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Abstract; In order to investigate the levels and distributions of parabens in the 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: 2. parabens) of parabens in the 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 the sediments from Jiulong Estuary was the highest ( geometric mean . 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 the sediment samples from tidal
estuarine zones in China.

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

X RIS H RS (alkyl esters of p-hydroxybenzoic acid , parabens ) X FRIEIA 4 i , H4H 4345 - X F2 3
A HR TR ( methyl paraben , MeP ) X} F2 52K IR £, TG ( ethyl paraben , BtP ) X %53 78 H R TN TR ( propyl
paraben , PrP) X ¥ FEIEH iR TS ( butyl paraben, BuP) X 3237 I BR*K T ( benzyl paraben , BzP ) FlIXt 2
LS FH R BETE (heptyl paraben, HepP) %% | il T Parabens HAG AR 0K &= /D45 S AT
RV At il R S B JE R L AR, AR R B S S5 K IR, Parabens X A RIZh ¥ 1A HAG T 7E
RO fE R IXURS: . © A Sh AR N AR 1 52 56 17F 5% 2 BH s Parabens LA M RN L SRR , Parabens
55 BRUA P £ O 52 430 KR IR A BORS —-H30dk (i 4 06 07 BRI, Parabens MU B PEC 2 2 AT 12
KAE.

FEVIE B SCHRHR B, BHIF A 51X Parabens 6 AN [6] P14 41 5T Hh A AR O & TF 11 20098 TAE.
— IR A 2 E | HASFERE R 172 DI AE i T 6 Fl Parabens (MeP (EtP PrP  BuP  BzP F1 HepP )
PEAT AT AR FE 25 5 s DURLI R X parabens AOSFH 5 0l 5.48 ng-g ™' . Peng 25X v [ BR VLI 80T
B h LBk Parabens, & 5 i A7 W 7, 45 R W%, MeP | EtP Al PrP (97 3 & & 43 54 3.0.,0.4,
0.4 ng'gfl[g] . Karthikraj §5X} FREE 5875 K Ab BT V5 7K ¥ 6 Ft Parabens ( MeP \EtP PP BuP  BzP
HepP) & fE EA T AE 2K, 6 Fl Parabens # 7K 3% 18 FEITE 131—920 ng- L™ Z [, 11 tH /K & 5 Y5 7R 16—
67 ng- L™ Z 81 i SEFGE AL 5Tk 1 % /K b Parabens &, & B MeP \EtP .PrP BuP BzP Fl HepP
B34 5 451 R 22.477.68 .19.0.,0.98 .0.05 ,0.02 ng- L', R4 Parabens & 75 A [] A FREE A 5 %
R ) (H R RS, HETE N OE T Parabens 7EUTERY) O BFST HLERELZ .

T TR0 e il 5 A Y A LB e ) by, U5 e O R BT 3 DX £ 28 4 AR S e A e
Je. SR, HRGFESCT Parabens 7E3) A7 TR b s RO A BIF T B #5040 S8 T e ARWFSE 400 DA
PR 14 A~ SORY )5 (L0 1 AR ST EDOn, Bl 1 = S I B R R VLR
R SEMIARRER YL ZEEATINIE VLI JURTE BRI BB VEFIAR 0 ) RAE B AR Z DIR A
i AT 6 il Parabens 44 ( MeP (EtP . PrP BuP .BzP #lI HepP) B9 & w4700 %2 , DA T i 1% X 38, Parabens
TESURY B 17K P 5 0 A RRAE , LS CR 4 X 2R ) B RO 5 J B i S At — S 222 K 4R

1 #8571 ( Materials and methods)

1.1 AXEF 55
P R A (3 R RE 15 AL ( HPLC 1290-MS/MS6460 , 5 [F Agilent 23] ) 5 8 75 4 1 % ( SK8210HP
RN A XSS A BR AT ) 5 BT R (ML204T/02 , #3435 8 —FE R A8 A PR 2N 7] ) 5 #E 4l Kk Ab P2 B
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(ADVANTAGE A10, 3¢ [# Millipore 23 ) 3 ¥ % 0L ( Eppendorf Centrifuge 5810, 78 [ ) ; % g A1+ & 47
HEIR (HS-501, 5[ ) ; BWRAL (EFCG-11880, 32 [#) ; [ A A B 2% B ( ENVITM-24 , 3 [E Supelco /A ) ;

MCX [EAHZEIR/IME (60 mg+ (3em®) ™' SE[).

