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FEE AN T 20 A4S P 262 UURARE B i = G4 (TCS) AT 3 = S48 (MTCS) A& B HEAT T I 5E , 00 2k S XU HEAT 1 Al BF 5T 4%
FH, UUB T TCS I MTCS 19 s B3 11.8~120.4 pg-kg ™ RIARKE H (n.d.) ~41.7 pg-kg™' , FH &5 R 50.1 pg-kg™' A1 7.8
pg-kg L UUBW T TCS ARURLEA HLRK (TOC) & it &2 i 3 IEARIE R (r=0.590,p<0.05) , 1l MTCS I TOC Z IR JEHHSE 36 . FH KU 4 ( RQ ) X
TCS I MTCS BYAEZS KB HEAT TV, RBUA 14 NUUEAEE S TCS B9 RQ AT 11 ANUUEEE S Hh MTCS 9 RQ H AT 1, & i KUBG ; HoA g
it TCS FT MTCS (3 A ARAK RS BRAM) 19 RQ (AT 0.1~ 1 Z [B], 349 52 45 KUK
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Concentrations, sources and ecological risks of triclosan and methyl-triclosan in
inland river sediments of Fuzhou City
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Abstract; The concentrations of triclosan ( TCS) and methyl-triclosan (MTCS) were analyzed in 20 surface sediment samples collected from inland rivers
in Fuzhou city. The observed concentrations of TCS and MTCS were in the ranges of 11.8 to 120.4 pg-kg™", undetectable (n.d.) to 41.7 pg-kg™",
respectively; and the average concentrations were 50.1 pug-kg™' and 7.8 pg-kg™', respectively. The concentration of TCS was positively correlated with
the total organic carbon (TOC) of the sediments (r=0.590, p<0.05) , whereas the concentration of MTCS was not the case. risk assessment results using
the risk quotient (RQ) method showed that TCS in 14 samples and MTCS in 11 samples posed high risks (RQ>1). TCS and MTCS in all other samples
posed medium risk (0.1<RQ<1), except for MTCS in the three samples with undetectable MTCS.

Keywords: Fuzhou City;Inland river;sediment;triclosan ; methyl-triclosan ; risk assessment
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AGKYE, HTETIRY h AR R X W55 K AR A )
H—E W EEFEVEH (Reiss et al. ,2009 ; Ciniglia et al. ,
2005) , I H =5 E M i - A e A0 %5
PR AA EW I ( Lozano et al.,2013;Dann et al.,
2011;Fiss et al. ,2007) . £ NJETE S E P HIX, =
SAAE ARG H AT A RS, H B R B vy B A T RS
AW N R TR RAR TR ST AL G5
U AFHRR R 5 K8 = SR AR PO 7
DURRM v 28 i AR R DT Jat s A 1) A 28 U A
I BIFFE AR N T T T AR b = SR Y AR
T, 0 A 25 KU SR A7 PE A 6 A ) T PN T AR
BRAK B PR AT 2L A A B S
I = ( Methyl-triclosan , MTCS, 43 FzC &l 1b B
) e = A W R B R SR TRl R A R
Yy, K e R E M b — S A2 5 ( Lozano et al.
2012) , ¥ 5y T 7E 35 R A AE 9 K 9 B 2 ( Gonzalo-
Lumbreras et al. ,2014) ./ T MTCS J& TCS £ 3E
TAEYIAE TR 72 A2 5 F LA 7™, DALt [a] B Az 00
XA ) o AT LB 4 i M B B TCS 15 G AR . K&
T, A SCE 3 X AR M T 20 AP 2R 2 DU RE S
Hi =54 (TCS) FHT AL = 5/E (MTCS) /Y 3% fE it
ATIRE , FFoxF AR 25 KU AT PEAl DL Sy A M 1T
PRI 8 3 BRI K G ) AT R 2 A 4 2%

Cl Ccl Cl Cl
a b.
O 0
Cl OH al OCH;

1 TCS (a)# MTCS (b) % FHZHK
Fig.1 Structures of TCS (a) and MTCS (b)

2 ##l5 7% (Materials and methods)

