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Ecotoxicological effects of triclosan on Hydrilla verticillata in sediments

ZHANG Li—na'?, WANG Zhi—yin’, AN Jing"

(1.Key Laboratory of Pollution Ecology and Environmental Engineering, Institute of Applied Ecology, Chinese Academy of Sciences,
Shenyang 110016, China; 2.University of Chinese Academy of Sciences, Beijing 100049, China; 3.School of Resources and Civil Engineer-
ing, Northeastern University, Shenyang 110016, China)

Abstract : Chronic toxicity of triclosan (TCS) on submerged plant Hydrilla verticillata in sediments with 0.05~0.5 mg - kg™ TCS was stud-
ied. TCS concentration, chlorophyll content, soluble protein content, and antioxidant enzyme activities in H. verticillata were determined us-
ing HPLC-MS and UV-VIS techniques. The results showed that TCS concentration in the leaves of H. verticillata in treatment groups was
low in the early exposure stage (14 d). However, bioaccumulation of TCS increased with exposure time; its concentration in the leaves was
2.16 mg- kg™ for 0.5 mg- kg™ TCS sediment in 28 d. During the TCS exposure period, the chlorophyll content in the leaves of H. verticillata
decreased continuously in the TCS treatment groups in comparison to the control group. The soluble protein content in H. verticillata leaves
first increased and then declined with increasing exposure time, whereas in the plant stems it was inhibited significantly during the entire
TCS exposure period. Furthermore, TCS had significant influences on H. verticillata antioxidant enzyme system(CAT, SOD, and POD activi-
ties), which led to plant damage. The current findings will provide fundamental data for evaluating the risk and toxicity of TCS to the aquat-
ic ecosystems.
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=& (2,4,4 =52 - E T IKEE, triclosan,
TCS) J&— R 2 1) 3SR WA . BT R 4
PAPE AN R A 25 R O S H AR TR
A RIFMECA SR ) 2HTFTE F2 BRR
F K SRR EE H R R A N AR &R, T
b 8 e A NP BRI Y2 A L B TCS I T FE
RAE T, G 30 AR HERC R IR Y TCS oA B
Hom. #aseit, 2R TCSAE I FE R AE 7.5%10° t A 17,
Bl AT TCS 88 FREE B 005 Y W i) H 25 56 1 DA I
A2 ARSI B AR )G % i, TCS e TH A 22 b iy 21
BERE SRR o AR, TR 2 M KRR P
or B T TCSFR A, HAG 3 A Hh vk i Wk 2 v 1 oA,
B . Sun 5E°E i [ U VK ks il 21 TCS i 5% B
e JE 4 96.5 ng-L"; Oliveira ZEWIRIE 5T 26 B H A b 2RIk
I TCSHR B M 299 11 ng- L', 1 T TCS HAT 4
PR R P AR K, LS B Lo 4.8, AL, TCS 7
IR TR P 0 B 2R Bt 5Kk, S 3 A KR
TCS 7] DL A BZKARDTAR Y v IF R B2 47 7E o Zhang
SESRER, KT K AR TCS 75 12 1535 1.89 ng - L', ik T
R R 1.2 nge g7 Zhao ZE1% PR, AL 0] T EEIA]
BRI RN AR YT 45 /K AR TCS A o B v B2 43 510 1.39~
2.6.0.156~39.1.0.43~3.72.1.89~5.2 .11.7 ng- L™, i Ji§
T w4 51 0.41~0.6. 3. 0.05~2.05, 1.2~
5.78.0.002~14.8 ng-g™' o TXF Fi5 4 BR UL, KA H
TCS (14 J5 1t 1 JBE 725 1k 478 ng - L, Ji U6 v J5i o ¥4k 3 5
i£2723 ng-g's BT TCS HARFEAM AW E %
PE RS FIMERE R PR SR N, R A F R
FERERFAAAE TIRES  , AR KA, 80t
A AZE KRR E Fh R A A AE o T JIGJE R TCS 5% B2
TRZE 5 1 N2 i 2400, X 7K AR shAt 4y BAT AN 258 A0
BT A A A KBRS o