Ry e, W B R e ) 5 TR R (95% ) I H 95 [ Sigma-Aldrich 23 ] 5 5256 FH 7K P 4l 7K 4b
PR B ] £ ; MeP \EtP \PrP . BuP .BzP Hl HepP #nifE 54 H 52 AccuStandard 23 7] 5 PrP-d, Fl BzP-d, 5t
PRl B NS K CDN A7 3= 28\ (b v, i ) 5 W B3 534 MeP (EtP  PrP BuP BzP  HepP
PrP-d, Al BzP-d, A BC i AR 24 1000 mg - L™ A FRERE 1A, BT -20 C &0 M gA7. (R AT H
P TSNS T 5 T YRR B8 P 5 R B O o TRV AL
1.2 FEALCRAR STAb B

2015 4E 7—9 JI, NUITTEF 14 A4S BRI COE R (R 1) 730 PRERIE (0—5 em) TLRHIAE & AR iR
BEAMRFERL B A A L i w1 O 280 L SRR AR iR AR Je A [ 348 Tl SRR PR A 12 1] 51
Y5 R R TRAL R P G 100 H I G677 T-20 °C40F . A SCrp BR8] 45 Ao i A 41140 8]
TR A A SRR A R BEAILA . P D T 12 4 RS 10 4 U 11 43 B A 6 4y
BB 1 SRR 3 4y YLIRERIR 12 0 SEBARMER YL 12 £y ZEEATINIE 12 4y YL
11 JUI 14 £ BRICH 13 43 2898 5 iy R 9 iy, Hat 131 3.

1 Fh[E SR ] )R AE S A

Table 1 The sampling sites of typical estuarine zones in China

ek EAlL S L bl [k 2 R
Estuarine zones Longitude Latitude Estuarine zones Longitude Latitude
LY H 122°08'29.32" 40°35'37.18" SEIARMER YL O 121°56'23.66" 31°27'34.05"
Bda0) 119°32'15.98" 39°53'30.03" RN 121°24'27.5" 30°19'1.3"
FRHEDL 117°57'27.16" 39°12'54.94" Eafans} 119°37'49.1" 26°01'57.9"
T = 118°55'58.99" 37°23'55.71" Julgir 117°56'45.16" 24°24'17.45"
A 75 DY B 121°30'08.82" 37°27'16.98" ERYLIT 113°38'40.9" 22°23'57.4"
H BRI H 121°27'17.73" 37°28'57.87" HE 109°45'23" 21°29'01"
YL AR 120°45'55.290" 33°17'37.618" IRIEWE 110°36'22.00" 20°00'06.27"

1.3 FEETALER

ZSCER[ 2] MR TR i Ab 3, BLAE BR AN T . BRI 0.3—0.5 ¢ RIZVIRYIAEHE T 15 mL 2
WEHEIEE B I 5 mL B EERUKBGIR S 1A (5:3, V V) VE R BUR , R 510 A 40 ng PrP-d, Fil
40 ng BzP-d JH T P47 ML A IF (MeP  EtP 1 PrP Ji] PrP-d,#5 iE ; BuP . BzP F1 HepP JH BzP-d f%1E).
TEFEIR IR 1 h, 4525 L)L 4000 +-min ™ AL B0 5 min, 3 F R RS B — SR NIEHIEAS b 5%
YA 3 mbk AR IORER Z HE I 1 il , & I PR TR U IS RO AWK AE E 4 mL s LUR B
0.2% 19 B B /K BRI 42 10 mL. 4339 H 5 mL I EBEAT 5 mL 846K 1L C [ 78 SPE 3 & % MCX
FHAEBUNE SR IG B EFBEZE 10 mL A3RBOR_EAE, TR 3 15 mL HREEH 25% 11 F /K RN 5 mL
FEAEKIRDE , B 5 S mL B EEESE NG B PR Al &4 ICAR DRI, UV 46 %2 0.5 mL Fi.
1.4 WA ETE K1

gL RSN Zorbax SB-Aq #£ (2.1 mmXx150 mm,3.5 wm) , A7 K 30 °C | Fi sh A b W EE A1 4l K
TR 0.3 mL-min™" , JERER R 10 WL SRABREEVRGE , 16 2 Ve i I35 2.

