HESIREE R 2017, 26(7): 1210-1215
Ecology and Environmental Sciences

http://www.jeesci.com
E-mail: editor@jeesci.com

IHREHABNT S RP =SS RER U IR 2 it
AW, BAR, REN, MR, BRE, TEES

L PEREBE AR A DI P UIR AL E K A SRS, R TN 5106405 2. hEBERRY:, AT 100049

E: =&k (ticlosan, TCS) FEA RIFIAR . HUREEHENB ZH T AP HAM T, Oy SRR H A
V5P . ZWFITEESE T 4557 TCS WE BRIAE 7L, 5635 T AFRAFIEA TCS M7k o FEHCIERE_ SR FHRAH (- =
VU R R BT A - = B DU SRR, BT AR 7 FIKARER SR TCS M AR =44 (methyl
triclosan, MTCS ) AYF /K FILLAURAE ;. JF B RAFLE &4 TCS 7R TS IR B & K, IR T TCS 7RISR H Y
IRAER S AL, 4550 5ok, Wi EA7E TCS fl MTCS, RN A B4 &4 TCS, Ha ik E3uH 45k
374.4~27978.1, 26.2~150.3 F nd~129.1 ng-g”, ARET5/AKAEH) V58 H TCS B MTCS (B AT BEZT5 /K . HAFRTE/K
i A T A SR E N MAEAH B 25; RS, SIRAVLE N TCS FIRAAERS . @ XA RI5KIETE R H MTCS/TCS

(0.3%~27.6% ) FZ552A-TCS/HHA-TCS (0.0%~8.6% ) HATXF HLrHr &I, A1 15/KIEG IR MTCS £, 45474 TCS
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— @4 (triclosan, TCS) YEN) SRR,
Bz TR . R s YRR . BR
G AL, WHTERHE. 2518050 1H
. PLEALHE (Olaniyan etal., 2016; Lolas et al.,
2012 ), JEMAMBFSE BoR, TCS J Z4rfi F 11
( McNamara et al., 2013 ), T4 ( Arpin-Pont et al.,
2016 ). A=¥ik (Hasegawa et al., 2007 ). = HNIKE
( Hartmann et al., 2016 ) &2 A&7 ( Rodricks et al.,
2010) h, EEMCNEEAFTER SRS YY), E
A AEFEFAT IR, TCS HA B & A S8,
AT SZI I E IR 2 . 3288 ( Pinckney et
al., 2017), HIERAOEAEVEN ( Gonzalez-Pleiter
etal., 2017 ), [AlINf i A VETEREURETE( Yueh et al.,
2014 ), KZEH T (Johnson et al., 2016). P4l
T (Mihaich et al., 2017) %, ik, H%
TCS A9 A A ME R KU P4k iR 1 B PR [R) 4 T RTEBU
HRBEHRI 1) 2 D R Rl

TCS MPESS . EAEMESR (LogKow>4 ), Hit
AIES G EE A KR . DO . IR
AR REALLSEIG RN AN 25 I, TCS 1T
TERREE o R ARSI il T I, s e ) M
YIVE FE A A il 4E 3 = &4 (methyl triclosan,
MTCS ) ( Pintado-Herrera et al., 2014 ), MTCS EHA
R & s ) A ) SR I R A,
EAE A PR P ) 28142 1 VR BE 7K ) MTCS . R
K, 520 TCS FEKIME A EAE K-S IR 3220k
e A A A (SR SR IR AL /B U G L /L
MSEYBRH R B MRS ERRA LA
fe2Fe G ons, M A &880 TCS “Bie”
TEVURR Y A L3 rp AT BB R — AT Z 0 Y B
I FE . Jinetal. (2008 ) TEEHTEEVE HL X TR &
B 23.8%~99% 1) LI & LA 4 A DI AFFEM 5 Li
etal. (2015) 78 %ERP B 3 ABFFE Hp o & 305
DU A IS A BIEAGAE, HEEll 66.5%.
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IR R, 56 TRERCA A ML L)
T EZEN R, T TCS Hfbgst 515
My, DUV A 2L, ¥E AR E R, Kt
HABA T RE 45/ SR, HETIE M A
B T A RS

