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W E A TRXEIEIET FRNE (Parabens ) 75 3 [ MR 11 [E] 217 TORUY) AR AG S K 5 4 A RRAE,
HPLC-MS/MS X% [ [ Py B ya] 11 ) (1) 7 DT AR B ol 6 Ff Parabens 15 %24 (MeP  EtP  PrP  BuP  BzP Al
HepP) A& 8 A TIN5E . M E 45 3R WoR , WU H Parabens 5.5 i ( X parabens ;6 F Parabens A4 & BUF)
MTF 2.20-24.5 ng- g~ Z[A], JLAEY SR 8.11 ng- g™ BER T I (4.93 ng-g™') \HAN(5.78 ng-g™") A [
(6.46 ng-g ") ZF b BT 41238 19 45 . #E 6 Pl Parabens BT, MeP Sfy 3 B2 A9 B UK (46 1 3R, 100% , 5Tk R .
79.9%) ,FLURSE PrP (91% ,17.7%) ;Tiii BuP 1 HepP £ F7 A M2 B UTAR AL G i 4 A . U0 Vi) )+ UL
T Y parabens 198 K P, HIUAE & 800 14.6 ng-g™" i ACELRNE [ H LAY B T parabens A&
RO EAR, HIUE B8R 4.34 nge g™ RS II M4 S22 A0 R TR RE i Parabens 3R TR HE
HARL

KR ARERPRRER, W, DU, S, ARHE.
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Abstract; In order to investigate the levels and distributions of parabens in sediments from typical
tidal estuarine zones in China, six paraben analogues, methyl-( MeP ), ethyl-( EtP ), propyl-
(PrP), butyl-( BuP ), benzyl-( BzP) and heptyl parabens ( HepP ) were determined by high-
performance liquid chromatography-tandem mass spectrometry ( HPLC-MS/MS). The results showed
that the total concentration (sum of six parabens: Y parabens) of parabens in sediment samples
ranged from 2.20 to 24.5 ng-g ', with a geometric mean value of 8.11 ng-g™'. That was slightly
higher than those reported from the United States (4.93 ng-g™'), Japan (5.78 ng-g™') and South
Korea (6.46 ng-g™'). MeP was the predominant compound among the six paraben analogues
(detection rate; 100%, percent contribution: 79.9%), followed by PrP (91%, 17.7%).
Nevertheless, BuP and HepP were not found in any sediment samples. The total concentration of
parabens in sediments from Jiulong Estuary was the highest ( geometric mean Y parabens; 14.6 ng-
g”"), while that from Beidai River Estuary was the lowest (4.34 ng-g™'). Principal component
analysis suggests the similar source of parabens in sediment samples from tidal estuarine zones in
China.

Keywords : parabens, tidal estuarine zones, sediment, concentration, profiles.

X RS H RS (alkyl esters of p-hydroxybenzoic acid, parabens) X HRJE 1A 4, H4H 445 - X £2 3
A HR HTiE ( methyl paraben, MeP ) (X} F2 5K IR £, Tig ( ethyl paraben, EtP) X #5378 H R T TR ( propyl
paraben , PrP) X ¥ FEIEH iR T8 ( butyl paraben, BuP) %3232 iR “K 5 ( benzyl paraben , BzP ) FlIXT 2
LS FH R BT (heptyl paraben , HepP) 55 | i1 T Parabens A B AE  JOAMK = /D5 S AT
RV i ARt R S B JE R L AR, AR R A S 45 R IR, Parabens X A RIZh Y 1A HAG T 7E
RO fEE R XS . © A SR N AR SR S2 56 1F 5% 6 BH |, Parabens LA M RN P SRR , Parabens
5 R B P07 2R 5% 43 A BBAR LA B T B0 Al A5 62070 R Parabens FfEEMEE 2 B AT 12
KIE.