F2 HPLC MRS
Table 2 Gradient elution program of HPLC

i ] ok T 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 Rk
TR .S Lomin™', TSR E 300 °C, B . 3500 V, KL 50 Wil ( MRM ) # =
6 B B ARY M R N FRPIAT MRM B 7% S 50003 3.

R 3 N HARY PR NARYIE) MRM 240

Table 3 MRM transitions for the 6 parabens and 2 surrogates

fet A BT T FHF

Compounds Retention time/min Tonization mode Precursor ion(m/z) Product ion(m/z)
MeP 5.72 7 151 92
EtP 6.15 7 165 92
PrP 6.57 i 179 92
BuP 6.93 i 193 92
BzP 6.88 7 227 92
HepP 7.70 il 235 92
PrpP-d, 6.55 il 183.2 96
BzP-d, 6.87 il 231 140

1.6 it e 5 s il

Z: HEAH ST FH Y QA/QC ikt | BIVZE A il i b 5k 2 TRl a1 28 (b | bR it
PEAT I H A UE 5 B 42 R 78 23 FRE S P RS T 2] MeP AT PrP BRRH E AR B, © AT R0SE 2 & o
0.36 ng-g ' Fl1 0.14 ng-g™" , AU HGE BIFEi F = A TR FHE. IrG RIZ DO & b PR bR
PrP-d, Fl BzP-d, H-F- 34 [HICR 435 M 65% £21% 1 61% + 249 48 SCHTF RS A i & 13 B 2t AR el
WERALIE. 6 F BFRY)ZS FUIAR ISR A T 72% (HepP ) —123% ( BuP) Z[H], 3 5T ks [F1 R 7E 63%
(HepP)—157% (MeP) Z[f]. MeP EtP PrP BuP<BzP Hil HepP A4 & & FR (LOQ) 434 0.22.0.08 .0.22
0.11.0.06.0.06 ng-g™".

2 R 51718 (Results and diseussion)

2.1 EAF TR Y & Parabens H& B KSE

FEDN 2 B T A W )y URR A RE o (3R 4) , MeP F1 PrP 76 £ B rh A At o MeP 7645
AN Ta) AT P B RS: HH ZR TR 100%,, PrP 4G H 585 FITE 33%—100% Z 18], EtP 7E 9 i [ HhAG il 3] | H:
789 A )T o RS SR B R R 7.19%—50%. BzP AXAE ZE AU IS R VL A iR A i, &
ITEAG H 35351 8.3 % 1. 15.4% . T BuP 1 HepP TEFTA (1 [l AR M) rh S R 4G H

R4 R TURYI P Parabens & (ng-g ' TH)

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

MeP EtP PrP BuP BzP HepP Y Parabens
GM 5.01 0.04 2.63 0.06 0.03 0.03 7.90

FURTI N FieNiE] 2.06—9.09 nd 1.19—4.75 nd nd nd 4.64—13.9
i th e 100% 0% 100% 0% 0% 0% 100%
GM 2.44 0.04 1.41 0.06 0.03 0.03 4.34

Ak L 1.40—4.06 nd nd—2.73 nd nd nd 2.95—6.12
oty 2% 100% 0% 90% 0% 0% 0% 100%
GM 8.29 0.04 1.33 0.06 0.03 0.03 10.15

KU U 5.76—13.4 nd 0.57—4.34 nd nd nd 7.11—14.1
it 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

