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Abstract: The occurrence of typical endocrine-disrupting chemicals (EDCs) binding to colloids in the two rivers of Pear
River system, and their partitioning between colloidal and water soluble phases were studied with the applications of
cross-flow ultrafiltration, solid phase extraction and gas chromatography—mass spectrometry. It was found that the
concentrations of 4-nonylphenol (NP), bisphenol A (BPA) and estrone (E1) ranged in 23.2~108ng/L, 2.3~97.6ng/L, n.d.
(not detected)~0.32ng/L, with mean values of 70ng/L, 31.4ng/L and 0.3ng/L, respectively. 17B-estradiol (E2),
diethylstilbestrol (DES), 17a-ethynylestradiol (EE2) and estriol (E3) were not detected in all samples. There was no
obvious variation of EDC concentrations between the surface and bottom water samples, except for the samples collected
from Shilong. Moreover, it was observed that NP and BPA concentrations were both positively correlated with the
colloidal organic carbon (COC) contents and the absorbance of UV (UV,sy), suggesting that COC was a key factor
controlling the distribution of colloid-bound phenolic xenoestrogens, and the interaction between COC and these
chemicals was related with the aromaticity. It was estimated that the percentage of colloid-bound EDCs varied 21%~67%

for NP, 4%~74 % for BPA, and 24%~26% for E1, respectively. Additionally the colloidal organic carbon normalized
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partition coefficients (K.oc) for NP (109759) and BPA (10°"*%") were one order of magnitude higher than their

suspended particle-water partition coefficients (K,.), indicating the powerful affinity of colloids played a critical role in

partition, transportation and transformation of EDCs in the aquatic environment.
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Table 1 Details of sampling locations and key physical and chemical properties of water samples
VA vE EL 22 EhpFE NS f— 75 3 i 75 '—u:: H
TR e B K 7J:{m1 GRS s RS W R MU A
(m) (&9 (uS/cm) (%o0) (mg/L) (mg/L) (mg/L)
HiGEERE  BET-B 0.5 27.5 386 1.9 2.8 6.6 2.4 55.2
HIEEK)Z  BET-D . 6.5 27 380 1.8 2.2 6.5 2.5 53.6
TN B
HikKZ  HP-B 0.5 33 405 1.9 4.8 7.4 0.7 26.5
HIEIEE HP-D 7 31.8 522 25 3.5 7.2 1.0 37.2
YY) %37 SL-B 0.5 31 200 1 3.7 7.0 0.6 6.8
HIEE SL-D . 95 30.5 254 1.2 33 7.1 0.8 9.5
) AR B
WL Z  HM-B 0.5 313 682 33 5.0 72 22 21.9
WHEEZ  HM-D 5.5 30.7 1002 49 4.4 73 1.7 26.1




i

2 & DITF

S BRVTIRTURBR A ) ML R P 20 i T34

619

2011 4 8 H~2012 4 5 F iR FH A KR 7
M IRITIK B IERTL IV B . ARV AR 52T B
KA 8 ANRIZFNEJZKFE, B sURFEARFAZ) 2001,
Oy TARAT LI Y 250 BN, ELEE 4R R
PRI B A0 1 (RURIK) R ROPEAIAE S
TEY L2 S HOE LR 1 KRS ] SE5G % J5 37
BI£E 10000r/min 50y 2 3 kb FH, 25 B3 i 4%
>0.45um [RURLA; DA E T4 FE 4 CIRA7 3% IR ST
BR[19,22] 1) 52 56 77 2%, M FH U] 1n) 7 e 0 2R 90 PR
FEUEW I PN IR (S 7 F>1kDa HKif£<0.45um)
FIEVEW(7 T HE<1kDa)2 P4 oy Bt N —254047.
1.3 FESATALRE

WAL TR B WA i, o 1 I N [RS8
T8/’ :NP-d,, BPA-ds, and E1-d, J, 3% O
SEA 5O R HLB [ AR A O RERE e 23
W4T & 2 HLB FEARIREE SmL g, 4
B2 OTE . W ZE K TE AL, 28 R & BL 8~10mL/min
(R R I A AR U s A e L 10mL 4R
LIEVEME DT WR4i )5, e 4 25000
P AT I FHIEL AT N 2248 0k 88 5 I 50uL &
M2 BRI 100uL MSTFA,E 70°C /K I W
30min SEEATAEAL AR A R =G I
N PROTR =R, i 5 H G G R E R &
200uL, 1T GC-MS 43 #7.
1.4 XER5HT
141 SMEWE- g FIH Agilent
6890-5975GC-MS FRZXT H ArdEAT A . S AH
@ i £ :DB-5SMS & 41 % F (30mx0.25umx
0.25mm i.d.).GC 45 : 8N 2, ImL/min fH I
P, HERE IR S 250°C; 02 ok R b i
1pL; FHR AR > WG E A 50°CRFF 1min, SR 5
L 20°C/min J} 42 200°C, LA 3°C/min J} 42 280°C
FEAREF 2min, 555 BL 30°C/min T+ 5 290°C Hf R
Smin.MS 5 AR K 280°C, 5 TR
- 250°C, 1231 H - 2 TR (ED, WL ki g
HA 70e ViR H A (m/z=50~550)3E1 T FF i
SE T, SR FH 0 98 2 - M DS X (STMD) AT R i o =
E SUAGEWELL S/N=3 6] B (R FEAE S el 1k
Y 77 e 2 R (LOQ). H A Mk #8251
N T7EE PR VE LR 2.