TE VIR B SCHRHRTE H , BHIF A SUXF Parabens 7EAN 6] 1458 41 5T Hh A WA AR O & TF 11 Z2 0058 TAE.
— IR A 22 E | HASFERE R 172 (rUTERYIAE P 6 Bl Parabens (MeP \EtP (PrP BuP \BzP F1 HepP)
PEAT A AT BRI ST 45 9 /R, DURUI X parabens AP35 75 54 5.48 ng-g ™' *'. Peng S5t i [ ER VT 4k T
U JLA Parabens & S #E T2 , 45 5 B, MeP (EtP 1 PrP (13- & 543510 3.0.,0.4 F1 0.4 ng-
g '*). Karthikraj ZEXFENJE 5 JR&T5KAFET V5K H Y 6 Ff Parabens (MeP \EtP PrP BuP BzP #il HepP ) &
HUETIE &P, 6 Ff Parabens #E/K & VT BIFE 131-920 ng- L™ Z 0], 1fij H /K & 25 I #E 16-67 ng- L™
ZIEP L SRR TN MK Parabens 975 &, Z 31 MeP \EtP \PrP \BuP BzP Fl HepP [9°F-3%
Hr 1 22.4 768 .19.0.,0.98 .0.05.0.02 ng- L' JL4E Parabens 876 A ] AR A 5 gl 5], {6
LRI S, HATE P ET Parabens 7EUUEM BT LA B = .

T TR0 e il e 5 9 Y A L e R b, U I O R BT 3 DX A i 2 4 AR S e A e
J€. SR, HRGFESCT Parabens 7E A7 U b5 R OO A BIFFE B 5500 28T e ARWFSE 400 DI
P IE 14 A4S SORYE )5 (L0 11 AR EOT  REDOn, Bl 1 =AU S I B R R VLR
R SEIARRERC YL I ZEESTINIE VLI JURTE BRI BB VEFIAR W ) RAE R AR Z DIR A
it 6 il Parabens H{A ( MeP \EtP . PrP BuP  BzP il HepP) B9 & it 4700 %2 , I T i# i X 38, Parabens
TEGURY B 17K 5 20 AR AE , DSR4 %o 2R ) B )T 5 2 B i S At — B 222 K 41

1 #ES 7 ( Materials and methods)
L1 A5G

P R A (3 TR RE 1B FHAY ( HPLC1290-MS/MS6460 , 5 [F Agilent 23] ) 5 8 75 1 1 % ( SK8210HP
IR PR T ) 5 B R ( ML204T/02 A 8 — A 2 A g8 A FRN W) ) HE 4l K b RS



2 4 i AR5 < %38 R P R i 7 T o] ST T 1 3 (] ol O AR v ) 5 Bt KO 5 43 A R AE 3

(ADVANTAGE A10, 3¢ [ Millipore 23 ) ;¥ % B LML ( Eppendorf Centrifuge 5810, 78 [ ) ; %% g 14 & 4z
R (HS-501, f85) ; B WAL (EFCG - 11880, 35 [ ) ; [ AH %% B ks & ( ENVITM - 24, 3% [# Supelco 2%
) s MCX [EFHZEHC/ M (60 mg- (3em®) ™ 5.

F R a4l W B A BR5E 2 w5 R (95% ) 1 H 28 [ Sigma-Aldrich 23 w] 5 55255 F 7K F #8217k Ab
P ] £ s MeP \EtP PrP BuP BzP Fl HepP #pifi i [ 3% [ AccuStandard 23 7] ; PrP-d, #1 BzP-d, 574t
PRIl B NS CDN [R5 28w (b v, g ) s HIH B3 514 MeP (EtP  PrP BuP BzP  HepP
PrP-d, il BzP-d, A5 S BC i B EE 4 1000 mg - L™ A FRMERE 5 AT, B T - 20 °C 51 N #4718 A i A
PR SR A A 28 T W R B 5 VR R A B HE T ARV VAR
1.2 FEALCRAR STAb B

2015 4E 7—9 JI, NUTIEF 14 A4S BRI FHE R (8 1) 230 0PRERIE (0—5 em) TLRIAE i AR R
BEAMRFCRL B A P A L I w1 C 480t B SRR AR AR A JS B A A B 4% AR -7 iz 1] 52
IO B U TR EE B S it 100 B 667 T -20 °C AR . A SCrR AR~ 1) HT B RE i M A1 (1]
TR A A SRR A R REAILA . P D T 12 4y JRI 10 4 U 11 43 B O =S 6 4y
EUTEE 10y TSRO 3 4y TLIRERI 12 Oy SRR IO 12 4y ZEESUNE 12 4y YL H
1L JURTE 14 7 BRIV 13 45 a5 4y ARZEUHE 9 iy, 21t 131 1.

