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Determination of Estrogenic Compounds in Water of Jiulong River Using Polar

Organic Chemical Integrative Sampler

ZHANG Li-peng'”, WANG Xin-hong'*, LI Yong-yu'*, WU Yu-ling'?, ZHANG Zu-lin’

(1. State Key Laboratory of Marine Environmental Science, Xiamen University, Xiamen 361102, China; 2. College of the Environment
& Ecology, Xiamen University, Xiamen 361102, China; 3. Environmental and Biochemical Sciences Group, The James Hutton
Institute, Aberdeen AB15 8QH, UK)

Abstract ; Polar organic chemical integrative sampler ( POCIS) has been recently documented for the detection of polar organic
compounds in the environment to achieve a time weighted average concentration. So it is an important complimentary for spot sampling.
POCIS was examined for its sampling efficiency for four kinds of estrogenic compounds (EDCs: estrone, 17a-ethynylestradiol, 178-
estradiol, estriol) in this study. The kinetic studies showed an integrative uptake up to 7 d and the sampling rate decreased as the
temperature increased (RSD >12% ). As for different concentrations of target compounds, the sampling rate was not affected by the
concentrations( RSD <5% ). After laboratory experiments, an environmental field study was performed in Jiulong River. The results
showed that there was a relatively good correlation between the measured and calculated values (7 =0.7209, P <0.001). It
demonstrated that POCIS can be used in aquatic field systems.
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BLF B4R B bRt DR AT L e G R ik
(83 22 [ 0, ST R B0 A 2R 1 1 2 ) | LS b I
L FL RS ] S 357 LT AR A LA — A AR R 2
(polar organic chemical integrative sampler, POCIS)
BB RAF A SR 8 15— Fh X K A
LIRS RAE AR, © $IE B n] B H] T BB I R
AN ) BRI POCIS 7 RS 3R 858 10 F vh | 358
ST REXT POCIS FY SR AE 77 L SR, e X AT
fefe. Li U HFSE T DOM (Al PEA WL ) K pH
XF POCIS RAFEAYSAA , Zhang 17 WFFE T Hh 5 Kok
PRI POCIS SRAFEHYSZIR. A58 7R HHEA |t
— o T B ARYIHE K B X POCIS SR Y 2
Wi, IR T POCIS 7EAR 4 SR VLR I ) #1345
SR

1 MRS

1.1 250t SRR &

WERA (E1) | ME " B¥(E2) | M =12 (E3) | #Ebk
f(EE2) (46 =97% , HA TCI1 A dl);
(HPLC %%, 32 Tedia 22 H) ) ; HEE (HPLC %%, 3 [H
Tedia A 7)) ; WEEUIE ( PES, 25 Pall A F]) ; &4
B8 (NaN, , BT TRHBALAR A H] ).

Agilent Technologics 6490 W& AH {2 3% Ji 1% Bk FH
{%; Waters Symmetry-C18 43 £ (150 mm x 2.1
mm, 5 pm, USA); Oasis HLB [EAHZEHUHE (500 mg,
FEE Waters 2l ) 3 NP L LB ARERB A (1Y
FERTIE).

1.2 POCIS %% & [l 7E

POCIS % & i A 85 WX 7% 22 BE-WK B 58] ( Oasis
HLB) -JEe 45 4. 78 RSBk 24 b E L ak
e K PES B8 T8O B BRI 100 mg (9 W Fff
FNIE5] 1 TR b e K55 TR PES I B IRK
U P RERE R B i >4 B, B Je R 22 R R [ 22
U, WIVEGFIS , 7 B 375 v 00 40 9 A0 22 4 POCIS
I, A AR BT - 20°C 147
1.3 WA H AR i W B 25

F Milli-Q ZKECHI 1 L Bk BEH 5 pg-L™
FIVATR , IEBHA TR LA 10 mL-min ~' A9 FE 54 100
mg W BRI A9 [T RR AR JORE . R 5 430 0 2 3 g O 7
VSR S SR b B AR B i o BT & Bt
IR P JE H ARk 1 W B ) E AR 1]
%R 94% .

