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Hw = =44 (Triclosan, TCS) =% ¥t ( Triclocarban, TCC ) J& LAY (125 5 54~ A
B, e ERRG A, BAFTESS I A Wbt 24 1 B i S P I A T A XU
HHFIA XTCSMTCCH LA 4L e B WAL WA (N,O ) HEB s g AR . BTk, RA=E
PIRE IR S AN N R - AR, A4S AU LB AR RS T ORIRIVR B EE R TCS (215 mg-kg ™)
FTCC (1H12 mg-kg™") B SR A A 7ERT K RE + B0 B A 5 L KON OHE L S i) o 45 338
1 mg-kg™' TCCKS mg-kg™' TCS+2 mg-kg™' TCCREPEX}/KFE + R E T b-[FLIC B2 Em, HATCS
ATCCAEHEY 2 e it T /A - [FIRER . s, TCSRITCCARER W EFEAL T A FRAE LA R | A
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FIH E 2 ok 55 [ 4 & i B 58 3 A Al 5 B2k
ATCSHITCCE R 15K K i5 ik A AR R
4, HAMRKMEAIREIAR, Kz 2] T Reeen
K,
TCSHITCCEA —wE AR M., MFRERN,
mg- L™ JE K- TCSHFITCCRI R £ 40 5 75 i
W bF ek = B i A BN A B v L e Ab,
R B R, TCC., TCSPA M H R =%+ (Me-
TCS) REFEMAZF FBERAENAEYER, 44D
OB T AR MITCSE A5 Y BIRESY
KU, . HFSTCSHERT R BEW DT L
Bt R, RO T A W AR T
ML ERAES R, TCSHES— R E AT
Y Xef - 498 I 5 S22 SIS — I o — 300 1 A SR
I 5 2540 ] - S RE R BEE M . WallerFlKookana
MR, MTCSHWEEMIT10 mg-kg "B, THEM
WP AR 22 38 T Wl . PRn] AT, - agerp
3 A7 A () TCS FITCCXS 48 v (1) 70 B AL Fn A= 2
RGRS DIRE S A W E R
ERHASRSG, AEEKRE™ & EER
S FRILR, N TREKBE™ R, RIS w Sk
AR RS, IR R 2 i
WA E RS SRS FIES R, M&AESA
g NN T S oy W LI 2N R we L Ry
AR 12T MTCSHITCCRE b B35 K F09E MEV5
Je itk AOK ARG HEE, o FIHBUR A PERT, Al AE S X
Fe R fbad R = AR g BN, A AR
N, 5 mg-kg ' FI50 mg-kg  BYTCSS 9 i 2| 1
i+ ME e s R R E . NLOfE £
SRS Ak BN 1 ] P 4 n] BB AZ B TCS MITCC 2 7
FIS20, {H HRTA 2 TCSHITCCX FE M + 3N, 0k
TR A BRI W R DL B . A, DAAEAT G AN
15 Yt 38 U Al RS R I 5T R A T 2L
R AL EOR (A e AN R L RS ) 1Y
S, TR 4 i BB S S AR 1 45 A R )
GO BRI S W A 6 Je . R E) HIER A
VEY) A= K AR BE RN Hh (1 B X TCSMITCCTE £
BRI A Y, AR BN R E R A
TR TCSATCCR IR S b B 2 m .
A, BER UNE R B AR AR B A
VERY R L S R R T 2R R
Tl i B P AR R AT BE R I -

R A R T I EF B, ik, ASCRH
ONE 3 2 B BRI 4 A Miller s 7 R 9 SR b 8L
HAEAY, RGEHLAIE A TR v BE A B2 R TCSHITCCHR
— BB AETEXT KRS 4 AU A B SN, OHE ik
W52, LUA & BT TCSFITCCHY 3 IR 5 X
r K e HH 2034 B LR 2R A

1 MRSk

1.1 R

KAE AR A b E B B R RO A S g
v KRG, i 2R 4300 kg-hm ™ ( INiF,
W), SREERFEIH20174F 11 H , SREER)AE H AL F
R . REERIE MO ~20 cm, RE&EJGHYEE 1t
2 mmifi, 4CHRAFR/H. =&t (AEKTI9%,
TCS) Fl =& RBE (4EKFI7%, TCC)WTF
Sigma-Aldrich ( i, WE) , WELY TR
ERFN A BRA ), = G0 0 =GR BB VA R i
BT 4 CORFE RT3 H
1.2 “NRERSZIE

A 5T R F N BR G0 AR A+ B R 24
HERASROMEER" | SR ERES % Zhu
g (ST BEgY , L M TCSHITCCHY IR 1% 8 5
% b R P g S BRSO B,
FREUH Y F30 gt L HF M 47250 mL— £
T, FEALT mLITCS, TCCLARTCSHITCC
A& (NS /8 T0.5% ) , fliHAE
+ 3 R A BE Ay A F 2 F15 mg-kgT TCS. 1A
2 mg-kg”' TCC, 2 mg-kg' TCS+1 mg-kg™' TCC
15 mg-kg™' TCS+2 mg-kg™' TCC, [ B A M
FA AL BEAE s A (CK) , A AbHL
BHEAEE. BAOAECRAPNHNO, (PN
$4910.3% ) FINH,"NO; ( "NFFEH10.3% ) WXt
Frid, "NH,NO,HINH,”NO,A% W IE A =
A, AR AT mL, A SRR IC IS A] e )
434 T4, Hirb, NH,-NFINO;-N& &k
50 mg-kg”' (LN, FR) F+. FHMA2.5 mL
K, N R EKEES0%WHC ( HEEEK
i) o A, FHOREEROR = MAEE T, L E/NLR
38, feafE20 CIEIE R F48 TH 5 9796 h.