1 FhFE SR ] )R AE A

Table 1 The sampling sites of typical estuarine zones in China

ik S L bl [k B R
Estuarine zones Longitude Latitude Estuarine zones Longitude Latitude
SURT S| 122°08'29.32" 40°35'37.18" SEIARMER L O 121°56'23.66" 31°27'34.05"
B 40) 119°32'15.98" 39°53'30.03" ZEENTINTE 121°24'27.5" 30°19'1.3"
KA, 117°57'27.16" 39°12'54.94" [Eafans} 119°37'49.1" 26°01'57.9"
1 = A 118°55'58.99" 37°23'55.71" JUEIL 117°56'45.16" 24°24'17.45"
75 DY B 121°30'08.82" 37°27'16.98" ERYLI 113°38'40.9" 22023'57.4"
H &R H 121°27'17.73" 37°28'57.87" BB 109°45'23" 21°29'01"
TLH IR 120°45'55.290" 33°17'37.618" IRIEWE 110°36'22.00" 20°00'06.27"

1.3 FEShATAREE

ZSCER[ 2] TR TR AL, BLASIR AN T . BRI 0.3—0.5 ¢ RZ VIR E T 15 mL 2
PRAETE R T A 5 mL I EERUK BIRA W (5:3, V. V) VE R, R 205 A 40 ng PrP-d, 140
ng BzP-d, JH T BRI A8 IF (MeP  EtP #1 PrP ] PrP-d, £ 1F ; BuP BzP Fl HepP H] BzP-d, 1 iF). 1E
PEIR EAREW 1 h, 425 1L 4000 r-min™' (OB 5 min B RS WREER B — L BRI S T R
YIF A 3 mL PR RBOREZ AR 1 3, A IR TR IO VB AR 4 & 4 mL K DLUF, FEA 0.
2% R AW B 22 10 mL. 23050 5 mL HEERT 5 mL B 26K 16 fL 2 [ 76 SPE %% [ 1) MCX
AHZEIOUINE RGO R 10 mL MEEBOR_EAE B33 A 15 mL WREEH 25% 1 H /KA AT 5 mL
FRAEKIRDE , i J5 F S mL B EEESE NG B PR Al & AR DRI, UV 46 &2 0.5 mL F-).
1.4 WRAHETE %1

gL RSN Zorbax SB-Aq #£(2.1 mmXx150 mm,3.5 wm) ,#:7K 30 °C, Fish A by W EE R 4l K
TR 0.3 mL-min™" R R 10 WL SRABREEVRGE , 16 2 Ve i L35 2.

F®2 HPLC MRS
Table 2 Gradient elution program of HPLC

il ik s K
Time/min Flow rate/ (mL+min™") Methanol/ % Water/ %
0 0.3 10 90
7 0.3 99 1
11 0.3 99 1
13 0.3 15 85

15 0.3 10 90
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1.5 JEiE&M
TR .5 mL-min™", THRSIREE 300 °C, B HE . -3500 V, Z WK MRM #5526 F1 H
Fr K Wi AR B MRM 28 % 2550 .38 3.

R3S HARY PR NARYIE) MRM 240

Table 3 The MRM transitions for the 6 parabens and 2 surrogates

fet A BT T FHT

Compounds Retention time/min Tonization mode Precursor ion/(m/z) Product ion/(m/z)
MeP 5.72 il 151 92
EtP 6.15 i 165 92
PrP 6.57 i 179 92
BuP 6.93 i 193 92
BzP 6.88 i 227 92
HepP 7.70 il 235 92
PrpP-d, 6.55 il 183.2 96
BzP-d, 6.87 il 231 140

1.6 JiE AR UE 5 o A5

Z HEMOCSCHREE FH I QA/QC Jy ik RIZERE S A A B A b i 8 25 (9 4 FUINbR I I i
HEAT BB A T R 2 ) 7R 25 (A RE S T AG T 3] MeP F1 PrP WD HARYD, BATHE 2 & 73510 0.36
ngeg” F10.14 ng-g™" A SCHTHGIE MO FE & B B C0RRZS FUE. Fr RZ VTR S R NARY) PrP-
d, Fl BzP-d, A2 mISCR2 518 65+21% F 61 +24% , A SCHFHRGE AR &L & i 2 B 20 I A [ R e
1E. 6 A HFRYIZS AR FISCRA T 72% (HepP)-123% (BuP) Z [a], 3 5 InAR ISR AE 63% ( HepP ) -
157% (MeP) Z[a]. MeP EtP PrP BuP BzP F1 HepP fif5E £ R (LOQ) 4354 0.22.0.08 .0.22..0.11.,0.06
F10.06 ng-g™".