2.1 H&X%E

FE N T L T 8 48 AR, TR VT Ui, b B A6
7 25°15" ~26°39' N, 118°08" ~ 120°31'E, ¥ #k 7F
600~1000 km Z[H], 2T S E AL ZY 1.2 7 km?,
o T IX R AR 0.1 5 km® (BR DA% ,2010) AAFSE
ZEAFE BT AR N T PR R DXORI Tl X 4 AR B 4
S, VARG 6 PR B0 (A S8 28 506 BRAY P4 ) 3]
B REFRIR) , T 2013 4F 7—8 A FIHIEIEF
FERSAEARM T X R T 20 ASPRIEJRAE S, TE
B 5 AT A X SRR A WA 2 IR SREERIHE
R AR AR VKAR iz LR BT -20 C kAR
DRI T PV R TR LR T DHE 5 3 60 H

i , bR 2540 5 FIAE M) S5 20 TR

0 4250 8500127500 km

B2 RESSHRE(L FERAL2. S ,3 KK 4. 850G
L5, fl T, 6. SCHRET 7. KPR, BrPEICG 8. Julgi 9.
ZEESL10. FRVEIT, 11, B4, 12, A5FEn), 13, B =&,
14, FEFML 15, ZRR890, 16, ATlG], 17, 4L T3, 18. KU
1,19, FEVLI,20. SEHH)

Fig.2 The schematic map of sampling sites

2.2 BAHHLB N E

TR W B 5 b B HIL AR SR A T & 4 AT Y
(Elemetar Vario Max CN Germany ) il 2.
2.3 TCS #1 MTCS #y3#2 BUK 41k

FREC0.5 g UL i (B M Al 3 AP A7)
T R DU GRS 25 1 B 3 B0 A A 5 mL IR, R
Pi%51.30 °C .40 kHz F#E A 30 min 5,7 4 C |
3000 remin~' F &0 30 min, ¥ BB RS —
BUDE A S mL N, HE SRR L, A
W NJRE 0.5 mL 2247, A 4.5 mL 255
TR, WK ARAR 5, LA A 2 U .

FH /DB A S 0 3 355 00 A G, ) T A o
A 0.1 g LC-C18 HUR}, il B [ AH A BN AT 1 mL
s e A% Ak, 9 1 mL 2588 oKk e 5 2
O IR B A RUNME T LA BT
0.5 mL PNERFI 4.5 mL ZB /K UE R B8 B BE Uk
VTR EE RS B A BUMEH . 55 H 0.5 mL
LR T Y 6 76 BL/INAE: Ok 58 A B F A i
.
2.4 TCS #1 MTCS th il &

TCS Wb s B, ¥ AR 2 RE A B A
A TR R I, B R T AT AR A, DA g
A3 BT R GORE (JRE KA 2011) A SEEG SR I A=



8 Tk R S5 AR AT URR ) h = U T B =R i SR TR B AR 25 XU 2521

T S N-F RN (= R R ) -= W & Bk
(MSTFA ) . [ FH 2 B v i Y8 /e 4SO+, i A
50 pL MSTFA,70 °C F ¥ 30 min. 2 ¥ 585 5 H &
TR TR E AR 0.5 mL, il GC-MS (5975C/7890A ,
Agilent) FEATAG N

GC-MS 2514 & il DB-5MS (30 m X250 wm X
0.25 wm) BANE A, PEFE DR 260 °C, B TR IR
FE 230 C, fEf N 70 eV. # N He, Wi &
1 mL-min”' ,%ﬁj\{)ﬁﬂ:#,iﬁ#i 1 ML-ﬂ?ﬁ$§$:%ﬂ
AT 80 °C ,74F 1 min; Lk 10 °C- min™ FHE Z 180
C, 44 1 min; VL 4 C-min™' FTHE FE 220 C, 1745
1 min; A 20 °Cemin™' FHE Z 280 °C , ££45F 1 min. €&
B TCS W2 BB Tl 345,347,360, 362, MTCS
B 5E S T 252,254,302 304,
25 FREHEHERIE

FREL0.5 g VIRUIRE S, %50 TCS T MTCS HTE
B, A TURUARE B TCS AT MTCS 1Y 25 5 #8435 K
5.100 12000 ng-g~", [RIBF AR bR A9 25 0 BE,
IR AT R ORI 22 . TCS A1 MTCS B[R R
JLFE 4350 R 85.6% ~95.7% F 84.4% ~ 106.7%. S5
BT 52 R UCRRA) R TCS AT MTCS B 7 i AR 28 [RIRCR
KIE.