A5 AE A SCHRRGE ik i 3al [, #r T
TCS Z5EBM1E, Hlad7e) ARHIX 7 K%
K TRAETSVE, FFRE T TCS $Abr=4y S HIRA-IRAS
ST, WIEET TCS 7675 e P B3k JE K- | 4,
FRAE R RATARZS , AT AN TCS (A LA AN 1
WFFEER LA B
1 MR5F*®
1.1 HERXE

2008 4F 1—3 AR RAE 7 FIMAWTTGK
AR5 YE, 4B A g5 ok FSDP, NH., ZHGB.,
SZBH, SZNS. ZHGD D)} KFQ. H:H', FSDP,
NH. ZHGB mAE 15K 5 SZBH, SZNS,
ZHGD. KFQ KiRAI15/KAF) ", SZBH, SZNS,
ZHGD FZALHAEIG/K, KFQ FEEABE TV E
IK o AT KA BR) TS K 40 . H ARBEE AT TOC
SEEMAEGEEIENLE 1. 5REREAE TG
PeBRZ®y, ORI (80 H ), HCE Thit) ™
O F-20 C RRAE, f5o0Hr.

F1 7TRSKLEHEXER
Table 1 Related information regarding the 7 studied wastewater

treatment plants

15K,

Composition of

LR

Sample name

H AbFE 5
Daily capacity/(td'])

AHLU

TOC/%
wastewater

100% domestic
FSDP 200 000 17.7
wastewater
100% domestic
NH 25000 14.0
wastewater
100% domestic
ZHGB 128 000 16.1
wastewater
91.5% domestic
SZBH 300 000 19.2
wastewater
60% domestic
SZNS 736 000 22.0
wastewater
70% domestic
ZHGD 48 000 21.6

wastewater

75% industrial
KFQ 30 000 20.4
wastewater

1.2 SEIEHR

TCS. MTCS A& C1,-MTCS. °Cp, FRic L
iy A (°C,-BPA) Il SEEBIFF I RS0 %,
D3-TCS. D;-MTCS Il H In& K TRC A F). FrA %
FIBAEREAER ], 4iEE>99%, Hidr, IEc ke, H

g ZNE N H [ Merck 23w, PNERIE H 32 [ Mreda
o], TEH G FAEE CNW AT, BIRT 5E
Bt 5 Sigma-Aldrich 23] i (80~100 H ),
AR (100~200 H ) ¥ 3%k 61k SEi i
¥ (GPC) kN Bio-Beads-SX-3 ( 35[E Bio-Rad
ZvH)); Oasis HLB BAHZEHUHE (6 cc, 200 mg) W
H & [E Waters 23 A .
1.3 HmabE
1.3.1 B WA TCS Wit 5440

15 URRE T =S, FREL 1.0 g, AN
L35 RY (Ds-TCS Hl Dy-MTCS ) Meiffbsin B (%
BB ) S5, F 200 mL &M keRaCHER 72 ho b
PRIR AL 28 R AR 1 mL, Fs 7)o 1IF O ke
J&., & GPC #EEBRIENI 5 KoarFIad, Witk
100~270 mL J#R¥ER (IO be/ & H e=1: 1, V1Y)
M 2 10 mL, FRUIRAOE O, 5B 2k
FEOEHITRME . B

TEIE e W4 W H in A 10 mL 0.5 mol-L™
KOH-FEE/ K (1:1, VIV), &%, &, 25N
FHUAE (PP, & MTCS) FUKAH (BetEg Sy,
& TCS); AHHFZ PRI A 2 R KAHLE
2 10 mL IE QBRI 1 IR, ST AL, [
JKAHZL 3 180 mL #4l/K I 6 mol-L™ HCI
IHEW pH £ 2, B LIRKE RS Z LT
Oasis [EAHAEHUH: , T A KA 4 EBIEA SPE #E,
IR EE (1 mL ), Fl ARk (11,
VIV, 4 mLx2) PEMi AR, VERE AORE M 2/
Wai I HHBEE R E 500 pL, gk A N AR
(BC-BPA, 500 pgL', 25 uL), it LC-MS/MS
(ESI) #:0 TCS. AHUAHHE AT BRBRANR K 5
Wedi® 1 mL, HAAERAMMEESHE(HTFEL
KK 6 ecm FALES . 12 em FEREREF 2 cm Jo/K
BRlRen ) i, HEsEE W RIE C by — A H b
(1:1, Vv, 70 mL) 478, We4hf5HIEC b
SEAZE 500 uL, MABEREPAR (PCp-MTCS, 1
mg'L", 10 uL) J54 GC-MS/MS ( EI) #:1l MTCS.
132 #A5KM5 MRS 4L