1.4 POCIS 5% 8 J1 ¢l 5¢

i N, 7E 1 L B BEAR i A Milli-Q 7K T
Hil 1L BRI EE N pe- L7 BOVETR, FINA 0.2 ¢
NaN, 1A BE . B SR LR B POCIS SR 5
JG, BRI E A TR SE ok 7 b 35 AT B AR
FREGIRAE TR R TEIA R. ER A 1, 2,
3.4.5.6, 7 d BUFEIE , RSB ) AR 3
1THE.

761 LA 10 peg L' &% 0.1 pg-L7'HY
VTR, B R AT, Hie IR AR vk  ESERR A 7 d
HBUREI 2 BNV T ORI B 3 A AT HE.

761 LB Hl 1 pg- L™ AR, B K
VWL, 53 TE 4°C | 30°C 2 B R Jr i, fE L3R 1Y 56
7 d BUREIE AR R AR S 3 AT
o 4°C FE VKAE ¥ 980 34T, 30°C 78 25 18 P 18] Y
AT
1.5 POCIS B3z h A 5E

AR E A A LR LIRS 7 K 5
A S RRE S INE 1 PR, K POCIS %% & [
SEF WD K B EAR L B KT 1 m b
FESEIRIAE 24 d B 8 % B E W A LI = Ak
. e FERLA POCIS 2 & 155 — R M Jm — K
[ 2EAT 3 I R A

N N
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Fig. 1 Sampling sites in Jiulong River

1.6 FEAHTALEE
1.6.1  FE B R ATHTAL

fifFH Millipore o8 I8 2he 5 11 3% 385 Ui A6 2ot B 7K
A GRS R Y R ACHE R E2-d,. KA 5 mL
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LFRCTR . 5 mL HEE . 5 mL #4lK X} Oasis HLB A
TR, SRR AR S B KFELL 10 mLemin ™!
Bt AE. S AESEREE S mL HEE/ /7K (4: 6,1k
FRLE) WEUE , 10 mL FH Pt vV G, YO 050 R0 e e 7%
TR, FZFMARRTE, AP EAE 1 mL, i
0.22 pm ERG I A

1.6.2 POCIS ¥ 5 A AL B

4 POCIS RFFFICAR VR TG PR T B N
(I R SR/ IN o e B 2 B A T I A DR AR R S
W 10, 5, 5 mL HYBSE W F A7 7 2 B, BRIk
HBFEETTE R 15 min. 3688 AR O, e FE 78 &k 2
TE, ZEMAARR T, HHRBEEA 2 1 mL,id 0. 22
pm YRR, ¥ TR I A
1.7 AUEREM

R B AR O (B) FIEBZEK (A) . #
JEVEFEE .0 ~ 1 min,40% B; 1 ~3 min,40% ~
80% B; 3 ~7 min,80% B; 7 ~9 min,80% B; 9 ~10
min,80% ~40% B; Wi#E M 0.2 mL-min ", FEEEE
910 plL.

FIE A B BT, IS 55 L S (BB AR )
WS HL R R4 000 Vi TR AR 350°C; TR
W ; 11 Lemin ™' 4L SE ST 44 psi. MRM W50
SHIFE 1.

#£1 MRM BEXSH

Table I  Mass spectrometric parameters in MRM mode

oy BT filf4# L E FERET ﬁé%’E-‘J‘I‘Eﬂ
(m/z) /V (m/z) t/min
El 269. 1 40 145 6. 662
E2 271. 1 49 183 6.392
EE2 295.2 45 145. 1 6. 469
E3 287.2 50 171. 1 4.522

1.8 T R ORIk

LA Mili-Q 7K 7E 8 32 8l R A 52 56 % (1 25 [ M
S FIAR LS, 5 F B R SR P R E S
7 UK, RS0 e A R Tk R I BR R AT PR A, 5K
W25 R R 4 B EH AR 7 W0 BRI R B A XF
FrifEfi 22 (RSD) 7E 4. 31% ~7. 0% Z [4] , [A] g %
TE81% ~96% . [8]. 4 Ff H AR 4 A0 25 (3 £ K
.4 M EBEYN T EENERAE 0.1 ~0.5
ng- L~ Z [H].