I 5 /K IREE Z A AE B AT, ISR AE W B 7y
[Fi] B 0, 23 1) 7K PR B B TCS , M T Xof 7K 2B Bl 77 A
A SRRV o T F AR 5T 2 B AT ok A R B
(A HILT5 Y ) =5 L3 3k (76 R R SR B I A A Y T i
Ve s 4, 1 HIR U5 Y S 16— 2 K 1 254 AT
AP SR T, 38 2 7K - i Ufe 19 58 3 52 0L 78 A
FEAREIE RS o 7 TCS /K AR B2 58 SL 6 v, ¥ T BE S
R IR AC MR &)y A BRLI8L 2 B% T TCS 1 h, 15 CH LDso
CEE 0t =) A 712.32 pg- L' Hwang 5% % BE TCS
Xof VA JEUR )i )5 i AR 2, T DL S SO IR & B
LR L SRS . K AEFED DT IE A
T TCS X B I 2R BE TR RN o R 2R SO 9

PUAE 2 5 BT KA | TCS SR K S e B i 1 21k
A AR AR K BRI 3R i DL BT R AT
P 5 2 CRINAEN ST & B8 TCS %25 4f 1 28 3 52 50k
O HEFEE (96 h=ECso) 1 0.112 mg- L™, 2R, H FT K3
i v TCS X KA e 28 B s RN, , JEH & TCS AR
KRR I BE RSO WSS XT B =Z o A, X 5k
T U Y TCS X 7K AE A= ) 1 AR A B PR ROV W 52 T
RZL,

Yo F M (Hydrilla verticillata) 1 fy — Fb L 75 7Y
TUKAEY) e E KRB th o3 A |z . et R RE
K BT BRI S5 e o, H Rk IR T K
BRI AR, PRI A A5 G 3 g i 1 45y
RO . 4% DB I 9T R B, e i PR e i U B P
Jei L AL PN A B PR A A ok AR A T R AR
TR 72 TE | 240 L PN 5 2R 9 100 5 5 P 30 30 O 5 i e
S EESE KB FE PO A T e i R A S
ARV A v 22 5 B4R, AR o A T J32 ry 185
MMEE . HE5OCT TCS Whif & e A i s PR AL
PEAFFEAR D o FET I AR S8 DL S i R AR Dy 32 ik
Y1, 058 TR IR ISRV B TCS K2 88 1, fe i
BT TCS P A B FLAR 2 28 RT3 2 11 D
P AL 22 Ge %t TCS W8 (i me 1, LU A8 BT G )
P4 A 2 DR A A B B2 LA 50 s R B A

1 #MEETE

1.1 IR AL

SRR« V8 U i 3 25O HIL (Centrifuge 5804 R) , 4K
I (DW 100) ; # 74 I 1 1 2% (KQ-500 DE) , &K AY
(DCY=24'Y), [ AHAL JURE & (SPE-12 A) , HEA (101~
2 ABS), 70 BT K (JA 2003) , 240 0] I 43 %% i
(VARIAN Cary 50) , ¥ AH €8 35 — 5 3% B¢ X (Maters
2695.ZQ 4000) .

HERATRL R e R R KR T
W ZAEAEYUKAE Y . Fe T A BRI AL TR R
B3 bk AR FIRL 2 A, T oL 00 = B IR R
10 em A2 47 KB O Fe T PASEIEA 9050 . S FHK R 2
BEFK, B IR 4% B Hoagland ' s 55 7, Fo 22
PR A 10% Hoagland ' s 5 379 o WIYRIC IR H 11T
BT KAK B3 7K % (41.842°N, 124.154°E) , KAK b7
IR A AR K I AR B X TS U P ARG 21 TCS, 25
IKF N 33%., TCS W A BTHn T A LB B A R
Al (1), 2l =96% , BT FH LA R 35 R 3B ali o
TCS % T — 27 A (DMSO) (DMSO=1 mL) , ¢ il £
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W(5g-L7").
1.2 Eigit

SR K 35 S0 AT It PR 45, 78 0 4,3 55 7K T
(£ 35 emX 75 20 emX 5 25 cm) JE @4 iZ— )2 4 cm JB
AR, RGP 8 LA & B T K BC il 89 10% Hoa-
gland's B3R o KL b 1A S B AL ALAT S HEOE A
[Fi) IR 27 B R, SR AN AT 1 B s o PR 10
em Zi Ay, BT 2 0.8 g BURR I REEDEA TSR . A
L EE 20 Bk, R AR IR R IRV b R A TR
1.5ecmA A,

“-

Bl kB EE

Figure 1 Experimental device diagram

T BUR VR HEAT A AR AT, I H 2 B B ) A
Sk VEALSES W o K TCS ¥ W 3 A bR AR TR R
o Y HE 43 514 0.05.0.1 mg - kg #10.5 mg - kg™, [ I
BEHE TG TCS SN 25 I BERAL, -5 24 h, SZ50 13 B
AT

