEAX AR RO A £ 3% { (HPLC-2030,
Shimadzu); AUZHA & IR (HZ-2610K, L 1Efk
WL BHE A BR AR JRF IR (2-2000,
Hitachi); = &50RHR (i - A7 st ] S35 56 F A (HPLC-
QTOF-MS, SCIEX).
1.2 fhf ¢

agmve w5 B A & B WL AN NN e =
B ETREH, 3 FlhI800 pH . AV SR MG 4
JEWRESFRIENG 1 BT BErAIEE, N
FAMCE 2 g/l (Y TCS &R, HL—& IR EIRAEAT Bl
BRI N 5 58R), BlE A 50 mg/kg ) TCS
PU5YRE, ARAT . &1k 2 F)Eid 60 HifigH.
1.3 SHENYHNHE

PR H UL § UG ALY (5-MnO2) kA §
g, Hofhl 4 A an R 191, 250 mL f% 0.15 mmol/L Mn
(NOs)2 4H,0 WRAEIGSZZAE T LL 20 mL/min Y
T EE R A 250 mL % 0.1 mmol/L KMnO,4 #10.2 mmol/L
NaOH MIRAG W , TERMEFRPMZEM 24 h
WHFZELL 600 r/min 3R FEERHE ; SRS RHRS IR L
BL TS UTTE Y 2R KRN e B0, B U8
W pH R s BRI E EER BT K A, A B
PR T HEPL T 1 48 h 5 FHAFERBIFES , if 60 H 411
J& B R

i 3o BRI 44 H 4% ( SUB220, Hitachi) il X 54k
AT ML (Ultima 1V, Rigaku) %4 BCAYSE ALt 74
TE53HT

F1 il DRAOEBELMER

Table 1 Physiochemical properties of tested soils

R 148 pH HHLFI(g/kg) FH 25 F 3 ek (cmol/kg) 2% (g/kg)  TeHLER(g/kg) 4 Fe(g/kg) 4> Mn(g/kg)
TLPYELIYE 474 19.59 12.81 1.13 0.65 42.53 0.06
AMEMaE 593 34.22 30.25 2.14 0.50 72.40 2.17
WrE Wt 8.34 17.55 10.01 1.11 7.50 11.94 0.47

1.4 RIGEIT

1.41 TCS WFEf#shJ12%  FREUTHEH 0.05 g 42

AR A A RS 0.5 gi5 g R HERE R 2 mL
EBETK(EKEEH 1 4)RFE O b (L)
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HHER AL AN TCS VR EE 5300 25 g/L Fl 12.5 mg/L),
T A RV M P A 5 o TR B B T o
JR2), LA 80 Hz B T #iA 3 min, {4 & b¥iys)
SPHOTE R BRI T B SO R TE IR R IR
45 25 °C. 150 r/min, EOEPRY 8 ho HAEESK
B2 AT, rBIE 05, 1, 2, 4, 8h X HEd TCS
AT, Bim IR A 5 mL HEERY , R
JG 7F 80 Hz B3R T 8 4 B2 M 5 min, Bt 1 mL
FEALL 15 000 r/min 5.0 2 min, i3 0.22 um ARG
AT TCSWREE MM, LR vEIASHY TCS iy
93% + 1%.

Z: R RIS 7V B AN TR] S L B[] BE (A it LA
3500 r/min &5.0» 5 min, i3 0.22 pm A4 38 IR f 5 2
5 mL B0, A —HERIRILE , R XA
T AN [RIRE b R Mn2 [

1.42 HEEIHZEEW  1)AHE RN TCS [

fif (R RZ I FREUST A 0.5 g ARG 18 T 8 mL

FEOIESHP, B0 2 mL H4E/K 1 0.05 g MnO,. i

W BOE TCS BRI 12.5 mo/L, fhE ALY H9)
el 25 g/l

25T SAL I FEXT TCS [ OS2I . FRIBU &
305 g VT VEERLAIEE T 8 mL AR IR, &
Jn 2 mL A K R E BT A MnO2. IRX5 % & TCS
BRI AR B 12.5 mo/L, 4R A LPIIIRILRRIE N 5.
10, 25 150 g/L.

)V HLER TR FIHR B %) TCS FEAR AN e il
100 mmol/L 3 Fh FH & ULAAA HLER OB A1 R . Frisiii
R, FREBUTUR R 0.5 g VT PE I TRZTEE T 8 mL
FREOBEEGH A, N 2 mL B4k . 0.05 g MnO, Al
AR AU W . I E TCS MIPIIRERE K
12.5 mg/L, 4GAMPRILGE R EE N 25 g/L, AFEIAHL
PRV W R R YRE S 1. 5. 10 mmol/L,