KR 100% 50% 83.3% 0% 0% 0% 100%
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MeP EtP PrP BuP BzP HepP 2 Parabens
GM 9.14 0.04 1.57 0.06 0.03 0.03 10.9
PRSI =R FieniEl 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 & R FieNic| 4.00—4.81  nd—1.97 nd—1.93 nd nd nd 4.70—7.90
T 2R 100% 33.3% 33.3% 0% 0% 0% 100%
GM 4.54 0.10 1.69 0.06 0.03 0.03 7.05

PNt il 2.87—9.05 nd—1.97  0.54—3.44 nd nd nd 4.18—10.6
o iy 2% 100% 25.0% 100% 0% 0% 0% 100%
GM 6.00 0.09 0.83 0.06 0.03 0.03 7.64

SEARMER LD FieNie| 2.10—21.2  nd—1.11 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 T Pk 2.91—6.04 nd—1.20  0.60—2.40 nd nd—0.18 nd 3.63—9.60
Tty 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

IapaNs| Eeni| 2.28—233  nd—1.18 nd—2.00 nd nd nd 3.46—24.5
Kt 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 Yo FEl 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 SUN | JE 1.23—14.7  nd—5.23 nd—4:17 nd nd—0.13 nd 2.20—16.7
R H R 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

BB FieNid| 4.76—9.16 nd nd—>5.98 nd nd nd 5.41—13.7
Kt 100% 0% 80% 0% 0% 0% 100%
GM 5.45 0.14 0.91 0.06 0.03 0.03 7.32

RIEHE R 423—10.1  nd—2.22 nd—2.23 nd nd nd 5.00—11.6
i 5 100% 33.3% 88.9% 0% 0% 0% 100%
GM 5.94 0.07 1.14 0.06 0.03 0.03 8.11

S ERRE A U 1.23—23.3  nd—5.23 nd—5.98 nd nd—0.18 nd 2.20—24.5
R 100% 16% 91% 0% 2% 0% 100%

1 R nd FORKE; TParabens 7 6 i parabens HLARE 1 SR CM 48 JUAF- 244 AR T LOQ 1945 28 B B 1% 1 344% LOQ/2
114, Note:nd = not detected: Y parabens was the sum concentrations of six parabens. GM = geometric mean. The values below the LOQ were

assigned a value equal to LOQ divided by (LOQ/2) for data analysis.

TEAS ISR DU WAL i, Parabens 055 18 (6 Ff Paraben BAA S 2Z il . X Parabens ) /1 F 2.20—
24.5 ng-g” Z I JUAPER SN 8.11 ng- 7' S5A3 4 AR 1 Al 50, JUJe v (B A7 VTR ' Parabens
7 B K fe i, He Y Parabens F35 5 80 14.6 ng-g™, UM A VU B (10.9 ng-g™") FIREI
(10.2 ng-g ") WA VTR Parabens (955 6 5 MidLIRI (4.34 ng-¢™') T HKIEWH (5.87 ng-g™')
ZEEMTINTE (6.26 ng-g™") WA DI Parabens B9 75t /K S-AH b H g (B H DU H Parabens 7%
v S

HH T BuP \BzP F1 HepP FUKG 1 Z85AI% , A ST BE B i oA 1 2838 5 1) B4R (MeP (EtP 11 PrP) 1
RFFIEAR 5t 3 ) SPSS 20.0 it A A et AT 32 o3 o3 (L 2) |, DAG3 A 45 W [B) 45 DU RR A A i v
Parabens 75 Q45 AE 1Y 22 k. 18] 2(a) 2678 MeP (EtP Fl PrP 45 3 RS fR i 503 23 B 46 5% PC1 1 PC2 4
B 50.5% 1 42.29% 1 A8 B I BT BTk T 250 92.7%. FE A4 PCL FEELL EtP (ffi) Al PrP (1)
FFFE AR PC2 BYFFAE AR MeP (1EAH ). X SEREAE N A 5E Parabens B V5 B4 ok U5 46 I B4 2%
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B 2(b) F7n 14 A RVH RAFEN S EE AT 45 5%, PC1 1907 22 5Tk JE 97% , 11 PC2 177 22 BTk
2.9%. JXEERAL S ARE RIS I EA 1A 75 YA IR AR B AR L.
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Fig.1 Concentrations of Y Parabens in tidal estuarine zones
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2.2

