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SR A R DL RS Bk BT TCS B iysgmm, I8 s BORAH- RATHS RIS S3 AT TCS BRE# =4, it TCS
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Chemical Oxidation of Triclosan in Soil by Manganese Oxides

GE Chang'?, TIAN Xiaoqing?, 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, 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 MnO, 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
MnQO,. 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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— &4 (Triclosan, TCS)J&H W AY) i HT #7 ,
PRULRREPEGR , 5 2r AN Mais, X BCER | ek T8 A
A EAT B AR R, BRI J LA R 25 v
HEAS TP LA AP ™ e, W BUR R L T
T FLANYE AT, ik e ys Yy 23 bt NG shitk A
2 [ R oA AR, et A5 KA, Bl T HE
HIVGKAL L T 2058 4 KBk TCS, Mgk TCS
SE R ORWT BB, XA 2 AR G s e
2017 4F- 3¢ E 6 X 250 BUR JF AR BRI TCS 1912
fiEFAM, RAF L, TCS LR mn +3E5 | HiRt
/RN N = WA L 7 Nl S LY SN 0 s X
KEIABL B ARE AN, EAFITREN, TCS TER
FH 458 v 1) 2 % 2 X I A IS R A e R B R
YERY, 3 Ha it £ i SRR ik 28 R 5 A AR Y
I RGN DNA i i 50, Xt RS R
G5 RN A R s R R b PRI, AR A S
TCS ¥ b R 5 Y+ B E B EE

AR AR T RS A s
YWy A MG (L oA AR A ), o
ALY E IS Y R, B FEEAIRGo ~
300 m¥/g) . FALIEEHLA R (1.23 V), 22003 1 126 45
Febt, JE ALY B S B AL GER , REE TR
B e X, L AR AL A R R
DAFERFZT 2, S SR AR 5 B v ) 2 A A BLTS
Yy, WY SRR, DR IR R P E
RSB FALRBRIEN . BHRG, B
Xof - AR A 5 M 52 B T ROR G , SR A
HALE Y AL A B . R, IF R 3 as
AW S HLTE Y 22 ) ) S S8 HLER A 5T, )
FH AR T2 AEAE B AR E A1 05 e 1 44
A BiRTERE G B A ISR S,
T S5 AR 37 8 o A S TS Y - A B i, R T
I, ASSCHEGE TRE R F pH. AL
R JE RN FAT HLBR XA FH 398 v TCS Ffit B 5
PEH T TCS FE4R AL VE T BREMRHLI LSS Ak

B4R, LUISH TCS 53¢ R3ERYIE 52 S i BB AR R AN
PR

1 MRS

1.1 RFI S5

SLEGALRE: =5LE(TCS, 97%) NarHral, WA
U BATRE T 5 RN R 4 A YRR S 4 5 SRS R
EARERET . RHERAE . R . AR . MrER . TR
YR oy Mral s SEue /K8 Milli-Q B4k .

SRR - AW A 3 1 (HPLC-2030 ,
Shimadzu); W2 EIRIRZIL(HZ-2610K, A
WIS BHE A BR AR R TFRISOEREY (Z-2000,
Hitachi) ; s 0B0FH (0 3% — €A T E) 535 56 A (HPLC-
QTOF-MS, SCIEX).

1.2 ik 3%

BHA T HIR A TV . = &3S fne
FAE EETRORE I, 3 Fh A pH ., AL S R AR A
JEWREFRIENR 1 BT s, HN
FRMCE 2 g/L 1) TCS i, B—E AR AE A AL
FERIEEY N 5 HERS), BlE AL 50 mg/ke Y TCS B
PUEY AR, AR, &k 2 JBJEE 60 HifissH .
1.3 @mEAETHE&E

PR AR UL & AL AL (5-MnO,) kA T
Whoe, Hobl 4 AR R 1. 250 mL % 0.15 mmol/L Mn
(NO;3), 4H,O W IR AESH 2 AF A F LA 20 mL/min /3
FEZE A 250 mL A9 0.1 mmol/L KMnO4 41 0.2 mmol/L
NaOH MR G, RN MZIEM 24 h
PHEZELL 600 r/min 3R EERFE ; AR5 RHR AL,
O FTSUTE W) 281K Bk R, B R
W pH s BRI E EE R BT K 2, A B
BRI T8 48 h 5 FHBFERIEES , 3 60 H 2071
JE B E AR