3 R 5738 (Results and discussion)

3.1 JLAR4 & TCS F1 MTCS th 4 &

M TTIX 20 Z5 NRTTLER S T ) TCS A1 MTCS
RN 1 PR AR 1T RIE 20 SR
Pk g T Tes, Hrp1.2.3.5.6.,11,17 119
FIX 8 MU TCS & B AHBTE 60 pg-kg™
PLE B T At 12 07 55 AT RE Y R R X 8
AN SR T DX A B ml e Tl B v A
RIX BEREs i M T B2 TG 157K F
Tl R K B HE K KA TCS #7 AP, IEZE DR
HZ TR MTCS 7665 9,16 Fil 18 5 Z 41 17 4~
PRTICRR A A A L 1R 12 55 R
sARRT A, oA 15 A TUREE &b i AR IR
R ATFRRY, A5 KAEH T 15K, fEAE 1Y
HEMEAERT TCS F i 28/ i A H 7K F Ak B3
7= MTCS & & 2338 ( Erickson,2012) .1 1 12
SIS KA SR SR HE TS O R BT AE M, X AT RE S
MTCS & 55 = B iR A

2 1T LIE 1, TOC & B3 i EE gL, TCS
R AL, W 1.2.5.6 F1 17 S A SR 1 TOC

SR AR i, TCS B f Al o 2 A1 A5G 2 BT 45
FH,TCS 5 TOC & & Z M7 4E B 3 IE A E R
(r=0.590,p<0.05) (& 3). 7] GEAY I A2 DR By
BHLT SRR, X TCS By W B 25 et 5 v, i i
FNAS T TCS A=A PR AR X B, 4 H 5 ZE DU
T TR SR DTRUIRE i MTCS A9 5 838 ok 341K,
5 TOC, TCS & it Z [0] ¥ ¥ A7 Wb 3 19 AH DG (p >
0.05).

F1 @NTEAETRYH TCS.MTCS 1 TOC & E
Table 1 ~ The concentrations of TCS, MTCS and TOC in inland river

sediments of Fuzhou city

P TOC,/[ TCS/fl MTCS:
(g-kg™) (pg-kg™) (pg-kg)
1 50.99 111.51£0.19 41.7410.21
2 48.28 90.72+0.43 5.85+0.03
3 39.86 70.53+0.22 5.02+0.01
4 13.30 32.85+0.22 6.44+0.02
5 54.41 71.74%0.10 6.16+0.02
6 57.73 93.39+0.84 5.02+0.01
7 40.53 31.52+0.22 6.22+0.02
8 8.01 18.89+0.31 5.06+0.01
9 5.56 12.03+0.08 n.d.
10 8.97 12.34+0.04 4.94+0.01
11 16.39 120.41+0.25 4.70+0.02
12 24.88 15.09+0.18 19.27£0.18
13 17.41 11.77+0.08 5.01+0.03
14 29.02 34.94+0.12 5.61+0.06
15 24.83 38.10+0.17 6.01+0.01
16 41.39 25.38+0.12 n.d.
17 44.85 119.54+0.31 5.45+£0.04
18 18.41 17.96x0.18 n.d.
19 35.46 61.66+0.55 9.30+0.10
20 37.49 11.91£0.08 9.37+0.13

T on. dFARKE 27 5 R AR HER 22 (n=3) .

120 - . .
*
. oo =0.590 .
2 osof
£
S 60
O
= 40t
20
0 1 1 1 ]
0 20 40 60 80

TOC/(g-kg™)

B3 mRAYHERT TCS FEM TOC SBMMAXE
Fig.3 Correlation between the concentrations of TCS and TOC in

sediment samples
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P2 BT B N A SCHR R A ) — SE AT i)
AT TR TCS FI MTCS & .48 JH 93T TCS &
HYEHN 11.8~120.4 pg-kg', R &N 50.1
e kg™ AT ERYT = A IR 56 [ 28 ST BE KT
VEBESF H rh g i 2 A K VTOK R T E L
) T By 36 [ W8 5 N T Pecan R | U HE
Guadalete 1] | H A< 22 B8 J1| e B Kaveri 0], 76 = A
AP SCHRIRIE 14 B TP AL T A 2K F AR N PRI MTCS
AT A n.d. ~41.7 pe-ke ' BB SRR 7.8

pg- kg_l AR T8 [ K T, = T PEHES Guadalete
T, B P H FTE A CE R S ma OB T TCS Al
MTCS Fi R RR L Hor | fe i 20 e 2 A
TSR RIZURRL B | BRI =2 A6, 7K SC A& 14 i o 4% 1
W2 1 L — 5 ISR ( Zhao et al. ,2010) . K, A&
TGS TP Y b X % L 1) V5 K HE T (BR T = A
SN VS | b v v VR 3 B TR R A5 b ) TCS
FIMTCS A e T HAh i IX

