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Abstract Seven estrogenic compounds—estrone (El),
17 -estradiol (E2), 17a-ethynylestradiol (EE2), diethyl-
stilbestrol (DES), nonylphenol (NP), octylphenol (OP), and
bisphenol A (BPA)—in sediments, surface water, pore
water, and organisms were investigated and estrogenic
activities were estimated by examining estradiol equivalent
(EEQ) concentrations in Yundang Lagoon of Xiamen. The
results showed that estrogenic compounds were present in
all matrixes of interest: in surface water, ranging from
609.61 to 711.31 ng/l; in pore water, ranging from 562.12
to 1038.15 ng/l; in sediments, ranging from 1433.12 to
2060.41 ng/g; and in biota samples, ranging from 1373.76
to 3199.09 ng/g (lipid weight). NP was the predominant
component in all collected samples and the highest con-
centration was 1964.80 ng/g in sediment. Total EEQ ran-
ged from 4.56 to 13.79 ng/l in surface water, from 2.40 to
17.16 ng/l in pore water, and from 8.66 to 23.95 ng/g in
sediments. However, major contributors to total EEQ
concentrations were E2, E1, and DES. The EEQ concen-
trations in surface water samples were at a higher level in
comparison to that reported in European countries. To
biological sample, the highest level of total estrogenic
compounds was found in the short-necked clam. Higher
values of the biota—sediment accumulation factor (BSAF)
were found in short-necked clam and black sea-
bream, indicating that the living habits of organism and
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physical-chemical properties of estrogenic compounds
might influence the bioavailability of estrogenic com-
pounds in organisms.

Endocrine-disrupting compounds (EDCs) are compounds
with the potential to elicit negative effects on endocrine
systems of humans and wildlife. Estrogenic EDCs are a
subclass of EDCs that, when organisms are exposed to
them, function as estrogens. Estrogenic EDCs consisting of
either natural or synthetic hormonal estrogens are capable
of mimicking or inducing an estrogenlike response in an
organism. Specific examples of estrogenic EDCs include
the following: surfactants such a alkyphenol-ethoxalates
(Folmar et al. 2002; Ying et al. 2002), natural hormones
and pharmaceutical estrogens 17p-estradiol (E2) and
17a-ethynylestradiol (EE2) (Legler et al. 2002), phytoes-
trogens, including isoflavonoides and coumestrol (Bacaloni
et al. 2005; Stopper et al. 2005), as well as other industrial
compounds like bisphenol A (BPA). Various estrogenic
EDCs have been concluded to be the cause of reproductive
disturbance in humans and wildlife (Colborn et al. 1993).
Human exposure to these compounds in food, water,
and the environment is a critical concern with unknown
long-term impacts.

Xiamen was one of the cities designated as a Special
Economic Zone in China in the 1980s. Its rapid industrial,
commercial, and urban developments have put enormous
stress on the coastal environments fringing the harbor as
well as a nearby lagoon (Yundang Lagoon). Yundang
Lagoon is located at the north of the downtown area of
Xiamen City and is surrounded by the newly developed
urban area, which once served as a main municipal sew-
age-accepting lagoon and was seriously polluted. However,
the Integrated Treatment Project was carried out in 1988 by
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the local government to improve the water and sediment
quality. The treatments included sewage disposal, remov-
ing sludge and constructing banks, exchanging the water,
and afforestation. Yundang Lagoon became one of the pilot
bases for the Regional Programme on Prevention and
Management of Marine Pollution in East Asian Seas
sponsored by the United Nations Environment Programme
(UNEP) for removing contaminates by tidal flow. How-
ever, until now, a small amount of sewage is still dis-
charged into the lagoon, although most of it is intercepted
into the urban sewage treatment system. In our previous
study, we found that Xiamen Bay had serious pollution of
estrogenic compounds mainly coming from Yundang
Lagoon (Zhang et al. 2009). The purpose of this study is to
investigate the distribution of estrogenic EDCs, such as
estrone (El), 17pf-estradiol (E2), 17a-ethynylestradiol
(EE2), diethylstilbestrol (DES), nonylphenol (NP), octyl-
phenol (OP), and bisphenol A (BPA) in water, sediments,
pore water, and organism from Yundang Lagoon and
provide useful information for environmental management
of this region.

