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Abstract; As a kind of broad-spectrum synthetic antimicrobial agent, triclosan (TCS) was widely used in human
activity. TCS could enter into environment through domestic sewage, and aquatic ecosystems was considered as the
major contaminated area of TCS. The TCS investigation researches in diverse aquatic ecosystems globally were
summarized. It is found that TCS has been ubiquitous in freshwater and coastal aquatic ecosystems and wastewater
treatment plants were primary source of TCS pollution. The TCS pollution level was strongly related to population
density and industrial development level. The concentration of TCS in water was influenced by rainfall, tide and
season. Moreover, TCS was strongly toxic to aquatic organism while toxicity effect concentrations varied between
different species and different development stages.
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= &k (triclosan, TCS), X &4 “ =& #H" .« =&
W BRI Ol = ST E Y 2 AR R
2447 - =2 R TR BAT S Z IR 2R
WR AR Tt A1 — S AL 5 W AR L Al 2 P B, 32
FFA NGBS (A0 28 B AE 2 BE iR Ak
Mt ) AT B 7= b U D B R IR R A
PE AV ZRRERA YRR SERE S AES RGN
FAEFRAFAEIETESEF

FURT, 252 TCS WYAF AL 22 i T4 TCS
A B S Rl D AT A T 0 K Ak 3

ZRRRRH I E 4 KR BRI TCS KR

PHITEAN R R B A BT v )iz 40 A, 1 a0 g R
K A SO SRR TCS Ktk 525
1% Ptk & W (pharmaceutically active compounds,
PhACs) I 4314t ¥ (environmental endocrine dis-
ruptors, EDCs)HH Lt , TCS B EEPEARXTEAR , (145 H Hi
X TCS YA A B ARG . SR, S & A2y
PR T T 2016 4F 9 AR AE A AR (- 7EBE T
HIVRIA 85 TP AN TCS, INEERAE 2017 4F 12 H 13
HXT TCS 1475 44 B i LRI Je HF A ARV, e & T
2018 4% 7 H AT TCS A I & R IRBE 414 )
A BV BT B

KA R G2 TCS #EAEE Y E 8 ikt H
T4 BRAN () [ 28 i XA ) 28 B A K R dE v TCS %
WA AN T KA FR T HEZK AT i i TCS ik
ZEIA pg LT, FEMERRSE R B TCS R HEdkok
A AR WS RSN . AR SCIR AN RN A T N
HMRFIZERIK RS TCS 1975 YR, B3R T TCS
TEARAEAZS R G 0TS G IR 5 5 A5, LA R K
YRR, i TCS B T 38 AL A4S 45
Lt A 14 1 R SR AR AR A

1 TCS #9241 T ( Physical and chemical prop-
erties of TCS)

TCS J& —Ff N A 5y B A Bk 28 A 25 2 fg
EHmE Sy FERED, kEa AR
C,H,C;0, 5T N5 anE 1 iR, CAS %
5ok 3380-34-5, 4% 15 55 ~57 °C Wb 120 €M

TCS FEZ i S5 0F T 2 H AR H AR, i
AIFERMG R TR, IR T KR EEZ 2 12
mg-L ™) I TR A W, 5 i T AL R, TCS
HA S k2= F20e M 7E 280 ~290 C LA FHIAS:
W A3, 7E 200 CInF 14 h, A 2% B9 T4
it s PEAS IS ] 58 S G HRS R  AUR #2000 . SR,

TCS nl i FH Al Ot il A0 s 1E ™ A B =5 A
TESE ST, Horh, B R = R TR A
BV AR LY N, TCS 1 RE-/K 51
B R & (logK ) A4 4.76 , R B HA R IF#E IR,
5y TR AT, AT RS 2R W e A 25 2R e A A

Cl OH

Cl Cl

Bl1 =&4%(TCS) Mz FRgH™
Fig. 1 Chemical molecular formula structure of

triclosan (TCS) "