A3 FINARRE G B90.5, 24, 48F196 hfii
MU BE FE 46 vh B A Ab B EGRE S, A 150 mL 2
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mol-L™" KCUAW, T20°C/250 r-min™" | i ¥ $2 B
1 h, ik, SREBORGRAE T4CKEE T, JFT—H
N SE R E . HEBUR P NH,-NAINO;-N /Y % F
MgO-3 [ & 4780k, BN re 82 32 BOm o A
MgOZE HiNH,, ZJEIMAB KA 4, ¥HNOEE K
NH,ZE 8 R+ A 45 m 7 (ke
IR AR ) WO L, 0.02 mol- L™ bR e A R
g, IS EHREOR P NH,-NFINOS-NI & & . R
L5 28 W AE 80 C Mk 4, AR5 I 3 bL ot 3%
1 (MAT-251, SerConfFi%/Awl, JefE ) e N
FH.
1.3 TERVEECREMSHURENITE

+ R 0 G Ak R AR R Ml er %E LAY
AR AR R G5 G o IR AT 5 4% 52 45 R 1% B BL R
F£J57% ( Markov chmin Monte Carlo Metropolis
algorithm, MCMC ) I+8 kM, L 4ES
NG EAER . (1) AILAT LA ESAE
(Myor) 5 (2) EAABENEIA (Tyy) ;
(3) #MERMBM (Ryw,) 5 (4) BERARK
B CAwus) 5 (5) AFRAEAL (Oww) 5 (6) 557
Al (Onor) 5 (7)) BHASSUE 2 hy ¥ 50 A5 HIL A
(Inos) 5 (Q)WHAHAFILEFE JE (DNRA) .
A5 JIr 11 7 Ak B3+ 198 (1) 0 R G A TR SR AT
— R E R SR . R R R
f iz R FIMCMCYE , 38 8 3% 25 8 4 A5 280 A S )
MNH,-NFINO;-NA Ik B & "NF R, 4 (8
AN, 3R R R/ IMEL T, B DR AR AR S B e A
FEN I 2 RE/ME. teoh, RS E R4
B (Onpat Onerg ) IH S FETHFEHR (Tyoyt+
DNRA ) J1545 H s bR
1.4 N,OZEMNE

PRI F 10 g T £ F A8 - F£F120 mL
ML, SRS 6 O BB TR, 20°C & N T
Bt — K. 4iRE, mIEEFmnA0.5 mL 0.036
mol- LGSR H A, (45 /K £ b N vk 35 3
50 mg-kg™'. FEHFETCSHMTCCH—{EAIRT, TCS
e FEARE 40.01, 0.1, 1. 2HI5 mg-kg™'; TCC
9 BE 6 B 40,01, 0.05. 0.1, 1/12 mg-kg™'.
AEMEMLR T, HWEME (TCS+TCC,
mg-kg™) H0+0. 0.01+0.01. 0.1+0.05. 1+0.1,
2+ 1RIS+2, BEAN, K AT B R Y Ak BEAE A X
M, B EIANEE, HEFAA I .

TINAZER K, WY RS K B 65 % e KFF/K it
(WHC) , Wi BE g, FLfL, fRIFES . gkss
20 CHYTE RIS FRAH R 5296 ho

S ITEIN ABTH T G0.5. 24, 48F196 hR4E
NLOSUMRKE S, FRUCR AR E L E LR, H
P & BT . LA A8 minfF A E N
231 min, BHF20CHBREFA PEIR3 hF,
AR MLV b BB A, g YR B i T S
AR N M3 LR AT AR, RS
BEFTC 45 f Pl IR KM 2% ( ECD ) S AH %X
(Agilent 7890A, SE[E) Ml . PAEsi & SAER
A, W25 mL-min”', FHARERSEHE (KN
#H2 mm, KE3 m) , HAEME HPorapak Q
(80~ 100H ) , 4Bk TAEIRIE HS5C, Killay
TAEWE H330°C,

N,OF= A R 3 AT

_de M 273

I
= X—=XV X X —
o= g Xy X (D)

P, Vo RARN,OR A 3%, mg-kg™*h™; de/dt
SRy BAASE S T P LT R A AR EE RS T, mgkg ™ h T
Vo SR BE IR IR AR, 22.4 L-mol™"; M WFE/R G
H#, 28 g-mol™' (N,O-N) ; VEIMFEH A%
AR, m'y moAMT L, kg TAHMESA
BHAREE , Co N,O BFUHEM E J mi 5 2 R FE
S B HEICGE V- Y5 (8 5 s [R) [R] e S B S .
1.5 HIELTE

FIHISPSS 19.0 %k 14 v iy 80 K R J7 22 70
( One-way ANOVA ) (/N 225 (LSD)
KB (Duncan ) K5 ) J7 XA [ Ab B R %
HIRIREEACE | oAb R . N OHE I % DL &
N,O SR HE i 1 22 S AT W 3 M A A, W 3 Mok
% E A P<0.05, TCSHITCCHIHE S5N,0 ZFRHE
T Z [ 1 56 2ok H 2 /R A% (Pearson ) AHC#EAT
I3HT .