B4 LG A BT 25 CIRIRAE Y B SR % ok
EEFE] GO 12 he 12 by, BREE 2928 3600 Lx, 5250361 7 28
do AP ANFEREFRIOEE 7 14 .21 d F128 d R AERLYIAE
Fi¢ BEORH 56 43 BTy 2 EA TR AL PR PRAF R I
1.3 A E
1.3.1 TCSTER sk i

H4 R S AR ) I B S VR R T 24 b, FRELO.S
g, BYRRAFES , 1 10 mL Z G $EHL, # 7 30 min, ££ 5000
remin” N &0 10 min, B EIE R T2 5 40 mLFFE (4 3%
B, EE UL BRMIR . 10% Ha.SO. 3/ 75 pH
F 23745 R EAR A BRI T e i & 4R . Fen
FHRWACE W 48 KT, F 1 mL G 253848 0.45
pm BRSSO/ N (R LE-20 CUKA
FRAEIN . FHRORR 03— JB E A SO R A it H TCS 7%
ST M AS R T SRR R G FIK SR PR R VR
W5 772X : 0~8 min, Z i HH 20% SJ 338 i 51 85% 5 fR 45 1
min; 9~10 min Z i F1 85% [% [7] £ 20%. i H 1.0
mL - min™'; FEAEABUR 20 L AR R 30 °C5 7E 97 2 1

BT HEA T 5 S A MG K Ry 282 nm ., AR S5 T
HURRFE R B2 4K VK A 0.002,0.005,0.01,0.05.0.1,0.2,
0.4 pg-mL" FRIEMZE R y=—1 889.85+3.480 46x, R*=
0.999 1. ASSZEGT5 1 B BISCRAE 75%~85% o
1.3.2 A FAEALFR PRGN 2

4 25 R F A 6 VA BT B T 0.2 ¢, I
A SR R R 5 0 S 2~3 mLAEHGR 95% & 1
RS 2K I E A . P 665,649 nm T )
WOCAE IR S it A mg gt AT
JE R BOR F 25 Ty 1 G250 Y (o351 Bl i 2
JOEA Y VS TR 2 T 3T W G250 VTR, ARER 0.2 ¢ BT
e A S IS 510K ZE K E 45 2 10 mL, B0 L.
P 540 nm N WA THE AT M AR 1 A, DGR T
WL AL mee g WP A AL 2 A AL BRAE
FREL 0.5 g #F &, TV J5 10 25 10 K AR I 22 50 3%
A 15 mL B0 ZEAB K RO wrse b, & T VR
JFEER, T4 °CTH 12000 r-min” & .0 10 min, POD
K AL 2020, D) 470 nm B B9 WG AR -
S, ABEEE I, A0 U g - min™'; CAT 2R JH 58 4b
Wi, DL 240 nm A IR (B 15 i S0, DL fif
Ji T, B A Us g - min™ 5 SOD R U P s 3
L 560 nm T A IR ' A T il 0 RS20, DU T A O
AL U-g "
1.4 HHES

% Microsoft Excel 2013 #4245 % 04 64740 3
SPSS 17.0 G i1 B A % Bt 1A 7 22 5 1 25 M A 36
(LSD ¥, a=0.05) , F 3% SC/INE “F 5] R 45 4b B4 1]
122 5 48 % (P<0.05) , F Origin 8.0 F1 142K,

2 HERE5RMH

2.1 BT EEM XA TCS AR

TCS KU %55 28 d N, A& R BE I i TCS A 5%
R OLINR A o . R AT L, TCS WA (7 d)
25 Kb B2 rh g SRR I TCS VR BE R /MR
TCSo>TCSos>TCS00s0 Z 5% 14 d I, F5 H- BB H-
TCS 7 & 5 5 8% 7 d B A HU g A T B, X n] BE 5 TCS
TE A RE 7R N 0 30 1) 5 8% R R R A G . Bl
TCS % 2 I} 18] 1) 4 4, R AR I R b TCS & 5 3% 7 T
1R, 30T BB A R A AR KR . 0.5 mg-
kg TCS 1% 28 d B, et S et i TCS VR e
KF]2.16 mg-kg™' o R U X AE I R EE LR TCS 1)
REI HA W5, 2 1A 01,0.05.0.1 mg-kg ™' TCS
Ab P2 vh g - B GE TCS Wk SR AE 58 21 d R &
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#2107 0.5 mg - kg™ TCS %% 55 28 d i 4 - 7KL i X
TCS AW IS AT AT 35 62% . TEE AW, A
[] ¥ B TCS Ab FH rh A P M - TCS & i M 52 5 1 [
P TF A a3, (H AR |, 55 2 55 00 AR BRI DY
TCS & HEAH L, TCS & A8 fb S ARk B 4 T AR
rhve B A AT | v TR B T v R AR AR LA
2.2 TCSXHEM BREMHFEESENFM