Materials and Methods
Chemicals

The following standards and reagents of compounds were
used in this study: 17f-Estradiol (98%), diethylstilbestrol
(99%), 4-octylphenol (99%), 17a-ethynylestradiol (98.5%),
and estrone (99%) were purchased from Acros Organics,
Belgium. Bisphenol A (99%) and nonylphenol (99%) were
from Aldrich (USA). Silylation reagent N-methyl-N-tri-
methylsilyl trifluoroacetamide (MSTFA) was purchased
from Sigma(USA). 17p-Estradiol-2,4,16,16,-d4 (E4-d4,
99%) as the surrogate standard and BPA-d16 (99%) as the
internal standard were from Cambridge (USA). All organic
solvents were of pesticide residue-free grade. Hexane,
acetone, methanol, and dichloromethane were from Fisher
(USA). Silica (60 mesh), supplied by Fisher, was activated
at 450°C for at least 6 h before use.

Sample Collection and Sample Treatment

Sediment samples were collected from station 1 to station 4
in Yundang Lagoon were collected on Apirl 26, 2008
(Fig. 1). About 1000 g of surficial sediments were col-
lected with a stainless-steel sediment grab sampler. All
samples were transported to the laboratory. After returning
to the laboratory, the sediments were centrifuged
(3000 rpm) at 4°C for 30 min to obtain sediment pore
water (200 ml). The sediment samples were stored at
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—80°C before their extraction and analysis. Water samples
were collected in precleaned amber-glass bottles, refriger-
ated, and transported to the laboratory. Then water samples
were filtered through glass microfiber filters (Cat. No.
10370105; Whatman, Maidstone, UK). During August
2008, organisms including the short-necked clam (Rudi-
tapes philippinarum), yellow fin seabream (Sparus latus),
black seabream (Acanthopagrus schlegel), and tilapia were
collected from station 3 in Yundang Lagoon. The shell of
the clam and crab was removed, and the soft tissues were
washed to remove particles in the tissue. Then clean soft
tissues and the filet of each fish were homogenized in a
blender. The samples were dried using a freeze-dryer
before extracting.

Samples of 150 ml pore water and 500 ml surface
spiked with 200 ng E2-d4 as a surrogate standard were
extracted with Oasis HLB solid-phase extraction (SPE)
cartridges (Waters, USA), following established proce-
dures (Zhang et al. 2009). Then 10 ng BPA-d16 was added
to the extract as the internal standard. The extract was
derived with 70 pl hexane and 30 pl MSTFA at 70°C for
100 min (Jin et al. 2008). The derivatives of target com-
pounds were analyzed by gas chromatography/mass
spectrometry (GC/MS).

Five grams of dried sediment were extracted according
to the method of Zhang et al. (2009). A biological sample
was extracted according to the method described by Hu
et al. (2005) with minor modifications. One grams of a
dried biological sample spiked with 200 ng E2-d4 as a
surrogate standard were mixed with anhydrous sodium
sulfate, placed in a cylindrical cell (33 ml), and extracted
using a Dionex Accelerated Solvent Extractor (Model
100) with dichloromethane/methanol (7:3, v/v) mixture
solution. The lipid content of biota was detected by
gravimetric determination of (Borga et al. 2001). Purifi-
cation of the sample extracts was accomplished by eluting
the GPC column. The eluting solvent was collected and
concentrated to 1 ml. The purified extracts were further
purified and fractionated on a layered silica (H,O 5%
deactivated silica gel) using 10 ml ethyl acetate as an
eluent. Then the extract was evaporated just to dryness
with a gentle stream of N, for derivatization. The method
of derivatization was the same as the extraction of pore
water.

Quantification by GC/MS

Estrogenic compounds in sediment were identified and
quantified by GC/MS (Agilent 7890A-5975C) according to
the method of Zhang et al. (2009). Detailed information on
the target compounds and analysis parameters are provides
in Table 1.
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Fig. 1 Map showing the study area and sampling locations
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Table 1 Chemical characteristics and analytical parameters of target compounds

Compounds Log K,w  EEF* Recovery (%) LOD
Water Sediment Biota Water  Sediment
(ng/l) and biota (ng/g)