SR F TCS A4 BN ik S I 141715
1.5 SWAE
151 TCSZrtr  MAEIERHEE TCS WA RH
OB IS E , HPLC 461 ikl l C18
F:(4.6 mm x 150 mm, 5 pm), JishAH R B E/0.1% H
R =85/15(V/V), Wi A 1.0 mL/min, KK N
275 nm, FEiR 30 C, FEULARIFT, TCS ALk B i
&4 7.9 min,,

i 3 — N B 2 R AT 2 h SO A R
TCS ) RSt -

IN(Ct/Co) = ~kobs X t
s Co Ml Co 43 IFRIR t BFZIH 0 B %) TCS ByMk iz

(mmol/L), kovs /ETH—Z 8 J12= 5 % (hY), F*m TCS
1) R i 2
1.5.2 TCSKEfr=#smtr  R%E +5Erh TCS 1
FEART=H , SR B e % 1 R i UEA T e i 4l . B
OB S A A TR BT 8 mL B ES T, A
5mL HFEEAW, & TR IERIOTES 1h, K5
FEFE 5 000 r/min Z5 4 T 2500 10 min J5 U FIEH,
PRI 2 IR R BURTE e 28 A ka2 /N T
1mL, HHEEELR, #E%EM 10 min, i3 0.22 um A
MLIERE S , SR HPLC-TOF-MS EMA3 44 .
HPLC-TOF-MS 45/ : ikt C18 (2.1 mm
x 100 mm), S M mELiA R, 50 kPa: i shHHH
0.1% HI BRI (A AH)FITH (B AH)ZH B, R A FE
IRAYTT, BOEEVELIN 90% f9 A JFG, 4L 2 min,
SRIGERIERE A RS 10%, FER2E 1 min, {44 23 min,
SRIGTE 1 min WK BIWI IR 5540, H5E #F4T 2 min (1)
AT o SR FH RIS 55 H B (ESI)TE B 88 TR R gk
5, FATEE miz 4y 60 ~ 800,

2 RS

2.1 SBENHPEIRIE

MR ALY S BT XRD EIE I 1 Fis .
MR P AR R S5 AT, 5 U B S Ak o 2R S
¥4, XRD FEligrf, £ 20 &y 37° 1 68° AbHIEL T HA
W AVRREAT S, 5 EAFPOVRD Sun A NDOMGE 1Y
gER—F, KRGS EIN YN §-MnO,, HiZh i
ERZE, AEERA
22 AELEH TCS BEER

TIPS TR 2T | 2 g 4 BT 3R g 3 1 119
pH 4351k 4.74 .5.93 F1 8.34(5% 1), WilEl 2 firsn, TCS
TEAR 38 8 h MR350 67%. 30% Fi
11%. RSG5 R R A e h R 0R 2 57 B
%, 1 H TCS 1E HIEP R MR 5 11 pH 1A
Kotk BRI 38 pH TR, HLBA B0 AR A e
XF TCS MEALREMVE . X FEJEH T TCS BAFTE
TSRS S APy 2 104 FLPE XY 52 pH 52 ma 2, pA
72 AR AN [ (R R R

P HGER, A AR E S T AR IA
feiE M, HAREE RN 1.23 V, (HEEE pH Y
Fhr, ARG, W RET TCS 1EAR]
pH I E P R RARCR BAT BB 22 5. LAk, pH s
LA LA TCS YERTE AL, MM AR 35 1
FALEE YRR R F R, ) S ik it
F223 §-MnO, ZEHL 45, pHpze A 2.25, 435 pH>2.25
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i, HERIm AT, I R pH (T T rEd
B35l f T TCS 7R h R AL b niie

SU8220 10.0kV 6.1mm x100k SE(U)

SAFAEE), pH TR TCS AR AL I ity
TRV BT A7, AT T TCS HRE iR,
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Fig.1 SEM image and X-ray diffraction pattern of manganese oxide
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Fig.2 TCS degradation efficiencies in different soils

2.3 SESAWFMEIT TCS FEERIR N

R R 3R W AL W A VLTS TR 214 v xk
TCS A5 B E MR AR, LIS 82 LB TR 2T 3R
F B+ A S AL SE ALV B A 52 TCS AR
12N E 3A FR, FEAREIN MO, % IEZH
o, 3B TCS Bk B2 B ] A B A 284k
VB AE R R HR BEARS JE UAT RL A TCS(H
TEVR N MnO2 Ji5 , TCS YR BB MnO2 ¥R B 1
BB T, 24 MnO2 MkEEH 5 g/L B, TCS7E 8 h
IR AR AR 22%, F—20 351 MnO2 R B % 50 g/L
W, TCS AYMEfRFR A 81%., —H/ILNsh J124 )5 12
AT DA H A 2 N 903 MnO2 XF TCS R R
(£ 2), TERRAMDUEEIN 5 /L 3 /nF| 50 g/L myit
i, 908 )2 AU 0.062 3 ht 1 in$] 0.525
2 ht, AR MnO2 5 — 2 S ol 3R B A T4
A, G 3B AR, T Z A AE A B 2k oG