2 45 R

2.1 TCSHMTCCRAETKELENEESER"N
FE
TCCHITCS# FiAL LT, 7KAH 1 ""NH,NO,
FINH, "NO, b BENH, -NFINO;-N 7 A5 fb # #45—
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B, BARIRER, HHENH-NA R RS
NO;-NE#EFmEH (K1) o H596 him,
TCCHTCS A Ab T 4= 1 (1% 520 v A Ak 18K O 1E
H, Hrh, 5 mg-kg' TCS+2 mg-kg™' TCCALFH
4 S e s Ak B R de /N (6,02 mg-kg™'-d7) L, T
2 mg-kg' TCCAFEfAR (7.81 mgkg"d') . 5
BERUE A H, SEdp bR 5 H o R EHER
(P>0.05) . 5 mg-kg' TCS+2 mg-kg™' TCCAbH
(S g fe R Ul (-0.47 mgkg™'-d™)
A M IEME (0~0.75 mg-kg™-d™") , 2
mg-kg™' TCSALH ) S g i fh o R K. K28
N, BB SR R UNH,NOL A B SENH, -NE B
BN B AL (P<0.05) ,INOS-NER N
WFEIE (P<0.05) . NH,”NO A ¥ +3ENH,-N
JBE B N B A $E i, MINOS-NJE Y PN
&A% ( P<0.05) .
2.2 TCSHMTCCARIETKELIRAMNREELRE

R LIR 2R

A Mallerds B UNFEALBER, AT S
AN BRI R EACE S, S5 LB, WiNTTCS
MTCCHIKAE T AWML B L T Rk (%
1) . 5CKMET k% (1.67 mgkg'-d" (N
it, TR ) A, BE1 mg-kg™ TCCHIS mg kg™
TCS+2 mg-kg™' TCC 4, HAMTCSHTCC
R ECA A E B (P<0.05) Hn T Ak
W (2.07~2.37 mg-kg'-d") . MH, HCKAH
I (0.71 mg-kg'-d"') , BRT1 mgkg' TCChbHE
Ab, HADURE ALY B3 (P<0.05) BT /KH
0 A EAEZ (1.06 ~2.15 mg-kg-d™") . KF
+ i e ] b 3 2R i 2 TCS T CC HA— Ah B IR Jin 751
RS g i, BARERY,, 1M TCSFITCCRYER
A Ak U] A 08 2% 3 B R RO . 2 mgokg
TCCAEFRLA K TCSHMTCCE A AL H i 2% ( P<0.05)
T T B vy W R %, S Ak 3 R AR A X e g R R
A AT, AHFARRE . SCKME, TCSAH
TCCH—FNHR A AL B I B2 5 B B O R 1y i 3,
HEmIFARE (£1) .

TCSHITCCA 3 & 2 2048 1 /K e + 6 A8 AW
BEA B E AR R . RIS R, CKMTA
b TR ST SE A AL R o, U A %K R AR AT fE
BRI . CRALFR Y H IR AL R 4 8.67
mg-kg™'-d™', MTCSHITCCH — R4 kb3 14 5

0 2TCC
W 2+1 TCS+TCC
@ 52 TCS+TCC

-N content /(mg-kg™")

+
4

8 NH
S

NH

100 +

NO; & NO;-N content /(mg-kg™)

0 2‘4 4.8 7I2 9I6 1‘20
BEFERFIE Incubation time /h
e 0. 2TCSHIS TCSAMHICERXT I, 205 me kg™ =5k
(TCS) ; ITCCHI2Z TCCHHMRFEIM2 mg-kg™' =& KIE
(TCC) ; 2+1TCS+TCCHI5+2 TCS+TCCArH4LF2 mg kg™
TCS+1 mg-kg™' TCCHI5 mg-kg' TCS+2 mg-kg™' TCC. I
PR 224 AFREZE, T [RINote: In the legend, 0, 2 TCS and
5 TCS stands for Control, 2 and 5 mg-kg™' Triclosan (TCS),
respectively; 1 TCC and 2 TCC for 1 and 2 mg-kg™' Triclocarban
(TCC); 2+1 TCS+TCC and 5+2 TCS+TCC for 2 mg-kg™ TCS+1
mg-kg™' TCC and 5 mg-kg™' TCS+2 mg-kg™' TCC, and bars for
standard deviations (n = 3).The same below
K1 =SUER =8 RIEA AL BT e g A R A S A
T RIS (R0 FIBTRIBE (Z) 2k

Fig. 1 Measured (Dots) and simulated (Line) concentrations
of NH, and NOj in soil during the 96 h of incubation relative to

treatment

F (P<0.05) Ml 7 A FMiHEZE (6.22 ~8.21
mg-kg'-d™) , MR HN530% ~28.31%. HFE
Tl fb 3 R B 5 TCS B — b B & TCS AT CCHE A 4b
TR B B BN v /s ( TCS: r=-0.98, P=0.00;

TCS+TCC: r=-0.97, P =10.00) , MTCCH—ib
PRI TC B AR OC R . 5 CKAYAY 2 AL o %
(0.50 mg-kg™'-d™") ML, TCSHMTCCH —
AP (P<0.05) W T RS A A E E,

HAMHI RN 78.04% ~ 96.11% ., CKAHLEE | b FH p
WA A TR e (DNRA) e,

2 mg-kg”' TCS}5 mg-kg™' TCS+2 mg-kg™ TCCht
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4o "NHNO, 3o
2 1
: P -
4] 2TCS S 3 2TCS
z 2 = g 3
o e e -
0 0
Z s & s
| e 4 s
i ; 5TCS i iFTCT}b—é\Z‘
£ Ep S—— :
S 8&.“._\.__ = 5p )
S 6 o 4 T
8 4l11CC % 3| 1ee
% 2 N I 9
20 s 0
S Y2t T4 :
ey B & 3l 2TCC
Z 0 z 4 = -
o oo
45 4f 241 TCSHTCC - 3f 2+1TCS+TCC
iv 2 B ! -
6 - W 49\_&“‘3—
) SH2TCSHICC 3] 5¥2TCS+TCC
" )58——‘——“‘———’__’_"—__ 1 n = -
% 24 48 72 9% 120 % 24 48 72 % 120