OP 4.12° 1.00 x 107°-8.70 x 107* 96.10 £ 5.78 90.15 + 4.82 70.21 £ 7.90 1.00 1.50
NP 4.48° 230 x 107°-9.00 x 107 105.70 £ 8.49 110.68 + 6.42 121.10 £+ 10.21 2.10 1.21
BPA 3.40° 230 x 107°-6.00 x 107 9540 £+ 5.42 8541 + 4.42 67.80 £ 5.74 0.50 1.44
El 3.40¢ 0.01-0.20 90.41 £ 6.32 83.4 + 7.31 74.43 £+ 8.21 2.40 0.52
E2 4.00° 1.00 95.71 £ 5.86 75.67 £ 791 69.67 £ 5.46 2.50 0.43
DES 5.07° 1.25-8.00 99.21 + 8.86 85.2 4+ 8.86 84.61 + 4.86 1.00 0.24
EE2 4.00¢ 1.25 84.58 + 8.63 74.58 + 7.64 64.35 £ 6.14 2.20 0.54

EEF estradiol equivalent factor, LOD limit of detection
* Brigitte and Johannes (2001)

" Ahel et al. (1996)

¢ European Commission (2008)

9 Rkumarkhanal et al. (2006)

Quality Assurance and Quality Control

A surrogate standard (E2-d4) was added to each sample
before extraction. If the surrogate recoveries are beyond the
range of 70-120%, the sample should be reanalyzed. No
target analytes were detected in the blanks. The spiking
recoveries in sediment samples were at 73.5-103%. The
surrogate recoveries were between 82.6% and 104%.

Total Organic Carbon in Sediment

Total carbon (TC) and inorganic carbon (IC) were deter-
mined by a TOC-VCPH SSM 5000A elemental analyzer
(Shimadzu, Japan) on freeze-dried powdered samples.
Total organic carbon (TOC) is obtained by TC substrating

IC. Phosphoric acid (25%, 0.45 ml) was added to detect
inorganic carbon in the samples.

Estrogen Equivalent Concentration

Calculation of the estrogen equivalent concentration (EEQ)
of a chemically determined mixture is based on all mea-
sured estrogens with a known estradiol equivalency factor
(EEF) using the estrogen receptors (ERs) o according to
Brigitte and Johannes (2001):

EEQ; = C; x EEF; and EEQ, = ZEEQi- (1)

Biota-Sediment Accumulation Factor (BSAF)

In the study, the biota—sediment accumulation factor
(BSAF) was taken as a measure of the biotic fate of
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estrogenic compounds and defined by the following
equation:

Cp/fi
Cs/foc7

where C,, is the biota contaminant concentration (ng/g lipid
weight), f; is the biota lipid concentration (fraction by
weight), C; is the sediment contaminant concentration
(ng/g dry weight), and f, is the organic carbon fraction of
the sediment (fraction by weight).

BSAF = (2)

Results and Discussion

This study reports the results obtained from a compre-
hensive survey of Yundang Lagoon for the levels of
estrogenic compounds and represents an attempt to
understand the current contamination status in the area. A
summary of data for the levels of estrogenic compounds in
water, sediment, pore water, and biological samples is
shown in Tables 2 and 3 and estrogenic activities are
present in Fig. 2.

Estrogenic Compounds and Estrogenic Activity (EEQ)
in Surface Water, Pore Water, and Sediment

In Table 2, all target compounds were detected in station 4
and the concentrations were also highest among S1-S4.
This is probably because station 4 is located at the effluent
of the First Sewage Treatment Plant in Xiamen. Similarly,
high concentration was also found at station 1, which is at
the top of Yundang Lagoon, where urban runoffs and
sewage were input. Alkylphenols were main pollutants
among monitoring estrogenic compounds in all the sam-
ples. Although DES has been banned for use as an additive
in animal feed in China, DES as a drug is still used in the
treatment of gynecological diseases. In this study, DES was
found to be present in all waters in this study, with the
levels in the range of 2.54-6.75 ng/l. The reason for DES’s
wide distribution needs further studies. On the other hand,
El was detected in all stations of the analyzed surface
water except station 2, with concentrations ranging from
1.75 to 5.34 ng/l. However, levels of E2 in surface water
varied from <LOD (limit of detection) to 1.56 ng/l, and its
concentrations were lower than those of E1. Additionally,

Table 2 Concentration of estrogenic compounds in surface water, sediments, and pore water from Yundang Lagoon

Surface water (ng/l)

Sediment (ng/g dry weight)

Pore water (ng/1)