*2 THEBRYNEESTFHNESR
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E2 416 1 0.5
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Table 3 Colloidal concentrations of EDCs in the water from the Pearl River
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Pl 72.1 39.0 27.9 24.6 n.d. nd
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Distribution of colloid—bound EDCs in the water

from the Pearl River
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Fig.2 Relationships of NP and BPA concentrations with water temperature and colloidal organic carbon (COC) contents
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NP (1. IX E 2 BPA HA WA RN LE 1,75
RS
2.4 EDCs {E B AA/KAH ] ) 43 Bie

THEL T NP A1 BPA 71 I AR LI P9 AH 7]
IR Ko FIAPUIRIE— L REL Keoe
NP ()73 i R B E A logK e, AT ogK coc 7371
N 4.37+0.55. 5.69+0.50,BPA [¥] logK., Fl l0gK coc
5k 4.19+0.67 5.51+0.77. L8 R ILNP Fi
BPA ] Kep (3G Kooe (HAR T 1~2 AN EE 23X
A AR BT R /7K T 1) 4 T g — 530,
E AR IR A S A AR /7K W AH 8] 1 43
B RECK s Koo BALATBTFMUR A/ 7K 1H] 1 53 Bic
RBCK, Koo AN T 1 AN 3
5 Bowman %5 ({38 IRV AT TR & IR AR
KA b M A S P R AR 7K 43 BT FR e T
BRI R L) 2 MRS IS B 5K
P BAMERAL KGR TAR . 2 WA AR PR
A7 SIS T L 0k A L 3T K R R At
EDCs HAT R I e 1 X W R R T 5 &
TFRURL ) 45 LAAI AR KA TB) 1R 43 BE A R A
W EDCs X2 B s K M WLYS e (E AR
KIS HIERS . AR T 1 B N 5

UeA E RS EDCs A8 BRVT I /K B A AH
)0 A R4 21%~67%11) NP 4%~74% )
BPA. 24%~26%I1] E1 /& 5 IARFH 45 G (1) AHEL
&, [ Ouse VT A4 (NP EE A R 27%~31%,
TR 0 E 4.5%~32.1%11 BPA.
2.0%~58.4%[1) E1 17 4T B A h Py I, R4k
IKIRES ) EDCs A3 AH 24— 3B 70 B AR IR b5
FE B AR N BN E I BEFEIC EDCs 1A4:4)
IR A e ke B0 AR KR R X i
Fmw A Iz Fomsh ok, IRy, R i
WK RN A /& EDCs fE7KEIREE Hh i — NG 3l 1)
B, IEXT P 2 WA TP A0 B0 55 v 1 U e 9
HEZEH.

3 it

3 BRILT MR BRI AR T AR SE I BOR A AR AR
HHERT P 23 T TS e DA S E 3R Ol NP

BPA. El MU =0 fE 23.2~108ng/L 2.3~
97.6ng/L. n.d.CARAKLH)~0.32ng/L 2 [0, 3£ KK
JE RN P AR AN K

3.2 NP fIBPA 55 COC &, UVas B
JE 1) 5 T AH O, 0 I JI A A A Ui A2 42 1l oy A Ml B8
FAEARA 3 A1 1) — A FEEE I F,COC X NP
BPA (1 B FH 5 0 B B 1) 05 A A O

3.3 ERILIKHL 21%~67%[F) NP, 4%~74%
) BPA. 24%~26% ] E1 {77 T BARH,NP 1
BPA TEIRAAR/ZKART 73 BE R L Kepn Keoo 730 1
HHG I (1) BV ORI K A L R B K Koo 1 N5
B RWIRARRT EDCs (R38N B g g & 45 A
SRR KIS AT TR e
R .

S K-

[1] XBpgE, %= W IR A WA (M) Jbat 6 L
AL, 2004:1-6.

B R AR L AR T T A U A e L A R

[7]. R EFERE, 2014,34(1):259-265.

Snyder S A. Emerging chemical contaminants: Looking for

[2] #Siss,iE
[3]
greater harmony [J]. Journal-American Water Works Association,
2014,106(8):38-50,52.
[4] Ye X, Zhou X, Wong LY, et al. Concentrations of bisphenol A
and seven other phenols in pooled sera from 3—Ilyear old
children: 2001-2002 National Health and Nutrition Examination
Survey [J]. Environmental Science and Technology, 2012,46(22):
12664-12671.
Sumpter J P. Feminized responses in fish to environmental
estrogens [J]. Toxicology Letters, 1995,82/83:737-742.
B R BESS AR TR, A 1 TR L T3 M LR A i
PEVE G MER R RN, [7]. FFEElAR, 2007,52(18):2122-2126.
KR, 25 4 7, A, A5 1 7o P S R A7 i ) 40 6 i
BT ML R A UK RS [D). 2R EAAR, 2006,
1(3):254-258.