2 R 51718 (Results and discussion)

2.1 AR DIERY)H Parabens 1Y & /K

T A2 B B LA DU RE S b (36 4) , MeP T PrP 76 4541 (8] 47 DR i B0 K Hovp
MeP 754N )4 U P B A 2648 R 100% , PrP A H R 30 BBl 7E 33%—100% 22 [H]. EtP 75 K45
TR AT LR A A A A 0—50%. BzP AN FE 28R BT VA FER YL 1 3 (B) s DU R a4
TR 3535 h 8.3% i1 15.4%. Tiii BuP 11 HepP 7E I A7 138 )4y GUAR M rh X Ak

R4 R UTURYI P Parabens & (ng-g ' T)

Table 4 Concentrations of parabens (ng-g™' dw) in sediments collected from typical tidal estuarine zones in China

MeP EtP PrP BuP BzP HepP 2. parabens
GM 5.01 0.04 2.63 0.06 0.03 0.03 7.90

SURTI N FleNic| 2.06—9.09 nd 1.19—4.75 nd nd nd 4.64—13.9
AT 100% 0% 100% 0% 0% 0% 100%
GM 2.44 0.04 1.41 0.06 0.03 0.03 4.34

Jeam EieAsl 1.40—4.06 nd nd—2.73 nd nd nd 2.95—6.12
iy 2% 100% 0% 90% 0% 0% 0% 100%
GM 8.29 0.04 1.33 0.06 0.03 0.03 10.15

KDL Fie 5.76—13.4 nd 0.57—4.34 nd nd nd 7.11—14.1
i 100% 0% 100% 0% 0% 0% 100%
GM 7.25 0.12 0.74 0.06 0.03 0.03 8.53

A O = A FleNi | 5.23—9.55  nd—1.09 nd—1.43 nd nd nd 5.23—10.5

K% 100% 50% 83.3% 0% 0% 0% 100%
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g4

MeP EtP PrP BuP BzP HepP Y parabens
GM 9.14 0.04 1.57 0.06 0.03 0.03 10.9
PRSI =R FiEN i 9.14 nd 1.57 nd nd nd 10.7
i 100% 0% 100% 0% 0% 0% 100%
GM 4.49 0.15 0.29 0.06 0.03 0.03 5.87

T & Kb FieNic| 4.00—4.81  nd—1.97 nd—1.93 nd nd nd 4.70—7.90
POATIES 100% 33.3% 33.3% 0% 0% 0% 100%
GM 4.54 0.10 1.69 0.06 0.03 0.03 7.05

VLSRR Fien il 2.87—9.05 nd—1.97  0.54—3.44 nd nd nd 4.18—10.6
oty 2% 100% 25.0% 100% 0% 0% 0% 100%
GM 6.00 0.09 0.83 0.06 0.03 0.03 7.64

SUARMER L O FieNic| 2.10—21.2  nd—I1.11 nd—1.37 nd nd nd 3.93—21.2
it R 100% 25.0% 91.7% 0% 0% 0% 100%
GM 4.51 0.09 1.32 0.06 0.03 0.03 6.26

RRIEHUM BN 2.91—6.04 nd—1.20  0.60—2.40 nd nd—0.18 nd 3.63—9.60
2R 100% 25.0% 100% 0% 8.3% 0% 100%
GM 7.64 0.06 1.06 0.06 0.03 0.03 9.74

apaNs| Eeni| 2.28—233  nd—1.18 nd—2.00 nd nd nd 3.46—24.5
K th R 100% 18.2% 90.9% 0% 0% 0% 100%
GM 13.6 0.04 0.53 0.06 0.03 0.03 14.6