W PREE I L B ( SUS220, Hitachi)Fll X G4
AT MY (Ultima TV, Rigaku)%t& AR A ALt
TES3 T

F1 X TIEMEALMR

Table 1 Physiochemical properties of tested soils

i 1 e pH F LT (g/kg) BH 8 722 e (cmol/kg) 2 (gke)  ToHLBR(g/kg) 4 Fe (g/kg) 4> Mn(g/kg)
VLV LTEE 4.74 19.59 12.81 1.13 0.65 42.53 0.06
SMEHaEE 593 34.22 30.25 2.14 0.50 72.40 2.17
MWt 834 17.55 10.01 1.11 7.50 11.94 0.47

1.4 RIE&T

1.41 TCS WMl 2% FRBURR N 0.05 g 78

AR AN AR & 0.5 g 755 T3R5 AT 2 mL
FEFREKEH 1 HFAE TS (R
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TR ALY TCS BYHREE 535124 25 ¢/L #112.5 mg/L),
T LAl AT R DU SR L0 PSS R 55 o T 5E K B B 70
B2, UL 80 Hz Ml T 3 min, [HERAMDIA]
YO R HEER T . B R RO R TR R IR
fR¥F 25 °C. 150 r/min, #EEIEG 8 ho BIFEMIE
B2 ANAT, AHIAE 05,1, 2, 4, 8h X3 TCS
AT, B et inA S mL HEHRY; , 4
JETE 80 Hz AYATAE T A5 i B4 5 min, BT 1 mL
e A 15 000 r/min B0 2 min, i3 0.22 pm FIERR S
AT TCS MREEATHT, iR AR TCS RN
93% + 1%.

Z: M8 13RI Ty B AN TR] 5z g s ] B A i LA
3500 r/min &5.0> 5 min, i 0.22 pm A8 RS I 5 2
5 mL B0, A —EEmRmRIbs, R
TR E AR RE L o Mn®" R
142 HEEHZFE P DAN[A] 13825 780%F TCS F&
fif s, FREUST IR 0.5 ¢ ANFMIHR 1% F 8 mL
FROBES P, B0 2 mL B4E/K T 0.05 g MnO,., it
Y585 TCS WIRIIRIREE R 12.5 mg/L, 4 AL iiw)
URHREE N 25 g/L.

25 ALY BT TCS [ AR . FRIBURR &
F0.5 g VIVERLIEE T 8 mL AR OB, &
A2 mL & AUKFIAE] BT B MnO,. X5 E TCS
BRI A 12.5 mg/L, 4h A b YIIwItRk g H 5.
10, 25 150 g/L.

3)VEHLRFP ISR EXT TCS FEMEAYSZI . Bl
100 mmol/L 3 F & WA A MLER (B A TR . FrEme
R, FRIBUT R 0.5 g VI PH ETE LT T 8 mL
OB, @ 2 mL #8467k | 0.05 g MnO, FIR
AT A MURR IR . 30 E TCS BYPIIRIR B
12.5 mg/L, BRI EE N 25 g/L, AIRIAHL
TRV WA RIGR M E ] 1. 5. 10 mmol/L.

RS A TCS ARG 2 | 14,175,
1.5 SHhAE
151 TCS 7r#r M EIEPREE TCS WAk
AR IS E , HPLC 45/ (itth C18
F£(4.6 mm x 150 mm, 5 pm), FahH A HEL0.1% H
ik =85/15(V/V), i A 1.0 mL/min, KK K
275 nm, R 30 C, FEHARMET, TCS A~ R
[a] 5 7.9 min.

It — G R B 12 R T 2 h R A R
TCS H R :