S1 S2 S3 S4 S1 S2 S3 S4 S1 S2 S3 S4
OP 14.11 13.61 13.58 13.60 25.51 26.64 27.21 25.71 16.61 14.18 18.26 21.76
NP 619.47 579.25 587.34  659.99 1964.80 1374.81 1551.32 1937.50  964.67  608.67 880.78 843.01
BPA 2442 14.21 31.42 25.20 44.41 21.22 37.82 50.91 41.24 17.51 3242 41.93
El 1.75 <LOD 291 5.34 1122 554 4.61 10.93 5.52 1.74 <LOD 5.01
E2 <LOD <LOD 1.56 1.31 3.21 <LOD 2.68 3.71 2.73 <LOD 1.22. 291
DES 3.52 2.54 3.36 6.75 932 491 3.23 9.67 4.87 1.48 0.73 6.42
EE2 0.27 <LOD <LOD 0.43 1.93 <LOD <LOD 248 2.51 0.74 0.82 242

LOD limit of detection

Table 3 Concentration of estrogenic compounds in surface waters from river, estuary and coastal area (ng/1)

Locations El E2 EE2 References

Coastal/estuarine and rivers, The Netherlands 0.1-3.4 0.3-5.5 0.1-4.3 Belfroid et al. (1999)

Scheldt estuary, Belgium 0.37-10 <LOD <LOD Noppe et al. (2007)

Baltic Sea, Germany 0.1-0.53 <LOD <LOD-17.2 Beck et al. (2005)

Yongding New River, China 0.64-20.2 <LOD-13.6 <LOD-12.0 Lei et al. (2009)

Tama River, Japan 8.7-19.7 42-53 <LOD Kawaguchi et al. (2004)
Tiber River, Italy 1.5 0.11 0.04 Baronti et al. (2000)

Paris seven Rivers, France 0.8-3.9 0.8-3.6 0.6-3.5 Cargouet et al. (2004)

Jalle d’Eysines River, France <LOD-30 <LLOD-1.5 <LOD-2 Labadie and Budzinski (2005)
Yundang Lagoon, China <LOD-5.34 <LOD-1.56 <LOD-0.43 This study
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Fig. 2 Estrogenic activity of target estrogenic compounds in Yund-
ang Lagoon expressed as EEQ

it was found that the levels of EE2 was also lower than
those of El and the levels varied from <LOD to 0.43 ng/l.
It was reported that 95% of E2 transformed into El in
1-3 h in sludge (Ternes et al. 1999). If this transformation
process also occurs in the natural aquatic environment,
more widespread distribution of E1 compared with E2 is
expected.

Due mainly to the discharge of effluents from wastewater
treatment plants [both industrial and municipal sewerage
treatment plants (STPs)], the occurrence of alkylphenols
has been widely reported in surface waters (rivers, lakes,
and coastal waters as well as aquatic biota) around the
world. NP concentrations ranging from 0.1 to 2.6 pg/l
and from 0.031 to 0.934 pg/l were found in UK estuaries
(Blackburn et al. 1999) and Dutch estuaries (Jonkers
et al. 2003), respectively. However, in Switzerland, levels
of NP up to 2.25 pg/l in water and 3520 mg/kg in sediment
were found in rivers (Ahel et al. 1996). Along the northern
Mediterranean coast, NP concentrations ranging from
0.181 to 4.1 pg/l have been found (Arditsoglou and Voutsa
2008; Petrovic et al. 2002). NP concentrations up to 0.416
pg/l in surface water and 13,700 pg/kg in surface sedi-
ments were reported from Jamaica Bay (New York, USA)
(Ferguson et al. 2001). In Asian areas, NP concentrations
were found to range from 0.28 to 2.76 pg/l in the coastal
area close to Singapore, whereas OP concentrations ran-
ged from 0.001 to 0.8 pg/l (Basheer et al. 2004). NP was
also found at levels that varied from 30 to 13,000 pg/kg
in the Tokyo Bay in Japan (Isobe et al. 2001). In Masan
Bay (Korea), NP concentrations ranged from 0.0097 to
0.928 ng/l (Li et al. 2008). In the Pearl River Delta and

adjacent northern South China Sea, NP and OP levels
ranged up to 0.628 pg/l and 0.068 pg/l, respectively. In
the coast of Taiwan, alkylphenols were present, ranging
from 61 to 370 ng/l in water (Cheng et al. 2006a, 2006b).
In comparison with published data, Yundang Lagoon in
Xiamen had mid-range water pollution in this study.
However, the maximum NP concentration measured for
estuaries and coastal areas (lagoon, bay) (e.g., 4.1 pg/l)
was much lower than that of certain freshwater sites
receiving sewage inputs. For example, NP concentrations
of up to 644 g/l were measured in a Spanish river (Sole
et al. 2000). At a distance from the NP source, salinity
could have an effect on the presence of NP in water
(Li et al. 2005).