2 KEEXRZESH TCS 1975 4 I K ( Pollution
status of TCS in aquatic ecosystem )

i KJLAER], TCS By 7™ & SR i, 1998 4%
E[EH TCS KA 7= 1N 450 ~4 500 t™,2006 4 KM
FE R B A 515 450 t, K& TCS a3 hn, 45k
TCS Wi I 535 600 ~1 000 t) K& TCS 1Y
AN NI A R B A 3 T K E A TS K b B
T 8RS AT A 75 K AL B T2 9T R RE K HL 5 4 25
BRES . Hii IG5 K AR T B R 4 R, 7 AR T
V5 KA B R L 79% B TCS 8% A W I i, 15% 1Y
TCS Bi5 I8 f , Hidr 6% 1Y TCS MILL 42 ng-L ™" ¥
W A B AE AL B 1 Hh K R Bl HE s s AR 7
TSR FRT PR A A ZEUE I, BV 4% ~10%
() TCS AT5 LAV fff A5 A7 B AE AL B 1 R K Pt v
FE (RN T5 /K AE B )X TCS 48 L BRR N 85.8% ,
B A2 14% ) TCS 77 B8 AN ER S (g Kk Fp i

15K AL BT AR R B JBR Y TCS 4 Bl 75 7K &b
PR H K HERL L KT U8 B 9 DR AR A A 1
Hi K ISR T E AT 1 GV A BE L FE R K
EETNEI L ENEIEE & B AR ORI e i HE I C = 93
WK AR A SR G TCS ki, H Al 3 75 7K Ak 33
J7H K K TCS kB ik 2 300 ng - L7,
W AT S5 R JE K TCS & 2R H T3 1
A E ST A S TR K AR R TCS 5 &4
2 PR, CAMIHEDFI R, AT TG K b2
7K A SR K AR TCS B FEEARE, 10 VT



55 6 1] MRS . = ST K A AR AR R GE T TS Y BRSO E W st

*®1 HEARZRSHOREKB TCSHEE
Table 1 TCS contents in surface water from rivers and estuaries in China

Eig/ng-L7")

JH AT R[] VAT X dak Concentration/(ng+L™") 225 ik
Investigation time Investigation area T P Fi{f Reference
Range Mean Median
AR Ko Tl X i
2005-09 260
Fo Tan Industrial Park rivers in Hong Kong
s> I X5 B3
2005-09 376
ShaTin residential area rivers in Hong Kong [14]
T4 2 ) WA
2005-12 993
Hong Kong Victoria Harbour
F S
2005-06 162
Hong Kong Tai Po Harbour
A P A
) 8.0~83.6 423
Hong Kong Nu Tung River
2005-01 [15]
A HEMAT ]
12~133 386

Hong Kong Lam Tsuen River

JTIMERITIK AR

Pearl River system, Guangzhou:

PRI Liuxi River <LOQ ~262 137 119
2007-12, 2008-09 [13]
BRI M BY)
65~31.1 16.8 162
Pearl River (Guangzhou Section)
£139 Shijing River 902 ~478 242 238
2008-05, 2008-11 FE 3L Yellow River basin <LOQ ~499 6.8 42 [16]
2008-07, 2008-11 L9033 Liaohe River basin 6.5~814 284 2623 [16]
2007-12—2009-07 IT{ i3k Liaohe River basin 240 ~404 274 18.0 6]
TR (RS X)
2007-12—2009-07 o o ND ~34 4 6.89 455 61
Haihe River (Tianjin District)
B CHA TR )
2007-12—2009-07 ) ] ) ND ~64.7 8.7 54 61
Yellow River (Gansu Province and Henan Province)
2007-12—2009-07 RV Pearl River basin 1.51 ~478 95.7 215 [6]
2007-12—2009-07 ZRYT3i 38 Dongjiang River basin <LOQ ~170 264 643 61
LLIZR B R /N T
2011-03, 2011-08 S ) 32 ~294 98.5 66 [17]
Xiaoqing River in Jinan, Shandong Province
2011—2013 JUHE I Jiulong River <LOQ ~ 64 171
2012—2013 JUIETR A 1T Jiulong River estuary 256 ~272
ZR{T 3 . Dongjiang River basin:
1 5 Shima River ND ~82.3 38.0 317
¥R 7K Danshui River ND ~773 258 20.5
2012-07, 2012-12 ) 71
PEAZYT. Xizhi River 4~152 8.18 6.65
RILEMN FR5EED)
ND~119 7.14 7.17
Dongjiang River (Huizhou, Dongguan District)
2012-12, 2013-03, iy
273 ~156 443 539 [18]
2013-07 Shahe River