LAl (1) W i 39076 S POCIS SRAE 1 25 1 Fl 28
FIIFREEE: , 5 POCIS SRAEAE S AR [F] Y20 JR F 42 7
YRR S50 [T 3R 0 G I R E AT VAR, S5 2
R, 4 B EBRYII T ORI RE B A XA v
#(RSD) TE 6. 73% ~9.0% Z [], [ R AE 69% ~

91% zZ[a]. 4 FhHRPI A2 ARG, 4 FH bR
Y I AR BRAE 0. 3 ~0. 7 ng+ L' 22 [f].

2 ZER5iTie

2.1 SIS
2.1.1 SEEREF SR

Xt 4 FiEHFRYI T d PIAE POCIS SRFERS 1 fff
B AT A (L 2) A R L~ 7E0. 988 1
~0.999 327 1], Al W, POCIS 7£ 7 d P2 3HHA i i 3h
J12EW Mt R A A B 5T R W POCIS 2% B % E i &R
AT B2 28 d PR S BRIA S AR OGS . Bl i
W BT T4 Bl RA 6 B A T o B S, MY
F T A E VR B 1) A R 3 T 3l s B BOR TR,
PRI POCIS 78 FR 55 b f K 08 B 1] 55 30 30 g 2% By

B HA G
500

S b

400 | :Ef

100 +

B fi)/d

B2 BEHEE POCIS kIR Mz 715 2%
Fig. 2 Dynamics of EDCs uptake by POCIS

2.1.2 REEER
POCIS % B XA P LA 1 5 4 mT F R 2= A A
BP0 MRS POCIS SREERS [ AS[F], A AN A 1 &
LR . Bh Sy 2F RS R fF 9 vh S EAR YR 3h 2%
B Bk R R AR R A
cM.
”zkj (1)
K, e, o B bR AE KW By ]S 3 v B
(ng-L7')5 e A H b ¥ A W B 7 &Y ik B
(ng-g™'); M, J2& POCIS R R () 5 R, AR
FEBUAR(L-d™") 5 0 AREERFTE] (d).
FRYESLEMAS POCIS 25 8 v Sk i, 5
4 Bl H AR RAE R 45 5 WL 2, 7 AR ) 451
T, POCIS X} EE2 fRAE BRI K, X E1 A9 RAE
/.
POCIS FE IR BE v (1) 07 FH , P18 2% 14 1T R Xof
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&2 POCIS HUE#RIREFRERIMBRLMERY
Table 2 Sampling rate and uptake linearity of EDCs in POCIS

&y IgK,,, S HE R A A r
El 3.43 0.0326+0.0008  0.9993
E2 4.01 0.0385+0.0020  0.9902
E3 2.81 0.0485+0.0030  0.9884
EE2 4.15 0.064 0 £0.0049  0.9881

Ho A2, PR ZET SRS X POCIS SRAE ER
(RS0, Zhang 251170 [T FE 72 WYk 3 X SRR o %
SR 5 KPR O SRAE R AT 458 W 35 (5
KA K, SRR R A, Li % 5T R
pH X} POCIS SRAEH AT 8 R WY, A R H

PP pH HIBEARITRAR AR K B H AR bl &
pH T RAE R AR K it H AR B R R
% pH W20 ; 177 DOM X} HFRYI7E POCIS H i R
A . ARSI S R R K A b B AR
YIRVHE (3¢ 3) XF POCIS B R AE R TG 2 3 %2
(RSD <5% ) , 3% — 45 5 5 SCHk o 41 1 sl Rpfe 3
BT AR 0 I B 255 0 1 2R e B B B
BATARICE—S0 . iR (36 4) XF POCIS Bk
FESR AT B E S (RSD > 12% ), it 45 L 38 1 B A1
SRFEHRIBR. T e e 2R A R
FEAK A S LS IR R, KA TS sha RIZY , B AR
YT G AR R A5 SR TS A Ok

%3 POCIS ERRKRETE 7 d HEHENREERE/L-d
Table 3 Sampling rate of POCIS on the 7th day at different EDC concentrations/1L-d ~!