There are many reports on steroidal estrogen contami-
nation in surface waters from other locations, as shown in
Table 3. The levels of steroidal estrogens in this study were
higher in comparison with those from European countries,
where they received the treated wastewater. Some studies
showed that treatment processes in the STP were sufficient
for the removal of estrogenic compounds in wastewater. In
Xiamen City, the percentage of the treated sewage was
only 80.45% (data from government report in 2007). For
Yundang Lagoon, it received not only treated wastewater
but also untreated domestic sewage from Xiamen City with
higher population density that is 9371 people/km). Hans-
elman et al. (2003) demonstrated that steroid hormones in
surface waters mainly came from municipal wastewater.

The distribution characteristics in pore water were very
similar to those in surface water and showed a marked
predominance by alkylphenol compounds (e.g., NP, OP).
The estrogenic compounds were present in higher levels in
pore water than in surface water, due possibly to higher
concentrations of dissolved organic carbon or colloids with
which the hydrophobic pollutants were strongly associated.
However, such a concentration difference between pore
water and sediment might be due to the highly hydrophobic
characteristics of estrogenic compounds and hence their
strong tendency to become associated with organic colloids
in sediments.

It is clear from Table 2 that in terms of individual
estrogenic compounds composition in sediments, all target
compounds were detected at station 1 and station 4. In
terms of composition estrogenic compounds in sediments,
it is dominated by alkylphenol along the contamination,
which is similar to those in water. However, the levels of
estrogenic compounds in sediments were high, which is
probably because the hydrophobic character of estrogenic
compounds makes them easily absorb to bed sediment in
water (Campbell et al. 2006). In our previous study (Zhang
et al. 2009), we have compared levels of estrogenic com-
pounds in sediments in Xiamen Bay with those of other
countries, where it was indicated that Xiamen Bay was
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seriously contaminated, especially by steroidal estrogens,
whereas estrogenic compounds in Xaimen Bay mainly
came from Yundang Lagoon.

The EEQ concentrations of estrogenic compounds might
be varied according to the EEF obtained from different
assays (Campbell et al. 2006; Chrzan and Bradford 2007,
Jin et al. 2008). In this study, EEQ values were calculated
using potencies derived from ER assay results of those
studies (1.00, 1.16, 7.00 x 107°, 1.75, 2.30 x 107%,
1.75 x 10~*and 7.00 x 10~* for E2, EE2, E1, DES, BPA,
NP and OP, respectively) using Equation 1. As shown in
Fig. 2, the concentrations of estrogenic compounds
[expressed as the estradiol equivalent (EEQ] in surface
water, pore water, and sediments were estimated. The
highest concentrations of EEQ were 13.79 ng/l in surface
water, 23.95 ng/g in sediment, and 17.16 ng/g in pore
water. For the EEQ in this study, major contributors were
E2, EE2, and DES. Although the total concentrations of
estrogenic compounds were not high in surface water, the
concentrations of EEQ were higher than those in European
countries, where the EEQ level was at less than 3 ng/l
(Ying et al. 2002). In contrast to this study, EEQ was
estimated as high as nearly 20 ng/l in surface water. Imai
et al. (2007) found that the lowest observed effect con-
centration (LOEC) and no observed effect concentration
(NOEC) for Java medaka (Oryzias javanicus) were 484 and
198 ng/l of El, respectively. Those concentrations are
approximately equal t03.34 and 1.39 ng/l of EEQ. How-
ever, in this study, EEQ values in surface water were
higher than those of LOEC. Chronic exposure to estrogen
compounds in the presented area might cause adverse
effects to individual organism and the population of aquatic
species. Therefore, it is suggested that Yundang Lagoon
should be continuously monitored and controlled the
introduction of estrogenic compounds and the occurrence
of estrogenic activities in waters.