1 :<LOQ F/RL T AL R, ND R A

Note: <LOQ means below limit of quantitation; ND means not detected.
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Table 2 TCS contents in water and sediment in rivers, lakes and estuaries from different countries

Y RO A= ol
KA B g L) VURRY )& i (ng- g T )

. . N o U (1) "

eSS HESGERE| 0 L (A1) ) . E= PN
Contents in sediment

Country and area Investigation time  Contents in water/(ng-L™") Reference

/ng-g™! dry weight)

Range (Mean) Range (Mean)

FEH 30 MY 139 ZRimTi

1999—2000 <LOQ ~2 300(140 4
139 rivers in thirty states of USA Q (140) 4]
2 [ WA PN ] 3l TR
2006—2 1~ 2~37Q2 1
The Lower Hudson River and its estuary, USA 0062007 °6) 37(20) (9]
F =B hrZ M Fountain & i
Fountain Creek in Colorado, USA Not clear 3.9 ~283 <LOQ~04 (20]
S YT B 58 N 2 SE N e 1
2 2 <LOQ ~ 1
The Chesapeake Bay and Jamaica Bay estuary, USA 005, 2006 0Q ~800 [10]
R FIE WA B PLANTIT B3] 3
Rivers in Savannah, Georgia, USA 2008 0.9 ~9345) 22~16@83) 1]
K BN ARG T A
201 <LOQ ~74 <LOQ ~32 22
Greenwich Bay estuary in Rhode Island, USA 010 0Q~7 0Q~3 (22]
A N AT A
IR P 2 2012—2018 50~874 23]
Survey of rivers in Canada
1t JEH Y SINIE
HEBHHATA 1998—2001 <04~74 [24]
Lakes and rivers in Swiss
Y [ g SR T8 e R A
Taff and Ely River in South Wales, UK 20062007 <LOQ~950 23]
THLT] By LTI 1 B S it
2004, 2 001 ~6. 82 2
Ebe River estuary and offshore in Germany 004, 2005 0.001 ~687(0.82) (26]
TR R A 8 IR A5 A A3 B T
Rhine River in Koblenz, Germany 2008 33 7]
TEIE ST 2 2200
2009 17 ~275 2
Two tributaries of the Main River, Germany T2 27]
& JE WA AP
< ~
Somes River, Romania Not clear LOQ ~643 28]
PYPE 4 B 3]
Ebro River, Spain 2007 <LOQ ~285 29]
BE A2 5 4 25909
PUSEF LRI £ 4 K0T 2010—2011 <LOQ ~19.0 ND ~ 388 30]
Four rivers in the Iberian Peninsula, Spain
MEALES Aisonas A7
Aisonas River in Northern Greece 2008 <3 ~98267) B31]
H 7 Tone &
Tone Canal in Japan 2006 ND ~134 (32]
B E DU R 30
2008 1.0 ~82(36 33
Han River and its tributary, Korea 36) (331
Rk S YLt al v
. ||$§E{ﬁ{57j((ﬁﬂ<l§’]('ﬂm 2010 ND ~ 177 [34]
River polluted by sewage in Japan
EBE R IR N TEFT I 3 A I
Three rivers in Tamil Nadu State, India 2009 2~5160 (18.1) B33]
ENBEZR KR NAEIR Y 3 AT
Three rivers in Tamil Nadu State, India 2015, 2016 22~1119(682) ND ~263(3.13) 36]
BRFNW R A2 5 40
2004, 2005 14 ~75 8
Five rivers in Queensland, Australia ’ B8]
YU ESSERIACET)
Jundiai River, Brazil 2012, 2013 454 ~613(18.0) 556 ~903(120) [37]
: e e
EAHIAH 2014, 2015 0.11~103 38]
Iguassu tributary, Brazil
B PSRG0T 2015 (15.1) [39]