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

T [E) TR Y Parabens BYZH BASIE A

DUBRYIRE 5 Parabens A4 BUERE ANIE 3 AR,
Yy, &E AT 1.23—23.3 ng-g ' Z 0], JL 3450 5.94 ng-o ' A H]4HT MeP BTHRFA T 59.8%—

ey

2% 4 M 3 al %, MeP SR 45 i 8] =B A 75 Y

94.0% 2 [8], F- ¥ 51 Bk K 4 79.9%. HK A PP, & AT nd—5.98 ng- ¢ ' Z 0], JLM[E 2 & &
1.14 ng-g ' s WA PrP STBRRAN T 5.9%—40.2% 2 6] , T 5Tk 17.7%. EP & &5 HE7E nd—
5.23 ng-g ' ZIA]E B S E N 0.07 ng- g AW EHT EtP SRR R A T 0—11.3% Z (8], - ik RN
2.35%. TEFTA WIE BTTRRIRE it b OB 3 e S b A 3 BzP, TTRRAE R 0.04% , 11 BuP 1 HepP 7E it
AU RE S Rk .
2.3 A E R X PTRY  Parabens A& i AR

454 E N AT Parabens ZEDUEY) PG YR LI BFFE S5 5 , MeP BT h =20 HART5 4.
A Tl AR DU Parabens SRS B AEAN A L X HAG — 2 1 22 5206 (B 4) . FEARBESE 3R
14 A IR Y i MeP & 3 (5.94 ng-g™') 536 (4.04 ng-g™')  HA(5.04 ng-g™') i
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(4.66 ng-g™) FHEKILHIR(5.10 ng-g™") JEREH MR (6.35 ng-g™) VURYI Y MeP 7 >0 4]
M, TG T MeP 54 (0.84 ng- g™ )Y AR T EARTIE (1.5 ng- g™ ) 1T LI 37 3k
(152 ng- g™ ) VLR P ) MeP & & EtP & & (0.07 ng-g™') 5 (0.089 ng-g' ) HA
(0.072 ng-g™") A EKITHINC0.16 ng-g™") YLE (%) EtP &8> 124 K T35 [ (0.535 ng-g™') |
FEREH R (5.10 ng-g™') ARV (0.90 ng-g™") A BVl 7 3k (23 ng-¢™") VIR Th Y EtP 75
H2UB PP S (1.14 ng-g ) BT M (0.339 ng-g™') \HA(0.079 ng-g™") 5 (0.35 ng-g™") A
BPEI.(0.67 ng- g™ ) VLR P PrP & 82" (R TEAFHMEH (4.03 ng-g™") F1 ] HLIF ] 3 5
(9.00 ng-g ) LAWY PrP A% X2 T Parabens 4R B BB K SP-7E [ PN AR ) b IX A7 7E
—E 22 5P AT RE S 2 i BT 24 S ARt i (R AN [R) 3 2% > 150 6.
m MeP m EtP PrP m BuP mBzP m HepP
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Fig.3 Composition profiles of the Parabens in the sediments
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3 %5 ( Conclusion)

TEFR [ 14 UL AT 13 (6] 22 )2 DU RE il b, 3 Parabens & iR T 2.20—24.5 ng- g™ Z [H].
MeP 2 FE YA (KL 4. 100% , TTHR % :79.9% ) , iR J& PrP (91%,17.7%) , T BuP 1 HepP 7E T 47
DU RE S A S ARG H . JUIR VT [E] 4T Parabens 7% ¢ 5 ( X Parabens ‘Y% &4 14.6 ng-g™') ;ML
FIAT (8] 47 Parabens 113 i 5 IG ( X Parabens Y4 & 0 4.34 ng'g_1 ). Parabens 4% Fp 5K & K SEAE
AN 1 X A R B — o Y 25 Sk, AT BB Y b RO 24 AR A AN R 2R S A OC. BT H
AUXTUTA) H Parabens 75 4L R OCHF 5T RO PR, ARk A B — IR A X UTLER Y Parabens B9 FREE 5
i R IR AL B
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