HRE SCHkRIE (Lietal., 2015; Zhang et al.,
2009; Jin et al., 2008 ), ¥ 1.3.1 Hifh# /5 175 A
FIHE TR, A 15 mL 2 mol-L" KOH-H!
FEOK (91, VIV) B, RIGRER 90 C, &
NEFER 4 he BREEZRE, BRIV RER R
FRE.OE, B, et LE RN T ZI5E.
[i] SN IR I 5 mL #4fiK ) 6 mol-L! HCI 4
7 pH 2 2, HWIRCT B ECKE (1:1, WY,
10 mL) #H 3 IR, &IFAYUAHEZICKRRREAR
K, TEREZERARAE R 1 mL, 4 GPC Hdk.
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JRBL AR 1.3.1 bt Es
1.4 (UZBEHH

TCS >R FH W AH €6 3% - — & Y % FF T 3% X
(LC-MS/MS) #4708 R0 AH Ry 36 [ 2 5 4R
1100 &A% ( Agilent Technologies, Palo Alto,
CA), —HVUNFF PRI RS I E APL 4000
( Applied Biosystems, Foster City, CA ), B4
KT FHIBZS (electrospray ionization negative
ion mode, ESI) F1Z 5 & 2 M5 ( multiple
reaction monitoring, MRM ), HARZAFUIT . a3
FEE ] Agilent HC-C18( 4.6 mx250 mm 1.D.,5 pm ),
PR 20 ul, WsiHAK (A), HEE (B) fd
5 C), Wi H 0.6 mL-min™; ¥R N A : B
C=15:75:10 (V:V:V), 7E 10 min NI % B :
C=80 : 20 ({£¥F 13 min), SRJ57E 2 min HIEE R
VIR R AR 7 min, BRGS0 Hmis s 1
U8 (ESD), fiEgFZ2 RN (MRM) HEit;
Wi B 7R . Ds-TCS m/z 290.1>35.0; TCS m/z
287.1>35.0 ; C1-BPA m/z 239.0>224.0 F1 m/z
239.0>139.0,

MTCS RJHZEE Agilent 7000A = PULFT 5
A E (GC-MS/MS ). B35 itk
DB-5MS (30 mx0.25 mm ID, 0.25 pm film ); ki
ANTRHERE SRR R R 1 pl; HERE LR N 250 C;
RS 1.2 mLmin; SAMIEETHERFE R A
AiRH 80 C, f54% 2 min; LA 20 °Comin” AR
FHEZE 200 C; FLL 8 Comin' WHEETEE
300 C, FHPREE 10 min, FUiEFM: IEETFERN
WEI (MRM ) #550; fAHZRiEE R 280 C; &1
TR R 250 °C5 TUHATRE S 150 C; #lif#ERE
(CE) 9 20 V., W& 7. “Cp-MTCS m/z
315.8>264 Fl m/z 313.9>264;D5-MTCS m/z 307>254
M miz 305>252; MTCS m/z 304>254 Fl m/z
302>252,

1.5 REEHFREMSRIE (QC&QA)

TCS HI MTCS s #E il £& Wk B2 u [ 7 51
0.5~200 pg-L™ 1 0.25~500 ug-L™", RFAAMARE:HEAT
FERIINT; BARME A Y AE RN IR P e R AT
(R*>0.99); TCS. MTCS TET5IFE S TP iy 5 e
WM 5 pgg”! (S/N=10), T5UekEs Tt et
AR, SRS A Ak SEFnbR
FPEATRESIHIT o SIS INAS 25 AR TCS X i
WPEN 2.2 pugL”, U R TSLbris Jeke L
TCS MR, X5 UeAE S i B AR T i b
B IHNBRTY Ml 25 FURERRALH MTCS. &5 U
FrHt TCS, MTCS 1 IR IGE 5308 66.1%+
0.7%. 83.6%+3.1%; JEFfARH TCS., MTCS YA