B30T Incubation time /h

El2  TCSHITCCARHET 13 "N-NH, FI"N-NOS M ( m) FIBUE (k) Zfk
Fig. 2 Measured and simulated concentration of "N-NH; and "N-NO; in soils spiked with "NH,NO, and NH,"’NOj; separately during

the 96 hours of incubation relative to treatment

1 TCSHMTCCHRMIF7KFE L R R ARG IR 2 K% 1L R B9 72 0

Table 1 Effects of TCS and TCC (alone or in combination) on N preliminary transformation rate/(mg-kg™'-d™") and net nitrification rate/

(mg-kg™'-d™") in the paddy soil relative to treatment

VR AR
piBL o
Myore (1) Tapa (2) Oppa (2) Rypaa (1) Ags (1) Tyo; (1) DNRA (1) Netnitrification
Treatment
rate

0 1.67+0.32b 0.71+£0.38b 8.67+0.06b 0.08+0.04a 0.21 +0.08a 0.5+0.11a 0.41+£0.16a 7.76 + 0.40a
2TCS 2.15+0.31a 1.41+0.55a 8.21+0.15a 0.14+0.08a 0.17+0.15a 0.03+0.17b 0.58 +0.16a 7.60 +£0.07a
5 TCS 2.07+0.68a 2.13+0.76a 6.57+0.11a 0.13+0.07a 0.15+0.05a 0.03+0.21b 0.28 +0.07b 6.26 +0.22b
1 TCC 1.62+1.14b 0.51+£0.27b 7.83+0.12a 0.11+£0.06a 0.12+0.07a 0.11 £0.19b 0.23 £0.09b 7.49 +0.13b
2 TCC 2.37+0.79a 1.06+0.48a 8.05+0.07a 0.14+0.03a 0.05+0.06b 0.02+0.16b 0.06+0.05b 7.97+0.17a

2 TCS+1 TCC  2.17+£0.36a 2.154+0.35a 7.05+0.08a 0.10£0.1a 0.09+0.07b 0.07+0.19b 0.14+0.1b 6.84+0.09b
5 TCS+2 TCC 1.02+0.54b 1.57+0.57a 6.22+0.11a 0.09+0.04a 0.09+0.07b 0.07+£0.21b 0.43+0.16a 5.72+0.14b

o Myg, AMLET N EER; La, BSEBEREIE: O AFRML: Ruw ESEMBER; A, BESEWH;
Loy, THASEISE IHMES A HLA ; DNRA, FHERER S AL Ul Ee . 45 5 WAL R 20 R AL AL R 00 S 3l ) 27 i . b (il
PIE + baiE2E (n=3) o [ —FARF GBS AR A0 215 X BEAR Lb 5 #4255 (P<0.05) Note: My,,, Mineralization of organic N to
NH, ; Iy, Immobilization of NH," to organic N; Oyy,, Autotrophic nitrification; Ry, Release of adsorbed NH,; Ay, Adsorption of NH,
on cation exchange sites; Iyo;, Immobilization of NOj; to recalcitrant organic N; DNRA, Dissimilatory NO; reduction to NH,. The numbers
in brackets represent orders in reaction kinetics of nitrogen transformation processes, separately. Values in the table are means plus or minus

standard deviations (n = 3). Different letters in the same column indicate significant difference (P<0.05) between treatments and control

PR TDNRARER, HIFA R, HRANPUR
F A HE Y B2 (P<0.05) 4l T DNRAR) # %,
i #~31.99% ~ 85.02%. 2 mg-kg™' TCCALF{E

2.44% ~26.19%,
2.3 TCSHFTCCARIE TKIEEN,O I HEHUE ZE F1
HIAHNE

HET AL, (HIRA B, HAMTCSHMTCCA B
g (P<0.05) $E] 7 AR, iRy

TCSHITCCHI Ui i 3 2 48 7K # £ N,0
I HER R (B3 ) o Ki£0.5 h, S5XTHAH
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(8.81x 107 mg-kg*h™") , TCSHTCCH— Ik
HALEEYY B2 (P<0.05) $ T /KRS N0 HE
B (11.52~13.83x107 mg-kg"h™") , HBEH
TCS. TCCLL K TCSFITCCHEA Ab B B2 (1) 3

N, O 1Y HE ik 3 o b =z 38, B 50 B 00 . K
FEAE24 h, XFHEAHEN,OHEHGE R N1.56 x 107
mg-kg™-h™', 50.5 htltt, N,OMHERE R A
TR, BEEF, BT TCSHITCCH — KA Ab B Y
HEMHE R AE1.53 ~2.65x 107 mg-kg™'“h™'Zd],

TCCHL—AbBELL S TCSHITCCHE & Ak B Y i 35 M
(P<0.05) #& T/KRE LN, O HEIGE R, 1M TCS
B —Gh PN AE2FS me-kg AT (P<0.05) 25
TNLOHF 2 Fifi 5 55 % 0 ] A SE 4G, X B AL
N,OMHEGHE R (1.82x 107 mg-kg™"-h™") A fr I
Jb, 215 mg-kg' TCSH—Ab¥ . 2 mg-kg™ TCC
R PP K2 mg kg™ TCS+1 mg-kg™ TCCHIS5
mg-kg™' TCS+2 mg kg™ TCCAMFE 2 ( P<0.05)

Py 7 AR R, AR BT N A G 3 R
M, MEEFE%96 h, SXTMAL, FraMTCSHMTCC
F— A A BN, OHE il i Fe 35 T 1 84k

0.024 -
b TCS /(mgkg™)