Santos Bay, Brazil




46 1

MRS . = ST K A AR AR R GE T TS Y BRSO E W st 51

PRI A4 32 B 23500 TCS TE/K B8 v (4 8 43
i, Ying Fl Kookana™ X8 & F . Queensland 1 [X.
T K AREE ) H A HE BT B JE it K AR B R A A 5T K
B, HERL AL TCS ¥ EE N 21 ~75 ng-L™", L i
1 TCS IR 20 ~ 50 ng- L™, N E H K {4
TCS B BE Ky 25 ~45 ng-L™', W% is e i HEA T
VRS AT K AL BT K 5 TR BRI A, PR, HiE
T R A TCS WK A W 25 H
KV A5 K AL FE) T H K HEL, Bester™ 7E X} 7 [
Rhine-Ruhr b X [ 75 7K Zb ) 8 A o A7 25l &
PR, B R K HE I b TCS WREEZY 20 ng-L™', [
TR TCS MM EEAR T 1 ng- L™, FUFN 1 4E TCS
B AR T 2 ng- L', o AKCHERL 1T ok 2 1
FER, BRTKRIEGERS, ARKALEE T TCS
W & A B A e Al , S BUS K AL B ) K AR T A
FAb TCS ¥k B & T J [ K AR ik B, Pintado
RIS PGS Cadiz HIX 5 7K Ab# H 7K 5 JE K
SR TR AT 5T & B, 15 K AR B H K 101 b vk BE A 87
~103 ng-L7', W & T Rl KMAd TCS MYk i
(715 ~72.5 ng-L™"), BLAM, REH M TCS 72K
I i i % . Ying Fll Kookana™ PEAN[A] 254y
Xof 5 7K Ak B HE K HE R 11 B S s KA AT R A IS
K, H KR TCS WM B AR T4 oK ik h
VR BE 5 Ly 28000 b [ A LRV R i At R B,
TCS 7EH B Rl R85, E OS5k TCS
AR ik % T L 2 0 T R T A AR i X
TCS #AT AWM, Lo, B2 ET, K
Xif AR KA ) TCS 72 A B SRR BT

Bk T 5 KRB ACHE R, AR 9 AR TS K
ANGEAR PR AR TE A HE W R K FRBE Hh TCS 1Y
KR Z— o N8B B3k T A Tk 35k R ik b X
KIS TCS ¥ B 3% 3 =5 T 2 1 [X . Lindstrom
LGP G+ Glatt W A A, Z T JBR
Hev5 5 ma i i o TCS MY MREE A 11 ~74 ng-L7',
Zhao ZEIXF - [ 7N 1T X A7 H-T0] 4 8 A &% B, TCS
HIWEE K 902 ~478 ng- L' X FEEh T4
TALT TN = XN T2 4 X gk, 24 s R a4
T 15 7K B HE R Z 3T, AT 1 BT 7K o TCS e
JEARE R, Wang S8 UG] e ] 90T 30 35 2% N Bt i A 5
H AT 28K B, 5 H Al R A T B (U st L TG
BLAEVH EL, W I =2 N Bt TCS WK EE 228 49 ng -
L7 m AW B K R o TCS Mk B, 2 HAE K
Hfra a2l it — A Tl BT, Hehpeam )

AL T R % Tl R K AN TERLHE AR 24
KR TCS BRIRZ —, Lv SE50% b [E 4 dt
JUI VT3 ek i 2 [ A 4 B0, 3 e o Tl Tl X R K
PR TCS W2k 2725 ng- L7 ik i T HoAth )8 A
SRR SR, 5 ROR Tl V5 7K A9 AS TIE B HE
O oA, A 15 K AR BT H K HE AT S 7K 3R 85 vp
TCS By EZARIE

T TCS NHKEAEY , HAEK A LB RS
h ELERTETUR Y T, BT, TCS 2 A7 7E
FTARFRBKAASRENIRY H, HERRS
W ORI TCS & 2. 3 Fros 5 HoAth = 53
WS OUUARY  TCS WS &g 2 i, Xt
WANKAEAER RGE TR TCS MR E KT L4
KB, TCS WeE 55 124 X 19 Tl % 3k 7K - 235 41
M, Aguera S5 JH & Barcelona T VA Jii 38 & #H,
DUBh TCS AW i3k 130.7 ng- g™, 3% 5 i ik
JE R K T A — XK, Wang 5%} #E
T 22 N BE AR A & B, DU R TCS AR 24
h14.0 ng-g™ AR TCHETS F AT R , 40 BT
SO IN Bt T R SR B B A YR TCS B
JSADNBR G A RT3 Sk 11 8 A T Al A B, A T 3 ek
RSB TR TCS MR R 516.88 ng-g', i HiAth
JC B S HEVS BRI, A0 K Y YT g 3 R e B R A R T
TR BB, TCS MR B 43 9l o 67.85 F1 67.55 ng -
g IR L R A B Y HL o PR T R
ASIAT it 3k R A BEAFAE Tl sl A TG V5 K R 2 A B 4%
HER B PR G , i A5 Z 3 X YA v TCS MR EE 3 5
UURPH ) TCS e vl g 1 Py B4 30 AL Wt 3l DA
K TR AT R —R5 YLk