In(C/Co) = —kops X
Krfr: C, M Co 43 FRIR ¢ BEZIFT 0 B ) TCS vk

(mmol/L), kovs SEH—HBN 1 HE(h"), F/R TCS
P14 e fip i 2%
1.5.2  TCS F&Efgr=#srdr  %E H 5 TCS (1
SEAb =, SR PR JE 28 1 XA il R A T A 4l Ak . B
WO A Y R TS BT 8 mL BB, A
5mL HEERTR, & TSI RBCT RS 1 h, K5
TESE 5 000 r/min 578 T 250 10 min J5 W8 IS,
AT PRI 2 WK KPR BOR AR e e 78 R AL Lk 4i 2/ N T
1 mL, FIWESEZ, BAHEM# 10 min, if 022 pm A
WL, K HPLC-TOF-MS EME #1724
HPLC-TOF-MS 4. ik C18 #£(2.1 mm
x 100 mm), S MELAEES, 50 kPa: sl
0.1% RV (A FH)FITH (B AHDALAR, SR FHBR Uk
WA, BEEEVEBLM 90% M) A FFUR, $5422 min,
SRIGLRIERG A FEIEE] 10%, FHFLE 1 min, 255 23 min,
SRIGTE 1 min N BT IR 554, 63547 2 min (1Y
SEAT o SR FH H IS 55 H B (BST) 7 1 25 T kA7 4
i, FFEE m/z 60 ~ 800,

2 FHR5ITE

2.1 SERENIHEIRA

AL B LB A XRD EIEINE 1 iR
FRIE I B R 25 R T, A A A Ak o IR 2,
. XRD KT, 78 20 4 37° 1 68° AbHBEL T ]
BRFEAT I, 5 AEPOVRD Sun S NHGE 1
SER—B, RURISEEINYIN 8-MnO,, H4k &
JER%E, HEEIEA.
22 AFELEFRTCSBBER

VLV R LT | 2 R AT R R B 3 1)
pH 23k 4.74 . 5.93 F1 8.34(F 1), WA 2 ik, TCS
TEAF T3 8 h WIREMER3 5000 67%. 30% Fi
1%, XG5 R RN E 2 - rh R AR 22 5 10
I H TCS 76 HIE A ARk 5 31 pH 26
Kok, BB T pH AT, LR S A0 4 A e
X} TCS MEAREFARAER o X 2= T TCS WA
TE 25 RV S A 2 v A F P S X A% pHL BRE A P
77 7 A AN ] P A i A5 2

PEARiE™, A TE R T A R R
TG, AR A R R 1.23 V, {HFEEE pH Y
Fhim, HARIEMZEERES , IMSET TCS A
pH 1 HIE PR A R 22 5 . IAh, pH 5
SR ALY TCS MR R, NI BCE — 34 1Y
TGRSR TR R, S A ik Jid
P, 5-MnO, EHL pHye N 225, MIEE pH>2.25
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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

23 SBEAWRMEIT TCS BEER R

R 2 B e AR S0 ) VTV T R AT 3 vkt
TCS A 035 BIREMRAE R, IR LS 206 DS R 21 34 A
T R T AR E AL R FE A5 TCS 1 fif
B J1eE & 3A FoR, FEREI MnO, 1% FEZH
H, AR TCS Bk EE B R] A B 2 AR 1L,
VP - 3 P AR R B AN JE DA B AR TCS 1
FEAS N MnO, J5, TCS (R B R E MnO, YR EE )
HZE R, 24 MnO, MR 5 ¢/L B, TCS7E 8 h
HIREAR AN 22%, FE—25 1IN MnO, W JE & 50 g/L
B, TCS RIIMEMRFRFEIE 81%. —HRII B 1245 1%
AT ARG Hu AR 2 B 13 MnO, X TCS R4
(#2), TEHEEACYIUREEIN 5 o/L BnE] 50 /L it
FEt, —2 Bl J1 24 R H KU 0.062 3 h' B8 hnF] 0.525
2h' BEARTRIMREE MnO, 55— 50 o 55 B A T4
&, SR WE 3B FiR, T Z A At

Z, WAITFEN: ks = 0.0102[MnO,] + 0.0314,
JUE RV TCS Ay BE sl TR, (H LR A% %
7E 2 h J5 B S dE , 24 MnO, FUMRFE A 25 ¢/L i, TCS
) WA 58 AE T 2 h NIk 3] 50%, 1B ZERE S 9 6 h P TCS
(IR A R AR 17% o AR ST 8 & B4R ST 8 Ak
PUBRZEALT | Rl e PSR il 2V AT WAL A Pt
BT ALY SO Bl 1 2# RT3 AT g 5 5 AR
B LN G, BV Ak L TCS Ay
FEREESE TCS A1 MnO, P IR HI4% 54, FfiJG TCS
53 F FAR A ALY Z 18] LA T3 86 O s008 iR i 7= 1)
A Mn* 120300 it | R RS T, TCS YRS Fl
MnO, R JF=4) Mn™" WEHHE] T MnO, i, Wb
T TCS 7E MnO, R[4 SN G A A, D] T
Ja 42 TCS FFFRRCR