W AR 97.5%+12.9% . 94.8%+7.7%; 1576
FE S D3-TCS Fl D-MTCS V£ R R385 754 , H
[T A3 50K 73.5%+15.9%F1 110.0%+ 7.2%;
SEATRE T HARL AP AR R ER 2 (RSD) AT
0.2%~9.5%Z [0 . FHFWm{as i TCS K&
MTCS i g PR bt , HoH PRI H E] (3%
2 7d) R (RSD) HB/NF 15%.
2 #HREIE
21 ZSHEATRBAENRL

XFEEA AN g TAE, BA B SCHERIGE( Li et
al., 2015; Zhang et al., 2009; Jinetal., 2008 ) H1,
Y R RO T A R T BB K AR R Sk W 24 ik
SERNMREE . ANFoE 3T Db SCRk ik, SRS EER]
- (90 °C ) A TIR I K AR SO, SO
& 2 mol' L Y KOH-FEE/ZK (9 : 1, V:V) ¥
[R5 3] TCS H S IZ5FFES, , I T E TR
BRI . — 5 T TCS S BUBRAE 7K A8 S0 i B A%
58, AW S % ARG - L RO it
(52T TCS ) BIAEHUT L (Ren etal., 2011 ),
PEFH AT B AECKE (12 1, 1Y) IRAH
WHBHPMEA Y o INFRIERSZE (n=6) 253 5.
7%, TCS AR 90.0%+5.0%, H EA 4
PFEEMEE M. H—m, KR TCS A5
A, 7K A s vy BT RE 1 B4 ke A Tk
HEWr R, AT FH TCS Rl MTCS R ffh itk
7 T O K s a , F9R 45 - SR, TCS 5 MTCS
TEML A T g5 R H PR b, iR 4y
WK 90.0%+5.0% . 109.3%+10.5%, 7¢I K fi# 2
N Z5 1 T A RE T 24 B 5 JC7E 3R TCS Al MTCS
H SR EEEs e, HE— e T 45655 B B0
e STy
22 ZS4ERBSEE=SEMNEEKTE

2 I T ARG IR T TCS K2 MTCS
A& EKSE . INFE 2 A%, TCS Al MTCS (14>
B> IAE 374.4~27978.1 ng-g” Hl 26.2~ 150.3
ng-g! 2, FHHESHA 5007.8 ngg' Fl 69.6

®2 WHERP=GE. REE=S4E. FAT=SEMNEKT

Table 2 Content of triclosan, methyl triclosan and bound triclosan
1

in the municipal sludge ngg
Sample name TCS MTCS bound-TCS

FSDP 488.6 30.0 1.7

NH 765.0 150.3 23.8
ZHGB 374.4 103.3 nd
SZBH 22154 26.2 56.2
SZNS 1736.5 29.7 100.9
ZHGD 1496.7 69.7 129.1
KFQ 27978.1 78.0 nd

nd: A ]
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ng'g', FW TCS K MTCS T Z R TS e
WAFE T RS 0y . ARG K) {509 TCS &%
MTCS i) &K FAHZERR, XAl e 515K 3)
Vs KRR . HARBRS /K&, RSy A X3k B b 2
T2EZRHEAML, Hrf, KFQ /) TCS &M
1279781 ngg”, BE R T HABRES 1 MEUEZ L
b, HFEEREN KFQ AMFRKTE /K 75% MW
H A2 A A P20 Tl K, 1 TCS AR
AR I Ve T A At A AP B A
( Clarke et al., 2011 ), 5 A=Al = R ol s X AH LY
AWFFE X I5eH TCS M & B3R L T il
(0.0~1840.0 ng'g” ) ( Gatidou et al., 2007 ), PGHEF
(54.0~2987.0 ng'g” ) ( Sanchez-Brunete et al., 2010)
Fih EFHE (206.4~3525.8 ng-g” ) ( Tohidi et al.,
2015 ) %4 X 5 e MO BF o 45 R, AR T 3E
(20000.0~55000.0 ng-g”' , Heidler et al., 2007 ), 3%
(11220.0~28220.0 ng-g”'. Butler et al., 2012)
SEH X Ik TS e HR A S K . ANRIHBIX 5 TCS
IS BRI AR, FEGTIEACRIE AL T 21
E5,