3 TCS XKEEYREF YA ( Toxic effects of
TCS on aquatic organisms)

B TCS FE/KPRET g Soas i, XS 7K A A
PP SE T WOk B2 58, T TCS X AA
FIIK AR AR Y)Y S AN PR T RN © A —LERF 5T
B, AREEE G O A 2R, R ) R
I3 AT AT X 5% By by Az 2 M ASON AR o
IHES: Y TCS BYZK BT ERE AT KU PEAG . SR, A
[v) 2 96 28 AT RE MR 98 v R P Y 32 1) B | 2 B I
(B FNREPEHE PR AE 5 T Y 22 5, 3 BOAS [m] SR ]
BEVES R AU — 0, RIS PRI R 07 1% IR e 4%
BEVERCE AN [, #E St A XU, R o (BLAF A 22 577
AR SR R MK A S Wy A4 1 WL AR 25 5 B4R A
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Table 3 TCS contents in sediments of rivers and estuaries in China
SHE/ng-g ' TH)
P2 ] VA X 3 Concentration/(ng-g~" dry weight) S22 ik
Investigation time Investigation area T PI(E Ji(l Reference
Range Mean Median
JTMERITIIK AR
Pearl River system in Guangzhou:
T
<LOQ ~116 56.5 50.5
Liuxi River
2007-12, 2008-09 [13]
WKL M EL)
122 ~196 726 588
Pearl River (Guangzhou Section)
A
345 ~1 329 739 693
Shijing River
B AL 4k
2008-05,2008-11 <LOQ ~ 14 [16]
Yellow River basin
SURTIF/TC
2008-07,2008-11 <LOQ ~339 5.11 1.65 [43]
Liaohe River basin
SERTIF/TRC
2007-12—2009-07 ND ~40.0 546 240
Liaohe River basin
i KT )
2007-12—2009-07 <LOQ~138 231 —
Haihe River (Tianjin District)
B (H R TR M)
2007-12—2009-07 ) ) ) ND~133 137 — [6]
Yellow River (Gansu Province and Henan Province)
BRIT I8
2007-12—2009-07 <LOQ ~1 329 248 86.0
Pearl River basin
ARYLII
2007-12—2009-07 B ] . <LOQ ~ 656 475 799
Dongjiang River basin
AN
2011-03, 2011-08 o ) 85 ~2 512 409 187 [17]
Xiaoqing River
ZRITHI .
Dongjiang River basin:
i T
. . 5.54 ~403 82.7 382
Shima River
oK
2012-07, 2012-12 1.65~558 182 843 [7]
Danshui River
PIRLIT
) ) 143 ~925 478 4.66
Xizhi River
HRICEIN FRZEEL)
08 ~9.57 5.62 633
Dongjiang River (Huizhou, Dongguan District)
2012-12, 2013-03, AR
o 152 ~155 238 42 [18]
2013-07 Shahe River in Guangdong
T RT3
2015-08 ND ~649 7.01 1.63 [44]

Beijiang River and its tributary
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MR8 AT AT, TEMERLN a3k 4 PR, BT, &
T TCS XK A A W 1) ik 3 M 800 i 9% 3 B AL 3
X A0 2 A BOE AR, AR A K T 800 | R T Ui
RPN 55, Z il YR ZEA R, TCS 1)
TR 22 AT, I TCS W BBk S 10,41 1Y 96
h P BEGEHE (96 h-LC,,) 0 260 pg- L' it H A
T 0 A Y 96 h-LCy, A 1 700 pg- L™ XH5E 5
1 A7) 96 h-LCy, My 340 pg-L™'™, fif H., % F[H]
PR ST 5, AR A K B B fa 2%t TCS Ay g ke
AR, Kim 559 5 Nassef 55" 0F 57 & 9,
TCS X H A5 i o1 A £ F1 R A2 96 h-LCy, 4331 K
600 11 700 wg-L™", 1 ¥ 25 5 19 J5 8 ] e 2 7E