*F2 TCSFIMICS ZEMNIFREMXTERHHFHEE

Table 2 Concentrations of TCS and MTCS in sediments from different areas at home and abroad

H % SRAEEIX 5] TCS/(pg-kg™") MTCS/ (g -kg™") SCHRSE IR
G| BRIT. 12.2~1329 Zhao et al., 2013
ZRIL n.d. ~656 Zhao et al., 2013
Fapiati] 345~1329 Zhao et al., 2010
1L T B n.d.~40.0 Zhao et al., 2013
TR R B n.d.~13.8 Zhao et al., 2013
KB 67.7(°F#7) Zhao et al. , 2013
B n.d.~14.0 Wang et al., 2012
A8 Pl 11.8~120.4( ¥4 50.1) n.d.~41.7(F#57.8) A5
eS| TSN 310~800 Miller et al., 2008
18 15 I 1~32 Katz et al., 2013
Pecan & 6~50 Zarate et al., 2012
UYL Hi RV 0.27~130.7 Agiiera et al. , 2003
Guadalete Ji] 0.3~9.6 0.4~1.8 Pintado-Herrera et al. , 2014
(i3Es| E i) 33(F1y) Boehmer et al., 2004
AR FE Barker 74 4.7~27 2.0~11.4 Fernandes et al., 2011
HA ZEE)I| 1.7~4.6 Furuichi et al., 2004
513 Kaveri 71 22.5(F7) Ramaswamy et al. , 2011

TE 0. d FORAM

3.2 VLAY & TCS F1 MTCS # 5% &

TCS VB R —Fh) 3% =P RE , E2E0 HT
PLF LT : 8 0K Ve T W% B AL &
Bt AR 2 B A 2 9 B B 47 2L R R
i ST R L, R RIS X BRI T ML 252 ok
B b R ) A S i HE TR I K R Ry P B
TCS A FEZRIF.2 3 Tl 6 5 RAE AL T A8 T 3
BRI, Ja R IX M E R 2, HAFERE A, ]I,
A5 KBS T 15 K HEUR 2, 2 B0GX LA SR FE
PIUTRRI  TCS & #1117 F1 19 5 RAE S
TR RIS %X, il JUAE Ji BT 3l 2R 3,
INZ AR TE] EFY AT ATk
R A AT Tl 2R K B R HE R, X JLAS SR
DU TCS FrEhig &, 1 S R ST
B REILX, BHEA KRR RXAZ TSRS

WX 2 Bk, Jm RE shist Al A4, Bk JLAE J&
RS ATl 2R 7 2RI, A 3% 15 7K A Tl 75 7K
A HE AR A 23X — X 35k TCS B 12 i a7 1) 25 22 JL A [
I, PORRYI R TCS & 5 3w B R A s 2 T E T
Ui, KB s MERRSUN 5, 2y (8 5 L W) A b A
FE—ZE L E (Yao et al. ,2005) , X A] B2 34 7
LU TCS £ i AR g 19 JE L oAt 13
AR ECHRBIX., B 3T A 3 SR E T
i, A0 Tk VAR 35 5 7K BAEHEA G R, DT
Y TCS & f A X R Ferpr, 12118 120 52k
P UL BT T A 0, YT K I Bl 1 AR, TTCAR ) B
B, S BRI TCS F i BLAI%; 1M 13 5 R A AN
H TAb PR = K PR R i, T T Y i i 7K ) ool
WAERHILAE TR B TCS 5 AR AR,