TCS JiE 8 2 i %] 4t - B 8 2 28 5 2t 1) 52 1) 1
BLUNE 2 TR o H B 2A AT 7E 28 d 1) 2 52 JE
W, 25 A B A R B R 3R a5 X R AR
Fb 52 25 A AIG , LI 22 R I ) B4, I 2 28 i 2 41D
AIREEZ W . 0.5 mg-kg™ TCS %% 28 d i, Mtk
5 it 28 F s PP A 538 R 1K 45.7 % o

Sk R i g 2 A AR DUA EL, TCS X 4 i 2
PR S R E R M IR 855 . &l 2B AT
ML RERT dF 14 A Bl TCS 2 85k B A3 in , 4
PREEFRIM 20 2 S i B WK . TCS 7268 21 dJ , 2500
23 2% 5 B T 11 T, 0.05~0.1 mg - kg™ TCS 4b BHZH
ZEFRIM R R AR A Z 56 AR (R R 22 R
525107 0.5 mg - kg™ TCS ZbBA] 4 I A 5 253 -4
RO BRZ 8 W EMEH . TCS R 28 dJ5 , L&kt

SRR TR R R AN, 41 A 25 S
2.3 TCSH M BB AMERNZ N

TCS i 46 I P 3 T 1 £ 1 2 i 155 0
B3 . I 3A HRT I, B EE W), TCS X 4 i 2
BEN R Rl A S AR R A, P 0.05
mg - kg™ TCS LbHELH 56 0 DA g - rpon] Y PR 2R 1 7 o
Fhitech B35 . BRI R 2K AR b on] v
EESRBEWEIR . %EE 14 A, 0.05~0.1 mg- kg
TCS Kb HR i R ] i 2R 1 0 2 B TR AIG, ELAT)
SEBOEBUN T 0.5 mg - kg™ TCS ZbFRLH it F-rh ] v
EOATRZPREMS . B2 d)5, At
R AT R S A2 B A P, H AR
mERRE.

ik R Rl R R S AR AR A HE, TCS
Xof 2 R g RS R T T R e ) S e
AP (K 3B) . TCS 5288 7 d i , Hh s e B Ak
PRAL(0.1~0.5 mg-kg ") FR I BABE ZE I a] MR 2 1 35
B AT X AT FIG v B b FRAT (0.05 mg-keg™") o Fifi
T TR N [R) A, R AR 2550 nT VAR B 1 A el I
EAT 2 HIHRR A . 25221 dJ5,0.05 mg- kg F10.1
mg - kg TCS AbFRZ AR 2 H A B3 {505 mg - kg

F1 BHERMHE P TCSIRE (mg-kg™)

Table 1 TCS concentration in leaves of Hydrilla verticillate(mg-kg™")

TCS ¥ JE TCS Treatment/mg-kg™! 74d 14d 21d 28d
0.05 0.67+0.002a 0.03+0.008¢ 0.58+0.003b 0.62+0.01b
0.1 2.71+0.033a 1.27+0.06¢ 1.57+0.06b 1.60+0.064b
0.5 1.01+0.006b 0.44+0.009¢ 0.82+0.09h 2.16+0.066a

T AR PR AR HE 22 s N R/ INE 5B AN ] 2 5 I TR AL L2 (BT E 0.05 /KT A7 18 B35 28 5

Note: The date in the table are means+ standards; different lowercases stand for significant differences at 0.05 level of treatments of different exposure

time.
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Figure 2 Effects of TCS on chlorophyll content of Hydrilla verticillata(A :blade; B : stem)
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Figure 3 Effects of TCS on soluble protein of Hydrilla verticillata
(A :blade; B:stem)
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7~14 d I BB F A SOD 3 P 52 PRI IR 4, HLBE
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#. 0.05~0.1 mg-kg' TCS 255 21 d i}, ZbFL I J5 v
SOD 7% Pk L2 s RS, H 4 17) 22 5% 8 %, 17 0.5 mg -
kg TCS AbBEZH v SOD 36 P 2 MR AS o 2 8 oK 1
(28 d), =AMk EEZ it B SOD T A fir [l I, 22 5
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Figure 4 Effects of TCS on antioxidant enzyme system of Hydrilla

verticillate blade
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Figure 5 Effects of TCS on antioxidant enzyme system of Hydrilla

verticillata stem
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