Julein G 10.3—17.3  nd—0.16 nd—2.51 nd nd nd 10.8—18.5
K R 100% 7.1% 78.6% 0% 0% 0% 100%
GM 5.59 0.07 1.45 0.06 0.04 0.03 8.49

b7 SUNE| JE 1.23—14.7  nd—5.23 nd—4.17 nd nd—0.13 nd 2.20—16.7
it 100% 15.4% 92.3% 0% 15.4% 0% 100%
GM 6.17 0.04 1.25 0.06 0.03 0.03 8.23

PV Fieni| 4.76—9.16 nd nd—>5.98 nd nd nd 5.41—13.7
K th 100% 0% 80% 0% 0% 0% 100%
GM 5.45 0.14 0.91 0.06 0.03 0.03 7.32

RIEHE R 4.23—10.1  nd—2.22 nd—2.23 nd nd nd 5.00—11.6
G % 100% 33.3% 88.9% 0% 0% 0% 100%
GM 5.94 0.07 1.14 0.06 0.03 0.03 8.11

SERRE A T 1.23—233  nd—5.23 nd—5.98 nd nd—0.18 nd 2.20—24.5
Kt R 100% 16% 91% 0% 2% 0% 100%

T % nd R KR T parabens 2R 6 Flt parabens SRS FEEA GM 35 JUATEIME 1K T LOQ AY4S I AN 1 & BE8 44 LOQ/
2 3T

TEASANI B ORI RE |, Parabens 375 & (6 F' Paraben MR 2 1 X parabens) /i F 2.20—
24.5 ng-g ' ZIA] JUPER SR 8.11 ng-g 7' A5G 4 AL L WAL, U I AT AR Y H Parabens
15 f K F-de e, e X parabens P-4 {5 0 14.6 ng- g™, HUGRMA G PU -+ B (10.9 ng-g™") FIRHDBL
(10.2 ng-g™") WEIH AP T Parabens A&t ; MiJLE (4.34 ng-g™") F S KM (5.87 ng-g™') Al
ZEEMTINTE (6.26 ng-g™") WA DI T Parabens B9 75t /K SEAH b H g (B DU Parabens 7
KRR

1T BuP \BzP F1 HepP 4G i AREAR, AW FE R FEAE i rh RS H 38550 v 1 44 ( MeP (ExP A1 PrP ) 4
JPRFEAS i3z ] SPSS 20.0 et o3 B 0 AT a3 o0 B (18 2) , LA B 43 T35 TR R it v
Parabens 15 Y2 REAE 22 50, 8] 2(a) 78 MeP \EtP FI PrP 55 3 Rk iy 50dis /0 AT 46 28, PC1 Al PC2 43
il 50.5% F 42.29% 1 AR B H BT STk T 258 92.7%. E RSy PC1 FZLL EP (FufE) f PP (1E{H)
FFERAR  PC2 HYRAE R MeP (TE(H) . X SERFAEBESE Parabens (175 BRI MIEEHE % . K 2
(b) FIR 14 A RVH RAENL S B AHT 45 5, PCL T 22 5THR2 97% , 1Tl PC2 195 22 5Tk 15 2.9%.
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X BESRAL AT ARE AL RS UL AT A9 75 R IR R AL

1 AR ORI X parabens 17 &

Fig.1 Concentrations of Y parabens in tidal estuarine zones

10 - a ° 10 b
MeP
0.5 051 o\
sk 3
* L ) mu]”jlﬁﬁ#k\ﬂ
& S HIRHMS [ ©
g 0 % 0 HE T
8 Q ;&wmamm&’:g
A EtP BN 11 =1 ,
° PN V]
PrP Jﬁlﬁil:
-0.5 ° -05F
-1.0 10}k
| | 1 1 1 1 1 |
-1.0 -0.5 0 0.5 1.0 -1.0 -0.5 0 0.5 1.0
PC1(50.5%) PC1(97%)

B2 TR A Parabens (19 3 LA AT 25 5

Fig.2 Principal component analysis of parabens in sediments from tidal estuarine zones