0.020 - I 0.0 1 i 2R 5
TS S—

0.012 F
0.008 |
0.004
0.000 |
0.020 |
0016
0.012 [
0.008 |
0.004 [

CRCEE

0.000 :
(mg kg™ +mgkg™)

0.020 - o= 0.01+001F=o.1+0.05[T1] 1+0.1 [T 2+ [ 5+2
0.016 |-

002 F &

- ®

*

N,O HEji3# 2 N,O emission rates /(mg-kg'h™')

< [T *

W
[\
=
I
3
O
(o)

BURERHE] Sampling time /h
Ve EMBE R IE « bRiERE (n = 3) 3 RS FRPUAH
Ak FENLOHERL 5 00 MR AR P 22 25 Mk 22 5%, P<0.05 o T [ Note:
Values are means plus or minus standard deviations (n = 3);
Asterisk indicates significant differences (P<0.05) from that of
the control. The same below
3 TCSHITCCHRMIN 7K FE N OH sk 5 i 5 1
Fig. 3 Effects of TCS and TCC (alone or in combination) on

N,O release rate from the paddy soil relative to treatment

K458, FTATCSHITCCH— KA b T 14
BE (P<0.05) #4407 /KA EN,OM RFHEE
X BEKAE £ N,O M RAHER & 40.26 mg-kg™, TCS
FITCCH— R A b B BB 7£0.30 ~ 0.38
mg-kg 'Z A, 5 712.04% ~43.11%., TCSH
TCCHL—AbFEN, O B A HE I 73 531 2 Xof Ak B
11345 ~ 14245 F1. 1345 ~ 1.444%; TCSHITCCHEL
A AL HIN,O BRI HE R N 6 FRALBRAG 11745 ~ 1.44
. TCSHITCCH — KERGAbH, JKAE - N,O1
SRR 26 TCSAITC C s In+ 9 386 i & 2% 4
i, 5 BB I ) AR

~ 05p
2
50 TCS TCC TCS+TCC
£ 04t . x s
< — o .
I 2 - e - .
%.303_ % * A * % ok [T * * oz
T .2 v
¢ o .
ONZNO.Z
GEE I
E o0lF
3
g L
3
U 00 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 J
: Q NN Y P ODN VY QI DD
Nl EENINES 'Qxﬁgx“"»xsxq'

NI
NN
HUEHIHK B Antimicrobial agent concentrations /(mg-kg™)

K4 TCSHITCCHMN KAE £N,0 R AR Y520
Fig. 4 Effects of TCS and TCC (alone or in combination)
on cumulative N,O emission from the paddy soil relative to

treatment
3 i ®

3.1 TCSHMTCCRIBXIKIE LT L-FLEIR &

AE R RN

AR HOKFEA R EFRICER, MK LT
REH LA IESEAMENES R MAIE X GFE. 5
BRI, HEEAE AT A R A P RN A
BE , AR ATk R 22 BV YR ORI FH 8 AT LA TEHIL
BREF S R ML R At AL i
ARG R, Hob, (R R PRI
AAENMEEI . HRA D, EHAKRNT k-
] fL 0 2R 2 A~ ZL IR, R e E AR 1 )
EEEE L AW R, SUIRMLE, TCSH
TCCAMFR Y B (bR A s in (£1) o 2MKA
+HIMATCSHTCC)E, T H i hUe ik,
T S E W BT, T R AN AR L Ak
i A1 K2 2 BE T 40 i v it 3G s ke, T A7 306 1Y

http: //pedologica. issas. ac. cn



4 1] PRI 45 . = A R =R BEXT KA 4 S % A SN O HET A 5 i) 879

T AT R A E TR 2 L B TR E 3R
VR N5 3 i, R A AL B AR W T AR SR AT
fedE, Mk, TCSHITCCANH M2 5 1T /K
95 4ki# 2%, Ingham FlColeman '’ K ¥, 45
ToCA= O R B A 2% R 2 T TR L A D e Y N R
I8, T TCSHTCC Y HA KWL E 68 M LA KT
i, b, TCSHTCCH ] HE R iAo #2415
R, B8 TR, XA R — 05
WESE

TG ANy, A AE 2 6l Ak 40 B DL COLPE
R, KRS RECRSS A, AR R T
i, OmE A R B, e, A HLAW ]
BEEREAL AR, WF A P A
e B, IR L B TCSHITCC R — Je Bk A AL BRI
SR AL R0, BEHKAS £ AR T R s
AL . s, i A TCSHITCCH— K Ik 4 ab 3
1) A SR AL ORI Z 80 T BE IR . B IR
BB, BRI A A B A AN R R A R, A
S AE AL FR S WA AR, 2 ik i A g R 3
AR P, LA A R A A
e A . ARA5E, TCSHMTCCA B AT fE
il TRAE (A EMAAE ) E T
RS AL A0 B 06 P . Waller flKookana -0 & 8, 4
TCSTER - B RS mg-kg™', ¥EiH £
R E AL TR, XS AR SR A5 R — 8 (AT
KM, TCSFITCCE — KK A b 38X ¥ fiFg 1b 3
R FE MR 25 5 5 06 [ F5 A b 85 0 5 e S AR — 3
ATRER R R, SRR B4 (AR
FRAEAL ) ML, AR EIEFEE R (A A
SE LA DNRAGEEE ) R/, A, S AR R4
R CR R R EFH R PR E
b2 48 TCAIL R B AR P [ Ak IR Mk A WL PR 1) i
i, Hd, b RS A B LR E W R
RIS A MR, EIPAN R AR T — A
BAE bR . TCSALBELL K TCSHITCCHY S b B 15
FAESE T KRR AR M FELL, 1 mg-kg™ TCC
AbFE R H SR I E N, 2 mg kg™ TCCALHE i
FREE T AR MR R, X ULBRH E TCC Ak
PR IA BN AR . TCSHITCCRA— KB4 kb BRI ]
T AFAE R, X 0TS A LB TR
Wy, TSI TR L %, Booth4s 12 KB,
- S J I TUE P IR R R S A bR