R T PR A A2 AR e
T HHEE R M 1 R AR Mk W&l 4 TR, 7E Soil
H1 Soil(TCS)AIXT IR H, Mn* AU B LS5 1E
Soil # I MnO, f)—2#H , Mn*" (¥ BEFE R 8 h i,
AT TR IRLEIE N T 62.4 pg/L, Ui A5+
e R R K A ROV BT M BRI S 4
7E Soil(TCS)ER I MnO, A5, HHXTF +HErp &
MnO, Ifi R & TCS 41, H Mn™ HREEFE 8 h 5
T 156.3 pg/L, AR Mn®" #REE & H MnO, 5
TCS S = A 1
2.4 INDFEHERRT TCS BRI

TS PR AR A LT, ey
TR JE— 2R R A L RE Y, AR |
WA R AR S, RENS IR RIA M MnO,™, Xt
MnO, MM HLITE G R — B, A 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)

F2 AERENRET TCS BE—RNHZF
Table 2 First order kinetics of TCS degradation at different MnO,
concentrations

MnO, o SIVIE-Y ¥ firk 3%
(e/L) Kors(h ") R (%)
5 0.062 3 0.878 9 22
10 0.1332 0.902 8 40
25 03229 0.9457 67
50 0.5252 0.8829 81
300 —m— Soil(TCS)
—®— Soil(TCS)+25 ¢/LMnO, 4
2501 —A— Soil+25 g/LMnO, P
~ —-v— Soil e
200 -
i | S
g 150 9
b o A
< 100} 'Y —
- R
sol o= ger= M=~ - ®
O m 1 1 1 1
0 2 4 6 8
BREI] (h)

B4 FELAEATS Ma® REHTLIER

Fig. 4 Changes of Mn®" concentrations under different treatments

FRANASFIAR BEXT TCS BIsZmanlEl 5 frR, RER FIFY
BERRTE 1 mmol/L i, —E FEEE AR #E T TCS WA,
XA fiE 5 MnO, 54 MLER 0 AE i Mn(II)-47 HLRR i
A4 P Huang %8 AP I Mn(IIT) 7] DL
MnO, 575 YL 2 18] ) L % B 1 i 3 75 2 0 114 %
fifeo (AR, SVREEMA MR W B B A% T MnO, Xf
TCS MIREARAE R, I ELIE v B2 At 335 o il 55 S ik 1
o DRI R S B a PR 25 MnO,
S A M, WA i 35 MinO, 25 18 149 W BFFS7 1 410

s B ny R, OF A DL XA R R 2
Bl AT DR R B 3 i g5 . WA RS TCS R fi
AIFEN SR MR IR AN[F], TCS 7E 1 mmol/L ¥ 47
TR % 5T IR RAUN 56% , I H A R 2l 25 1
A1 TR R R B e T A 58 o 3K T BB Fh T A PR AR 254
o HME DL 2% A Mn(TI), IR BE AT A1 iR JC 5 MinO,
SN AR R B Mn(IID—A LRI & W imi i TCS
(R0, T bt v BE A T, IR T 22 MinO,
Ak Mn(111) .

0.6 ] 0 mmol/L == 1 mmol/L
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& 02t
[—.
0.1+
0.0 - —
AR HR Frig
ATHLR
5 N FERMEFREXS TCS MREEREI

Fig.5 Effects of small molecule acid types and concentrations on
TCS degradation efficiency

2.5 TCS BfE=¥Mr45Hh

AR I H B A4 R 2 H TCS [ 8 h 5 1Y
FEYI A TR € — A TSR] SRS 404, AR TCS
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[M-H] %, 7E9) S TR AT . (m/2) B8 in—> 7]
RN AR 4> F i . AT, KmE] T s A~
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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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3 it

DANRIZE A + 3 PR AL TCS HRERRRICR
FFAZ HHE pH 152, AN pH 2 B M AL
P A SR R, AR LR MR M A5 N B R = Y
AT

2)TCS 1) ek fifk 1ok 23 I 25 A 8L A0 00 VR o g 285
MG K, LR AR 20 ) 2 805 5 A0 00 vk B2 1 A
Eb, [l A - 38 Min™ Bifi 25 5 7 A a0E A 7 1 PR b B i
P R A S — A AR SRR
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