R MTCS /K- KT TCS, (BT A #E
AR S MTCS, B350 26.2~150.3 ng-g”
ZIA], 5PEHEF (4.0~311.0 ng'g”" )( Sanchez-Brunete
etal., 2010 ). Fi[H ( 35.0~69.0 ng'g”" ) ( Butler et al.,
2012 ) FIFF#s (nd~129.3 ng-g™ )( Tohidi et al., 2015)
FHLIX PR S RIFAE I B 22 5 . BRrc A mat
FEUESE, MTCS J2& f U8 A PR (8 TCS Al 3L
AR MTIE R ( Lozano et al., 2013 ), EEIEM T,
TCS ZME b sl i 8 A A th 5 A6 B MTCS i 4
fin (Bester, 2005 ); 4 Chen et al. (2011) &
TCS TEBAASRAF AT & A iR Ehad Ji s v A 7%
MTCS, {HHHRI B AL T A 55 ik, MTCS
i I I B A2 TS K A Ak B R A i
PR ABFFEH, SZBH , SZNS Fil FSDP ) MTCS
EHEKCEAXTEAL , 1 NH 1 ZHGB #) MTCS &&=
KV, B NH 1 ZHGB A% TCS 1%k
WA, XA fE 515K T 2 S e, Tt
— LI REWFST , R0 TCS TR YA i) et
i R 2%

23 =S4T RPESTSHHE

HRPEAA TCS B & EAKF- I 2 s, M
Z 2 AT, BR ZHGB. KFQ 4k, HAy 5 M5k
i BRI B 25 A TCS WITEAE, & A5 A
1.7~129.1 ng-g” Z A, (5 TCS A 0.3%~8.6%.
i F HAT AR W TCS 454 A0 ESCHkGE , it
TeiEFHABF T AT EE o (HNE A A VLG 4
ARMRFENGER, TSRS S ST %,

DU KA 2 12 5 . Reddy et al. (2000 )
XA SR K DU T 98 K B8, DR
6 BRI =M AR W B 45 A S A T IR
(0.0%~9.0% ), SAWIFLLEEAHIT; 1M Riefer et al.
(2011 ) #E BT+ 358 T I By 45 5 558 8 L A7)
BT 27.0%, HEE R EA WM E B A 05
fRH ., Jin et al. (2008 ) FEENEE Hu X () UTER P55
W R A 23.8%~99.0%0 - 381 L) 455 ST A7
ETUURYH; Lietal. (2015) & ERM R 1R
FF 5T v SR & B LA A ST SAFZE A DU RN A
FL il ik 66.5%.

ARG R R TCS 1 H & & w K
ESBR, N T HER T TCS e R Ay
FEgEIbAT N, AR LA MTCS/TCS . Z56 74
-TCS/HHZA-TCS WELfE (Kl 1) #F—F4%5] TCS
TETG e AN [FIRARIR S TN Ak

30

I MTCS/TCS
[[[]]] bound-TCS/free-TCS

25+

—_ 33
W f=}
T T

Percentage/%

—_
(=]
T

aﬁmﬁm -

0 i
FSD NH ZHGB SZBH SZNS ZHGD KFQ

Wastewater treatment plants

1 i5iRH MTCS/TCS AR & &75-TCS/BHA-TCS KXt 447
Fig.1 Comparison of MTCS/TCS and bound-TCS/free-TCS