Estrogenic Compounds in the Biological Sample

The concentrations of estrogenic compounds in biota col-
lected from Yundang Lagoon are reported in Table 4. The
highest median concentration of estrogenic compounds was
found in the short-necked clam (3199.09 ng/g lipid
weight). Black seabream, yellow fin seabream, and tilapia
showed mean concentrations of 3061.53, 2012.45, and
1373.76 ng/g lipid weight, respectively. As far as individ-
ual compound were concerned, the highest level was NP
and 2724.56 ng/g lipid weight for the short-necked clam,
followed by 2615.10 ng/g lipid weight for black seabream.
Although a large variation of NP concentrations in differ-
ent biological species was observed, high levels of NP in
the biological sample might be correlated with the feeding
habitat and biodegradation level of NP. The clam is a
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Table 4 Concentration of estrogenic compounds in biological sam-
ples from Yundang Lagoon (ng/g lipid weight)

Samples OP NP BPA El E2 DES EE2
Short— 271.62 272456 181.32 3.14 3.62 1141 3.42
necked

clam

Black 256.75 2615.10 177.35 2.21 3.44 3.65 3.03
seabream

Yellow fin  48.91 1864.96 93.02 <LOD <LOD 2.85 2.71
seabream

Tilapia 46.84 1269.62 54.15 <LOD <LOD 3.15 <LOD

sediment-dwelling predator with the highest average
concentration of estrogenic compounds (3199.09 ng/g).
Black seabream is a carnivorous fish and feeds on bottom-
dwelling invertebrates and crustaceans, whereas tilapia is a
cyprinus fish. Thus, the level of estrogenic compounds in
black seabream was higher than those in tilapia. Some
studies have shown that environmental pollutants, likes
dioxins and PCBs, in biota are correlated to their habitat
and metabolic ability (Zhou and Wong 2000). In addi-
tion, biodegradation of estrogenic compounds in the sedi-
ment might also affect the bioaccumulation of estrogenic
compounds in organisms.

Biota-Sediment Accumulation Factor

The BSAF is a valuable parameter for predicting bioac-
cumulation of lipophilic compounds, which is primarily
associated with tissue lipid and sediment organic carbon
(Hu et al. 2005). The mean organic carbon and lipid con-
tents of sediment and biological samples were 0.039
(0.024-0.061) g TOC/g of sediment and 0.082 (0.043-
0.160) g lipid/g of fish, respectively. Figure 3 shows the
BSAF for estrogenic compounds in individual biological
samples. The BSAFs of NP in the short-necked clam (0.4)
and black seabream (0.38) were much higher than those in
yellow fin seabream (0.07) and tilapia (0.07). The profile of
the BSAF for estrogenic compounds in the short-necked
clam and black seabream were similar to each other. It was
possible that primary food sources of these organisms are
benthic animals that live near the sediment. From our
knowledge, few reports about BSAFs of estrogenic com-
pounds were available. Figure 4 shows the relationship
between the BSAF and log K, of estrogenic compounds in
the organism. It indicated that there was no relationship
between log K, and the BSAF. Although the physical-
chemical properties of organic environmental pollutants
can affect the absorption and elimination of these com-
pounds in an organism an thereby might also affect the
accumulation of estrogenic compounds in fish (Burkhard
2003; Maund et al. 2002), in this study there was no
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relation between log K, and the BSAF. It was probably
because metabolic ability was different to different
organism or there existed disequilibria between in the
sediment chemical and organism for chemical (Burkhard
et al. 2004, 2005). Burkhard et al. (2004) reported that the
rate of metabolism in the organism was important and
contributed to the apparent differences in the BSAF.
Therefore, organism species, trophic level, metabolic
ability, and physical-chemical properties of estrogenic
compounds might influence the BSAF of estrogenic com-
pounds in biota (Burkhard et al. 2005).

Conclusions

This article has provided important data on estrogenic
compounds levels in surface water, sediment, pore water,
and organism of Yundang Lagoon in Xiamen, an area
under rapid development in south China. All target

compounds were detected in all samples, which showed
that Yundang Lagoon was polluted by estrogenic com-
pounds. Estrogenic compounds in Yundang mainly came
from municipal treated and untreated sewage. The con-
centrations of contaminants in pore water were signifi-
cantly higher than those in surface water, suggesting that
such contaminants prefer to stay in a sedimentary rather
than an aqueous environment. The difference of concen-
tration between pore water and surface water implied that
potential fluxes could be set up in transporting micropol-
lutants from sediments to overlying water. The concen-
trations of EEQ were higher than those in European
countries and should be controlled in the introduction of
estrogenic compounds to Yundang Lagoon. In addition, the
estrogenic compounds level in organisms was affected by
feeding habits of organisms and physiochemical properties
of estrogenic compounds.
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