MTCS J& TCS TEFREE P s ¥y W B AR R 19



8 Tk R S5 AR AT URR ) h = U T B =R i SR TR B AR 25 XU 2523

P B SRR R AR R TS KA BT R
KA Il HETS O HEH (Coogan et al. ,2007).
TERTARERR 1A 12 SRR HETS 1 B, Nt
XA RAE L UTAR Y v MTCS 1Y 25 12 d5 e, X A
AEULSE 12 SAEM T TCS % BARME MTCS % A
XoF A58 e 4 D AL
3.3 LA TCS Fr MTCS #y & & R
FR A MR B 2% 51 25 ( European Commission ) 1l % f%
{Technical Guidance Document on Risk Assessment) ,
XA AT TTCER P TCS A MTCS 1A S RS 1 7
T PFAf ( European Commission, 2003 ) . 21 FH XU 6 4
RQ(Risk Quotient) SR PFAL TCS 1 MTCS %) XU 72
JZ,RQ 25T HARME G W i K6 0 34 855 7k B (MEC) 5
T TR e B ( PNEC) 19 HUAEL LA 320 . RQ<
0.01, LXK ;0.01 <RQ<0.1, MR KUK ;0.1 <RQ<1,
A KU RQ = 1, i XU (TR A 45, 2013) AR H
Gk TCS I MTCS 7 Fifi 4 A= 4 v ) A1 56 35 PR 4L
it AR AT LR GORR W v b 4 ot f) i R 46 50 AL B
KRR R R T X LB 7K R R A A B ) A 2K
WS HEAT PAG I ) >R 45 3R J2 KR ] A9 07 7 ( Vigand
et al.,2008) , Kk, o] LA A (1) F1(2) ¥k 4k
HHY PNEC,,,, ¥ 58 B 0T R W) B9 PNEC,, ( Van
Vlaardingen et al.,2003).
PNEC_,, =PNEC,_. XK, (1)
K,=K, . (2)
o, K, 0 [ AAR-7K o3 T 2R 40 K, A HLR 73 i &
RS, A RVERE b A HLER S . R T D MTCS
By B MR HE, I, K QSAR ( Quantitative
Structure-Activity Relationship , 7€ 5 H %L 3¢ R ) £ Al
i MTCS #) PNEC, . i, DAL XT MTCS #9425 K
K6 HEATIEH (Riidel et al. ,2013).TCS H1 MTCS 4 K,
Ml PNEC,,. fH L3 3.

water

#* 3 TCS # MTCS # K, fE# PNEC,,,,..
Table 3 K, and PNEC,,, of TCS and MTCS

. PNEC, o/ _—
& logK,. Z%3Hk . E BTN
(ng-L™)
TCS 4.3 Zhao et al., 2010 50 Raut et al. ,2010
MTCS 4.1  Chen et al., 2011 15 Riidel et al., 2013

B STAER (R 4) L 7.12,13,16,18 7120
6 MTUEMIRE S b TCS 19 RQ (H7E 0.1 ~1 ZJa], %
SR 7 935 14 A RE Hh TCS By RQ fH#6
KT 1, 2B AR ; 2.3.5.6.7 F117 5 6 ML
BUIIRE & MTCS 9 RQ (B AE 0.1~ 1 2 Ja], RN

H AR , ZE 5340 11 A FE S MTCS 19 RQ R T
1, B X Hob )1 4 . 8.10.11 .14 .15 A1 19 &
8 NULALYIAE i Y TCS Fl MTCS #5523 KUK X
B4R M X TCS A1 MTCS 75 Yefl Bl 4 ™ 5, 1 24 5]
AR E AL AT TCS HA AU i AL, J st ] AR
MER S/ FH e 28 5 A5 L A L PRI, it el st
PR VE K AL T 25K B AR TCS 5% 81, IFam it 54k
B 1E AR AR TCS B .

x4 WP TCS F1 MTCS B RQ &
Table 4 RQs of TCS and MTCS in sediment samples

GETE TR RQres RQyrrcs
1 2.192 4.335
2 1.884 0.642
3 1.774 0.667
4 2.476 2.564
5 1.322 0.600
6 1.622 0.461
7 0.780 0.813
8 2.364 3.345
9 2.169 —
10 1.379 2.916
11 7.364 1.519
12 0.608 4.102
13 0.678 1.524
14 1.207 1.024
15 1.538 1.282
16 0.615 —
17 2.672 0.644
18 0.978 —
19 1.743 1.389
20 0.320 1.324

4 25 ( Conclusions)

1) #EN T X 93] 2 2 TR Y o TCS & 2 7E [
L N iz ARSI AL 7/ B R R s A o o A
TCS 5 17 35 B2 5 R R R s R0 B2 7 LA 1) 43
A7, KECE B i A6 G Fh TCS A i g
A TCS 4 H 5 B A MLAR 5 & 22 ] &2 3% 1E
PR,

2) AN T DX PRl R 2 TR MTCS 55 7 [
A [l DX ITRR B 1) % = v b T 8RO, ZEHE
15 A MTCS K 6 55, 3% WS 7K A 38T R
MTCS F) 5 A — 2 A5 .

3)20 MUURIRE S A 14 SRR TCS 2
U 11 SRR SR B MTCS B KU, Herp oy 8 4>
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