in the municipal sludge

FE 1 A, AR5 15 e MTCS/TCS FU{EFE
0.3%~27.6%22 1], Z5&75-TCS/H HZ-TCS AT
0.0%~8.6%2 0], {HAFFEAE, MTCS/TCS 544
B-TCS/HHA-TCS Z 8] 53 H A KA S
295 KK TN 100%4: 1575 7K ( 41 FSDP Al NH )R,
A MTCS i K T TCS-Z5 A A ; 2,
MG AOREARA TR (RPA G5 K+ Tol K,
SZBH. SZNS. ZHGD) B, MTCS f44: i &) 8
BAKRTF TCS-S5 &0 A mdE . FEGZ ISR R AT
RESTE KIS YR a . BT 2 (s, IR
TR ) ZEAHG, Tinetal. (2008 ) XHEEE T
L (NP) AR Bor, RIZVTFYIHsEE
A NP & (23.8%~57.3% ) WAL TIRZUTH
(57.5%~99.0% ), XijiHl S5hfA A AR AL,
PR R A R TI5 U 45 S80I, M TCS 4%
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R MTCS WIREYI L, FE R AR,
H, 275K BT5 ACKRIE & Tl R KR, H
KRR, BT R, 255 THHd et
%1754k ( Abbasi et al., 2016 ), kT2 AEY)
(RGP . INASEFZE [ RI 25 5, TCS A9
AR MTCS DAKIE B4 & S IR RS T A A7
HE—E R E g R, LT B 3l 2% I A%
PUERAE 5 T — 2 TF S 1A, T e AN R EE L
R R AR 12O RS AT R TCS BIAEZS K
RS PPAL B At B B Y SR PR S 4

3 Z5ig

C1 )R B K i SOV ST T TCS S5 3 A HIE
R, AR BIZ s TCS By IRlIeR
AlIK 90%+5%, HARAFR e AEE M.

(2) AWFEIETRH TCS M MTCS &K T4y
WK 374.4~27978.1 ng-g” Fl 26.2~150.3 ng'g”', F
K& E3 910 5007.8 ng-g” F169.6 ng-g™, FH] TCS
K MTCS A3 15 Je A i A7 7 13T s
Yy, AREK) B TCS 3 MTCS &K
SEAHZERTR, XAl fE S TE KA T RYTESKCR TR . H
ALFRTG KR B A BR T 24 S R R R A

(3) {5iekE i PR 225 525 TCS WIFEEE, &
/K FAE nd~129.1 ng-g' Z 6]  TCS ¥4k 42 MTCS
VLB IE S AT REAAAE— P LR, A6
ARSI A2 MTCS, 1 TR K 54
TG KR A RIR IS R &8 H 245574 TCS,

Sk
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Distribution Characteristics on Triclosan and its Transformation Products
in Typical Municipal Sludge of Guangdong Province
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Abstract: Triclosan (TCS) is widely used in personal care products due to its powerful bactericidal and antibacterial properties, and
it has become a global emerging contaminant. In this study, we developed the method for determination of bound residues of TCS,
and improved the integrated analysis on environmental occurrence of TCS. Based on the developed method, TCS and methyl
triclosan (MTCS) in sludge samples from seven wastewater treatment plants in Guangdong Province were determined by liquid
chromatography-tandem mass spectrometry and gas chromatography-tandem mass spectrometry, respectively. Concentration levels
of TCS and MTCS, the characteristics of bond residues of TCS in sludge were then discussed. The results indicated that TCS, MTCS
and bound-TCS could detected in sludge, and the concentrations ranged from 374.4 to 27 978.1 ng'g”', from 26.2 to 150.3 ng-g™', and
from not detected to 129.1 ng-g™" on dry weight, respectively. There were significant differences in the levels of TCS and MTCS in
different sludge samples, which may be subject to wastewater sources, daily capacity and treatment technology etc. Simultaneously,
organic matter could affected the forms of TCS in sludge. The results of MTCS/TCS (0.3%~27.6%) and bound-TCS/free-TCS
(0.0%~8.6%) in sludge samples indicated that concentrations of MTCS were higher than that of bound-TCS in the sludge of
domestic sewage source, whereas the reversed results were found in the sludge of mixed sewage source. It implied that a competitive
mechanism was occurred between methylation and formation of bound residues of TCS. The results of this study can provide support
for the understanding of environmental transformation, fate and ecological risk assessment of TCS.

Key words: municipal sludge; triclosan (TCS); methyl triclosan (MTCS); bound residues; distribution characteristics