FIEAHG, (AR T, AIEANT L S5EER
(4 TR} AR Tt 35 I AR DG, X AT BB - S Bk
LA RR
32 TCSMTCCREMAKBLHEISABEK

DNRA T 2 H9 F2

SRR EE (Tgos ) 72— IHFEAH S AWt
P, 0T DLk G Al A U T B R A X AL B 10,
JETCSHITCCH — K HA AL 4.5 ~ 2545, X
A RESE RN TCSHITCCR) bt 1, fEYw 2
B2 A RE 2535 N A AR P A R B ke AR, R,
5% A A W R A L, TCSHITCCH —
JBRA AN B o3 JLF- 1T DL 200 o B 35 01 [R) Ak i
NSRRI ALB R 1.465 ~ 71.04%, % 5Low
2 LT R g 4 R — B, U I AR 06T 1
TSR MF . X F 55— FE A A/ 0 i

TCS [7]4k Immobilization (+)
H IR (-)
Ao | FIEAC | s B
Organic N NO;-N NH:-N
DNRA ()
TR immobilization ()| 2mgrkg TCS 2
4k Mineralization (+)
TCC [ 4k Immobilization (+)
1 mg-kg! TCC?
H3EmAE (-)
HHE | PO | A SR
Organic N NO;-N NH:-N
DNRA (=)
TIEMB Immobilization (—)|
4k Mineralization (+) I mg-kg™ TCC ?
TCS+TCC [a]4k Immobilization (+)
H3EmE (-)
HHLE | TP | s s
Organic N NO;-N NH;-N
DNRA (-)
T Ak Immobilization (-)5mg kg TCS+2 mg kg TCC
"4€ Mineralization (+)
5 mg-kg! TCS+2 mg kg TCC ?

T B PmS FoR PURE R AL PR T AL R, 8T RO R
IR T A A, )5 3R 78 BT R Ab B X 20 Ak 1 52 R A
#Note: The sign of (+) means antimicrobial agent had positive
effect on N transformation rate, the sign of (—) means they had
negative effect and question mark (?) means their effects were
insignificant. (D Heterotrophic, @ Autotrophic nitrification
P5 A TRIHT T 771 o 7K e e 50 3R 0 40 e A S 3 B R T 7S
&)
Fig. 5 Schematic of the effects of antimicrobial agents,
separately, on soil N preliminary transformation rate in the

paddy soil

http: //pedologica. issas. ac. cn



880 + 21

56 &

¥l

DNRAKE, 2 mg-kg ' TCSALHXS HIG i 50 ,
M5 mg-kg 'TCSALHLE E I T DNRAM R, il
TCSXTDNRA i #2 ( A 50 B 20, M TCCAb#E
PR E I H T DNRABCR ,, 0] 2 5 DNRA Y
A= W4 TCCHE ABURS
3.3 TCSHFATCCARIEXT7KFE LN, OH R AY 22 M
N,O /& —Fh 52 N1 252 i 11 8 23 = AU
16 B ARBHHE -8, WAk A R A Ak 2 18 NLO
M FERR . BRILZAM, e RO Ak . s Ak 4 TR
fififh . AR TR (DNRA ) LLAFRIERY
P2 A3 i 45t TR RE S AENL,0 8 L 5 AR I
TCSHITCCAL B 25 M AL 7 T NLOMHEL, J& Xt iR
N,O ZRHEE AT 1. 135 ~ 1.444%, TCSHITCCHE
HEN,OHEM ) BARALE o8 By itk — 2D 0F 5%, —Fh ol fE
1) il A - SR AT E W3 43 R TCS AT CCHE
MR, TR BE T NLORYHENL 1) o A, &
X BES HUTE A A B KR rf, ¥ &3 T DNRA
A, XM TCSFITCCAE AL HEN,O ) HE
Al GEJE 8 3 X DNR A 2 B9S2 i p= AR Y . DARRAFSE
AR, DNRARE R & AR 7 2™ 48 DR A 58 e =
TR, (HIT e R, DNRA
TR I 2 A 0 R4 45 0 0 SR AT RE O ARG T 2y
MIIRAE 46, ML T Ik, DNRA XS
FEIA T U, AP AEUE DL T, DNRAKE A
PR B se e S 0 A I AN 5 A IR AR I G AR
W ARAR R AR S A 2L DNRA F5 1L %
JF HDNRA J2 X 26 + 48 rfv il i AR 119 3 2231 FE 2o
T D2 H AT M AR 2 TCS M TCC AL FE AR BEN,O
A ERIER, IR R HARHEN, OHF ik
FHLEE, ] RERY— PP B2 TCSAITCC AL BRBE £ 1
Al T AR S RINL,OM JFE A (nosZ 11) YR IG
,VIHM]O

4 4 it

TCSHFITCC I el 28 7 7K 75 + 4 A e 4k
I, 1 mgkg! TCCH—AbHIK2 mg-kg™ TCC+
5 mg-kg™' TCSEEA LB KRS + A K 1w 1k-[A 1k
TR FERm, HATCSMTCCA I dE T &1
W Ab-FAL G 2R . LA, TCSHITCCAL PR i 25 BRI
T RS A R A R R DL R
DNRAME R ( Hd, 2 mg-kg' TCSAFEXDNRA