2.2 WEAHFUUR H Parabens Y4 BURFE S HT

UURWIRE S Parabens WIZH BARIEUNE 3 Fr7n , 1155 Parabens TTHkRES KT LOQ A9 £ 22 BA AR X
N O THIL. S5A3¢ 4 FNEl 3 RIHT, MeP by 25 W [E) 4 275 2, A T 1.23—23.3 ng- g™
Z 8] JUA[ S35 & A 5.94 ng - g7 AT AN MeP SR F A T 59.8%—94.0% 2 [1], - ¥ 5Tk R Ky
79.9%. HUCK PrP, & AT nd—5.98 ng-g ™ ZIH], JLAPE &N 1.14 ng- g7t 2 4 PrP 5Tk
T 5.9%—40.2% 2 6] , E TR E N 17.7%. EtP BAEDT TR RE S A 3] | & 530 B 7E nd—
5.23 ng-g”' Z[A], FHE RN 0.07 ng- g W E A EP STERERAT 0-11.3% 2 8], FX 5Tk H 4 2.35%.
FE A TN RE R ORI RE e A 3 A RE A FR G 21 B2P | STRRR A 0.04% , 1 BuP Fl HepP £ fT 47 UL
PRt S B ARG
2.3 AN E RS X PTRY  Parabens A& i AR

454 E AT Parabens ZEUUE) PG YR LI BFFE S5 S, MeP ¥ TR h £ 20 HART5 2 4.
ATl AT DU Parabens SRS AN A L X A — 2 B 22 06 (& 4) . TEARBR ST, R E
14 A B TR G MeP 1 (5.94 ng-g™') 535 (4.04 ng-g™') \HA(5.04 ng-g™") \Fi[E (4.66 ng
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e ™) ERVTR(5.10 ng-g ') EREH R (6.35 ng-g ™) U I MeP #5123 K1Y 3 F 1
LA T MeP 5 HE(0.84 ng-g™) ™ MR TFEARPEIE(11.5 ng-g™") FE BV T i3k ( 152 ng-g™")
DU ) MeP S5 EP 3 (0.07 ng-g™') 534 (0.089 ng-g™') HA(0.072 ng-g™") P EK
T8 (0.16 ng-g™") DU H 9 ExP & "> M1 24 KT 56 E (0.535 ng-g ') E4FHH(5.10 ng-
g ) JEABTEIE(0.90 ng-g™") A I B (23 ng-g™ ) PO EP & &5 PrP S8 (1.14 ng
g7 ) TR (0.339 ng-g™) \HA(0.079 ng-g™') HHiE (0.35 ng-g™") MIEARPII(0.67 ng-g™ ) YL
g PP SR R T ER S S (4.03 ng-g!) AIE LI 5K (9.00 ng-g™) VLM R ) PrP &
P R MET Parabens £5 R LA S K T 7 [ P AN [ b XA AE— G2 9 22 S0, AT BE S 2 R R
X6 i 2 REeH i AN T T 2 2T 1 6.

3 UL Parabens Y 2H BUASHE

Fig.3 Composition profiles of parabens in sediments

B4 R[FEHIXTIRRY) T Parabens 1718 &
Fig.4 Average concentrations of select paraben analogues reported for sediment from

several locations around the world and those found in this study
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3

2E4% ( Conclusion)

TEFRE 14 A~ M) 1 ()3 22 DUERIAE S, ¥ parabens &G BT 2.20—24.5 ng- ¢! Z [H].

MeP 2y FZE R FAAR (A6 32 . 100% , TTRRAE:79.9% ) , HIKJE PrP(91%,17.7%) , i BuP Il HepP 7ET A
DURRWIRE Sl iR 8 R K . JL e VT[] 7 Parabens Y75 £ 5 5 ( X parabens -3 & 14 14.6 ng-g™') 1Mt
EEA[E]) T Parabens 1Y 25 i fe{lK ( X parabens “E34 i 4 4.34 ng-¢™' ). Parabens 45 AR & 5 K- 7E
TR DX AR FE B — 2 B 25 S0, AT RE S Y Hb R BT £ L 24 S Rt i BN R 2R I IR G, ST H
AUXTUTE) H Parabens 75 4LIR IO 5T RO PR, AR A B — IR A S UTER Y Parabens B9 ¥R 5% 5
& R IR AL B
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