(6]

(71

[8] Irwin L K, Gray S, Oberdorster E. Vitellogenin induction in
painted turtle, Chrysemys picta, as a biomarker of exposure to
environmental levels of estradiol [J]. Aquatic Toxicology, 2001,
55(1/2): 49-60.

[9] Ying G G Kookana R, Ru Y J. Occurrence and fate of hormone
steroids in the environment [J]. Environmental International,
2002,28(6):545-551.

[10] Gong J, Ran Y, Chen D Y, et al. Association of endocrine—

disrupting chemicals with total organic carbon in riverine water



2 #

% B

ERITI LA () S8 Py 70 W T4

623

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

and suspended particulate matter from the Pearl River, China [J].
Environmental Toxicology and Chemistry, 2012,31(11):2456—
2464.

PUE 3 S

WS, M S AN M A 2 O I B
[J]. mEIRERL %, 2009,29(8):873-878.

FUBR, A BT % T AEM X il £ (Carassius  auratus)[f)
WMESE BN [J]. FREERIETTA, 2004,17(3):60-61.

S [, BY R A8 AR 9 T K S AR B8 2R T AR 2
AR PEA (1], T EEREERLE, 2011, 31(11):1904-1909.

& S B &SR NI B S A s g
IRV [J]. FREELAE, 2008,27(2):242-244.

[ 44
%5

Lead J R, Wilkinson K J. Aquatic colloids and nanoparticles:

current trends [J]. Environmental

Chemistry, 2006,3(3):159-171

knowledge and future

van Leeuwen H P, Koster W. Physiochemical Kinetics and
Transport at Biointerphases [M]. John Wiley & Sons: Chichester,
UK., 2004:357-360.

Koike S, Hara K, Terauchi K, et al. Role of submicrometre
particles in the ocean [J]. Nature, 1990,345(6272),242-244.
Holbrook R D, Love N G, Novak J T. Sorption of 17B-estradiol,
17a-ethynylestradiol by colloid organic carbon derived from
biological wastewater treatment systems [J]. Environmental
Science and Technology, 2004,38(12):3322-3329.

Liu R, Wilding A, Hibberd A, et al. Partition of endocrine-
disrupting chemicals between colloids and dissolved phase as
determined by cross—flow ultrafiltration [J]. Environmental
Science and Technology, 2005,39(8):2753-2761.

Zhou J L, Liu R, Wilding A, et al. Sorption of selected endocrine
disrupting colloids  [J].
Environmental Science and Technology, 2007,41(1):206-213.

chemicals to different aquatic
Nie M, Yang Y, Liu M, et al. Environmental estrogens in a
drinking water reservoir area in Shanghai: Occurrence, colloidal
contribution and risk assessment [J]. Science of the Total
Environment, 2014,487(7):785-791.

Wilding A, Liu R, Zhou J L. Dynamic behaviour of river colloidal
and dissolved organic matter through cross—flow ultrafiltration
system [J]. Journal of Colloid and Interface Science, 2005,287(1):
152-158.

Ahel M, Schaffner C, Giger W. Behaviour of alkylphenol
polyethoxylates surfactants in the aquatic environment-III.
Occurrence and elimination of their persistent metabolites during
infiltration of river water to groundwater [J]. Water Research,
1996,30(1):37-46.

Staples C A, Dorn P B, Klecka G M, et al. A review of the
environmental fate, effects and exposures of bisphenol A [J].
Chemosphere, 1998,36(10):2149-2173.

Ahel M, Giger W. Aqueous solubility of alkylphenols and

[26]

[27]

[28]

[29]

[30]

EEE N

alkylphenol polyethoxylates [J]. Chemosphere, 1993,26(8):1461-
1470.

Yamamoto H, Liljestrand H M, Shimizu Y, et al. Effects of
physical-chemical characteristics on the sorption of selected
endocrine disruptors by dissolved organic matter surrogates [J].
Environmental Science and Technology, 2003,37(12):2646-2657.
EF R0 T TR AT o AFH (1], AL,
2008,28(6):997-1011.

Laatikainen R, Ratilainen J, Sebastian R, et al. NMR Study of for
Benzene and Some Other Fundamental Aromatic Systems Using
Alignment of Aromatics in Strong Magnetic Field [J]. Journal of
the American Chemical Society, 1995,117(44):11006-11010.
Bowman J C, Zhou J L, Readman J W. Sediment-water
interactions of natural estrogens under estuarine conditions [J].
Marine Chemistry, 2002,77(4):263-276.

Lee J H, Zhou J L, Kim S D. Effects of biodegradation and
sorption by humic acid on the estrogenicity of 17p-estradiol [J].
Chemosphere, 2011,85(8):1383-1389.

S1(1979-), 93, VU )1 BN, 18, oy 4 S i, - 2

7
a8
M R RE TG RPN K PR AT M T SRR 3 30 R