FEARIILL B D088 5 R BRI & & USR5t
RBUE FRM ], B R L B EA TR R R,
X TCS B AU, Oliveira 2™ WF57 & #L, TCS
X BE T £ R R A A8 96 h-LCy, 43 %1k 420 A
340 wg L™, = LC,, (AN 22 R RE R i TG LA
H 5 OB SR AN AR R, B AR
X TCS IR HEZ , LT BIX TCS =
IR ARV B R RN (o 23 A B AR AR AN
TCS X 7K 4 o & i A1 FH B 3 19 96 h-ECy, 43 il
41097 M 19.1 ug- L7 P9 SR FXF a2y LC,, 5%

TCS % #g ik o3 FEM A M5 4 KL F 1T

Fz4 TCS XFKEEM SRR

Table 4 Toxic effects of TCS on aquatic organisms

ZRAEY KA P BRI (ag-L ) 2% ik
Test organism Development phase Toxicity index Effective concentration/(ug-L'l) Reference
B A
) 96 h-LCs, 260 [11]
(Pimephales promelas) Adult fish
0
96 h-LCs, 600 [47]
H AT fifg 421 Fry
(Oryzias latipes) yiXies
96 h-LCs, 1700 [48]
Adult fish
G
" 96 h-LCy, 420 [49]
BEE Embryo
(Barchydanio rerio var) Al
96 h-LC, 340 [49]
Adult fish
TR Al R AR
097 [50]
(Anabaena aquac) Growth inhibition
A . AR
FHE ¥ (Navicula) 19.1 [50]
Growth inhibition
T £ A JiF g o 170 511
(Oryzias latipes) Adult fish Swimming velocity change
T il 1 (il AL T B 713 i1
(Oncorhynchus mykiss) Fry Scoliosis, reduced activity ’
JIEHG (RSN
500 [49]
Embryo Incubation delay
T HHARIE I Fhs b
B £ . o Spinal deformation, 700 [49]
ry ..
(Barchydanio rerio var) reduced activity
R PN NS S
s e
Maladjustment of 500 [49]
Adult fish

branchial movement

T LCsy NHBEILUL

Note: LCs, is 50% lethal concentration.
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SRR, WA K K IR 300 FE shAn il skon; 4 I
Xof f 2T — E R LR . 2R W kb A
KB BEARR] , 52 TCS s e ARl TCS Xt
SRR 52 ) = R R AL R R A T A
IS 245405, Oliveira 5™ WFSY &3, 85 T TCS
VW R BE S fa ARG R Aol 5 g BRI, HLAT
PRAR A B AR B e R UL, TCS X1 (1) 5% M) 3
BRIy 35 SN K — i BB R A U5, De-
lorenzo 25U HFSE & I, TCS 5 7% T U il £ 47 £ 4 30
B3 B E W VRIS . Oliveira 5™t & 91, B
fffafE TCS ZE FREUERMM S, 1ok, ik 2
TWFSE 2 M TE TCS B8R Rl 78 k2
MBS, A2 E v BE & T TCS 9l 175
s R B RGAASA Na™/Ca® -ATP i 1% 1k | 1541
FA R B, TR i T Hez sh g, TCS X
R Af 9 48 P 75 P Al B8 B 30 2 R, Oliveira
WO I BE A0 N A TE TCS 57 F Hllesh s % %
AR s Nassef S50 i 8 5l fa 31 7Y TCS
R FE K B, e it 20 B 4 e A AR

4 £57E (Summary)

TCS &£ 7F 2 BRI Bl 0 K A 2B 25 R 40 5 il A7
FE A A E N, 78 0% & K- AR L IX
i Z e A IR TG B R G KRB TCS & &
FIRE R, (Hk 26 Ml XA AF o7 H B AR X e =, AR
A £ & AR A A 0 0 B PR 5T 508 | H 2
il = B 1A IRAR 0 9 0 B PR B ST 2, DA g
XTI TCS A4 A5 KBS HEA T T A

BIREEE M. W #1974, 4, i+ EHRLRIF, £
EHRA QAL BEESZRANT EDIRBAT AR A
EXY &0
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