WAL ERW ) o HEATFENE, 55X HEH
Ho, 7ESCE N (4K ), TCSHMTCCALFE
F AR HF T NLORHEL, I SR RHE R Sy X B Y
1134% ~ 1.444% . TCSHITCCH I 7K FE L
N,OMHEAL, AT BB M 5 FH A= 2 2R e v R 4802 IR
KRB DTk, L, KRN TCSATCC L
S A 25 VRS s, by A X e 4R U At AR XN, O
HEH A 52

OB B TERAAFREERAR
k. FMmh. FEFRFENTRERSLT
WA B Bt P AR FRE T LB RATEER
FitF . LAEFRFEN,OHKER LT W
Gl

)

[ 1] Ying GG, Yu XY, Kookana R S. Biological
degradation of triclocarban and triclosan in a soil
under aerobic and anaerobic conditions and comparison
with environmental fate modelling. Environmental
Pollution, 2007, 150 (3) : 300—305

[ 2 ] Heidler J, Sapkota A, Halden R U. Partitioning,
persistence, and accumulation in digested sludge of
the topical antiseptic triclocarban during wastewater
treatment. Environmental Science and Technology,
2006, 40 (11) : 3634—3639

[ 3] Chal, Cupples A M. Triclocarban and triclosan
biodegradation at field concentrations and the
resulting leaching potentials in three agricultural soils.
Chemosphere, 2010, 81 (4) : 494—499

[ 4] ChuS G, Metcalfe C D. Simultaneous determination
of triclocarban and triclosan in municipal biosolids
by liquid chromatography tandem mass spectrometry.
Journal of Chromatography A, 2007, 1164 (1/2) :
212—218

[ 5] Lenz KA, Pattison C, Ma H. Triclosan ( TCS) and
triclocarban ( TCC ) induce systemic toxic effects in a
model organism the nematode Caenorhabditis elegans.
Environmental Pollution, 2017, 231 (Part 1) :
462—470

[ 6 ] Coogan M A, Edziyie R E, La Point T W, et al.
Algal bioaccumulation of triclocarban, triclosan,
and methyl-triclosan in a North Texas wastewater,
treatment plant receiving stream. Chemosphere,
2007, 67 (10) : 1911—1918

[ 7] Coogan M A, La Point T W. Snail bioaccumulation

http: //pedologica. issas. ac. cn



4 34

PRI 45 . = A R =R BEXT KA 4 S % A SN O HET A 5 i) 881

[8]

[12]

[13]

[16]

of triclocarban, triclosan, and methyltriclosan in a
North Texas, USA, stream affected by wastewater
treatment plant runoff. Environmental Toxicology and
Chemistry, 2008, 27 (8) : 1788—1793

Gielen G J H P, Schaik A P V, Northcott G, et
al. Effect of copper and zinc on microbial tolerance
to triclosan in two soil types. Journal of Soils and
Sediments, 2016, 16 (7) : 1944—1959

TRAE, sRIRE, B30, % ZHAEERR—-LES
15 YT S T R RS M Y R . R, 2018,
55 (2) : 422—431

Wang F H, Zhang Z G, Jia W, et al. Effects of
single-factor and combined contamination of triclosan
and cadmium on respiration and enzyme activity of soil
(In Chinese ) . Acta Pedologica Sinica, 2018, 55
(2) : 422—431

Waller N J, Kookana R S. Effect of trilcosan on
microbial activity in Australian soils. Environmental
Toxicology and Chemistry, 2009, 28 (1) : 65—70
Galloway J N, Dentener F J, Capone D G, et
al. Nitrogen cycles: Past, present, and future.
Biogeochemistry, 2004, 70 (2) : 153—226

Ishii S, Ikeda S, Minamisawa K, et al. Nitrogen
cycling in rice paddy environments: past achievements
and future challenges. Microbes and Environments,
2011, 26 (4) : 282—292

Miiller C, Riitting T, Kattge J, et al. Estimation of
parameters in complex "N tracing models by Monte
Carlo sampling. Soil Biology and Biochemistry,
2007, 39 (3) : 715—726

Lan T, Han Y, Cai Z C. Comparison of gross N
transformation rates in two paddy soils under aerobic
condition. Pedosphere, 2017, 27 (1) : 112—120
Zhu T B, Dang Q, Zhang J B, et al. Reductive soil
disinfestation ( RSD ) alters gross N transformation
rates and reduces NO and N,O emissions in degraded
vegetable soils. Plant and Soil, 2014, 382 (1/2) .
269—280

Chalew T E, Halden R U. Environmental exposure
of aquatic and terrestrial biota to triclosan and
triclocarban. Journal of the American Water Resources
Association, 2010, 45 (1) : 4—13

Butler E, Whelan M J, Sakrabani R, et al. Fate
of triclosan in field soils receiving sewage sludge.
Environmental Pollution, 2012, 167 (6) : 101—
109

Schimel J P, Bennett J. Nitrogen mineralization:
Challenges of a changing paradigm. Ecology, 2004,
85 (3) : 591—602

http: //pedologica

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

Paungfoo-Lonhienne C, Visser J, Lonhienne T G A,
et al. Past, present and future of organic nutrients.
Plant and Soil, 2012, 359 (1/2) : 1—18

Murphy D V, Recous S, Stockdale E A, et al. Gross
nitrogen fluxes in soil: Theory, measurement and
application of N-15 pool dilution techniques. Advances
in Agronomy, 2003, 79 (6) : 69—118

Badalucco L, Pomare F, Grego S, et al. Activity
and degradation of streptomycin and cycloheximide in
soil. Biology and Fertility of Soils, 1994, 18 (4) :
334—340