E2

E3 EE2

0.038 6 +0.000 8
0.0385 0. 002 0
0.036 8 +0.000 6

0.0473 £0. 001 1
0.048 5 £0.003 0
0.049 0 +0. 001 4

0.062 6 +0.001 2
0.064 0 +£0.004 9
0.0617 +0.001 1

£4 POCIS EARIBETET7 d XMMEHEHNRERR/L-d7!

Table 4  Sampling rate of POCIS on the 7th day at different temperature/L-d ~!

E2

E3

EE2

0.051 1 £0.001 0
0.0394 +£0. 002 0
0.030 1 +0.001 3

0.0593 +0.000 3
0.0472 +£0.003 0
0.0351 +0.001 2

0.076 4 £0. 000 4
0.0615 +£0.004 9
0.048 7 +0. 002 0

W /ng- 17! El
100 0.0332 +0.001 2
1000 0.032 6 +0.000 8
10 000 0.0318 +0.001 6

L/ C El
4 0. 046 9 +0. 000 7
20 0.033 1 +£0.000 8
30 0.021 3 +0. 000 5

2.2 H s

2.2.1 FHREE

TESU TR 7 AR R EE2. El
(RS YT A nd ~ 10.99 ng-L~" ¥ % 50% ;
E2 BYK: Y8 Bl nd ~ 18.20 ng-L™', ¥ i R N
92.86% ; E3 [ L A 2. 38 ~32.38 ng-L™" K
A 100% . 5 ENAMLE XA L EL
MYEEN nd ~75 ng-L~' B2 ARSI YE N nd ~ 17
ng-L™" E3 K HVEE A nd ~5.79 ng-L™". A
FEP IR TTHERL ZR AL T b S B0 D e 09 K P 3X AT
RESILRTLIY R & g sl A k. IRk, A
ThA 35 s A Sk A K HE 0 258 P R 1 =
14 ~360 pg . JUIRVEHT R R T B BRI
X, AE PR 2 400 T3 t, X S8 R K K Z kiR
AJUIRITH. SRAE SR SCRAIE S 503 S.
2.2.2  WEEER IR AR VR 0 A A

POCIS R FE2 B vh El MR L H A nd ~
23.45 ng- L' KRN 85.71% ; B2 pyks LN
0.50 ~47.47 ng-L~" K%K 100% ; E3 (1
Fil 8 36.38 ~89. 14 ng-L~" ¥ K 4 100% ; EE2

RS REFHAAIKIHESH

Table 5 Water quality characteristics at the field sites

AL EN S pH HEE/°C DOC/mg-1.7!
Bl 0. 00 6.77 22.30 0.76
B2 0. 00 6.72 22.30 2.03
B3 0. 00 6.70 21.50 1.76
B4 0. 00 6. 64 21.50 1.98
BS 0. 00 7. 14 21.00 1.70
X1 0. 00 7.08 21.00 1.31
X2 0. 00 7.27 21.00 1.56

KK, Zhang 257 BIRESE RIE S HRE 5%
BT POCIS SRFEHRA BEMEM 225, h& KT
IR S B AT POCIS X 7K A4 i () [ A 4 W o &4
A, Kk POCIS TEZNASIAEE T X H AR A0 R AE 3 R
R THSIE T RRAEERE. AR5 T POCIS Xf
T HARY) B RAE BOR I BT # A T mEsE, A
T AEBR IR HR POCTS H by 4 st B) A 3k R )
. AWFFERYSE 2B POCIS ByRAEB A2 H
FRYILE IR BT P e B B 52 ), HL e R BE 4 1 ARk
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