Z, MEHTEHN: Kes = 0.0102[MnO,] + 0.0314.
SR NI TCS [k B sl B [, (H LR A %
16 2 h J5 W S, 24 MnO, 9% 25 g/L Iif, TCS
1) A it R AE T 2 h NIk F) 50%, (H7ERE S (9 6 h N TCS
AR RN 17% . AR ISR 18 & BT AL A dk
PUPRZEART | e A POV Py 7. 290555 MLAL & W
Wt BT ALY B Bl ) 2 R X AT e S R )
FEA P HLEEA G, BN Ak AL TCS iyid
FEREESE TCS Al MnO I IR %% &%), KiJ5 TCS
4y F VR SE AR 2 18] DL T3 8 SO R A =)
H1 Mn2+28: 301 Bt 25 J7 7 () 32E4 T, TCS Y Rk = Fl
MnO2 FYIE 74 Mn2+ IS T MnO2 1, Wb
T TCS #£ MnO2 K1 i RN IE P s, Al T
JF 4k TCS BEMRCE .

h T A AL A2 AR L e
T GRS M2t 1 &R AR L WA 4 BT, FE Soil
H1 Soil(TCS)AYXTHRZH H, MnZ ¥k BE L A48 s 7
Soil %A1 MnO i —4H Hh , M2 R BEFE S0 8 h )i,
AR F X BRI T 62.4 ug/L, IR ELY S+
e R R R AR RSB T M BRI 534
£ Soil(TCS)Z M MnO, A5, MXFF 3 &
MnO, 1A & TCS 4151, H Mn?* ¥KEETE 8 h J5 34/
T 156.3 pg/L, MBEHIAY Mn2* ¥R H MnO, 5
TCS WP ™A1
24 INDFEVEEXT TCS BEEHIF M

T IEIREE AR AE A RV R A DL, JErh /Ny
TH LR — 00 PE R B A ML BT, IR
WA TR AR, ARSI JFFIA i MnOLBE, X
MnO: FEffA HLTS YW AR — i R B34, G AL
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Fig. 3 Degradation kinetics of TCS at different MnO; concentrations(A) and relationship between MnO, concentration and
first-order reaction rate constants (B)

x2 TERENYRET TCS ER—RHNF
Table 2 First order kinetics of TCS degradation at different MnO,
concentrations

MnO, — R B 1T [
(g/L) kohs(hfl) R2 (%)
5 0.062 3 0.8789 22
10 0.1332 0.902 8 40
25 0.3229 0.945 7 67
50 0.525 2 0.882 9 81
300F  —m— Soil(TCS)
—®- Soil(TCS)+25 2/LMnO, 4
2501 —A- Soil+25 g/LMn0Q, >
- —v- Soil 2
= 200} -
E: e
Bo50k ”
At -~
,%:: e A
S 100- a e
- A= .
S0F ﬁf W= =T %
0 - 1 1 1 1
0 2 4 6 8

FZ ] (h)
4 FTELELTEFS Mo REHTHER
Fig. 4 Changes of Mn?* concentrations under different treatments
FRREFNAR XS TCS BN 6 FizR, BERRFIFY
BERRAE 1 mmol/L i, —ERERE EAEE T TCS HYRER
XFHES MnO2 SATHLIR K AR B Mn(1)-A47 LR L
B4 K, Huang 55 ABOHEH Mn(11) AT LAfE 7
MnO, 5 775 Y W) 22 8] i H, 52 4 11T o 2 45 4% ) ) o
fifto fHIZ, e RYAPLER B WA T MnO, X
TCS (FEARAE T, I ELRE A v 2 114 58 i ol &4 R b B
2o UITERMBFE RIS, W B AA LR 25 MnO;
BSEAE G M2+, I i 455 MinO R T8I 4 I B2 £ 411

Y5 Y B R, OF B HLER XA R A MEH &
Bl 2 A BILIR M B () BT 35 . P A R X TCS A
MR 5 PR MBI RAN[F], TCS 7E 1 mmol/L i 4
i35 5N BB R 56% , 1 H R %R 250
AT T P Ve JBE T o TR 5 3K T RS Pl T A PR I 45
i ICHMELLZE S Mn(I), fIRHR B2 13 A R JC 12 5 MO
FRE A R RS Mn(HT-A HLER B & Pl TCS
(A e AP S0, Bt R B ) T, MR 2 1) MinO,
AL Mn(l1)

0.6+ 10 mmol/L =3 1 mmol/L
(T 5 mmol/L E 0 mmol/L

0.3F

TCSHREELL (C/C)

021

0.1F

0.0

A0 1 TR
ATHLRR
5 NG FEEFPEFIREXS TCS BEBHRRSD
Fig.5 Effects of small molecule acid types and concentrations on
TCS degradation efficiency

2.5 TCS FEEFEHIRSHT

ARG FH HVBE M - iR R TCS Sz 8 h 5 (1)
FEYIHEA T - AT RS 43T, HAFRSE TCS
IREAR ™ o DU SR B B T8, A 8 Y B8R
[M-H] 54, e 5 A4 Jo s e (miz) BB in—A4~ - ml
AU 7B . s, RE T 5 A4S
FE, RS E 6 s, B 6A S TCS B (m/z =
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Fig.6 Extraction peaks of TCS(A), extraction peaks of degradation products (B), secondary mass spectra of degradation products (C) and
degradation products of TCS and their transformation pathways (D)
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