Ingham E R, Coleman D C. Effects of streptomycin,
cycloheximide, fungizone, captan, carbofuran,
cygon, and PCNB on soil microorganisms. Microbial
Ecology, 1984, 10 (4) : 345—358

Zhang J B, Cai Z C, Zhu T B. N,O production
pathways in the subtropical acid forest soils in China.
Environmental Research, 2011, 111 (5) : 643—649
Stange C F, Spott O, Arriaga H, et al. Use of the
inverse abundance approach to identify the sources
of NO and N,O release from Spanish forest soils
under oxic and hypoxic conditions. Soil Biology and
Biochemistry, 2013, 57 (3) : 451—458
Kowalchuk G A, Stephen J R. Ammonia-oxidizing
bacteria: A model for molecular microbial ecology.
Annual Review of Microbiology, 2001, 55 (1) .
485—529

Booth M S, Stark J M, Rastetter E. Controls on
nitrogen cycling in terrestrial ecosystems: A synthetic
analysis of literature data. Ecological Monographs,
2005, 75 (2) : 139—157

Low A P, Stark J M, Dudley L M. Effects of soil
osmotic potential on nitrification, ammonification,
N-assimilation, and nitrous oxide production. Soil
Science, 1997, 162 (1) : 16—27
Butterbach-Bahl K, Baggs E M, Dannenmann M,
et al. Nitrous oxide emissions from soils: How well
do we understand the processes and their controls?
Philosophical Transactions of the Royal Society
B-Biological Sciences, 2013, 368 (1621 ) :
20130122

JAWERT, Tk, skEE, S SRR KB IR AT A
X 2 ENLOFICO R 4 52 0. Ml B3 95 BRI 441
2016, 33 (2) : 170—175

Zhou X L, Wang L, Zhang Y L, et al. Effect of
the availability of nitrate nitrogen and carbon source
on N,0 and CO, emission from soil ( In Chinese ) .
Journal of Agricultural Resources and Environment,

2016, 33 (2) : 170—175

. issas. ac. cn



882 + b= 2 il 56 %

[30] Bengtsson G, Bergwall C. Fate of "N labelled nitrate Potential controls on nitrogen retention. Ecological
and ammonium in a fertilized forest soil. Soil Biology Applications, 2005, 15 (5) : 1604—1614
& Biochemistry, 2000, 32 (4) : 545—557 [33] Riitting T, Huygens D, Miiller C, et al. Functional
[31] Roberts KL, Eate VM, Eyre B D, et al. Hypoxic role of DNRA and nitrite reduction in a pristine south
events stimulate nitrogen recycling in a shallow salt- Chilean Nothofagus forest. Biogeochemistry, 2008,
wedge estuary: The Yarra River estuary, Australia. 90 (3) : 243—258
Limnology and Oceanography, 2012, 57 (5) : [34] Semedo M, Song B, Sparrer T, et al. Antibiotic
1427—1442 effects on microbial communities responsible for
[32] Silver W L, Thompson A W, Reich A, et al. denitrification and N,O production in grassland soils.
Nitrogen cycling in tropical plantation forests: Frontiers in Microbiology, 2018 (9) : Article 2121

Influence of Triclosan and Triclocarban on Aerobic N Transformation and N,O
Release in Paddy Soil

CHEN Shuntao” ZHU Tongbin’ CHEN Jianqiu'® SHAN Jun’® YAN Xiaoyuan’
(1 The School of Engineering, China Pharmaceutical University, Nanjing 210009, China )

( 2 Institute of Soil Science, Chinese Academy of Sciences, Nanjing 210008, China )
( 3 Institute of Karst Geology, CAGS, Karst Dynamics Laboratory, MLR and Guangxi, Guilin, Guangxi 541004, China)

Abstract [ Objective ] Triclosan (TCS) and triclocarban (TCC), are typical pharmaceutical and
personal care products (PPCPs) that are extensively detected in soil, posing potential risks of raising soil
microbes’ drug resistances and inhibiting soil respirations. However, so far little is known about their
influences on soil gross N transformation processes and N,O emissions in soil. [ Method ] In view of this,
an indoor incubation experiment was carried out using the "N diluting-enriching method coupled with a N
transformation numerical model to investigate influences of TCS and TCC, applied alone or in combination,
at varying rates on preliminary N transformation rate and N,O release rate in paddy soil. [ Result] Results
show that the treatment of applying 1 mg-kg™' TCC or 5 mg-kg™' TCS+2 mg-kg"' TCC did not have much
influence on N mineralization-assimilation in the paddy soil, but all the other treatments did quite reversely
(P<0.05). Besides, all the TCC and TCS treatments significantly inhibited autotrophic nitrification,
microbial immobilization of nitrate and dissimilatory nitrate reduction to ammonium (Dissimilatory nitrate
reduction to ammonium, DNRA), except for the treatment of applying 2 mg-kg™' TCS or 5 mg-kg™' TCS+2
mg-kg™' TCC. It is noteworthy that all the treatments (P<0.05) increased cumulative emission of N,O
significantly or by 1.13 ~ 1.44 folds as compared with the control. [ Conclusion ] All the findings in this
study suggest that TCS and TCC alter aerobic N transformation processes, which may bring about adverse
effects on N recycling in the paddy field ecosystem, and promote N,O emission, which may enhance the
potential contribution of the paddy field ecosystem to greenhouse effect and damage of the ozone layer.
Therefore, in evaluating soil ecological risks of TCS and TCC in future, it is essential to take into account
their potential influences on N transformation and N,O emission.

Key words Triclosan; Triclocarban; 15N-tracing; Numerical model; Nitrification; N,O
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